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Abstract  

Bacterial endophytes associated with host plants provide various beneficial 
effects. This study assessed the diversity of bacterial endophytes in King 
chilli, focusing on their biocontrol potential and plant growth-promoting 
(PGP) activities. The survey was carried out in King chilli-growing regions 
and identified anthracnose and fruit rot diseases as significant contributors 
to economic yield loss. A total of 20 bacterial endophytic isolates were ob-
tained using the sterility check method and identified as Pseudomonas 
through 16S rRNA gene sequencing. In in-vitro studies, isolates P. fluorescens  
KEB15, P. putida  KEB5, and P. putida  KEB7 exhibited notable mycelial 
growth inhibition rates of 66.67 %, 69.26 %, and 66.30 % against Pythium, 
Fusarium, and Colletotrichum, respectively. Of the 20 isolates, 5, 16, and 17 
isolates demonstrated positive production of hydrogen cyanide (HCN), am-
monia (NH3), and indole-3-acetic acid (IAA), respectively. The efficacy of 
crude antibiotics from the best-performing antagonistic endophytes was 
tested against the linear growth of Fusarium, with KEB11 showing the larg-
est inhibition area of 35.14 mm. Sequence analysis using the maximum like-
lihood method revealed close relationships among the potent Pseudomo-
nas isolates, identifying KEB5 and KEB7 as P. putida and KEB15 as P. fluo-
rescens. Field evaluations indicated that KEB7 was most effective in control-
ling bacterial wilt, anthracnose, and dieback diseases, achieving a maxi-
mum plant height of 85.10 cm and a yield of 3683.67 kg/ha. This study 
demonstrates that bacterial endophytes can effectively exhibit antifungal 
activity and promote plant growth in King chilli.   
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Introduction  

King chilli (Capsicum chinense Jacq) is the world's hottest chilli and a natu-
rally occurring interspecific hybrid of Capsicum chinense and Capsicum 
frutescens (1). This chilli is called by different names such as Naga Jolokia, 
Bhut jolokia, Ghost chilli pepper, Naga King chilli, Raja Mirchi, Umorok in 
India, and Nagahari in Bangladesh (2-6). This King chilli is known for its 
unique taste and aroma, widely cultivated in the North Eastern Region of 
India. The chilli red color is mainly due to the carotenoid pigment cap-
santhin, while capsaicin, a chemical compound attributed to its hot and 
pungent taste. Most of the chilli species cultivated in India contain 1 % cap-
saicin, while King chilli contains capsaicin ranging from 2.45-5.36 % (4, 7-8). 
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King chillies are a rich source of ascorbic acid, vitamins A, 
B, C, B6, and E (9), and contain a good percentage of iron, 
calcium, and potassium. Still, the concentration depends 
on the cultivar (10).  

 King chili has many medicinal properties, primarily 
recognized for its anti-cancer potential. It is used in low 
quantities to provide relief for asthma patients and to 
treat gastrointestinal issues. Additionally, it has anti-
arthritic effects, aids in digestion, promotes blood devel-
opment, and helps regulate insulin levels in diabetes. The 
tender leaves of the plant are reported to cure boils, head-
aches, and night blindness. Studies show that capsaicin, 
the active component in King chili, may have protective 
effects against obesity and cholesterol (11). Capsaicin in-
teracts with protein molecules to reduce cholesterol ab-
sorption in the body, enhance metabolism, and increase 
endorphin levels, which can elevate mood. King chili also 
acts as a detoxifier, helping to remove waste products 
from the body and increasing nutrient supply to tissues. 
Furthermore, it can serve as a repellent for animals and 
insects, particularly ants and cockroaches. In some con-
texts, King chili has been considered a bio-weapon, being 
used in sprays for riot control and self-defense. 

 Endophytes are microorganisms that reside within 
the interior tissues of plants without causing direct harm 
to their hosts (12). Plants have likely developed closer bio-
logical relationships with these endophytes compared to 
epiphytes or soil-dwelling organisms, resulting in a diverse 
range of endophytic habitats. With over 300,000 plant spe-
cies on Earth, each species harbors one or more endo-
phytes (13). Endophytic bacteria can significantly enhance 
the metabolism and physiology of their host plants 
through various mechanisms (14), including atmospheric 
nitrogen fixation, iron sequestration, phosphate solubiliza-
tion, synthesis of plant growth hormones, inhibition of 
ethylene production by 1-aminocyclopropane-1-carbo-
xylate (ACC deaminase), degradation of toxic compounds, 
and suppression of fungal and bacterial pathogens (15). 
Given their ecological niche similar to that of phytopatho-
gens, these bacterial endophytes are promising candi-
dates for biocontrol agents (16), as numerous studies have 
documented their ability to manage nematodes, insects, 
and plant diseases (15, 17–21). Moreover, endophytes can 
accelerate seedling emergence and support plant estab-
lishment in adverse conditions (22-23). Their potential for 
fungal antagonism further aids in the development of bio-
fungicides as alternatives to chemical fungicides (24). De-
spite these advantages, research on the endophytic bacte-
ria associated with King chili plants is limited. This study 
aims to characterize the endophytes in King chili to ex-
plore their roles in plant growth promotion and biocon-
trol, contributing to existing knowledge and highlighting 
their agricultural significance.   

