
 

 

 

INTRODUCTION 

 

The association between plant-microbes has been 

investigated since long time, however, still a lot of 

mechanisms need to be explored for complete and better 

understanding of plant growth-promoting bacteria. Plant 

growth is positively affected through different kinds of 

bacteria, and the indigenous microbiome (Hardoim et al., 

2008; Marasco et al., 2012; Rashid et al., 2012). Several hosts 

are benefited through bacterial endophytes that offer 

protection against plant pathogens and are involved in growth 

promotion. These bacterial endophytes has better ability to 

protect plants in diverse environmental conditions than 

rhizospheric bacteria (Ali et al., 2012; Coutinho et al., 2015). 

Plant pathogens can be efficiently controlled through 

biocontrol endophytic communities (Munir et al., 2018). 

These endophytic bacteria live with plant pathogens and 

colonize the plant tissues which result in biological control 

through production of secondary metabolites and induction of 

systemic resistance (Berg et al., 2005; Zachow et al., 2015). 

The citrus trees harbor diverse range of endophytic bacteria 

that can be helpful to manage the citrus diseases and other 

plant diseases. Some microbes in the rhizosphere of plants 

have been known to suppress diseases by competing for 

resources thereby making them unavailable for pathogens, 

promoting stress resistance and improving overall yield 

through nutrients (Lugtenberg and Kamilova, 2009; Mendes 

et al., 2011). The combination of these symbiotic microbes 

living in close contact with the root tissue and the plant itself 

is usually referred to as holobiont (Guerrero et al., 2013; 

Vandenkoornhuyse et al., 2015). 

These bacteria can colonize the plant host through antibiosis 

(Cao et al., 2011), and enhance the availability of nutrients 

via siderophore production, phosphate solubilization, 

nitrogen fixation, or by production of stimulating 

phytohormones (Lugtenberg and Kamilova, 2009). All of 
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The endophytic bacteria Bacillus subtilis L1-21 was isolated from citrus huanglongbing (HLB) field diseased by Candidatus 

Liberibacter asiaticus, a fastidious phloem limited bacteria. We hypothesized that endophytes from citrus may be transfer to 

other plant hosts and could retain potential biocontrol. The bacteria was evaluated from citrus leaves by plating and assessed 

by 16S ribosomal RNA (16S rRNA), RNA polymerase B subunit (rpoB), and a DNA gyrase B subunit (gyrB) genes. Isolation 

was carried out more frequently from the healthy and asymptomatic citrus leaves. The possible biocontrol strain was tested by 

dual culture to evaluate antagonistic effect against bacterial plant pathogens Erwinia carotovora (B2), Xanthomonas citri (G), 

Erwinia sp. (HBYL), Pseudomonas syringae (JB),  Xanthomonas oryzae (LKF), and Ralstonia solanacearum (WL); and soil 

borne fungi, F. oxysporum, and F. verticillium. B. subtilis exhibited remarkable antibacterial activity against all the tested 

bacterial pathogens. While during colonization experiment of various hosts, a green fluorescent protein (GFP) labeled B. 

subtilis L1-21-gfp, obtained by natural transformation of GFP-labeled vector of pHT01-P43GFPmut3a in L1-21 cytoplasm, 

was used. Fluorescence microscopy analysis revealed that endophytic strain can colonize outside and inside the citrus, green 

soy bean, tomato, green bristle grass, grape, chilli, Sonchus oleraceus, Malvastrum, eggplant, and Malva verticillata. The 

colonization range was 104-106 CFU/gram per leaf sample indicating its multiple colonization abilities. The higher frequency 

of B. subtilis L1-21 in healthy and asymptomatic citrus suggested a possible role of this endophyte to strengthen the citrus 

microbiome against huanglongbing. 
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these biocontrol mechanisms aid to improve knowledge for 

better management of plant diseases. The plant growth 

promotion strengthens the plant to overcome the pathogen 

attack, while, pathogen inhibition in the plant decrease 

harvest losses and ultimately improve plant health (Kamilova 

et al., 2015). 

