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ABSTRACT

he endophytic study was undertaken during 20192020 at department of plant pathology, Dr, YS Parmar UHF, Nauni,
Solan (HP), India against Xanthomonas axonopodis pv. punicae inciting bacterial blight of pomegranate. Endophytes which

we used, either endophytic bacteria or fungi have been isolated from four different genotypes/cultivars (Wild pomegranate,
Kandhari, G-137 and Sindhuri) of pomegranate to study the isolation procedure and characterization of the endophytic microbes
that colonize pomegranate plants. The huge diversity among the endophytic microbes and the host plants hinders a uniform
protocol for isolation of endophytes and the establishment of inciting agent of bacterial blight. The most common technique
that is currently used involves a thorough surface sterilization followed by fragmentation of the plant tissue and dilutions, culture
of the fragments onto agar plates for endophytic bacteria and fragmentation of leaf bits after thorough surface sterilization
onto agar plate for endophytic fungi. Among 27 and 19 bacterial and fungal endophytes, three potential microbes of each
were selected after in vitro assay against Xanthomonas axonopodis pv. punicae which causes bacterial blight disease, and were
identified based on morphological, biochemical, and cultural characteristics, respectively. This is the first report of endophytic
microbes from the leaves of Punica granatum genotypes/cultivars in Himachal Pradesh, India. Future studies will determine
the potential application of these isolates in biological control, growth promotion, enzyme production and colonization in host
for induction of defense mechanism against bacterial blight disease of pomegranate.
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1. INTRODUCTION

omegranate is one of the most economically important

fruit crops of India. Maharashtra region is the largest
producer of pomegranate in the country. This fruit crop
suffers heavily due to bacterial blight disease which is
predominant in India. This disease hampered 70-80%
crop production by reducing fruit quality and productivity
(Sharma et al., 2009; Mondal and Singh, 2008). The bacterial
blight was first reported in India from Rajasthan in 1952
(Hingorani and Mehta, 1952). Since 1998, bacterial blight
disease has been appearing as a major production problem
in important pomegranate growing states in India (Chavan
etal.,2016). However, it received a minor importance earlier
but appeared as a serious threat in all pomegranate growing
regions of Maharashtra, Northern Karnataka and Andhra
Pradesh (Yenjerappa et al., 2004). The disease could not be
mitigated effectively due to rapid build-up of inoculums and
spread of the disease widely. Many measures like biocontrol
agents, combinations of antibiotics and pesticides along
with phytochemicals and cultivation practices were not
sufficient to remedy the problem (Manjula et al., 2002;
Erayya et al., 2014). The phyllosphere is the habitat for
a large diversity of microorganisms. Amongst them, a
group of endophytic bacteria and fungi may colonize the
internal tissues of host plants (Alves-Junior et al., 2021).
These microbes can be isolated from flowers, fruits, leaves,
stems, roots, and seeds of various plant species (Qin et
al., 2011). Majority of them penetrate plants through the
roots (Afzal et al., 2014). However, they may enter plants
from the phyllosphere through the leaves, via stomata
(Senthilkumar et al., 2011). They can be divided into two
categories according to where they are found in the host:
root endophytes and leaf endophytes (Ding and Melcher,
2016). The same endophytic microorganism can colonize
several hosts (Agrios, 2005). Several studies have indexed
isolates of endophytic microbes from different plant organs
in various agricultural crops (Ryan et al., 2008; Miliute
et al., 2015). Currently, the endophytes are appearing as
potential tool in the field of agricultural biotechnology
(Afzal et al., 2019). This interest relates to the results of
several studies in which it was possible to observe the
potential of microorganisms that grow in association with
plants to promote their growth, due to their antagonism
against phytopathogens (Etminani and Harighi, 2018;
Young et al., 2013). If these microorganisms would to
be applied in agricultural systems, they could be a novel
alternatives, by accelerating sustainability and reducing the
harmful effect of pesticides (Santos and Varalho, 2011).
The interaction between host and endophytic microbes
is not well understood. However, many isolates seem to
have beneficial effects on their hosts (Ulrich et al., 2008).
These beneficial effects include promoting host growth and
biological control of phytopathogens (Costa et al., 2012).
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The population density of endophytic bacteria can vary
from 10*-10° (Overbeek and Elsas, 2008) and it depends
on various factors, including the plant being studied, part
under analyzation (QuadtHallmann and Klopper, 1996),
developmental stage of the plant, plant cultivar (genotype)
(Overbeek and Elsas, 2008), their interaction with other
organisms, as well as other environmental-related factors
(Hallmann et al., 1997). Considering the importance of
fruit crop and seriousness of the disease, the present study
was carried out to isolate, characterize and evaluate their
potential under in vifro conditions for the management of
Xanthomonas axonopodis pv. punicae in Himachal Pradesh.