 

Materials and Methods 

Field survey, sample collection and isolation           

Field Survey and Sample Collection         

To determine the prevalence of diseases in Nagaland's 

several King chilli-growing regions, a thorough survey was 

carried out in 2015–16 (Fig. 1). Healthy fruits and plant 

materials with the disease were gathered from each site 

throughout the survey, and samples were sealed in plastic 

bags and transported to the lab. All the samples were pro-

cessed immediately to isolate pathogens from infected 

samples and endophytes from healthy samples. The sam-

ples were stored in the refrigerator for future experimental 

purposes. 

Isolation of fungal pathogens of King chilli        

The disease-affected plant samples were collected during 

the survey and subjected to isolation. The plant parts 

showing the different symptoms of damping off, wilting, 

anthracnose, and fruit rot were collected on tissue paper, 

separately from infected plant parts. Using the tissue seg-

ment method, the pathogen associated with affected tis-

sues was isolated on a potato dextrose agar (PDA) medium 

(25). Additionally, the isolates underwent purification 

using the single hyphal tip technique in a plain agar medi-

um (26). The purified isolates were identified based on the 

morphological and cultural characteristics of the patho-

gen and proved Koch's postulates.  

Isolation of bacterial endophytes         

The bacterial endophytic biocontrol agents were isolated 

from King chilli fruits on nutrient agar media by following 

the sterility check method (27). The fruit samples were 

washed under running tap water to remove the soil debris 

then washed with sterile distilled water. The chosen fruit 

samples were first surface sterilized with 0.1 % mercuric 

chloride and then disinfected with 70 % ethanol. Lastly, 

use double-sterilized distilled water to rinse the fruits 

three times after surface sterilization. We performed steril-

ity checks in accordance with Shi et al. (28), to validate the 

efficacy of surface sterilization and ensure that there was 

no biological contamination on the surface. After being 

macerated in sodium phosphate buffer (pH 7), the materi-

al was serially diluted up to 10-5 and plated on a nutrient 

Fig. 1. Collection of samples from different locations.  
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agar medium (29). For two days, Petri plates were incubat-

ed at 28 oC. Standard procedures were used to count the 

colonies and single colonies were purified by streaking on 

an agar slant separately (30).  

Molecular characterization of bacterial endophytes         

Isolation of bacterial genomic DNA: The genomic DNA was 

extracted by using a CTAB method (31) with slight modifi-

cations (32). A 25 mL culture was centrifuged at 6,000 rpm 

for 5 min at 4 °C. The pellet was resuspended in 1 mL TE 

buffer and mixed with 0.5 mL butanol, then centrifuged at 

5,000 rpm for 5 min. The pellet was washed twice with TE 

buffer. Next, it was treated with 100 µl of freshly prepared 

lysozyme (10 mg/mL) for 5 min at room temperature, fol-

lowed by the addition of 100 µl SDS (10 %) and 25 µl pro-

teinase K (100 mg/mL), incubated at 37 °C for 1 h. Then, 

200 µl of 5 M NaCl and 150 µl CTAB were added and incu-

bated at 65 °C for 10 min. The mixture was extracted with  

1 mL phenol, centrifuged at 6,000 rpm for 15 min, and the 

aqueous layer was transferred to a microfuge tube. DNA 

was precipitated with 0.6 volumes of ice-cold isopropanol 

and incubated overnight at -20 °C. After pelleting at 

12,000 rpm for 15 min, the pellet was rinsed with 70 % 

ethanol, dried under vacuum for 10 min, and resuspended 

in 50 µl TE buffer. Finally, 1 µl of DNase and RNase-free 

solution (10 mg/mL) was added, and the DNA was incubat-

ed at 37 °C for 30 min before storage at -20 °C. 

Detection of Pseudomonas species-specific in endo-
phytes         

DNA coding for 16S-23S rRNA was amplified using specific 

primers in a gradient PCR. Primers ITSIF (5’ AAGTCG-

TAACAAGGTAG 3’) and ITS2R (5’ GAC-CATATATAACCCCAAG 

3’) were designed for a 560 bp amplicon (33). The PCR re-

action mixture (20 µl) contained 10X buffer (2.5 mM MgCl₂, 

2 µl), 2 mM dNTPs (2 µl), 2 M primers (5 µl), Taq DNA poly-

merase (Genei), water (8 µl), and 50 ng of template DNA. 