In this study, we first elucidated endophytic strain from the 

leaves of huanglongbing affected citrus trees. Additionally, 

the antimicrobial activity against other pathogens and diverse 

colonization host was investigated for the isolated bacteria. 

To explore the genomic basis, we also sequenced bacterial 

isolate with promising beneficial traits. The findings of 

current study advanced our understanding about the role of 

microbiome on huanglongbing affected citrus trees and the 

potential application of beneficial bacteria in disease 

management. 

 

MATERIALS AND METHODS 

 

Sample collection and endophyte isolation: The citrus leaves 

were collected from healthy and asymptomatic trees in a 

grove in Binchuan, Yunnan, China (25.8272° N, 100.5754° 

E). The leaves were brought in ice bag to the lab and the 

nature of the leaves was checked by conventional PCR 

targeting the 16S rRNA to confirm the healthy and 

asymptomatic leaves using primer set Cal-F 5’-

GCGCGTATGCAATACGAGCGGCA-3’, Cal-R 5’-

GCCTCGCGACTTCGCAACCCAT-3’ (Jagoueix et al., 

1996). The indigenous endophytes were isolated from the C. 

Liberibacter asiaticus healthy and asymptomatic citrus leaves. 

Briefly, the citrus leaf samples were first washed with running 

tap water. Subsequently, the leaves were surface sterilized as 

reported previously (Araújo et al., 2002). A sterility check 

was performed by using 100-μl sample of the 3rd rinse water 

while plated onto Luria Bertani (LB) medium. The citrus 

leaves were cut into 4 pieces, 5-6 mm long and plated on 

LB/TSA plates. The plates were incubated for 24-72 hours at 

37 ºC. Bacteria recovered from each plant fragment were 

selected, purified and stored in 50% glycerol in -80 ºC 

refrigerator. The confirmatory check, endophytes can 

distribute easily inside the citrus leaves, was performed for 

these endophytes on citrus seedlings in a greenhouse. 

DNA extraction: DNA was extracted using 

cetyltrimethylammonium bromide (CTAB) method with 

slight modifications (Araújo et al., 2002). The bacteria were 

grown until mid to late-log-phase (0.5–0.7 at OD600) and 1 ml 

of the culture was centrifuged at 7,500 rpm for 10 minutes. 

The pellet was resuspended with tris-EDTA (TE) buffer and 

525 μL PCI (Phenol:Chloroform:Isoamyl) solution was added 

to the tube followed by centrifugation at 12,000 rpm for 15 

minutes. An equal volume of chilled ispropanol was added to 

the resulting supernatant and again centrifuge as above. The 

pellet was resuspended in 50 μL distilled water and allow 

pellet to sit overnight at 4 °C. The presence and concentration 

of bacterial DNA was confirmed by running 5 μL of product 

on a 1.5% agarose gel. Purified DNA appeared as a defined 

band when visualized under UV light.  

Amplification of 16S rRNA, gyrB and rpoB gene: 

Identification of endophytic strain was performed by 

amplifying 16s rRNA, rpoB and from selected bacteria (Lane, 

1991). The primers used for amplification of 16s rRNA and 

gyrB gene were designed in the present study (Table 1). While 

the primer set rpoB-F AACCAGTTCCGCGTTGGCCTGG, 

rpoB-R CCTGAACAACACGCTCGGA was designed as 

previously for amplification of rpoB gene (Mollet et al., 

1997). The conditions for amplification were as follows: 

initial denaturation at 94°C for 4.5 min followed by 30 cycles 

of denaturation at 94 ºC for 40 s, annealing at 55/58°C for 30 

s and extension at 72°C for 1 min followed by a final 

extension at 72°C for 10 min. The amplification of every 

primer sets was repeated twice. The pathogenic bacteria of 

maize bacterial top rot KpC4 and the clinical strain Kp138 

were used for positive control. The amplified products were 

purified and cloned into vector Top10 (Tiangen) for sequence 

analysis. 

