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ABSTRACT

Endophytes have a symbiotic relationship with plants and play an important role in supporting the plant growth. The objective of
this study was to examine the effect of endophytic bacteria isolated from citrus leaves on promoting seedling growth and influencing
some biochemical attributes in brinjal (Solanum melongena L.). Isolated bacteria were characterized based on molecular tool 16S
rRNA. The bacterial isolates were identified as Enterococcus faecalis, Brevibacillus borstelensis, Staphylococcus haemolyticus, Bacillus
safensis, B. megaterium, B. cereus, Pseudomonas sp., P. aeruginosa, Enterobacter hermachei and Proteus mirabilis based on 16S rRNA
sequence homology and phylogenetic analysis. The leaves of brinjal seedlings were inoculated with these bacterial endophytes by
injection method under greenhouse conditions. About one month after inoculation, the plants were analysed for their physical (shoot
length, root length, shoot fresh weight, root fresh weight, shoot dry weight and root dry weight,), bio-physical (chlorophyll a and b
contents, and relative leaf water content), and biochemical (total phenolic, flavonoids and carotenoids contents) parameters. In the
present study, Bacillus safensis and Pseudomonas sp. significantly increased the shoot length, shoot fresh and dry weights, relative
leaf water content, leaf chlorophyll b content, phenolics and flavonoids in brinjal plants after the application of the bacterial inoculum.
However, carotenoids content remained unaffected by the bacterial inoculum. Thus, some bacterial endophytes possess prospective
potential in improving plant growth and could be used as inoculants to establish a sustainable crop production system.
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INTRODUCTION
The diversity of bacteria in above ground plant parts also

Soil is a complex medium that is enriched with plenty of
microbes. Plant root remains in close proximity to the soil
medium and interacts with soil-borne microbes. The type of
interaction, either beneficial or harmful, is mainly dependent on
the type of microorganism interacting with plants. The microbial
population living inside plant tissues imposes different effects
on its growth and development. These interactions may be
beneficial or harmful as well depending on the host,
microorganism, and environmental conditions. However, few
pathogenic bacterial infect the plants and cause diseases,
therefore it is important to study the effect of these microbes on
the physiological functioning of crops. The process of host
pathogen signalling, colonization and mechanism of association
is still needed to understand (Reinhold-Hurek and Hurek, 2011).
The interaction between the host plant and bacterial endophytes
varies from endophyte to endophyte among plant species. The
host plant and pathogen may develop an antagonistic
association with each other (Schulz et al., 1999).
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reflects the interaction of the human pathogens which colonize
and establish there, so that area of research is much important
with respect to human diseases associated with the
consumption of vegetables, fresh salad, and fruits produced
(Whipps et al, 2008). A lot of literature is available on host-
pathogen interaction and diseases caused by them. A lot of
microbes can survive and colonize on plant surfaces and could
change the physiology of plants. Some plants release volatile
organic compounds which include terpenoids, alcohols,
hydrocarbons, sulphides, and nitrogen-containing compounds.
The exact mechanism is still unknown about the interaction of
these microorganisms with non-host plants, but they may
provide protection and a sufficient supply of nutrients. The
invasion of the bacterial population in plant tissues mainly
depends on the favourable conditions provided by the plants.
Hence, the use of plant hormones for the reduction of host-
specific bacterial endophytes needs further research e.g. to
control Salmonella strains those are human pathogens and
found in vegetables (Iniguez et al,, 2005).

Endophytic bacterial population behaves differently in the host
and non-host plant species probably depending on the
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environmental conditions in which the plant (hostand non-host)
grows. This establishment is determined by the interaction
between leaf and environmental conditions that provide
suitable habitat to the microbes. The first point of contact of
microbial cells immigrating to the phyllosphere is the cuticle
(Beattie, 2000). Microbial interactions in the phyllosphere can
affect the fitness of plants, crop productivity, and the safety of
horticultural produce for human consumption. Therefore, this
study was aimed to estimate the potential of isolated bacterial
endophytes for their effects on the growth and some biochemical
attributes of brinjal plants.

MATERIALS AND METHODS
Sample collection

Citrus orchard located in Punjab i.e. Sargodha, Multan, Sahiwal,
Mian Channu and Lahore were visited during September 2015.
Leaf samples of different citrus varieties such as common local
sweet orange (Citrus sinensis), Musambi (Citrus sinensis), Olinda
Valencia (Citrus sinensis), Kinnow (Citrus reticulata), Dancy
(Citrus reticulata), grapefruit (Citrus paradisi), lemon (Citrus
limon) and sour orange (Citrus aurantium) were collected and
stored at -80 °C for further processing.