Amplification was performed on an Eppendorf Master Cy-

cler with the following conditions: 92 °C for 4 min, followed 

by 40 cycles of 92 °C for 1 min, 28 °C for 1 min, and 72 °C for 

2 min, concluding with a 10 min final extension at 72 °C. 

PCR products were resolved on a 2 % agarose gel at 50 V, 

stained with ethidium bromide (0.5 µg/mL), and visualized 

using a UV transilluminator. The bands were photo-

graphed and analyzed with a gel documentation system 

(Alpha Innotech Corporation). Sizes of the PCR products 

were determined using a 100 bp ladder (Bangalore Genei 

Pvt. Ltd.). 

In vitro screening of endophytes against the fungal path-
ogens of King chilli         

The antifungal activity of bacterial endophytes was as-

sessed using the dual culture method against Pythium, 

Fusarium, and Colletotrichum (33). In Petri plates with solid-

ified nutrient agar, a fungal disc and the endophytic bacte-

ria were inoculated side by side, while control plates con-

tained only the fungal disc. The plates were incubated at 

28 ± 2 °C until the fungal cultures reached full size. The 

diameter of the pathogenic colonies was measured, and 

the percentage of radial growth inhibition compared to 

the control was calculated using a specific formula (34). 

 

I   =                                   

Where, I = Per cent inhibition, C = Growth of the pathogen 
in the control plate, T = Growth of the pathogen in endo-
phyte inoculated plate. 

Studies on plant growth promoting properties          

Determination of indole acetic acid (IAA)         

Isolates of Pseudomonas sp. were cultured in King’s broth 
supplemented with 0.5 mM tryptophan for 48 hours. IAA-
producing isolates were identified by observing the ap-
pearance of a pink color change in the solution after react-
ing with the Salkowski reagent (35). 

Hydrocyanic acid (HCN) production        

Bacteria were cultured on tryptic soy agar, and filter paper 
discs soaked in a picric acid solution (2.5 g picric acid and 
12.5 g sodium carbonate in 1 liter of distilled water) were 
placed in the lids of each Petri plate. The plates were 
sealed with parafilm and incubated at 28 °C for 48 hours.   
A color change of the discs from yellow to light brown, 
brown, or reddish brown indicated weak, moderate, or 
strong production of HCN, respectively, for each strain 
(36). 

Determination of ammonia production           

Using a standard method, bacterial isolates were tested 
for ammonia production (37). They were grown in tubes of 
5 mL of peptone water, incubating at 30 °C for four days. 
After incubation, 1 mL of Nessler’s reagent was added to 
each tube. The development of a faint yellow color (+) indi-
cated significant ammonia production and was considered 
positive for ammonia production. 

Bioassay of crude antibiotics from potent endophytes          

Isolation of crude antibiotics         

To extract crude antibiotics from endophytes, selected 
isolates were grown in Pigment Production Broth (PPB) at 
28 ± 2 °C for five days (38). After incubation, the broth cul-
ture was centrifuged at 5,000 rpm for 10 minutes, and the 
supernatant was adjusted to pH 2.0 with concentrated HCl 
and incubated for 8 hrs. An equal volume of ethyl acetate 
was added, and the mixture was shaken at 120 rpm at 25 °
C for 3 hours. The ethyl acetate layer was separated and 
evaporated using a vacuum flask evaporator at 40 °C. The 
resulting residues were resuspended in 1 mL of methanol 
for bioassays. 

Bioassay of crude antibiotics by agar diffusion well 
method          

The antagonistic strains of endophytic isolates (KEB2, 
KEB5, KEB6, KEB7, and KEB11) were evaluated for their 
efficacy against the Fusarium wilt pathogen using the agar 
diffusion well method (39). A fully grown Fusarium culture 
on PDA was supplemented with 10 mL of sterile water, and 
conidia were extracted by scraping the surface with a ster-
ile scalpel. One mL of the conidial suspension was added 
to a sterile Petri plate, followed by 15 mL of PDA medium, 
which was rotated for uniform distribution. After solidifica-
tion, wells were created with a sterile 5 mm cork borer on 
the plate's sides. Crude antibiotics from the endophyte 
isolates were added to the wells at 50, 75, 100, and 150 µl. 
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Each treatment was replicated three times. Mycelial 
growth and inhibition were assessed after 72 hours of incu-
bation at 28 ± 2 °C, and the diameters of the inhibition 
zones were measured. Sterile water without crude antibi-
otics served as a control. 

