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Abstract- Umorok (Capsicum chinense) is a commercially important chilli plant of Northeastern India. To improve the overall
growth and health of the plant we explore the rhizosphere bacteria associated with the plant through serial dilution and pure
culture method from three different growth stages juvenile, flowering and fruiting stage. The isolated rhizobacteria were then
screened for their biocontrol enzyme activities like cellulose, protease and chitinase, and the potential isolates were molecular
characterized using 16S rRNA gene sequencing. The identified microorganism were then studied for its antagonism assay
against the fungal pathogen Rhizoctonia solani using dual culture method. The isolates which showed the highest antagonism
were selected and treated with the pathogen infected Umorok plant and measured the growth indicating traits in the greenhouse
experiment. During the molecular characterization of the rhizobacteria, 127 novel strains were identified. Five bacterial phyla
were observed in the three growth stages, and gammaproteobacteria were predominantly present among them. Seven potential
rhizobacteria were selected from the diverse list of rhizobacteria showing the biocontrol and antagonism assays. Umorok was
infected with plant pathogen R. solani and treated with the selected rhizobacteria to measure the plant growth. The findings
confirmed that Lysobacter enzymogenesis competitively inhibited the R. solani and significantly improved the shoot and root
system.
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I. INTRODUCTION Capsicum chinense is an indigenous Northeast Indian chilli
variety and known for its high capsaicin content. Poor
agronomical practices and lack of scientific information on
pathogenic attacks and soil bacteria are the key reasons for
less yield. Recent studies revealed the influence of water

stress on production and pungency [7], fresh pepper

Biotic and abiotic factors influence the plant growth in
juvenile, flowering, and fruiting stages of the plant and
eventually affect the productivity [1]. Clear knowledge on
plant and biotic factors — plant growth promoting

rhizobacteria (PGPR) and pathogenic microbiota — facilitate
the effective cultivation strategies to circumvent the biotic
stress [2]. The plant developmental stage specifically
recruits the wide range of rhizobacteria during typical
growth cycle; often competitive symbiotic association
represses the diseases causing plant pathogens [3,4]. Fungi is
the common threat to the crop loss and fungal pathogen
elimination is a challenging process [5]. In some cases, co-
culture studies of fungal pathogens and rhizobacteria on
microbial culturedish demonstrated the inhibition of the
fungal pathogens [6]. Plant growth promoting bacterial
associations have been demonstrated the improved
productivity in several commercial and vegetable crops.
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chemical profile contained relatively high amount of
capsaicinoids and antioxidants [8], and the air dried extracts
were able to inhibit the food born pathogens Staphylococcus
aureus and Listeria monocytogenes [9,10]. C. chinense
contains a variety of capsaicinoids and were separated using
reverse phase liquid chromatography [11]. If the chemical
profile of the capsaicin is unveiled, it can be used to treat the
wide range of pathological conditions. Effect of capsaicin
was studied on pain, inflammation, cell proliferation, and
apoptosis [12]. The protective role of capsaicin in
autoimmune diseases also described elsewhere [13], and
health benefits of capsaicin was demonstrated in preclinical
and clinical research [14]. After realizing the importance of
capsaicin in various applications, it is essential to develop a
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pungent capsaicin for spectrum of medical applications. In
fact, C. chinense has been considered as the world’s hottest
chili; therefore, studying plant pathogen effects and
rhizobacterial growth promoting effects play a central role in
the yield potential.

Although India is the major producer of the chili, plant
pathogens and abiotic factors impede the annual production.
It was observed that Phytophthora capsici causes damping
off [15], and Colletotrichum produces anthracnose disease.
An PCR based molecular markers were developed to
distinguish the variety of Colletotrichum fungal pathogens
[16]. It was established that rhizobacteria not only promote
the plant growth, merely providing chemical nutrients, but
also inhibit the pathogenic fungi or bacteria [17,18]. A study
described the rhizobacterial isolate, Pseudomonas
fluorescens, of Capsicum annum controlled the wilt disease
caused by Fusarium solani [19]. Fungal root pathogen
Rhizoctonia solani causes root rot in several plants including
chili and antagonistic potential of rhizobacteria against R.
solani was demonstrated in maize, tomato, and potato
[1,20,21]; however, it is yet to be studied in chilli.