2. MATERIALS AND METHODS

2.1. Sampling, isolation, purification and maintenance of
bacterial and fungal endophytes

The healthy leaf samples were collected from four cultivars
(Kandhari, Sindhuri, G-137 and wild pomegranate i.e.
‘Daru’) of pomegranate during 2019 from UHF, Nauni,
Solan, immediately brought to the laboratory, and was
used within an hour. The leaf samples were weighed to 1 g
and washed under running tap water. They were then cut
into small pieces (5 mm? dia) and then surface-sterilized
with 70% ethanol and 4% sodium hypochlorite followed
by rinsing in sterilized DW and were blot-dried using
sterile filter paper. For isolation of bacterial endophytes,
serial dilutions were made up to 107 dilutions. 100 ul
from each dilution was poured in labelled (10-107) Petri
plates containing nutrient agar medium, and spread with
a spreader. For isolation of fungal endophytes, surface
sterilized leaf bits were placed into Petri plates containing
potato dextrose agar medium with help of sterilized forceps.
The plating was done in triplicate and was incubated at
37°C for 72-96 h and 28+2°C for two weeks for the growth
of bacterial and fungal endophytes, respectively. Further,
isolated endophytes were revived and stored for preservation,

on their respective medium (Pal, 2019; Kharwar et al., 2010).
2.2. Enumeration of bacterial and fungal endophytic population

Population of bacterial endophytes were enumerated by
serial dilution (10?) and plate counting method. Colony
forming unites were evaluated only after appropriate
incubation at 37°C for 24 h (Pal, 2019). The colony count
was performed in triplicate and was calculated as:

Number of coloniesxDilution factor

Cfuml'=
Volume of sample taken (ml)

Periodically the bits were examined for the appearance of

fungal colony after incubation, the fungal colonies were

counted for individual species and the total number was

enumerated. The colonization frequency (CF), expressed

as percentage, was calculated according to Nalini et al.

(2014) as follows:
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Number of tissue segments colonized

by a fungus

% CF = x100

Total number of tissue segments
plated

2.3. In vitro antagonism assay of bacterial and fungal endophytes

The bacterial and fungal endophytes isolated from
pomegranate leaves were evaluated for their efficacy
against the growth of Xap by inhibition zone assay method
(Poovarasan et al., 2013). Observations were recorded for
the zone of inhibition produced by them around the growth
of the pathogen.

2.4. Morphological and biochemical characterization of bacterial
endophytes

The different morphological traits of bacterial endophytes
were analyzed includes: colony type, colony colour, its
surface, margin as well as elevation of colony. Following
biochemical tests were performed to ascertain the identity
of the endophytes.

2.4.1. Gelatin liquefaction

Nutrient medium supplemented with 0.4 per cent gelatine
was prepared in DW, and heating gently to dissolve.
Dispense 2-3 ml of media into culture tubes, and then
sterilize medium at 121°C (15psi) for 15minutes after that
the cooled medium were stab-inoculated with bacterial
culture, and incubated at 25°C for a longer period (7-14
days). Gram negative bacteria do not hydrolyse gelatine
thus media remains solid.

2.4.2. Oxidase test

A disc of filter paper, impregnated with 1% aqueous solution
of tetramethyl-p-phenylenediaminedihydrochloride was
placed in a Petri dish on which a colony of freshly-grown
bacterium was rubbed with the help of a sterile platinum
wire (Kovacs, 1956). A dark, bluish-violet colour developed
at the smear’ within 10 seconds indicated positive assay.
Negative or delayed (15-60 seconds) positive reaction
indicated poor oxidase activity.