Phylogenetic analysis of potent isolates of endophytes         

The best-performing isolates in terms of biocontrol ability 
and plant growth promotion were selected for species 
identification using the 16S-23S rDNA genome sequencing. 
Nucleotide sequencing of PCR products was done at Bi-
oserve Biotechnologies Pvt. Ltd, Hyderabad, India. The 
BLAST program through the internet server at the National 
Centre for Biotechnology Information (National Institutes 
of Health, Bethesda, USA) GenBank database (http://
www.ncbi.nlm.nih.gov/) was used to perform rDNA homol-
ogy searches. Sequences were selected and established an 
evolutionary relationship based on a maximum identity 
score of > 97 %. The MEGA X with maximum likelihood (ML) 
analyses was used to construct the phylogenetic tree to 
infer evolutionary trees for nucleotide base sequence 
along with the downloaded sequence from NCBI (40). 

Field evaluation of potent bacterial endophytes           

The field experiment was conducted in ICAR Research 
farm, Dimapur, Nagaland, using the potent isolates of en-
dophytes to assess the suppression of fungal diseases of 
King chilli. The chilli seeds were sown in a raised seedbed, 
spaced 5 cm apart in a straight line. Around 40 to 45 days 
old seedlings were used for transplanting and bacterial 
endophytes were treated during transplanting in the main 
field. The main field was prepared and divided into 21 
blocks of 5 x 5 m size to accommodate the 7 treatments 
with 3 replications. Freshly prepared 3 days old culture 
was used for preparation of liquid formulation of each en-
dophyte containing 108 CFU mL-1 microbial suspension and 
used for inoculation with seedling dip (10 %) for 30 min 
duration at transplanting and foliar application (2 %) two 
times at 30 days intervals. Three replications for each 
treatment were maintained using a randomized block de-
sign (RBD). Along with biometric data, the observation of 
disease incidence was documented for each treatment.  

Measurement of disease incidence         

Per cent wilt and die-back incidence of King chilli was cal-
culated by counting the number of affected plants out of 
the total plants. The observation of infected plants in each 
treatment was recorded and per cent disease incidence 
was calculated using a formula.  

 

PDI  = 
 

The severity of anthracnose was measured by using the 
disease scoring scale given in Table 1 (41). 

Statistical analysis            

The results of each experiment were analyzed inde-
pendently. Treatment means were compared using Dun-
can’s Multiple Range Test (DMRT) (42). The analysis was 
conducted using the IRRISTAT analysis package version 92-1, 
developed by the Biometrics Unit of the International Rice 
Research Institute in the Philippines.   

 

Results   

Survey for the occurrence of fungal diseases in Naga King 

Chilli           

The survey was carried out in various potential growing 

regions of Nagaland, including Dimapur, Kohima, Peren, 

Wokha, Phek, and Mon, where the incidence of diseases 

was recorded across different locations (Table 2). The in-

vestigation revealed several diseases affecting King chilli, 

including damping off, anthracnose, dieback, Fusarium 

wilt, and fruit rot. Among the fungal diseases, anthracnose 

was identified in all surveyed areas, while Fusarium wilt 

and damping off were only observed in Zhadima and 

Moalvam, respectively. Notably, anthracnose and fruit rot 

emerged as the most significant diseases, contributing to 

economic yield losses during the ripening stage across all 

locations (Table 3).  

Bacterial endophytes and pathogenic cultures of King 

chilli          

A total of 20 bacterial endophytes were isolated from sam-

ples collected across various growing regions of Nagaland, 

designated as KEB1 to KEB20. The identification of these 

bacterial cultures was performed using gram staining and 

morphological characteristics. The results indicated that 

all isolated endophytic bacteria were Gram-negative 

(Table 5). Additionally, three pathogenic cultures viz., 

Pythium, Fusarium, and Colletotrichum were isolated from 

infected plant samples collected during the survey for fur-

ther investigation. 

Molecular characterization of bacterial endophytes         

Amplification of 20 isolates from the specific region of the 

16S-23S rRNA intervening sequence using specific primers 

produced an expected amplicon of 560 bp, indicating that 

the isolates belong to the Pseudomonas genus. 

In-vitro screening of endophytes against the pathogens 

of King chilli           

To evaluate bio-efficacy, the bacterial endophytes were 

tested in-vitro against the Naga King chilli pathogens Pythi-

um sp., Fusarium, and Colletotrichum. Among the twenty 

Score Resistance level Symptom description 

0 HR, highly resistant No infection 

1 R, resistant 

1-2 % of the fruit with necrotic 
lesions or a larger water-soaked 

lesion surrounding the infection 
site 

3 MR, moderately resistant 
2 to 5 % of the fruit with necrotic 
lesions, possibly acervuli may be 

present 

5 MS, moderately susceptible 
5 to 10 % of the fruit with necrot-
ic lesions, possibly acervuli 

7 S, susceptible 
10 to 25 % of the fruit is covered 
with necrotic lesions with acer-

vuli 

9 HS, highly susceptible 
More than 25 % of the fruit 
showed necrosis 

Table 1. Anthracnose disease severity scores, resistance levels and symp-
tom descriptions of chili fruit.  
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isolates, KEB15, KEB5, and KEB7 demonstrated percent 

inhibitions of 66.67 %, 69.26 %, and 66.30 %, respectively, 

in the mycelial growth of Pythium, Fusarium, and Colleto-

trichum when compared to the control (Table 4). 

