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Rice Oryza sativa L.) is life for most of the Asians with more than
three billion people around the world consume gegery day. Rice diseases
have always had a notable influence on rice supplyong rice diseases,
Bacterial Leaf Blight (BLB) of paddy caused B{anthomonas oryzae pv.
oryzae is the most destructive problem and threat to picEluction in rice
growing regions. BLB pathogen was isolated fronedsed leaf sample and
the pathogenicity of the isolated culture was ditiabd by clip inoculation
method on rice cultivar NLR-34449

Endophytic bacteria were isolated from the sampdieated from four
mandals of Chittoor district of Andhra Pradesh. &ak of 29 bacterial
endophytes were isolated from healthy rice plantspopularly grown
cultivars in Chittoowviz.,, MTU-1010, BPT-5204, ADT-37 and RNR-15048.

All the bacterial endophytes were screened forr tlagitagonistic
efficacy against bacterial leaf blight (BLB) pathagé@anthomonas oryzae pv.
oryzae underin vitro by agar well diffusion method. The inhibition diatee
among the 29 isolates varied from 0.0 to 14.5 mmoAg 29 isolates, four
isolatesviz.,, EYK-3, ECP-1, ESR-5 and ECT-3 recorded antagonifiicaey
of more than 10.0 mm zone of inhibition with 1412,3, 11.43 and 10.53 mm
respectively and were considered as effective amniatic endophytic
bacterial isolates.

The increased levels of expression of defense tklateymesviz,
Peroxidase (PO), Polyphenol oxidase (PPO) and Mddanine ammonia
lyase (PAL) was observed in rice plants treated \eiflective antagonistic
endophytic bacterial isolates (EYK-3, ECP-1, ECT-3d aBSR-5) on
challenging withXoo than in untreated control. Among the four isolates

Xiv



(EYK-3, ECP-1, ECT-3 and ESR-5), EYK-3 recorded highlevel of
expression of defense related enzymes (PO, PP®AId

Molecular characterization of the effective antagto endophytic
isolates (EYK-3 ECP-1, ECT-3 and ESR-5) was carrigdaidentification
of bacterial endophytes by amplication of 16S rRi#§ion of the effective
bacterial isolates Primers 27F and 1492R producaglieon having size of
approximately 1400 bp observed on 0.8 per cenbagagel.

The isolate EYK-3 with highest antagonistic activiiypd increased
level of expression of defense related enzymesused for the management
of BLB under field condition.

Among all the treatments, treatment(Seed treatment with EYK-3 @
10° Cfu /ml + Seedling root dip with EYK-3 @3@fu /ml) recorded lowest
per cent disease index (7.3 %), with increasedt iaight (85.3 cm), no. of
tillers (24.3), no. of productive tillers (22.3)dhighest grain yield (6373 Kg
hat) over untreated control.

Biocontrol agents having plant growth promotingt&ranay be used in
addressing the complicated and integrative phenamahn plant disease
suppression and growth promotion through plant amgation. The results
strongly make a point that endophytic bacterialaito (EYK-3) could be
efficiently used for the management of bacterialf IBlight and as well as
growth promotion of the plant for the sustainalide cultivation.
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Chapter - |
INTRODUCTION

Rice is life for most of the Asians with more thitanee billion people
around the world consume rice everyday. It decitiesdiets and economic
status of the millions of people (Hossain, 1997).tiee total world’s rice
production, more than 90 per cent is produced amsumed in Asia (FAO,
2011). Rice aggregates upto 20 per cent of thedigodietary energy source
of the people.

In India, rice is cultivated in an area of 42.94hil with 112.95 MT of
production and 2585 Kg Haof productivity. In Andhra Pradesh, area under
cultivation of rice is approximately 2.15 M ha wi&h05 MT of production
and 3741 Kg ha of productivity (Directorate of Economics & Staitist
2018).

Paddy crop is cultivated over range of environmaftaracterized by
differences in temperature, soil and available wdtke crop is also subjected
to various types of abiotic stress and biotic strghich influence on the crop
performance either directly or indirectly. Abiostresses include low nutrient
availability, floods, high salinity, heavy metal&.ewhile biotic factors like
insects, fungi, bacteria, virus and nematodes H@eaen reported to cause

damage to the rice crop in the world.