Bioinformatic analysis and phylogenetic tree: The gene 

sequences of the strains were retrieved from NCBI 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi), and the 

phylogenetic trees to determine the systematic taxonomic 

status of several type and reference strains were constructed 

through Molecular Evolutionary Genetics Analysis software 

Table 1 Primers for identification of Endophytes 

Gene Primer  Primer sequence（5’—3’） Product 

size 

Annealing 

temperature (°C) 

Reference 

rpoB rpoB-F AACCAGTTCCGCGTTGGCCTGG 1089 58 (Mollet et al., 1997) 

 rpoB-R CCTGAACAACACGCTCGGA    

gyrB gyrB-F GAA GTC ATC ATG ACC GTT CTG CAY 

GCN GGN GGN AAR TTY GA 

1164 55 This study 

 gyrB-R AGC AGG GTA CGG ATG TGC GAG CCR 

TCN ACR TCN GCR TCN GTC AT 

   

16S rRNA IDB-PO GAAGAGTTTGATCCTGGCTCAG 1000 55 This study 

 IDB-P6 CTACGGCTACCTTGTTACGA     
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(MEGA7.0.21) and Maximum Likelihood method based on 

the Kimura 2-parameter model (Saitou and Nei, 1987).  

Antagonistic effect of endophyte B. subtilis L1-21 against 

bacterial and fungal pathogens 

Bacteria: The endophyte was used against bacterial and 

fungal plant pathogens to investigate antagonistic effects 

using dual culture method. The bacterial strains were obtained 

from the Molecular Plant Pathology Lab, Yunnan 

Agricultural University, China. B. subtilis L1-21 from citrus 

leaves and six bacterial pathogens Erwinia carotovora (B2), 

Xanthomonas citri (G), Erwinia sp. (HBYL), Pseudomonas 

syringae (JB), Xanthomonas oryzae (LKF), and Ralstonia 

solanacearum (WL) were maintained on LB agar while 

potato dextrose agar (PDA) was used to culture two fungal 

pathogens. All bacterial pathogens were grown in LB broth at 

37 ºC for 2-3 days at 150 rpm. The bacteria were spread on 

the LB plates to allow even distribution and the plates were 

kept for drying. Briefly, the endophytes were placed 2 cm 

apart from each other on the bacterial lawn. All plates were 

incubated for 72 hours at 37 ºC. Three replicates were used 

for each treatment and experiment was repeated five times. 

The presence of inhibitory halo around the endophytic 

treatment exhibited positive inhibition.  

Fungi: Endophytic bacteria have the ability to inhibit the 

growth of phytopathogenic fungi with production of 

extracellular enzymes or antimicrobial compounds. Here, we 

tested the inhibitory effect of endophytes against two 

fusarium pathogens; Fusarium Verticillium and F. 

oxysporum. Firstly, dual culture antagonist assays were 

performed as described previously (Jamal et al., 2015). 

Briefly, PDA was used, and a mycelial plug was placed in the 

center of the plate. Five microliters of the bacterial 

suspensions at 106 CFU/ml was inoculated 4 cm away from 

the mycelial plug in four sections of the plate and incubation 

was done for 4-5 days at 30 ºC. Secondly, the fungal pathogen 

was grown in potato dextrose broth for 72 hours and the 

mycelial suspension was spread onto PDA plates. The five 

microliters fresh culture of bacterial cells (106 CFU/ml) were 

placed apart 4 cm from each other on plate. Three replicates 

were used in each treatment and experiment was repeated 

three times. The presence of inhibitory halo around the 

endophytic treatment exhibited positive inhibition against 

fungal pathogen. 