Screening of endophytes for multiple plant growth-

promoting activities           

The isolates were evaluated for their plant growth-

promoting (PGP) activities, including HCN, ammonia, and 

Sl. No. District Place of collection GPS location Designation 

1 Dimapur Piphema 25°44'58.3"N 93°57'36.2"E KEB1 

2 Dimapur Jharnapani 25°45'14.4"N 93°50'40.0"E KEB2 

3 Dimapur Moalvam 25°44'02.2"N 93°51'09.8"E KEB3 

4 Dimapur Kukidolong 25°46'06.0"N 93°49'08.7"E KEB4 

5 Dimapur PiphemaNew 25°43'20.2"N 93°55'44.5"E KEB5 

6 Peren Athibung 25°29'37.9"N 93°36'35.4"E KEB6 

7 Peren Jaluki 25°37'47.0"N 93°40'35.0"E KEB7 

8 Peren Tening 25°20'52.2"N 93°39'34.8"E KEB8 

9 Mon Mon town 26°43'56.9"N 95°03'37.6"E KEB9 

10 Mon Shangnyu 26°76'56.3"N 95°10'80.5"E KEB10 

11 Mon Tekuk 26°74'19.7"N 94°97'39.6"E KEB11 

12 Mon Longwa 26°39'57.1"N 95°10'49.7"E KEB12 

13 Mon Totok Chinglem 26°66'19.3"N 94°98'68.5"E KEB13 

14 Mon Tizit 26°53'52.1"N 95°04'42.1"E KEB14 

16 Mon Lampongsheangah 26°43'28.6"N 95°02'00.5"E KEB16 

17 Kohima Tseisebasa 25°45'17.2"N 94°04'50.4"E KEB17 

18 Kohima Nerhema 25°46'03.3"N 94°05'40.6"E KEB18 

19 Kohima Chiephobozon 25°47'00.4"N 94°05'50.2"E KEB19 

20 Kohima Zhadima 25°46'59.6"N 94°07'29.5"E KEB20 

Table 2. Place of collection of Naga chilli for endophytes isolation.  

Sl. No. District Place of collection Disease occurrence 

1 Dimapur Piphema Anthracnose and fruit rot 

2 Dimapur Moalvam, Kukidulong Damping off, Anthracnose and fruit rot 

3 Dimapur Jharnapani Damping off, Anthracnose, fruit rot, Die back, Fusarium wilt 

4 Kohima Zhadima, Tseisebasa, Nerhema, Chiephobozon Anthracnose 

5 Peren Athibung Anthracnose and Fruit rot 

6 Peren Jalukie, Tening Fruit rot 

7 Wokha Wokha village Anthracnose, and Fruit rot 

8 Mon Mon town, Longwa, Shangnyu, Tekuk, Totak 
Chinglem, Lampongsheangah, Tizit Anthracnose and Fruit rot 

9 Phek Phek Anthracnose/fruit rot 

Table 3. Survey for the occurrence of fungal diseases of Naga King Chilli in Nagaland.   

Sl No. Isolates 
Pythium Fusarium Colletotrichum 

Mycelial growth 
(mm)* 

 % inhibition over 
control 

Mycelial growth 
(mm)* 

 % inhibition over 
control 

Mycelial growth 
(mm)* 

 % inhibition over 
control 

1 KEB1 56.67 37.04 55.67 38.15 48.67 45.93 

2 KEB2 45.00 50.00 35.67 60.37 33.00 63.33 

3 KEB3 59.67 33.70 52.33 41.85 58.67 34.81 

4 KEB4 64.33 28.52 63.00 30.00 57.00 36.67 

5 KEB5 32.33 64.07 27.67 69.26 39.33 56.30 

6 KEB6 67.67 24.81 56.33 37.41 60.33 32.96 

7 KEB7 57.33 36.30 51.67 42.59 30.33 66.30 

8 KEB8 37.00 58.89 49.33 45.19 46.67 48.15 

Table 4. Evaluation of King chilli endophytic bacteria against the pathogens of King chilli under in-vitro.  
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IAA production. Each isolate exhibited varying levels of 

these activities (Table 5). The results indicated that five 

out of the twenty isolates tested positive for HCN produc-

tion, while sixteen were positive for ammonia production. 