Rice diseases have always had a notable influenaee supply. The
major rice diseases that often cause high lossesia blast, sheath blight,
bacterial leaf blight and Tungro virus diseases @affg in South and
Southeast Asia. Among them bacterial diseases ast destructive causing
yield loss upto15-90 per cent (Zafral.,2014).

Many bacterial diseases are known to infect ke, Bacterial leaf
blight (Xanthomonas oryzae pv. oryzae), Bacterial leaf streakxénthomonas
oryzae pv. oryzicola), Bacterial panicle blight Burkholderia glumae),

Bacterial brown stripéAcidovorax avenae subsp.avenae) etc. out of these,
1



bacterial leaf blight of paddy caused ¥snthomonas oryzae pv. oryzae is a
destructive pathosystem of rice in all of tropieald temperate rice growing

regions due to its high epidemic potential (Mewg70

The disease occurs at the seedling stage, vegettid reproductive
stages. Infected seedlings get killed by blightmthin two or three weeks of
being infected while adult plants survive througmidished rice yield loss
upto 75 per cent depending on the weather, locatimh rice cultivar used
(Ou, 1985).

For the restriction of the pathogen, resistantegesre being identified
and transferred to generate disease resistanvanslt{(Peng, 2015). But these
new high yielding cultivars are found susceptiblerarying degrees. The very
usual method of chemical control of phytopathogbas led to increased
concerns over environmental contamination. In orberesolve pathogen
control, more eco-friendly and sustainable approashrequired. The
utilization of beneficial microbes considered asteptial alternate and

environmental friendly method to protect plantsrirpathogens.

Bacterial endophytes in recent times have beeneruridcus as
biocontrol agents, as they carry additional besefitrelation to rhizospheric
microbes (Hallmannet al.,2001). Bacterial endophytes enter from the
rhizospheric region at the site of wound, cut oeripg and colonize in
different parts of the plants like roots, stemf,|f#awers and fruits (Gray and
Smith 2005; Compardt al., 2005 a,b).

Mechanisms by which endophytes enhance plant grpvamotion are
categorized as direct and indirect (Leh@l., 2008). Direct mechanisms
include nitrogen fixation, phosphate solubilizatiaon chelation etc. while
indirect modes include pathogen restriction by cetitipn for macro and
micro nutrients, siderophore production, antibioficoduction, induced
systemic resistance, secretion of lytic enzymes secbndary metabolite

production.
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Endophytes are able to produce a wide range ottweacompounds
with superior biosynthetic capabilities for someahe to their presumable
gene recombination with the host while residing amgroducing inside the
healthy plant tissues (Let al., 2005). Searching of new antimicrobial
compounds is important to overcome the difficultiedated to pathogen
resistance (Petersest al., 2004). Thus, endophytic microorganisms have
emerged as an alternative source for the produaionew antimicrobial
agents such as peroxidises, polyphenol oxidasesnypdlanine ammonia
lyase and phenolic compounds to inhibit plant pgémic agents and
consequently enhance plant growth (Gaetral.,2013). Bacterial endophytes
have been shown to prevent disease developmentugthr@ndophyte-

mediated de novo synthesis of novel compounds atiftiiagal metabolites.

Defense related enzymes such as peroxidases, heolgp oxidase,
phenylalanine ammonia lyase, chitinase $#ndl,3glucanase are linked to
induction of resistance in plants (Gajanayakal., 2014; Prasannth and De
costa 2015). The increase in the production phenalgainst pathogens and
insects is indicated by the increased PAL activitythie affected tissues (Bi
and Felton, 1995). Polyphenol oxidase catalyze®xtimation of phenolics to
free radicals which react with biological molecut@sating an unfavourable
environment for the growth and development of tla¢hpgen (Jockusch,
1966). Increase in the activities of defense rdlasmzymes by PGPR
inoculation reported in wheat, cucumber and grouhdeedlings (Lianggt
al., 2011; Mathivannast al., 2014; Hassad al., 2015).

Exploration of potential endophytes can pave the fearich source of
novel metabolites with plethora of uses in managemé various diseases.
Endophytic strain selection is important step astmabthe endophytes are
host specific. In addition it is major importaneetarget the disease and the
host on which it is applicable. Finally the meclsamiof antagonism and
interaction with plant and pathogen should be adiat by using endophytic

organisms both under laboratory and field condgion



Based on the need of identification of potentiald@phyte with
antagonistic efficacy and level of expression diedee related enzymes for
the restriction of BLB pathogen in rice, the presemestigation was carried

out with the following objectives.
OBJECTIVES:

1. Isolation and evaluation of endophytic bacteriairmgjaBacterial Leaf
Blight of Rice.

2. Estimation of defense related enzymes in plants ulabed with

potential endophytic bacteria against BLB pathogeRice.