2.4.3. Potassium hydroxide test

A few drops of KOH (3%) were put on the slide. A loopful
of 48 h old culture of bacterial suspension was smeared onto
the KOH solution for 5-10 seconds. Pulled up the loop for
identification of the pathogen. The bacteria formed a viscous
slime, which reflected positive reaction.

2.4.4. Catalase test

The enzyme acts upon hydrogen peroxide, liberating oxygen
and water. The test bacterium was grown on a slope of NGA,
1 ml of H,0, (3%, 10 vol.) was poured over the culture.
Formation of effervescence of gas bubbles indicated positive
assay for catalase.

»
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2.5.6. Nitrate reduction test

A disc of filter paper, impregnated with a-naphthylamine
and sulphanilic acid was placed in a Petri dish on which a
colony of freshly-grown bacterium was rubbed with the
help of a sterile platinum wire. A distinct red or pink colour
indicates nitrate reduction.

2.6. Morphological characterization of fungal endophytes

The isolated fungal endophytes were studied and identified
on the basis of different morphological and cultural
features of mycelial growth of the fungi. The mycelium
of fungal endophytes was stained with lactophenol cotton
blue for 10 minutes. Thereafter, stained microscopic slides
were visualized at 40X magnification using compound
microscopes.

2.6. Isolation of bacterial pathogen

Infected leaves showing characteristics symptoms were
collected and brought to the laboratory for isolation and
identification of the associated pathogen. A loopful of
bacterial suspension was streaked on sterilized NGA plates
and they were incubated at 28°C for 72 h and observed
for colony development of the pathogen. The pathogen
was identified on the basis of morphological, cultural, and
biochemical characters as suggested by Dye (1978). Further
culture was purified by streak plate method, and maintained
on NGA slants at 4°C for further studies.

2.7. Statistical analysis

The data obtained from laboratory experiments were
subjected to appropriate statistical analysis wherever

necessary using standard procedure, as described by Gomez
and Gomez (1984).

3. RESULTS AND DISCUSSION

3.1. Isolation and enumeration of endophytes from pomegranate
leaves

The data embedded in table 1 revealed that leaf samples
collected from cultivars of pomegranate (Wild pomegranate,
Kandhari, G-137, and Sindhuri) at different locations of
Nauni. The maximum bacterial endophytic population
(57.21x103cfuml? leaves) was isolated from Kandhari
cultivar (plate 1) of pomegranate followed by Wild
pomegranate (47.54x10%fu ml?! leaves). However, least
endophytic bacterial population was observed in G-137
(10.37x10° cfu ml? leaves) followed by Sindhuri cultivar
(4.03x10%cfu ml! leaves). Similarly, maximum fungal
endophytic population (6.57g leaves) was isolated from
cultivar G-137 and Sindhuri cultivar (6.24 g leaves) (plate
2), whereas least population was isolated from Kandhari
(4.37 g* leaves) followed by Wild pomegranate (3.18 g™
leaves). It is documented in the literature that endophytes
within different host plant species vary (Knief et al., 2010).
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Table 1: Population of bacterial and fungal morphotypes obtained from different pomegranate genotypes

Genotype

Endophytes

Bacterial population (cfu ml™)

Fungal population (CF%)

Wild pomegranate (Daru) 47.54
Kandhari 57.21
Sindhuri 4.03

G-137 10.37

3.18
4.37
6.24
6.57

| Sindhuri |

G-137

| G-137 | | Sindhuri |

Plate 1: Endophytic bacterial population (10?efu m™)isolated
form different pomegranate genotypes/cultivars

Isolation of epiphytic and endophytic microbes yielded more
number of bacteria than fungi. Tropical plant communities
are rich in biodiversity including epiphytes and endophytes
diversity in contrast to temperate regions. However, tropical
epiphytes and endophytes are less host-specific than those

from temperate areas.
3.2. Quantitative estimation of endophytes

Perusal of data presented in table 2 indicated that endophytic
population varied to greater extent in the samples collected
from wild pomegranate and different cultivars. A total of