Rhizobacterial profile of C. chinense was least studied, and
we attempted to study the comprehensive rhizobacteria of C.
chinense. Further, the antagonistic effect of rhizobacterial
isolates against Rhizoctonia solani was studied because it is
the potential threat in the chilli crop loss in Northeast India.

Rest of the paper is organized as follows, Section | contains
the introduction of biotic stress of plant, Section Il contain
the introduction of Capsisicum chinense, Section Il contain
the diseases associated with chilli plant, Section IV contain
the architecture and hypothesis of the study, section V
explain the material and methods, Section VI describes
results, Section VII contain discussion and Section VIII
concludes research work with future directions.

Il. MATERIAL & METHODS

Rhizobacteria isolation

Capsicum chinense seeds were collected from the Imphal,
Manipur, India. Seeds were surface sterilized with 70%
ethanol and 4% hypochlorite and allowed to sprout on 1%
agar before transferring onto the pots containing unsterile
soil. After reaching the plant a distinct growth stage;
juvenile, flowering, and fruiting; the soil around the plant
root was collected. Roots were placed in sterile distilled
water and briefly vortexed and sonicated to remove the soil
aggregates and microbes. The turbid form of the water was
centrifuged for 5 min at 8000g to collect the rhizobacteria. 1
g soil fraction was serially diluted and plated onto the Luria
Bertani Agar, King’s B Medium, Pikovskaya’s Agar,
Tryptic Soy Agar, Brain Heart Infusion Agar, and Rojo
Congo Medium plates using standard spread plate method.
The rhizobacteria inoculated bacterial plates were incubated
at 30 °C for 2-3 days until growth appeared on the plates.
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Morphologically distinct colonies were sub cultured for
several rounds to isolate the pure colonies.

Molecular characterization

The pure cultures of the rhizobacteria were characterized
based on 16S rDNA for molecular identification. The
bacterial DNA was isolated using standard lysozyme
method. For bacterial species and strain identification 16S
rDNA was amplified in PCR using 63F and 1387R primers.
The PCR product amplified from each pure culture was
subjected to Sanger DNA sequencing. The sequencing result
was compared with National Center for Biotechnology
Information (NCBI) nucleotide database using Basic Local
Alignment Search Tool (BLAST).

Identification of potential rhizobacteria

Cellulase, protease, and chitinase activities of bacterial pure
culture were assayed following standard protocols. Reported
method of carboxymethyl cellulose containing media was
prepared for the cellulase activity testing [22]. Skim milk
agar media and colloidal chitin agar media were used to test
the protease and chitinase activity of the rhizobacteria
[23,24]. The zone of inhibition around the inoculated colony
was measured for the quantification.

Antagonism assay

The potential rhizobacteria that were identified in biocontrol
assays were used for the antagonism studies. The plant
fungal pathogen Rhizoctonia solini was obtained from Indian
Type Culture Collection (ITCC), New Delhi, India to co-
culture with the rhizobacteria. Both R. solani and single
rhizobacterial strain were inoculated onto the potato dextrose
agar (PDA) plate; after 3 day incubation, inhibition zone of
R. solani was measured.

Green house experiment

Pathogenic fungi R. solani was propagated on 100 g of
wheat grains for ten days and inoculated into the sterile soil
containing pots. The separately grown juvenile chilli plant in
the green house was treated with single rhizobacterial strain.
The treated chili plant was transferred into the fungi
contaminated soil pot until fruiting stage. Shoot length, root
length, shoot dry weight, root dry weight, and number of
fruits per plant were measured.

I11. RESULTS

About 300 rhizobacterial pure culture strains were isolated
from the Capsicum chinense and characterized based on 16S
rDNA sequencing. Ribosomal 16S rDNA sequences of
rhizobacterial isolates were compared with existing bacterial
strains in the NCBI nucleotide database. All the novel
bacterial strains were submitted to NCBI nucleotide
database, accession numbers KY038202 — KY038328. We
found  varied diversity ~ of  alphaproteobacteria,
betaproteobacteria, gammaproteobacteria, actinobacteria,
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and firmicutes in juvenile, flowering, and fruiting stages
(Figure 1). Of all the rhizobacteria, gammaproteobacteria
dominantly present across the life stages of C. chinense,
while firmicutes were seen less. On the other hand,
betaproteobacteria exclusively present in flowering and
fruiting stages.
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Figure 1: Rhizobacterial diversity of Capsicum chinense in
juvenile, flowering, and fruiting stages.
Gammaproteobacteria were largely found in all the plant
growth  stages  followed by  alphaproteobacteria,
actinobacteria, betaproteobacteria, and  firmicutes.
Betaproteobacteria were absent in juvenile stage.