3. Evaluation of plant growth promoting characters drsgase reduction
in Rice treated with potential bacterial endophyieder field

conditions.
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Chapter — II
REVIEW OF LITERATURE

The literature collected on “Studies on biochemiclaanges in
paddy on inoculation with endophyte against Baatetieaf Blight
(Xanthomonas oryzae pv. oryzae)” was presented in this chapter.
Bacterial leaf blight is an endemic disease thédctd rice cultivars in
most tropical Asian countries. A severely affeatied field usually loses
about 50 per cent of its total yield (Ezuka and K&00). The disease
Is characterized by grayish-white lesions on leshg, indicating that it

IS a vascular disease.

2.1 OCCURRENCE AND DISTRIBUTION BACTERIAL LEAF
BLIGHT (BLB) DISEASE OF RICE

Bacterial leaf blight caused anthomonas oryzae pv. oryzae is
one of the most important and oldest known diseakdse. The disease
was first recognized by the farmers from Fukuokkeaaof Japan in
1884-1885 (Ishiyama, 1922) and the study of theadise commenced in
Japan in 1901. The onset of bacterial leaf blighs urther observed
from several neighboring countries of Japan, Malaysia and Indonesia
(Reitsma and Schure, 1950), Korea (Takeuchi, 1920)van (Hashioka,
1951) and Cambodia (Nishiyana, 1977) as a Kressdade. Crop losses
of 10-20 per cent in moderate conditions or selasses of up to 50 per
cent in highly conducive conditions have been r@edrin several Asian
and Southeast Asian countries (Ou, 1985). GlobBIlB incidence has
been reported from different parts of Asia, Nonthéwustralia, Africa,
and the United States. In the United States of Asaethe disease was
first time reported by Lozano (1977) while in NomheAustralia, the
disease was also found to occur in many cultivhrsce (Aldrick et al.,
1973). In India it was first reported from Kolobsstdict of Maharashtra
by Srinivasaret al. (1959). The disease was considered to be of minor

5



importance until it broke out in an epidemic foormShahabad district of
Bihar in 1963 (Srivastavet al., 1967). In India, BLB disease has been
observed in most important rice-growing states Wkadhra Pradesh,

Bihar, Haryana, Kerala, Orissa, Punjab and Uttad@sh.
2.1.1 Economidmpact

Bacterial leaf blight of rice had been a most segigssue in
Southeast Asia especially from the promotion ofhhigelding dwarf
varieties (Seneviratne, 1962; Fekain, 1971). Tleeatie in its severe
form is known to results in yield loss ranges fr@gd+81 per cent in
susceptible cultivar (Shivalingaiadt al., 2013). In Japan, yield losses
recorded ranged between 25-35 per cent, oftenasurg up to 60 per
cent (Ou, 1985) while in Philippines and Indonekiases were recorded
as 1.08 per cent to 24.50 per cent (Exconde, 19%3)e in India and
Bangladesh, the heavy yield losses have been egpd-32 per cent
(ShahJahan, 1992). Similarly, in East India, remgbltsses of the yield
were 7-62 per cent and 82 per cent at same gersbarces (Srivastava
etal., 1967; Singlet al., 1980 and Srivastav and Kapoor, 1982).

In India millions of hectares was severely infecteih the
disease, causing yield loss up to 40 per cent (Rasand McCouch,
2007). The disease became prominent in the 1968enwew high
yielding cultivars were first developed and introdd yield loss ranging
up to 26 per cent has been reported on suscepitglecultivars. It is
particularly destructive in Asian countries (Adhikaet al., 1995;
Ghasemieet al., 2008). Yield losses due to this disease corradpom
the plant growth stages, infection at booting stadges not affect yield
but results in poor quality and high proportion lfoken kernels
(Annonymous, 2009). Recent studies in West Africanntries such as
Burkina Faso, Niger and Mali revealed the occureeot bacterial leaf

blight causing significant crop damages (Baatsa., 2011).