Generation of green fluorescent protein (GFP) labeled B. 

subtilis: A green fluorescent protein (GFP) labeled strain L1-

21-gfp, obtained by natural transformation of a GFP vector of 

pHT01-P43GFPmut3a into B. subtilis L-21 cytoplasm. L1-

21-gfp was grown in LB broth plus 10 μg/ml chloramphenicol 

in a shaking incubator with 170 rpm at 37℃. Centrifugation 

was carried out at 12,000 g for 10 min for the resulting culture 

and sterile saline water (0.9% NaCl) was used to wash the cell 

pellet and the cell-free supernatant was collected. The 

concentration of cells were determined by plate counts on LB 

medium and adjusted to 107 and 108 CFU/ml with sterile 

distilled water (sdH2O) for inoculation. 

Bacillus subtilis colonization in different plant hosts in 

greenhouse: Different plant hosts were tested in greenhouse 

to determine colonization success of endophytic bacteria 

labeled with green fluorescent protein. The background 

microflora present in the host was distinguished from the 

inoculated strain of B. subtilis L1-21-gfp. The successful 

colonization of labeled endophytic bacteria in the citrus, green 

soy bean, tomato, green bristle grass, grape, chilli, Sonchus 

oleraceus, Malvastrum, eggplant, and Malva verticillata 

under greenhouse conditions were achieved. All of these 

plants and vegetables were brought from Binchuan, Yunnan 

province, China and kept under growing conditions in the 

greenhouse. The endophyte L1-21 was isolated from the 

citrus leaves so we carried out colonization experiment with 

wild type and labeled endophyte to check the stability of the 

bacteria inside healthy/ diseased citrus trees. Three replicate 

trees were chosen for each of the experiment tested. 

Inoculation methods implying foliar spraying inoculum 

concentrations (105, CFU/ml) were assessed. The plants 

sprayed with water only serve as a negative control. The 

leaves were collected after one day and seven day from the 

upper healthy leaves of each plant to evaluate the population 

of B. subtilis. The surface-sterilization of leaves are described 

above. The endophytic bacterial population was confirmed by 

spreading 100 μL aliquot of each dilution onto triplicate LB 

containing 10 μg/ml chloramphenicol plates by counting the 

number of colonies. Fluorescence microscopy analysis was 

carried out to check the L1-21-gfp colonization inside the 

plants and on LB plate containing chloramphenicol.  

Statistical analysis: The populations of endophytic bacteria 

were calculated based on average logarithm (base 10) of 

bacteria recovered from the plant leaves. The detection limit 

(1x102 CFU/leaves) was treated as log 0 for mean calculation. 

The log CFU values were analyzed with GraphPad Prism 5 

(San Diego, CA, USA). 

 

RESULTS 

 

Identification of B. subtilis L1-21: The endophytic bacteria 

B. subtilis L1-21 was recovered and characterized from leaves 

of healthy and asymptomtic citrus trees. The identification of 

the bacteria was performed on basis of 16s rRNA, rboB, and 

gyrB gene sequences. The closest matches of the bacterial 

strains were used from the BLAST program in GenBank 

(NCBI). Bacillus species were isolated from all citrus trees 

(Table 2). B. subtilis, and B. amyloliquefaciens, was isolated 

from all citrus trees while B. licheniformis, B. 

methylotrophicus, and B. siamensisi was only isolated from 

the asymptomatic trees. The recovered bacteria on TSA/LB 

plate within citrus trees were not significantly different. The 

infected plants displayed less number of endophytic bacteria 
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compared with healthy plants. However, the number of 

colonies of each strain were less prevalent in HLB affected 

citrus plants.  

Molecular identification of Bacillus strains and 

classification with phylogenetic analysis: The sequence 

analysis of the rpoB (1089 bp), gyrB (1164 bp), and 16S 

rRNA (1000 bp) gene products confirmed the results from this 

strain is consistent with the theoretical values. Sequence 

comparison with the GenBank data (NCBI) showed 98-99% 

sequence identity of with the type strain. Every strain was 

identified at species level. The sequencing of rpoB, gyrB, 16S 

rRNA gene confirmed the affiliation of these species with 

bacillus. Phylogenetic trees based rpoB, gyrB, and 16S rRNA 

genes of all strains were different in a cluster respectively 

(Figure 1 a, b, c). Most of bacterial strains are quite 

phylogenetically distant from ours and formed separate 

branch of the phylogenetic tree.  