Biocontrol tests identified the potential plant growth
promoting rhizobacteria. Biocontrol activity of the
rhizobacteria was assessed for cellulase, protease, and
chitinase activity (Figure 2, A-C). The zone of inhibition of
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all the rhizobacterial isolates was measured, and the lead
bacteria were co-cultured with fruit rot causing fungal chilli
pathogen R. solani in the antagonism assay to show the
percentage of pathogen inhibition (Table 1). Rhizobacterial
isolates of C. chinense inhibited the plant pathogen R. solani
(Figure 2, D and E), and Lysobacter enzymogenesis (PF100)
potentially inhibited 33% of the pathogen.

()

Figure 2: Biocontrol and antagonism properties of plant
growth promoting rhizobacteria. Biocontrol properties of
rhizobacteria: A) cellulase activity, B) protease activity, and
C) chitinase activity. Antagonism property of rhizobacteria:
D) fully grown control plate of Rhizoctonia solani and E)
Dual culture plate of Rhizoctonia solani and rhizobacterial
strains F) T, pathogen and rhizobacteria treated plant; C,
rhizobacteria and pathogen untreated control; P, pathogen
treated plant.

Table 1: Biocontrol activities of the potential rhizobacterial isolates and Rhizoctonia solani inhibition percentage of C.
chinense in the culture plates are showing the values with standard deviation.

S. Name of the Rhizobacteria NCBI Cellulase Protease Chitinase Rhizoctonia
No. Accession  activity activity activity solani
no. (in cm) (in cm) (incm) inhibition (%)

1 Lysobacter enzymogenesis KY038296 1.02+0.02 14+001 099+£001 33.06+0.25

(PF100)
2 Lysobacter enzymogenesis (PF47)  KY038215 1.11+0.01 1.7+0.01 1.5+£0.01 26.4 £ 0.26
3 Pseudomonas sp (PT5) KY038276 0.49+0.01 1.81+0.01 031+0.01 1753+0.15
4 Bacillus altitudinis (PS9) KY038229 0.7+0.01 09+0.01 021+£0.01 26.3+0.26
5 Pseudomonas sp (PB6) KY038267 0.41+0.02 19+0.01 109+0.01 175+0.2
6 Bacillus altitudinis (PT48) KY038301 0.61+0.02 0.81+0.01 03+0.01 132+0.1
7 Lysinibacillus xylanilyticus (PT26) KY038297 0.4 +0.02 0.3 £+0.01 011+001 8.7%0.1

Because cellulose, proteins, and chitin constitute the fungal
cell wall, rhizobacteria that exhibit cellulase, protease, and
chitinase activity are more likely to inhibit the fungal
pathogens. Umorok plants were infected with fungal
pathogen Rhizoctonia solani and treated with variety of
rhizobacteria that exhibited potential cellulase, protease,
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and chitinase activity. When fungi infected Umorok were
treated with rhizobacteria, plant length, foliage, and health
were improved (Figure 2, F). Disease control, shoot length,
root length, shoot dry weight, root dry weight, and number
of fruits per plant were significantly (p < 0.0001) improved
in pathogen and rhizobacteria treated plants when
compared to untreated control and pathogen alone treated
plants (Table 2).
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Table 2: Disease incidence and plant growth parameter measurements with standard deviation of pathogen R. solani infected

and rhizobacteria treated Umorok in greenhouse experiment.