Plate 2: Endophytic fungal population isolated form different
pomegranate genotypes or Cultivars

46 endophytes were isolated from pomegranate leaves. Out
of 46 isolates, 27 were endophytic bacteria and 19 were
fungal endophytes. Among endophytes wild pomegranate
(Daru) harboured more bacterial endophytes whereas higher
number of fungal endophytes was isolated from G-137.The
predominant bacterial and fungal endophytic colonies were
selected, purified, and the pure culture of each isolate was
maintained at 4°C on Nutrient and Potato Dextrose Agar,
respectively for further studies. The variation in microbial
population may be attributed to climatic conditions of

Table 2: Diversity of bacterial and fungal endophytes from different pomegranate genotypes

Genotype Bacterial population Fungal population Total
Wild pomegranate 10 1 11
Kandhari 8 4 12
Sindhuri 3 5
G-137 11 18
Total 27 19 46

K © 2022 PP House 686
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the location, age of plant, variety or cultivar type, time of
sampling, and physico-chemical properties of soil.

Similarly, 60 bacterial isolates were obtained from the
surface and inner tissues of different organs (leaves, twigs,
and knots), from two olive cultivars of varying susceptibilities
to olive knot disease (Pseudomonas savastanoi pv. savastanoi),
and a total of 27 bacterial strains were able to significantly
inhibit Pseudomonas savastanoipv. savastanoi growth (Mina
etal., 2020) suggesting that isolates from both cultivars may
use different modes of action to protect host plant from
Pseudomonas savastanoi pv. savastanoi infection and also
noted that endophytes exhibit a lesser inhibition potential
against Pseudomonas savastanoi pv. savastanoi than epiphytes,
which makes epiphytes as the first layer of plant defense,
comprising the most promising agents for Oak knot disease
biocontrol (Hajek and Eilenberg, 2018). Isolates from cv.
Cobrangosa could stimulate the immunity of host plant
to indirectly combat Pseudomonas savatanoipv. savastanot
invasions, while isolates from cv. Verdeal Transmontana
seem to act directly against the pathogen.

3.3. Pathogenic potential of Xanthomonas axonopodis pv.
punicae

Pathogenicity test revealed that symptoms of disease
appeared within 7-14 days of inoculation. The Koch’s
postulates were proved by re-isolating the same bacterium
from the diseased leaves and were confirmed to be the same
bacterium (X. axonopodis pv. punicae) by comparing with
original culture. The bacterium identity was confirmed
through above mentioned biochemical tests. The bacterium
was tested positive for KOH test and negative for Gram
staining indicating the Gram-negative nature of bacterium.
The bacteria were negative for nitrate reduction, positive
for oxidase and gelatin liquefaction, thus establishing the
identity of the bacterium as Xanthomonas axonopodis pv.

punicae (Xap).
3.4. Evaluation of endophytes against X. axonopodis pv. punicae

The isolated endophytes were screened under iz vitro by
zone inhibition assay against bacterial blight of pomegranate

pathogen, Xap.

BDEn-1(2.31cm) | | BGEn-2(1.61cm)

3.4.1. In vitro antagonism assay of bacterial and fungal
endophytes

Out of total 27 bacterial endophytes isolated, 3 isolates
showed good anti-bacterial activity (Table 3, plate 3). The
maximum growth inhibition of 2.31 cm dia was shown
by Bacillus anthracis strain BDEn-1 followed by Pantoea
vagans strain BGEn-3 (1.61 ¢m) and Bacillus anthracis
strain BGEn-2 (1.32 cm), whereas no inhibition zone was
found on the plate taken as control. Poovarasan et al. (2013)
reported anti-bacterial activity of Streptomyces strain against
Xap by agar diffusion method and found that Streptomyces
fradiae exhibited the highest zone of inhibition (2.41 cm
dia) followed by S. Avermitilis (2.31cm), S. cinnamonensis
(2.22 c¢m), §. canus (2.0 cm) and non-Streptomyces
actinomycetes (NSA) Leifsoniapoae (1.83 cm). From
the 27 isolates that significantly inhibited Pseudomonas
savastanoi pv. savastanoi causing olive knot disease, the
antagonistic effect was found highest within Pseudomonas,
Bacillus and Alcaligenes with inhibitions ranging from
15.8-85.2%. Both Pseudomonas and Bacillus have been
reported to be the most promising biocontrol agents of
several plant diseases, in particular the ones affecting roots