2.2 SYMPTOMOTOLOGY

The pathogenic bacterium invades the rice plantsutih the
water pores using the fresh wounds of 24 hours Kduld957). The
pores for water percolation are present on leaégdx the top of leave.
So, lesions normally start at leaf margins on thpeun part near the tip
area. Firstly, small water-soaked lesions appeachwlater turned to
yellowish white color expanding from the equal sidle a square shape
to produce elongated circular to quite uneven fesid_esions edges
were adjoining the healthy areas on the leavesstgving the most
characteristic symptom of the disease the wavy margins, which can
be clearly seen on the leaf blade. The lesions albyrstart on one or
both margins of leaves or can be observed on #hfinfected leaf
veins under humid conditions. The environment pdagdey role for the
appearance of the symptoms, development of theaskseand the
appearance of the symptoms in the field. The diseamdd be
characterized mainly into two distinct phases; lgiaght phase and the
“Kresek phase” while the later is the destructine dor the epidemic of
disease (Reddy and Ou, 1976; Ou, 1985).

2.2.1 Kresek Phase

The word “Kresek” is derived by the Vernacular teimmJava,
meaning “the sound of dead leaves” stroked with arether
(Wakimoto, 1969). Kresek stage of the disease wsibyfaccounted in
Indonesia considering a different disease of ricethe mid twenty
centuries (Reitsma and Schure, 1950). Later, aftdong time of
consecutive studies, the pathogen of the distirsggade was identified
and named (Mizukami, 1956). The “Kresek” phase attérial leaf
blight disease was characterized mainly by theegyistinfection due to
this phase. The symptoms of disease usually app&ameeks after
transplantation of the nursery into the main fieldnder severe

conditions leaves of the rice plant become gragigen to whitish and
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suddenly withered. Sometimes “Kresek” phase ofliskease happens on
mature plants (Watanabe, 1975; Goto, 1992). Meal. (1979) reported

that the lesion length on the leaf blade gradualgens with the gradual
increase in the age of the plant by the inoculatibd0, 60 and 80 days

after sowing of the nursery.
2.2.2 Leaf Blight Phase

Leaf blight phase of the disease becomes visiblg @arly in the
temperate regions of the rice growing countrieshwihe initial
symptoms on the leaf blades and after the tilletivegphase gain its peak
position. The symptoms usually initiated at lowertpan plants and
gradually proceeds towards to the upper areaseoplgnts (Chaet al.,
1982; Goto, 1992). The severe symptoms of the diseamild be
observed on vulnerable genotypes when grown unaerirhpact of
extreme nitrogen fertilization. The upper portionledf or total area of
the leaf blade turned pale yellow before dryingdue to the severity of
the disease (Mizukami and Wakimoto, 1969). In sevatack of the
disease yellow to white stripes appeared insidembegins of the leaf
blades which later on turned to pale yellow andob&e necrotic (Ou,
1985).

2.2.3 Etiology

BLB is favoured by warm temperatures (25 to %D), high
humidity, rain and deep water. The disease is rpozealent in wetland
areas where these conditions often occur. Sevardswenough to cause
wounds and excess nitrogen also favour the dis@éseseverity of the
disease is in part dependent on the virulence efbificterial isolates
present. Bacterial blight is severe in susceptilole varieties under high
nitrogen fertilization (Annonymous, 2010). The kmaatm can be

disseminated by irrigation water, rain splashingwindblown rain,



plant-to plant contact, by trimming tools used nansplanting and

wounds caused by handling plants during transpigr{iiew, 1992).
2.3 THE PATHOGEN

2.3.1 Discovery

Bacterial Blight was first characterized in the &oka Prefecture
of Japan in 1884. It was originally believed todsesence of acidic soil
(Tagami and Mizukami, 1962). In 1909, masses ofdractvere isolated
from the turbid dew drops of infected rice leavasd the disease was
reproduced by inoculating healthy leaves with thése drops. Shortly
thereafter it's etiology as a bacterial disease wesisblished and the
causal agent was isolated and classifiedBasllus oryzae (Bokura,
1911). The bacterium was renamé&geudomonas oryzae and later
Xanthomonas oryzae (Ishiyama, 1922). In 1978, it was reclassifiedKas

campestris pv. oryzae (Dye, 1978).
2.3.2 Morphology of Pathogen

X. oryzae is a rod-shaped, round end, Gram-negative. Indalid
cells vary in length from approximately 0.7 um t® 2m and in width
from 0.4 pm to 0.7um. Cells are motile by meansaddingle polar
flagellum. Colonies on solid media containing glecoare round,
convex, mucoid and yellow in colour due to the maithn of the

pigment xanthomonadin, characteristic of the géBuadbury, 1984).