S. Name of Organism Disease Shoot Root length Dry weight Dry weight No. of
No. incidence Length (cm) of shoot (g) of root (g)  fruits
% (cm)

1 Lysobacter 156+152 5573+x0.15 1456+0.15 125.4+0.26 486+0.06 53x1
enzymogenes (PF100)

2 Lysobacter 16.3+1.52 52.7+0.2 13.63+0.3 12054+0.17 486+01 52+1
enzymogenes (PFA47)

3 Pseudomonas sp 183+152 50.26+045 11.76+0.25 10518+0.2 436+x029 49=+1
(PT5)

4 Bacillus altitudinis 201 4886 +0.25 1156+0.3 10456+0.37 4.48+025 481
(PS9)

5 Pseudomonas sp 233+152 4853+0.2 10.7+0.26 10256029 4.06+x0.04 49+1
(PB6)

6 Bacillus altitudinis 25+1 4843+02 1256+0.3 80.46+0.25 394+0.06 44615
(PT48)

7 Lysinibacillus 26.3+152 4653+025 9.4+0.2 82.52+0.3 3.86+£0.04 413%15
xylanilyticus (PT26)

8 Control 29+1 4546+02 8.6+0.3 70.5 £ 0.25 3.53+£0.05 36.66+15

IV. DISCUSSION

Rhizobacteria form symbiotic association with the plants
and play a critical role in the plant growth and health.
Rhizobacterial isolates demonstrated the antifungal activity
in other plants [25-27], whereas chitinolytic bacteria
isolated from chilli rhizosphere controlled the whitefly [28],
but the role of chilli rhizobacterial isolates on plant growth
and fungal pathogen inhibition was unestablished. We
isolated pure cultures of Umorok rhizobacteria from
juvenile, flowering, and fruiting stages to validate their
impact on plant growth and health. Rhizobacteria were
molecular characterized using 16S rRNA gene sequencing,
and novel species were submitted to NCBI — Nucleotide
database. Rhizobacterial diversity unveiled the abundant
gammaproteobacteria in three stages, and the similar phyla
were observed in the other plants [29]. Betaproteobacteria
was absent in juvenile stage but appeared in the subsequent
stages (Figure 1). This result confers the stage specific
diversity of rhizobacteria in the Umorok rhizosphere, which
is common in other plants as well [30].

Biocontrol and antagonism tests identify the potential plant
growth promoting bacteria [31]. Fungi cause a wide range of
diseases in plants, and R. solani causes fruit rot in Umorok
plant. Fungal cell wall contains cellulose, proteins, and
chitin, so cellulase, protease, and chitinase activities are
desirable from the rhizobacterial community. We identified
seven potential rhizobacteria, evaluated antagonism activity
on R. solani in culture plates, and treated with rhizobacteria
with pathogen infected Umorok plant (Figure 2).
Lysobacter enzymogenesis (PF100) accelerated the pathogen
treated plant growth significantly. A study proved that
Lysobacter sps. appear in the disease suppressive soils [32],
and it supported our results.
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Shoot and root system determines the plant growth and
health; hence, pathogen infected Umorok plant was treated
with variety of rhizobacteria. Shoot length, root length,
shoot dry weight, root dry weight, and disease incidence
were measured and means were statistically compared with
the control groups. Statistically significant results of
greenhouse  experiments conferred that Lysobacter
enzymogenesis competitively inhibited pathogenic fungi
Rhizoctonia solani in the Umorok plant. The findings
provided the insights into the rhizobacterial diversity of
Umorok plant and their impact on the plant growth and
pathogen inhibition. Since the identified bacteria elicited
potential biocontrol and antagonism activity against R.
solani, these rhizobacteria can be recommended and tested
in R. solani associated diseases in other crops.

V. CONCLUSION

Umorok is an important commercial crop which is famous
for its high capsaicin and pungency. We anticipated
rhizosphere plays a central role in the plant growth and
health, therefore we isolated rhizobacteria of Umorok and
submitted 127 novel bacterial strains to NCBI — Nucleotide
database. Diverse rhizobacteria were associated with the
juvenile, flowering, and fruiting stages of Umorok, and
gammaproteobacteria were predominantly present in all the
three stages. Biocontrol tests identified the potential
cellulose, protein, and chitin degrading bacteria which on
antagonism assay inhibited the fungal pathogen Rhizoctonia
solani. From the greenhouse experiment, we proved
Lysobacter enzymogenesis competitively inhibited the
fungal pathogen significantly and improved the shoot length,
root length, shoot dry weight, and root dry weight. Although
individual bacteria were tested for their pathogen inhibiting
activity, the synergetic effect of rhizobacteria is further
needed to be studied. This study identified R. solani
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inhibiting potential rhizobacteria, which likely to be used in
other plants as well.
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