Isolation and identification of bacteria

Isolation of bacteria was carried out by following the mince-
soaked method. About 3-4 cm section of the leaf midrib was
taken and dipped in 1% of sodium hypochlorite (NaOCl) for 3-5
minutes, followed by three consecutive washings with double
distilled water. The surface-sterilized tissue was ground and
soaked in sterile distilled water for 10-20 minutes before
inoculation. About 10 to 20 pL of the suspension was streaked
on a nutrient agar plate and incubated at 37 °C. The purified

cultures were then identified based on the morphology and
biochemical process by using Bergey’s manual of systematic
bacteriology (Garrity, 2005). CTAB (cetyl trimethyl ammonium
bromide) method was used for the isolation of the total genome
of DNA (Wilson, 1987). Bacterial cultures were identified based
on their 16S ribosomal ribonucleic acid (rRNA) gene sequence
homology. Genomic DNA of ten bacterial isolates was subjected
to PCR using the primers pair 27-F
(5’AGAGTTTGATCMTGGCTCAG3’), 1492-R 5
ACCTTGTTACGACTT 3’), and previously reported PCR
conditions were applied (Trivedi et al, 2011). PCR products
were visualized in 0.7% agarose gels. The remaining PCR
products were cleaned with Wizard® SV Gel and PCR clean up
system by following the guidelines provided with the kit. All PCR
products were purified and sequenced from Macrogen South
Korea. The gene sequences obtained were compared by aligning
the result with the reported sequences in Gene Bank using the
Basic Local Alignment Search Tool (BLAST) search program at
the National Centre for Biotech Information (NCBI). A variant of
BLAST, BLASTN was applied to compare the nucleotide
sequence with a nucleotide database. Sequences were submitted
to the NCBI Gene Bank database and accession numbers were
obtained as mentioned in Table 1. The evolutionary history was
inferred using the Neighbour-Joining method (Saitou and Nei
(1987). Evolutionary analyses were conducted in MEGA6
(Molecular Evolutionary Genetics Analysis) software (Tamura et
al, 2013).

Bacterial cultures and inoculation in brinjal seedlings

Brinjal seedling was used to study the effects of isolated bacterial
endophytes on the physiological functioning under controlled
conditions in a greenhouse. The brinjal seedlings were planted
on sterile soils in pots filled with a mixture of compost and sandy
loam soil. The single-celled colonies of bacterial isolates were

Table 1: Isolated and identified endophytic bacterial isolates from citrus leaf tissue samples collected from various locations of

Punjab, Pakistan.

Isolate code Identity Host tissue 16SrRNA (bp)2  Similarity % GB accession number b
SM-1 (MSW) Staphylococcus Musambi 1492 bp 97% MF957708
haemolyticus (Citrus sinensis)
SM-20 (SWK-1) Proteus mirabilis Kinnow 601 bp 99% MF958504
(Citrus reticulate)
SM-27 (MGF-6A)  Enterobacter hermachei  Grapefruit 1442 bp 97% LT745966
(Citrus paradisi)
SM-34(LMC-1) Bacillus safensis Lemon 1191 bp 99% MF801628
(Citrus x limon)
SM-36(LM-3) Bacillus cereus Lemon 1197 bp 97% MF801630
(Citrus x limon)
SM-42 (MCS,5A)  Brevibacillus Sweet orange Local 1498 bp 93% LT745989
borstelensis (Citrus sinensis)
SM-56(DS-4) Bacillus megaterium Dancy 1411 bp 94% MF802485
(Citrus reticulata)
SM-57(DC-3) Pseudomonas sp. Dancy 207bp 97% MF973203
(Citrus reticulata)
SM-68(0LVS-1) Pseudomonas Olinda Valencia 1382 bp 95% MF802727
aeruginosa (Citrus sinensis)
SM-76 (SMC-1) Enterococcus faecalis Sour orange 1279 bp 100% LT844634