Antagonistic mechanism of selected endophytes: Dual 

culture assay revealed that many Bacillus isolates showed 

remarkable inhibitory effects when tested against the isolates 

of E. carotovora (B2), X. citri (G), Erwinia sp. (HBYL), P. 

syringae (JB), X. oryzae (LKF), and R. solanacearum (WL); 

and soil borne fungi, F. oxysporum, and F. verticillium (Table 

3). Subsequently, antagonistic potential was evaluated 

between bacterial and fungal isolates with formation of clear 

zone of inhibition (Figure 2). B. amyloliquefaciens, B. 

subtilis, B. subtilis displayed remarkable antibacterial 

activities against all the bacterial pathogens tested. The 

Fusarium species were not able to grow well in the presence 

of endophytic bacteria. Among them, B. subtilis L1-21 

displayed antagonistic effects most effective in terms of 

inhibition zones against the plant pathogens. We showed that 

the bacillus strain identified in this study could be a possible 

candidate to control more plant diseases. Moreover, these 

isolates exhibited the antagonistic effects even after a long 

period. Therefore this strain was chosen for further studies to 

prove as powerful antagonist with diverse colonization hosts. 

(a) 

 
(b)  

 
(c)  

 

 
Figure 1. The evolutionary history was inferred by using 
the Maximum Likelihood method based on the Kimura 2-
parameter model. The percentage of trees in which the 
associated taxa clustered together is shown next to the 
branches. The analysis involved 11 nucleotide sequences. 
All positions containing gaps and missing data were 
eliminated. Comparison of sequences based on three genes 
(a) 16S rRNA (b) gyrB (c) rpoB. Evolutionary analyses 
were conducted in MEGA7. 

Table 2. Isolation and identification of endophytes from citrus leaves 

Strain 

no 

Endophyte detection 

16S rRNA rpoB gyrB 

Healthy  Asymp Healthy Asymp Healthy Asymp 
S11-1 B. 

amyloliquefaciens 

B. 

amyloliquefaciens 

B. 

amyloliquefaciens 

B. 

amyloliquefaciens 

B. 

amyloliquefaciens 

B. 

amyloliquefaciens 

L12-1 B. subtilis B. subtilis B. subtilis B. subtilis B. subtilis B. subtilis 

L14-1 B. subtilis B. subtilis B. subtilis B. subtilis B. subtilis B. subtilis 

J15 - B. licheniformis - B. licheniformis - B. licheniformis 

J16 - B. methylotrophicus - B. methylotrophicus - B. methylotrophicus 

S12 - B. siamensis - B. siamensis - B. siamensis 

Healthy= Huanglongbing negative; Asymp= Healthy leaves but still showed some positive for HLB 
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Figure 2. Antagonistic activity of Bacillus subtilis against 

bacterial pathogens (a, b) Xanthomonas citri, 

causal agent of citrus canker (c) Pseudomonas 

syringae (d, e, f); and fungal pathogens using 

dual plate assay. 

 

Endophytic colonization of B. subtilis L1-21-gfp under 

greenhouse conditions: 