Colonies of X. oryzaepv.oryzaecon NA are circular, entire,
smooth, convex, opaque, and pale yellow at fintsgws yellow colour
later. Colonies reach 1-2 mm after 57 days and $oevival on solid
media is short. Colony formation from a single cell poor and
frequently fails to grow in many media. On potatorese agar growth is
faster, reaching 2 mm in 3—4 days, honey yellow mes lived.

Colonies of pathogens on NBY are pale yellow, daguraised and



mucoid; on Peptone Sucrose Agar, colonies areyedlew, mucoid and
shiny; on Growth factor agar, colonies are verylsmallow and shiny
(Agarwal et al., 1989; Sakthivekt al., 2001). On Modified XOS agar
medium (mXOS), colonies have a characteristic rps& colour,
mucoid, raised and glistening after 3-5 days @i al., 1991,
Gnanamanickaret al., 1994).

2.3.3 Physiology of Pathogen

Yoshimura et al. (1970) described the ultrastructure of the
bacterium which possess a cell wall that encirdles cytoplasmic
covering and nuclear stuff of fibriliar emergencéhe cytoplasm
contains polysomes, ribosomes and different typdésanl granules. The
outer surface of the bacterium is enclosed by wvscoapsule like
substance, which is composed of hetero polysacehridhelp the
bacterium to protect from host toxins and unfaviaadnvironmental
conditions (Leigh and Coplin, 1992).

X. oryzae cells produce copious capsular Extracellular
polysaccharide (EPS). This EPS is important in then&dion of droplets
or strands of bacterial exudate from infected leapeoviding protection
from dessication and aiding in wind and rain bodispersal of bacteria
(Ou, 1972; Swingst al., 1990).

The cells carry out aerobic respiratory metaboligmd are non
fermentative. The pathogen shows oxidase-negativev¢akly positive)
and catalase-positive reactions. The major meagfuobse metabolism
is the Entner—Doudoroff pathway. Acid is producednf mono and
disaccharides. A weakly buffered medium acid isdpoed from many
carbohydrates but not from rhamnose, inulin, addndulcitol, inositol,

or salicin, and rarely from sorbitol.

Xanthomonas oryzae inject effector proteins into plant host cells to

elicit disease via a type-lll (T3) secretion syst@ivhite et al., 2009).
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These proteins can confer pathogenicity and/or @idw@st specificity
(Jacquest al., 2016).

2.3.4 Mode of Infection

Xoo enters the rice leaf typically through hydathodethe leaf tip
and leaf margin (Ou, 1985). Cells on the leaf sigfanay become
suspended in guttation fluid as it exudes at niglklt enter the plant by
swimming or passively as the fluid is withdrawn irte leaf in the
morning (Curtis, 1943). Bacteria multiply in thedrcellular spaces of
the underlying epitheme, then enter and spreadlim@@lant through the
xylem (Noda and Kaku, 1999Xo0 may also gain access to the xylem
through wounds or openings caused by emerging aidte base of the
leaf sheath (Ou, 1985). Within the xyleKgo presumably interacts with
xylem parenchyma cells (Hilairet al., 2001). The pathogen moves
vertically through primary veins of leaf but alsoogresses laterally
through commissural veins. Within a few days ofrgnbacterial cells
and EPS fill the xylem vessels and bacterial celisecout as ooze from
hydathodes, forming beads or strands of exudatabeteaf surface, a
characteristic sign of the disease and a sourcgeodndary inoculum
(Mew et al., 1993).