(Citrus aurantium)

aLength of analyzed 16S ribosomal ribonucleic acid (rRNA) encoding gene sequence.
bGene Bank accession number of submitted 16S rRNA encoding gene sequence for respective EBI.
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picked from pure cultures and inoculated separately in test
tubes containing 5 pL LB-medium (10 g tryptone, 10 g NaCl and
5 gyeast, pH 7.5). The test tubes were placed in a shaker at 37 °C
for overnight, then 5 pL pre-cultures were transferred into the
flasks containing 25 pL LB broth and placed in the shaker for
overnight at 37 °C. The next day, the LB was transferred into the
falcon tubes and centrifuged at 6,000 rpm for 10 minutes at 4 °C.
Pellet was dissolved in 15 pL sterilize distilled water with the
addition of 2% tween 20 and left at room temperature for 30
minutes. About 0.1 mL of bacterial suspension (108 CFU mL-1)
was inoculated into brinjal seedlings by injecting the bacterial
suspension into the intercellular spaces in epidermis of leaves
with a hypodermic needle. A randomized complete block design
was followed by using three replicates of each treatment. Two
sets of controls, i.e. positive control (no treatment), negative
control (distilled water), were used in this study.

Plant growth measurements

After about one month of inoculation, morphometric parameters
i.e. shoot length, root length, shoot fresh and dry weights, root
fresh and dry weights of brinjal seedlings were noted in each
treatment. The bio-physical parameters included were relative
water content and chlorophyll (a and b) contents of the leaves.
These were analysed as follows.

Leaf relative water content

The leaves were plucked and immediately weighed through a
balance. Then leaves were soaked in water for about 8-10 hours
to measure the turgid weight of the leaves, after measuring the
turgid weight the leaves were placed in an oven for drying at 80
°C for 24 hours. The following formula was used to find out the
leaf relative water content.

RWC (%) = [(FW-DW) / (TW-DW)] x 100

Where, FW = Sample fresh weight, TW = Sample turgid weight,
and DW = Sample dry weight.

Chlorophyll and carotenoids contents

For chlorophyll content estimation, 1 g of fresh plant leaf tissue
was homogenized with an 80% (v/v) acetone solution using a
pestle in a mortar. Absorbance was taken at 645, 663 and 450
nm wavelength for estimating chlorophyll a and b and
carotenoids contents through a spectrophotometer (HOLO BD-
20) (Arnon, 1949). Acetone 80% was used as a blank control.
The chlorophyll a and b, and carotenoids concentrations were
calculated as follows.

Chlorophylla (mg g1) = [12.7 x A663 - 2.69 x A645] x V/1000 x
w

Chlorophyll b (mg g1) =[22.9 x A645 - 4.86 x A663] x V/1000 x
w

Total carotenoids (mg g1) = 1000A470 - 3.27(Chlorophyll a) -
104 (Chlorophyll b)/227

Determination of biochemical parameters

Biochemical attributes altered by bacterial endophytes were
estimated by the following methods.

Total phenolic content

The total phenolic content of the leaf extract was determined by
the Folin-Ciocalteu method as used by Kaur and Kapoor (2002).
A 0.5 g of fresh leaf tissue was homogenized in 80% (v/v)
acetone solution and centrifuged at 10,000 g for 10 minutes at 4
°C. The supernatant (100 mL) was diluted with 2 mL of water
plus 1 mL of Folin-Ciocalteau’s phenol reagent. Five mL of 20%
(w/v) Na2CO3 was then added and the volume was made up to
10 mL with double distilled H20. The absorbance was read at
750 nm in a spectrophotometer (HOLO BD-20) and the results
were expressed as mg gt FW of the leaf by comparison with
standards of known concentrations.

Total flavonoids content

The total flavonoid content of crude extract was determined by
the aluminium chloride colorimetric method (Chang et al,
2002). About 0.1 g of leaf samples were dissolved in 1 mL
deionized water. This solution (0.5 mL) was mixed with 1.5 mL
of 95% alcohol, 0.1 mL of 10% aluminium chloride hexahydrate
(AICl3.6H20), 0.1mL of 1M potassium acetate (CH3COOK) and 2.8
mL of deionized water. After incubation at room temperature for
40 minutes, the reaction mixture absorbance was measured at
415nm against deionized water as blank in a
spectrophotometer (HOLO BD-20). Quercetin was chosen as a
standard. The data were expressed as milligram quercetin
equivalents (mg QE g1).
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Figure 1: A neighbor-joining dendrogram
evolutionary relationships of taxa.
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Statistical analysis

All the collected data were subjected to statistical analysis by
using one factorial randomized complete block design (RCBD)
with three replications. Analyses of variances were carried out
and means were separated by the least significant difference test
(LSD). All the data were statistically analysed at 5% level of
probability. The entire statistical work was done by using the
computer package Statistics 8.1.