Additionally, seventeen isolates showed IAA production, 

with nine exhibiting higher levels of production. Notably, 

four isolates viz., KEB3, KEB5, KEB7 and KEB14 were posi-

tive for all three activities of HCN, ammonia, and IAA pro-

duction. 

Bioassay of crude antibiotics of potent endophytes          

The crude antibiotics from the five best-performing antag-

onistic endophytic isolates—KEB2, KEB5, KEB6, KEB7, and 

KEB11-were tested for their efficacy against the Fusarium 

wilt pathogen using the agar diffusion well method 

(Table 6, Fig. 2). The bacterial endophytic isolates effec-

tively suppressed the linear growth of Fusarium. Notably, 

the crude antibiotics from KEB11 and KEB2 exhibited the 

largest inhibition zones, measuring 35.14 mm and 34.16 mm, 

respectively. 

 

9 KEB9 54.33 39.63 63.00 30.00 76.33 15.19 

10 KEB10 56.33 37.41 68.67 23.70 71.00 21.11 

11 KEB11 66.00 26.67 61.33 31.85 72.00 20.00 

12 KEB12 55.67 38.15 66.67 25.93 56.33 37.41 

13 KEB13 54.67 39.26 63.33 29.63 65.67 27.04 

14 KEB14 59.67 33.70 55.33 38.52 57.00 36.67 

15 KEB15 30.00 66.67 42.33 52.96 45.00 50.00 

16 KEB16 57.00 36.67 54.00 40.00 51.00 43.33 

17 KEB17 52.67 41.48 56.00 37.78 74.33 17.41 

18 KEB18 46.00 48.89 61.67 31.48 75.00 16.67 

19 KEB19 65.33 27.41 59.67 33.70 71.33 20.74 

20 KEB20 60.00 33.33 61.67 31.48 66.67 25.93 

21 Control 90.00 0.00 90.00 0.00 90.00 0.00 

    
CD   17.715   15.556   18.555 

SE(m)   6.185   5.431   6.479 

*Values are the mean of three replications.  

Sl 
No. Isolates Gram 

staining HCN Ammonia IAA 

1 KEB1 G-ve - + + 

2 KEB2 G-ve - + ++ 

3 KEB3 G-ve + + ++ 

4 KEB4 G-ve - + ++ 

5 KEB5 G-ve + + ++ 

6 KEB6 G-ve - - + 

7 KEB7 G-ve + + + 

8 KEB8 G-ve - + ++ 

9 KEB9 G-ve - - + 

10 KEB10 G-ve - + + 

11 KEB11 G-ve + - - 

12 KEB12 G-ve - + + 

13 KEB13 G-ve - + ++ 

14 KEB14 G-ve + + ++ 

15 KEB15 G-ve - + + 

16 KEB16 G-ve - + ++ 

17 KEB17 G-ve - + + 

18 KEB18 G-ve - + - 

19 KEB19 G-ve - + ++ 

20 KEB20 G-ve - - - 

21 Control - - - - 

Table 5. Gram staining and plant growth substances produced by endo-
phytes.  

*Ammonia, HCN production Positive = +, Negative = - , IAA production No 
colour  = -, Light pink = +, Dark pink = ++.  

Sl. No. Endophytes Inhibition zone (mm) 

1. KEB2 34.16 

2. KEB5 32.36 

3. KEB6 32.75 

4. KEB7 25.87 

5. KEB11 35.14 

6. Control 00.00 

Table 6. Inhibition zone of Fusarium  culture by crude antibiotics of bacte-
rial endophytes  

Fig. 2. Bioassay of crude antibiotics of bacterial endophytes by agar plate 
method. Label (left to right from top) 1.Control, 2. KEB2, 3. KEB5, 4.KEB6, 
5.KEB7, 6.KEB11,   
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Phylogenetic analysis of the potent isolates of endo-

phytes         

Sequencing of the 16S-23S rRNA intervening specific re-

gion revealed that the nucleotide sequence exhibited over 

97 % pairwise similarity with Pseudomonas spp. The phylo-

genetic tree constructed using the Maximum Likelihood 

method indicated a close relationship, forming two dis-

tinct clusters with P. putida and P. fluorescens (Fig. 3). 

Based on BLAST and phylogenetic analysis, the isolates 

KEB5 and KEB7 were identified as P. putida, while KEB15 

was identified as P. fluorescens. 

 

Evaluation of effective bacterial endophytes against ma-
jor soil borne diseases of King chilli under field condition           

Tests were conducted to evaluate the biocontrol efficacy 

of five elite bacterial endophytes (KEB2, KEB5, KEB6, KEB7, 

and KEB15) of King chilli, alongside chemical control, 

against major chilli diseases and their impact on disease 

control and yield. The bacterial biocontrol agents were 

applied under field conditions using soil application, seed-

ling drench, and foliar application. The incidence of bacte-

rial wilt, dieback, and anthracnose was recorded at regular 

intervals in the field. Among the treatments, isolates KEB7 

and KEB15 exhibited the lowest disease incidence com-

pared to the chemical control. Notably, KEB7 was the most 

effective isolate, achieving a maximum plant height of 

85.10 cm and a yield of 3683.67 kg/ha (Table 7).  