B. subtilis L1-21 were recovered from all the plants without 

causing any disease symptom. The population size of 

endophytic bacteria recovered from the plants was not 

affected by inoculum concentration. However, inoculated 

with 105 CFU/ml endophytic bacteria resulted in more 

number of bacterial population from all the plants. B. subtilis 

L1-21 applied with foliar spraying was recovered from leaves 

when sprayed with an inoculum concentration of 106 CFU/ml 

recovered with CFU/gram as citrus (1.62 x 06), green soy 

bean (3.95 x 05), tomato (4.51 x 04), green bristle grass (2.01 

x 05), grape (1.49 x 04) , chilli (2.18 x 05), Sonchus oleraceus 

(2.25 x 05), Malvastrum (3.01 x 04), eggplant (2.11 x 05), and 

Malva verticillata (8.86 x 05), respectively (Table 4). The 

results indicated that foliar spraying with concentration of 105 

CFU/mL resulted in higher colonization of the plants 

endophytic bacteria. The wild type B. subtilis L1-21 used for 

colonization in the indigenous citrus trees were evaluated on 

0, 1, 3, 5, 7, 9, 14, 20, 25, 30, 45, 60, and 75 days confirming 

the identity of the recovered bacteria as the bacteria used for 

inoculation. We assumed that the endophyte used in our study 

is stable for long time inside citrus leaves tested and it can 

grow for long time starting from the initial inoculum spray on 

the trees (Table 5). Moreover, we showed that the L1-21-gfp 

can colonize easily for more than one week inside all the 

plants tested displaying the potential colonization ability 

inside host (Figure 3).  

 

Table 4. The endophyte colonization inside different plant 

hosts 

S.No Source Cfu/gram SD 

1 Tomato 4.51 × 04 1.00 × 03 

2 Green bristlegrass 2.01 × 05 1.00 × 03 

3 Green soy bean 3.95 × 05 1.00 × 04 

4 Grape 1.49 × 04 1.00 × 02 

5 Chilli 2.18 × 05 5.00 × 03 

6 Sonchus oleraceus 2.25 × 05 1.00 × 03 

7 Malvastrum 3.01× 04 1.00 × 03 

8 Eggplant 2.11 × 05 1.00 × 04 

9 Malva verticillata 8.86 × 05 1.00 × 03 

10 Citrus 1.66 × 06 3.00 × 03 
Mean population (3 replicates) of endophytes recovered and data 

was calculated based on the CFU/gram of sample. SD represent 

standard deviation among replicates and the data was analyzed 

through GraphPad Prism 5 (San Diego, CA, USA). 

 

Table 5. Stability of wild type and GFP-tagged endophytic 

strain colonization inside citrus trees 

Days Strain  
Wild type GFP-tagged strain 

0 0.00 × 00 0.00 × 00 

1 1.32 × 06 1.62 × 06 

3 8.82 × 05 2.92 × 05 

5 1.54 × 06 2.67 × 05 

7 5.60 × 05 2.21 × 05 

9 2.08 × 06 2.52 × 05 

14 2.28 × 06 4.93 × 05 

20 1.27 × 06 6.35 × 05 

25 6.95 × 05 2.83 × 05 

30 3.01 × 05 3.89 × 05 

45 4.19 × 05 7.84 × 04 

60 2.19 × 05 8.74 × 04 

75 8.50 × 04 7.27 × 04 
Mean population (3 replicates) of endophytes recovered and data 

was calculated based on the CFU/gram of sample. 

Table 3. Estimation of various biological activities of endophytic bacteria 

Strain Bacterial pathogen Fungal pathogen 

 B2 G HBYL JB LKF WL F. verticillium F. oxysporum 

S11-1 + + + ++ + ++ ++ + 

L1-21 + ++ + ++ ++ ++ ++ + 

J15 + + + ++ + ++ ++ + 

J16 - + + ++ - ++ + + 

S12 - + + ++ - ++ + + 

*High antagonistic effect (++) mean reduction of >15 mm; normal antagonistic effect (+) inhibited the pathogen to <10 mm; Non-

antagonistic effect (−) mean no activity. 
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Figure 3. GFP labelled Bacillus subtilis Endophyte in 

citrus leaves after one day post inoculation. (a) 

Mock (b) Endophyte present on the surface of 

the leaf (c) Colonization inside host (d) Merge.  

 

DISCUSSION 

 

The microbial communities colonizing different parts of plant 

are affected by many factors. Endophytic communities in the 

plant may be dependent on the interactions with other 

endophytic or pathogenic bacteria thus vary spatially (Fisher 

et al., 1992; Quadt-Hallmann et al., 1997). Managing major 

crop diseases for improvement of agricultural production, 

exploring the communities of important beneficial plant 

microbiome can be part of sustainable approach (Berg et al., 

2013). Understanding the importance and implication of the 

core microbiota for plant health and productivity is still at its 

early stages. The changes in the microbiome are known to be 

associated with the occurrence of certain plant diseases 

(Schreiner et al., 2010), but the mechanisms involved in 

disease progression and negative effect on indigenous 

microbiota need to be studied more.  