RESULTS
Isolation and identification of endophytes

A total of ten endophytic bacterial strains were isolated from
citrus leaves and identified by analysing amplified 16S rRNA
encoding gene fragment sequence BLASTN output (Table 1). The
identified bacterial isolates either belonged to the class
Firmicutes (Enterococcus faecalis, Brevibacillus borstelensis,
Staphylococcus haemolyticus, Bacillus safensis, B. megaterium
and B. cereus) or the class Proteobacteria (Pseudomonas sp., P.
aeruginosa, Enterobacter hermachei and Proteus mirabilis). The
homology between blasted 16S rRNA encoding gene sequence
and hits from the database was between 93-100%. The
accession numbers of the deposited sequences and their identity
are described in Table 1. A neighbour-joining dendrogram was
constructed to confirm the evolutionary history of the isolated
bacterial strains According to the tree all the strains made
separate based on their genetic similarity as shown in Fig. 1.

Plant growth measurements

To investigate the influence of citrus bacterial endophytes on
non-host brinjal seedlings, growth promoting or inhibiting
activity of endophytes was determined by analysing the
parameters such as shoot length, root length, shoot fresh weight,
root fresh weight, shoot dry weight, root dry weight, chlorophyll

Figure 2: Brinjal seedlings infected with bacterial inoculums
injecting on the underside of leaves A) Positive control, B)
Negative control, C) Staphylococcus haemolyticus, D) Proteus
mirabilis, E) Enterobacter hermachei, F) Bacillus safensis, G)

Bacillus cereus, H) Brevibacillus borstelensis, 1) Bacillus
megaterium, ]) Pseudomonas sp., K) Pseudomonas aeruginosa,
and L) Enterococcus faecalis.

a and b contents and relative water content of leaves. The
seedlings were inoculated by injecting bacterial cell suspension
into the backside of leaves. Brinjal seedlings infected with
bacterial inoculums are shown in Fig. 2.

Table 2: Physical and bio-physical response of brinjal (S. melongena L.) seedlings grown under greenhouse conditions at different

bacterial inoculum.

Treatments Shootlength  Rootlength  Shootfresh  Rootfresh  Shootdry  Rootdry Relative leaf water
(cm) (cm) weight (g) weight (g)  weight(g) weight (g) content (%)

Control positive 11.60c 4.83bc 1.136j 0.136d 0.344c 0.044b 35.81bcd

(no treatment)

Control negative 18.06a 8.53ab 3.470c 0.450a 0.343c 0.042b 72.62ab

(distilled water)

Bacillus safensis 18.50a 6.40abc 4.500a 0.500a 0.375b 0.140ab 80.81a

Pseudomonas sp. 16.83ab 8.76a 4.260b 0.523a 0.573a 0.070b 64.74abc

Enterococcus faecalis  13.76bc 5.00abc 1.563gh 0.112d 0.156g 0.026b 27.61cd

Bacillus megaterium 15.50ab 5.00abc 3.256d 0.314b 0.377b 0.050b 38.33bcd

Pseudomonas 13.73bc 5.50abc 2.353e 0.330b 0.259d 0.053b 71.49ab

aeruginosa

Brevibacillus 13.43bc 5.33abc 1.630gh 0.250bc 0.237e 0.037b 79.66a

borstelensis

Staphylococcus 13.56bc 3.60c 2.060f 0.250bc 0.214f 0.242a 19.96d

haemolyticus

Enterobacter 11.26c 4.03c 1.280ij 0.306b 0.125h 0.055b 40.24bcd

hermachei

Bacillus cereus 13.26bc 2.86¢ 1.743g 0.163cd 0.243e 0.034b 43.08bcd

Proteus mirabilis 11.50c 4.33c 1.433hi 0.124d 0.142gh 0.019b 32.43cd

LSD5% 3.42 3.43 0.194 0.099 1.499 0.155 33.18
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Table 3: Biochemical response of brinjal (S. melongena L.) seedlings grown under greenhouse conditions at different bacterial

inoculum.