 
 

Discussion 

The survey aimed to investigate the diseases affecting King 
chilli and their impact on crop production. We gathered 

insights into the occurrence of various pathogens across 

different growing regions. Fungal diseases were found to 

be the primary cause of yield loss, with anthracnose and 

Fig. 3. Evolutionary analysis by Maximum Likelihood method. The evolutionary history was inferred by using the Maximum Likelihood met hod and 
Tamura-Nei model (Tamura and Nei 1993). The tree with the highest log likelihood (-5451.86) is shown. Initial tree(s) for the heuristic search were obtained auto-
matically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated using the Tamura-Nei model, and then selecting the topol-
ogy with superior log likelihood value. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. This analysis involved 8 
nucleotide sequences. There were a total of 754 positions in the final dataset. Evolutionary analyses were conducted in MEGA X as per Kumar et al. (40).  

Treatment 
Percent Disease Incidence ( %) Plant height 

(cm) 
No. of fruits/ 

plant 
Yield/ plot (in 

kg) Yield (kg/ha) 
Wilt Anthracnose Die back 

Control (T0) 7.5 15 30 80.1 36 3.32 2072.58 

KEB2 (T1) 7.5 0 17.5 80.2 54 4.04 2523.51 

KEB5 (T2) 7.5 7.5 10 68.5 36 4.22 2634.69 

KEB6 (T3) 7.5 12.5 15 70.5 24 4.47 2795.23 

KEB7 (T4) 0 0 10 85.1 57 5.89 3683.67 

KEB15 (T5) 0 5 15 77.0 65 3.97 2481.72 

Mancozeb (T7) 2.5 12.5 22.5 73.9 54 5.43 3391.64 

CD 0.702 0.878 15.350 7.465 10.781 0.719 449.329 

SE(m) 0.225 0.282 5.102 2.396 3.461 0.231 144.22 

Table 7. Management of fungal diseases of King chilli by bacterial endophytes.   
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fruit rot being the most prevalent during the ripening 

stage. The shelf life of King chilli fruits was significantly 

reduced, making them highly susceptible to these diseases 

(43). Anthracnose emerged as a major contributor to eco-

nomic loss in nearly all growing regions of Nagaland. Simi-

lar findings were reported by other authors regarding dis-

eases such as die-back, stem rot, wilt, collar rot, and leaf 

spot in King chilli fields in Assam (44). 

 The study focused on isolating endophytes to 

demonstrate their antagonistic activity against pathogens. 

Although previous studies primarily examined endophytes 

in other types of chillies, this research isolated 20 bacterial 

endophytes from King chilli fruits across various locations 

in Nagaland. Most of these isolates were identified as 

Gram-negative bacteria (45) belonging to the genus Pseu-

domonas through analysis of the 16S-23S rRNA intervening 

sequence. Several findings reported bacterial antagonists 

showing antagonistic properties were identified by using 

16S rDNA Sequence into different genera in chilli. Molecu-

lar characterization further identified 18 out of 40 isolates 

using the 16S rRNA gene (46). 

 Endophytes colonize the same ecological niche as 

plant pathogens and establish a close relationship with 

their host plants (47), making them valuable candidates 

for biological control. In our in-vitro evaluations, these en-

dophytes effectively suppressed pathogens such as Pythi-

um, Fusarium, and Colletotrichum. However, the effective-

ness observed in-vitro may not directly translate to field 

conditions. During dual culture screenings, various endo-

phytes demonstrated significant inhibition of pathogens, 

specifically, endophytes A40F2, A20F2, A26F3, and 20F2 

showed impressive results, inhibiting the growth of Mac-

rophomina phaseolina by 65 %, Fusarium oxysporum by 46 

%, Fusarium solani by 72 %, and Cercospora nicotianae by 

70 % (48). Additionally, endophytic bacteria isolated from 

chilli fruit demonstrated strong inhibition of Colleto-

trichum gloesporioides, Sclerotium rolfsii, F. oxysporum, C. 

capsici, and Pythium sp. (46, 49). 