The members of Bacillus species have previously been 

isolated from citrus showing the capacity of this bacterial 

genus to colonize the plant habitat. In the present study, 

Bacillus was the most frequently found and positively 

associated genus with the occurrence and intensity of 

symptoms of HLB in citrus plants. The in vitro synergistic 

effect of Bacillus spp. on the growth of all the isolated 

endophytes had previously been studied suggesting that a 

similar interaction inside the host plant may occur (Data not 

shown).  

In biocontrol assay it was observed that the B. subtilis L1-21 

could antagonize the several devastating phytopathogens in 

vitro, such as E. carotovora (B2), X. citri (G), Erwinia sp. 

(HBYL), P. syringae (JB), X. oryzae (LKF), and R. 

solanacearum (WL); and soil borne fungi, F. oxysporum, and 

F. verticillium indicating the strain could be used in the field 

to control these disease causing agents. The total isolation 

frequency of endophytes was not significantly different from 

healthy and asymptomatic orange plants. Interestingly, the 

endophytic community in citrus seems interesting that 

asymptomatic plants contains B. amyloliquefaciens, B. 

velezensis, B. subtilis supporting the fact that citrus disease 

resistance is provided by association of these endophytes. In 

fact, these strains have been defined as a biological control 

agent against many pathogens (He et al., 2019; Liu et al., 

2018) as they trigger induced systemic resistance and 

antibiosis. These endophytic bacteria could play a role in 

limiting the establishment of HLB in asymptomatic plants, 

but the underlying mechanism is unclear and needs in-depth 

study. 

We further identified the potential antagonists of plant 

pathogen that could assist a plant to withstand infection. The 

beneficial endophytes isolated from the healthy and 

asymptomatic citrus leaves were used against the bacterial 

and fungal pathogens. Here, we have isolated and 

characterized six endophytes with antimicrobial activity 

against seven bacterial species and two fungal pathogens. 

Isolate L1-21 of endophytic bacteria showed antagonistic 

effects which were most efficient in terms of formation of 

large inhibition zones against the pathogens. In addition, the 

water-soluble antibiotics produced by the rhizosphere 

microbial community might be absorbed into the xylem, 

which could further move into the phloem (Sevanto, 2014). 

Fluorescence microscopy analysis revealed that B. subtilis 

L1-21 was able to colonized leaves of all the plants efficiently 

and rapidly after foliar spray inoculation. Localization of 

bacteria inside leaves and roots are also reported previously 

(Poonguzhali et al., 2008) and may involve in composition of 

exudates and concentration of inoculums (Abdallah et al., 

2018). B. subtilis L1-21-gfp cell can colonize in citrus, green 

soy bean, tomato, green bristle grass, grape, chilli, Sonchus 

oleraceus, Malvastrum, eggplant, and Malva verticillata 

under greenhouse conditions. Recently reports suggested that 

beneficial bacteria could colonize plant may due to 

productions of surfactin (Ben Abdallah et al., 2015).  

In summary, we concluded that endophytic bacteria B. subtilis 

L1-21 have a strong potential to suppress the pathogens E. 

carotovora (B2), X. citri (G), Erwinia sp. (HBYL), P. 

syringae (JB), X. oryzae (LKF), and R. solanacearum (WL); 

and soil borne fungi, F. oxysporum, and F. verticillium. The 

bacteria can colonize multiple plant hosts indicating the 

colonization ability to overcome different diseases. The 

higher frequency of B. subtilis in healthy and asymptomatic 

citrus also suggested a possible role of this endophyte to 

strengthen the citrus microbiome against huanglongbing. 
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