Treatments Chlorophyll a Chlorophyll b Total carotenoids Total phenolics Total flavonoids
content (mg g1) content (mgg?!) (mggl) (mg GAE g'1) (mg QE g1)

Control positive 0.187ab 27.453d 8.424a 1.295e 9.919j

(no treatment)

Control negative 0.195a 28.673a 5.818a 0.923f 11.508h

(distilled water)

Bacillus safensis 0.163abc 24.296f 4.706a 1.518cd 14.985f

Pseudomonas sp. 0.156abc 28.626a 5.820a 0.884f 20.230a

Enterococcus faecalis 0.142bc 25.726e 5.730a 1.777a 11.106i

Bacillus megaterium 0.159abc 28.343b 3.098a 1.590bcd 18342 ¢

Pseudomonas aeruginosa 0.131c 28.733a 4.364a 1.639abc 18.546 b

Brevibacillus borstelensis 0.122c 22.156h 4.114a 1.328e 20.301a

Staphylococcus 0.127c 28.626a 6.111a 1.440de 18.169d

haemolyticus

Enterobacter hermachei 0.156abc 23.403g 4.904a 1.501cd 17.793e

Bacillus cereus 0.189ab 27.840c 4.756a 1.281e 11.125i

Proteus mirabilis 0.157abc 24.403f 4.169a 1.702ab 12114 g

LSD5% 4.430 0.197 7.950 0.164 0.106

Physical parameters

After one month of inoculation, the effect of bacterial isolates
was evaluated on brinjal (Solanum melongena L.) seedlings. The
bacterial endophytes tremendously affected (p < 0.05) the
seedlings' shoot and root lengths (Table 2). The maximum shoot
length (18.50 cm) was observed in SM-34 (Bacillus safensis),
followed by negative control (18.06 cm), in SM-57 (Pseudomonas
sp.) and SM-56 (Bacillus megaterium) with shoot lengths of 16.83
and 15.50 cm, respectively. The minimum shoot length (11.26
cm) was measured in SM-27 (Enterobacter hermachei), followed
by several other bacterial isolates treatments as compared to a
positive control (11.166 cm) and negative control (18.06 cm).
The maximum root length (8.76 cm) was observed in SM-57
(Pseudomonas sp.), while the minimum (2.86 cm) in SM-36
(Bacillus cereus) as compared to a positive (4.83 cm) and
negative (8.53 cm), controls (Table 2).

The shoot and root fresh and dry weights of brinjal seedlings
were significantly (p < 0.05) affected by the bacterial isolates
(Table 2). The maximum shoot fresh weight (4.500 g) was
observed in SM-34 (Bacillus safensis), while the minimum
(1.1366 g) in positive control, trailed by in SM-27 (Enterobacter
hermachei) (1.280 g). The maximum shoot dry weight (0.573 g)
was observed in SM-57 (Pseudomonas sp.), while the minimum
(0.125 g) in SM-27 (Enterobacter hermachei) and (Proteus
mirabilis) (0.142 g).

The maximum root fresh weight (0.523 g) was observed in SM-
57 (Pseudomonas sp.), followed by SM-34 (Bacillus safensis)
(0.500 g) and negative control (0.450 g), all being statistically
no-significant to each other. The minimum root fresh weight
(0.112 g) was weighed in SM-76 (Enterococcus faecialis),
followed by SM-20 (Proteus mirabilis) (0.124 g), positive control
(0.136 g) and SM-36 (Bacillus cereus) (0.163 g); all being
statistically similar to each other. The maximum root dry weight
(0.242 g) was observed in SM-1 (Staphylococcus haemolyticus),
followed by SM-34 (Bacillus safensis) (0.140 g). The minimum
root dry weight (0.019 g) was noted in in SM-20 (Proteus
mirabilis) followed by all other treatments except in SM-1 i.e.
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Staphylococcus haemolyticus (Table 2).
Biophysical analysis of brinjal seedlings

The leaf relative water content of brinjal seedling significantly
varied among the applied bacterial isolates treatments (p <
0.05). The maximum leaf relative water content (80.81%) was
observed in SM-34 (Bacillus safensis), followed by in SM-42
(Brevibacillus borstelensis) (79.66%), negative control (72.62%),
SM-68 (Pseudomonas aeruginosa) (71.49%) and SM-57
(Pseudomonas sp.) (64.74%) treated seedlings; all being
statistically non-significant with each other. The minimum leaf
relative water content (19.96%) was recorded in SM-1
(Staphylococcus haemolyticus) as compared to that of positive
(35.81%) and negative (72.62%) controls (Table 2).