 The positive effects of inoculating endophytic bac-
teria stem from their synergistic combination of various 

PGP traits (50). Endophytes are increasingly recognized for 

their ability to enhance plant growth and provide antifun-

gal and antibacterial benefits against numerous patho-

gens (51). In our study, we assessed the mechanisms of 

plant growth promotion by measuring the production of 

ammonia, IAA, and HCN. IAA production is particularly sig-

nificant, as it directly influences plant growth (52), espe-

cially in low-fertility soils (53), and enhances root develop-

ment, thereby improving mineral and water uptake (54-

56). Notably, all isolates produced a substantial amount of 

IAA, except for three. The ability of endophytes to produce 

IAA plays a crucial role in promoting growth and maintain-

ing plant health. Previous research has similarly highlight-

ed the IAA biosynthetic potential of endophytic bacterial 

isolates (57, 58). Additionally, ammonia production by 

these endophytes has been identified as another im-

portant PGP trait, acting as a signaling molecule that facili-

tates interactions between plants and bacteria (59, 60). 

 Inoculation with HCN-producing bacteria typically 

does not harm the host plant, and certain rhizobacteria 

can function effectively as biological control agents (61). 

Many bacterial endophytes enhance plant growth indirect-

ly by suppressing phytopathogens through the production 

of antimicrobial substances like HCN, utilizing various 

mechanisms. In our study, several isolates exhibited 

strong HCN activity. Notably, 90 % of the isolates were 

capable of producing HCN, with Bacillus and Pseudomo-

nas species showing the highest levels of production 

(62). Almost all isolates demonstrated one or more plant 

growth-promoting activities, indicating their potential role 

in supporting plant growth when applied externally. These 

findings suggest that these endophytes could significantly 

contribute to enhancing plant health and productivity. 

 Plant-associated endophytes are significant 

sources of secondary metabolites with antimicrobial prop-

erties, coexisting with their host plants without causing 

any disease or infection (63). These metabolites are being 

recognized as effective agents for suppressing plant path-

ogens. Many of these compounds have demonstrated anti-

bacterial, antifungal, antidiabetic, antioxidant, and im-

mune-suppressive activities (64). In our study, we evaluat-

ed the antimicrobial properties of selected endophytic 

isolates against various pathogens. The strains exhibited 

strong antagonistic activities, highlighting the potential of 

endophytes as a valuable source of bioactive antibiotics 

for disease suppression. For instance, 16 endophytic 

strains isolated from the wild ethnomedicinal plant Glycyr-

rhiza uralensis (liquorice) effectively controlled common 

fungal pathogens affecting various crops (65). 

 The identification of bacterial endophytes was con-

firmed using 16S-23S rRNA gene sequencing (66). The re-

sults indicated that the endophytic bacterial isolates were 

Gram-negative. Molecular studies classified these isolates 

within the genus Pseudomonas, known for their biocontrol 

and plant growth-promoting properties. Phylogenetic 

analysis revealed the selected isolates to be P. putida and 

P. fluorescens, both recognized for their strong biocontrol 

and plant growth-promoting abilities. Several studies have 

shown that P. fluorescens (67, 68) and P. putida (69, 70) 

can quickly colonize plant tissues and effectively utilize 

plant resources. These species produce a wide array of 

bioactive metabolites, including antibiotics, siderophores, 

and growth-promoting substances, which allow them to 

compete effectively with other microorganisms. Addition-

ally, some Pseudomonas species are associated with soil-

borne pathogens, highlighting their dual role in plant 

health (68). 

 Bacteria associated with plants that possess bio-

control and plant growth-promoting (PGP) properties have 

been suggested as environmentally friendly solutions for 

sustainable agriculture. However, their effectiveness in 

field conditions has not been extensively evaluated (67). In 

this study, we assessed the top-performing bacterial iso-

lates for their potential application in sustainable agricul-

ture, focusing on reducing yield losses caused by diseases. 

We screened each isolate for disease suppression, taking 

into account various biocontrol and PGP mechanisms. 
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Under field conditions, the isolates significantly enhanced 

plant growth, development, yield, and disease resistance. 

Among the five most effective endophytic isolates tested 

in the field trial, KEB7 demonstrated notable disease sup-

pression and yield improvement. For example, in Brassica 

napus, the application of a bacterial consortium containing 

endophytic P. fluorescens led to increased economic 

yields (67). Additionally, utilizing endophytic bacteria may 

facilitate the development of biocontrol agents that can 

self-perpetuate by colonizing host plants and being 

passed on to their progeny, thereby enhancing both bio-

control and plant growth promotion (71).  

 

Conclusion  

The characterization of the diverse community of bacterial 

endophytes from King chilli has provided valuable insights 

into biocontrol strategies for suppressing various patho-

gens and promoting plant growth. Selected elite strains 

exhibited significant antagonistic activity through mecha-

nisms such as the production of antimicrobial compounds, 

resource competition, and the induction of systemic re-

sistance in the host plant. The combined biocontrol and 

growth-promoting capabilities of these endophytes high-

light their potential as multifunctional agents in sustaina-

ble agriculture. Leveraging these beneficial microbes 

could enhance disease control and support overall plant 

health and productivity.   
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