Table 3: In vitro antagonistic activity of bacterial and fungal
endophytes against X. axonopodis pv. punicae

Isolate Zone of inhibition (cm)
BDEn-1 2.31 (1.81:0.13)
BGEn-2 1.61 (1.60+0.14)
BGEn-3 1.32 (1.52+0.10)
FSEn-1 1.45 (1.56x0.11)
FGEn-2 1.58 (1.60£0.12)
FGEn-3 1.51 (1.58+0.10)
control 0.00 (1.000.00)
SEmz 0.11

CD (p=0.05) (0.32)

Figures in parenthesis are square root transformed values

BGEn-3(1.32cm) ‘

Control(0.00cm)

Plate 3: In vitro evaluation of bacterial endophytes against Xanth omonas axonopodis PV.punicae

w
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(Mina et al., 2020). Munjal et al. (2015) isolated Bacillus
megatarium (BmBP17) a root endophytes of black pepper
were found effective against Ralstonia solanacearum and
Xanthomonas axonopodis pv. punicae. Webster et al. (2020)
documented medicinal plant endophytic isolates which
showed antibacterial activity towards the plant pathogen,
Pectobactreium caratovorum belonged to the genera Bacillus,
Klebsiella, Serratia and Enterobacter. Out of total 19 fungal
endophytes isolated, 3 isolates showed good anti-bacterial
activity (Table 3, plate 4). The maximum growth inhibition
of 1.58 cm dia was shown by A/bifimbria verucaria strain
FGEN-2 and Trichoderma reesei strain FGEn-3 (1.51 cm)
tollowed by Paradendryphiella arenariae strain FSEn-1
(1.45 cm), whereas no inhibition zone was found on the
plate taken as control. Sornakili et al. (2020) isolated seven
antagonistic fungal endophytes from rice leaves showing

anti-fungal and anti-bacterial activities and identified
as PaecilomycestenuisE¥1, Tularomyces26 pinophilusEF2,
NigrosporasphaericaE¥3, NigrosporaoryzaeEF4,
Trichoderma7 longibrachiatumEF5,and EF7 and
AspergillusterreusEF6. Of these, 1. longibrachiatumEF5
had the highest growth inhibition activity against the fungal
plant pathogens, viz., Macrphomina phaseolina, Magnoporthe
grisea, Pythyium sp., Rhizoctonia solani, Fusarium oxysporum
and Colletotrichum falcatum (23%-82%) and bacterial
pathogens viz., Erwinia caratovora, Xanthomonas oryzae
pv. oryzae and Ralstonia solanacearum (13%-46%). An
endophytic fungus, Alternaria GFAV15 with antimicrobial
potential was isolated by Yadav et al. (2020) from the
green unripe fruit of Tinospora cordifolia, showed strong
antibacterial activity in combination against Staphylococcus
aureus and Escherichia coli.

FSEn-1(1.45cm) FGEn-2(1.85 cm)

FGEn-3(1.51 cm) Control (0.00 cm)

Plate 4: In vitro evaluation of bacterial endophytes against Xanth omonas axonopodis PV.punicae

3.5. Characterization of bacterial and fungal endophytes

3.5.1. Morphological and biochemical characterization of
bacterial endophytes

All the selected bacterial endophytes showed variation
in terms of their morphological, and biochemical
characteristics (Table 4). The colonies of these isolates were
small to medium, off-white to yellow, smooth, slightly raised
or flat, and entire to wavy margin on nutrient agar plates.