The leaf chlorophyll a and b contents of brinjal seedlings were
significantly altered by the bacterial isolates (p < 0.05). The
maximum chlorophyll a content was observed in negative
control (0.195 mg g1), followed by SM-36 (Bacillus cereus)
(0.189 mg g1), positive control (0.187 mg g'1) and few other
bacterial isolates. The minimum chlorophyll a content (0.122 mg
g1) was noted in SM-42 (Brevibacillus borstelensis), followed by
all other bacterial isolates except SM-36 (Bacillus cereus) which
was significantly better with higher chlorophyll a content. While,
the maximum chlorophyll b content (28.733 mg g1) was
observed in SM-68 (Pseudomonas aeruginosa), followed by
negative control (28.673 mg g'1) and in SM-57 (Pseudomonas sp.)
and SM-1 (Staphylococcus haemolyticus) both with chlorophyll b
content of 28.626 mg g1. The minimum chlorophyll b content
(22.156 mg g1) was recorded in SM-42 (Brevibacillus
borstelensis) which was significantly lesser than all other
treatments (Table 3).

Biochemical parameters of brinjal seedlings

The carotenoids in leaves were not influenced by the bacterial
isolates as compared to the controls (positive and negative). The
carotenoids contents decreased in all the bacterial treatments as
well as in negative control as compared to positive control;
however, this decrease in carotenoids contents of brinjal leaves
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was statistically non-significant (p < 0.05). The maximum
carotenoids content (6.111 mg g!) was observed in SM-1
(Staphylococcus haemolyticus), while the minimum (3.098 mg g-
1) in SM-56 (B. megaterium) as compared to a positive (8.424 mg
g1) and negative (5.818 mg g'1) controls (Table 3).

The phenolic content of brinjal seedlings significantly differed
among the applied treatments (p < 0.05). The maximum phenolic
content (1.777 mg GAE g1) was observed in SM-76
(Enterococcus faecialis), followed by SM-20 (Proteus mirabilis)
(1.702 mg GAE g1) and SM-68 (Pseudomonas aeruginosa) (1.639
mg GAE g1), all the three being statistically non-significant with
each other. The minimum (0.884 mg GAE g1) was found in SM-
57 (Pseudomonas sp.), followed by the negative control (0.923
mg GAE g'1) as compared to positive control (1.295 mg GAE g1)
(Table 3).

The flavonoids content of brinjal seedlings also varied
significantly among the bacterial treatments (p < 0.05). The
maximum flavonoid content (20.301 mg QE g1) was observed in
SM-42  (Brevibacillus borstelensis), followed by SM-57
(Pseudomonas sp.) with a flavonoids content of 20.230 mg QE g
1. These two bacterial isolates were statistically similar in their
effect on leaf flavonoids content of brinjal seedlings. The
minimum flavonoids content was recorded in positive control
(9.919 mg QE g1). The negative control (11.508 mg QE g'1) was
better than SM-76 (Enterococcus faecialis) and SM-36 (Bacillus
cereus) with 11.106 and 11.125 mg QE g, respectively (Table
3).

DISCUSSION

The present study was undertaken to exploit the potential of
citrus leaf endophytes whether they promote or retard growth
of brinjal seedlings. Therefore, ten endophytic bacterial strains
were isolated and characterized through 16S rRNA encoding
gene sequence homology-based method and the results revealed
the predominance of Bacillus spp. (Table 1 and Fig. 1). The
evolutionary history was inferred using the Neighbour-Joining
method (Saitou and Nei (1987). The optimal tree with the sum
of branch length = 0.86007708 is shown in Fig. 1. The percentage
of replicate trees in which the associated taxa clustered together
in the bootstrap test (1000 replicates) are shown next to the
branches (Felsenstein, 1985). The evolutionary distances were
computed using the Maximum Composite Likelihood method
(Tamura at al,, 2004) and are in the units of the number of base
substitutions per site. Evolutionary analyses were conducted in
MEGAG6 (Tamura et al,, 2013).