On the basis of Gram’s reaction, out of 3 bacterial isolates
66.66% (2/3) were Gram positive, and 33.33% (1/3) were
Gram negative. On the basis of biochemical characterization
100% (3/3) isolates were positive for oxidase and nitrate
reduction, 66.66% for catalase production and gelatin
liquefaction. Based on these morphological and biochemical
characteristics of the representative isolates, and as per
the identification keys given by earlier researchers to the
different bacterial genera, the endophytic isolates BDEn-1,

Table 4: Morphological and biochemical characterization of bacterial endophytes

SI.  Isolate  Morphological characters Gram’s Response to Biochemical Test
No. Colony morphology reaction  (yidase Nitrate Catalase  Gelatin
test test test liquefaction

Endophytes

1 BDEn-1 Medium, circular creamish white, smooth Positive + + + +
raised with wavy margin

2 BGEn-2 Medium, circular creamish white, smooth Positive + + - +
raised with wavy margin

3 BGEn-3 Small, punctiform, pale yellow, smooth, raised =~ Negative + + + -

with entire margin

*+=Detected, - = Not detected

»
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BGEn-2 were identified as Baci/lus sp. (Osman and Yin,
2018; Sondang et al., 2019) and BGEn-3 was identified as
Pantoea sp. (Vasebi et al., 2015; Singh et al., 2020).

3.5.2. Morphological and cultural characteristics of fungal
endophytes

On the basis of in vitro antagonistic assay, most promising

tungal endophytes were selected, and taken for morphological
and cultural characterization. The data presented in table
5 revealed that colony colour of fungal endophytic isolates
ranged from dark grey to white, fluffy to sparse or sub-
merged mycelium with un-uniformed and slightly raised
growth of mycelium (plate 5). The mycelium of all isolates

Table 5: Morphological and cultural characteristics of fungal endophytes

Isolate  Host Culture colour Mycelial characters Sporulation Mycelial growth rate (days
taken to cover 90mm dia
Petri plate at 26220C)
Endophytes
FSEn-1 Sindhuri Dark grey colour The hypae appeared septate and + 10
with un-uniform hyaline.
black margin
FGEn-2 G-137  Purewhiteincolour The hypae appeared septate and +++ 7
later randomly hyaline. Cushioned like light to dark
changed to olive colouredsporodochia, 1-celled ovoid
green colour to elongate subhyaline to dark conidia.
FGEn-3 G-137  Light white sparse The hypae appeared septate and + 2

mycelium later turn
to green colour
from centre

hyaline Conidiophores are hyaline,
and branched. Conidia are hyaline,
1-celled, ovoid, borne in small terminal

clusters, usually easily recognized by its
rapid growth and green patches or

cushions of conidia,

*+=Low sporulation, +++= Very high sporulation

| FGEn-3

Plate 5: Morphological and microscopic characteristic of
fungal leaf endophytes

o
(

was hyaline, and septate, however, significant variations have
also been observed with respect to sporulation in different
isolates. Isolate FGEn-2 had high sporulation, whereas
isolates FSEn-1 had sparse sporulation and FGEn-3 had
shown very less sporulation. Differences were also noticed
in the colony growth rate as isolates took 2 to 10 days to
tully cover the Petri plate. Based on these morphological and
cultural characteristics of the representative isolates, and as
per the identification keys provided by earlier researchers to
the different fungal genera, the endophytic isolates FSEn-
1 was identified as Paradendryphiella sp. (Liu et al., 2017,
Orwa et al., 2020), FGEn-2 was identified as A/bifimbria sp.
(Rehman et al., 2021; Li et al., 2020; Gurung et al., 2019)
and FGEn-3 was identified as Trichoderma sp. (Peciyulyte
et al., 2014; Ahamed and Vermette, 2009).

4. CONCLUSION

his study demonstrated effectiveness of endophytic
microbes isolated from pomegranate genotypes against
Xanthomonas axonopodis pv. punicae through standardize
isolation process for endophytic microbes under in
vitro conditions. Among 27 and 19 bacterial and fungal
endophytes, three potential microbes of each were selected

2. ©2022PPHouse 689
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after in vitro assay against Xap, and were identified based
on morphological, biochemical, and cultural characteristics,
respectively. These findings also indicated the possible use of
such endophytes as safe biological agents for management
of bacterial blight of pomegranate.
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