The occurrence of Bacillus species as endophytes has been
reported to promote the growth of host plant species such as
soybean (Oehrle et al, 2000), pigeon pea (Rajendran et al,
2008), and wheat (Selvakumar et al., 2008). The present study
was conducted to evaluate the efficacy of ten bacterial strains on
the non-host brinjal (seedlings) by inoculating these bacterial
endophytes under controlled conditions without supplementing
nutrients. The increased seedling growth by some strains might
be due to the production of hydrolytic enzymes by these
bacterial strains (Table 2). Plant growth was significantly
influenced by these bacterial strains. In this study Bacillus
safensis and Pseudomonas sp. performed better in terms of plant
growth improvement in almost all the tested parameters. A
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similar study in the greenhouse was performed by the
inoculation of endophytes on plants that displayed better root
length, shoot/root dry weights compared to non-inoculated
ones. The role of endophytic bacteria isolated from Japanese
honeysuckle (Lonicera japonica) and improvement in wheat
growth after their inoculation has been studied by Zhao et al.
(2015). The increase in total chlorophyll content recorded in the
study reflected the increased rate of chlorophyll synthesis which
enhanced photosynthesis and resulted in better plant growth.
The enhanced growth of seedling indicated that the brinjal had
compatible interaction with some of the bacterial endophytes
used. The efficacy of endophytic bacteria in accelerating plant
growth has also been previously reported by Hassen and
Labuschagne (2010).

Previous studies indicated that the activity of antioxidant
enzymes is correlated with plant stress tolerance (Rodriguez
and Redman, 2005; Tanaka etal., 2006). The finding of Tanaka et
al. (2006) suggested that the generation of reactive oxygen
species (ROS) negatively regulates microbial development and
inhibits excessive colonization in plant tissue. However,
defense-related induction is prominent at the early stage of
infestation (Garcia-Garrido, and Ocampo, 2002). These research
findings could serve as a foundation in further research to
enhance the growth and development of the brinjal seedlings
which may help in more brinjal production.

A wide range of bacteria that promote plant growth is currently
in common use as an inoculant, which includes Bacillus sp.,
Pseudomonas sp., Acetobacter sp., Azospirillum sp. and
Burkholderia sp. (Bashan and Levanony, 1990; Kloepper and
Beauchamp, 1992; Paulitz and Bélanger, 2001). The mechanism
behind the growth promotion of plant are phosphate
metabolization (Vazquez et al, 2000), stimulation of
phytohormones production (Barazani and Friedman, 1999;
Gutierrez-Manero et al, 2001), siderophores production
(Raaska et al, 1993), plant ethylene synthesis inhibition,
antibiotic production and induction of systemic resistance in
plants against phytopathogens (Probanza et al., 2001; Ramos et
al, 2003). These endophytes help in the translocation of
hormones and nutrients through the vascular system of plants
(Probanza etal,, 2001; Ramos et al, 2003).

The long-lasting tactics of organic and inorganic fertilizers
besides pesticides play an important role for improvement in
crop production. Notably, these applications negatively
influence on soil quality and contribute to environmental
pollution (Aktar, 2009). Concerning to minimize the detrimental
effects of the conventional techniques of agriculture, innovative
methods based on microbial inoculation are recently gaining
more interest. Plants and microorganisms form symbiotic
associations that are beneficial for both. This symbiotic
relationship influences plant growth and effectively promotes
agricultural traits e.g. soil structure and nutrient composition
(Khan et al., 2013; Karthik et al, 2016; Puri et al,, 2016). Plant
growth-promoting endophytes living inside plant tissue impose
positive effects on the host physiology by producing plant
growth-promoting hormones and certain enzymes (Khan, 2015;
Murphy et al, 2014; Lin and Xu, 2013). These bacterial
endophytes can interfere with plant nutrients such as
immobilization of insoluble phosphate to facilitate the host with
a sufficient supply of phosphate and nitrogen (Matsuoka et al,,
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2013; Shi et al, 2010). As bacterial endophytes colonize inside
plant tissue without any symptomatic behaviour, ultimately,
they compete with other pathogenic microbes living on the same
ecological niche (Malhadas, 2017). Hence indigenous microbial
endophytes of the plants may have the potential to enhance
plant growth and establish a suitable system for crop
production.

CONCLUSION

Some of the endophytic bacterial strains from citrus leaves
interacted positively with brinjal seedlings which resulted in a
significant increase in shoot fresh and dry weights, root dry
weight and total phenolic and flavonoids contents. Different
endophytes had different degrees of competitiveness. However,
field trials are required to assess the effectiveness of these
inoculants. In this study, Bacillus safensis and Pseudomonas sp.
performed comparatively better in terms of plant growth
improvement among all the tested bacterial endophytes,
suggesting that these bacterial species could be used as
inoculants for enhancing growth of brinjal plants.
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