2.3.5 Survival and Transmission of the Pathogen

X. oyzae pv. oryzae survives primarily in rice stubble and on weed
hosts, notably Leersia oryzoides, Zizania latifolia, Leptocholoa
chinensis, L. panicea and Cyperus rotundus. In Australia, the bacterium
is known to survive in wildOryza species @. rufipogon and O.
australiensis). Xoo can also survive for short periods on infecteddsee
and in soil, but these have not been demonstratbd timportant sources
of inoculum. In tropical areas, the bacterium mdgoasurvive in

irrigation water and perennial weeds (Mew, 1992).
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Southern cutgrassLgersia hexandra Swartz) is a common grass
found in the southern United States, South Amerdaca, and Asia
and acting as collateral host (Guo and Ge, 2008grestingly, this and
other grasses in this genus, suchassia sayanuka, Leersia oryzoides,
andLeersia japonica are susceptible t§oo (Noda and Yamamoto,
2008) and can serve as reservoirs for inoculumseiiRe genome
investigations ofLeersia perrieri, a cutgrass found in Madagascar as
source of inoculum (Copetit al., 2015; dos Santcat al., 2017).

2.4 PATHOGENICITY TEST

Clipping method of artificial inoculation helps iestablishing
pathogenic interaction okoo with the host because the bacterial cells
might have get deposited directly on the cut enfisytem vessels,
where the pathogen manifested itself in the hostesyatically and

caused the lesion development (Kauffnegal., 1973)

Leaf clipping and spray inoculation methods are lalsée for
inoculations oXoo (Kauffmanet al., 1973; Cottyret al., 1994).

Ghasemieet al. (2008) assessed 18 isolates Xdanthomonas
oryzae pv oryzae. All isolates found pathogenic on rice cultivehazar’

in which symptoms observed after 14 days of indaa

Chithrashreeet al. (2011) confirmed pathogenicity by using leaf
clipping method on IR-64 rice cultivar with 48 Koo culture. All the
ten Xoo isolates positive in production of typical BLB sytoms at 14
days after inoculation thus confirming the pathagén of the Xoo

isolate.

Shankaraet al. (2016) conducted pathogenicity test with paddy
variety ‘BPT-5204" in glasshouse conditions andifiardlly clip

inoculated to 45 days old seedlings with bactesaspension at a
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concentration of 1 Cfu/ml and observed for the development of

symptoms and re isolated the pathogen.

Chandraprakashkt al. (2018) conducted pathogenicity test on 11
isolates ofX. oryzae pv. oryzae on susceptible paddy cultivar, ADT 39
by clip inoculation method. Among all isolates ikelate Xoo M1 was

found virulent.
2.5 ENDOPHYTIC BACTERIA :

Plants are constantly involved in interactions vettvide range of
bacteria. These plant-associated bacteria colorime rhizosphere
(rhizobacteria), the phyllosphere and (epiphytasjde the plant tissues
(endophytes). Endophytes are sheltered from envieatsh stresses and
microbial competition by the host plant and thegmseo be ubiquitous
in plant tissues, having been destructive isoldtech flowers, fruits,
leaves, stems, roots and seeds of various plactespéKobayashi and
Palumbo, 2000). Several bacterial endophytes haen {shown to
support plant growth and increase nutrient uptake pooviding
phytohormones (Kangt al., 2007) and biologically fixing nitrogen (Jha
and Kumar, 2007).

2.5.1 Definition

Endophytic microorganisms grow within the healthysties of
living plants during all or part of their life cyewithout causing harmful
effects on the host (Hallmamhal. 1997; Sturzt al. 2000 and Rat al.
2017). These microorganisms are often isolated frotarnal plant
tissues. Endophytes either remain localized to tpheints of entry or
spread to other parts of the plant (Hallmam@l. 1997). They occupy
the interior of cells, intercellular spaces or Wascular system of various
plant species (Hallmanet al., 1997; Sturzt al. 2000; Rosenblueth and
Martinez-Romero, 2006).
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2.5.2 Diversity and Populations of Endophytic Micr@rganisms

Endophytes comprise a large but little explored esladr fungal
diversity (Perottoalet al., 2013). In general, endophytic populations are
at low densities compared to rhizosphere populati®osenblueth and
Martinez-Romero, 2006). Endophytes, colonizing shene host plant,
are not limited to a single species, but they caitude several genera
and species. The density of endophyte populationged/amainly
depending on microbial species, host genotypessldement stage of
host plant, colonized tissues and environmentabitioms (Tanet al.
2003; Ryaret al. 2008).

Endophytes harbour all plants. Based on publishéanration
reports (Mundt and Hinkle, 1976) more than 200 gené bacteria have

been reported as endophytes from surface steritilzet tissue.

Different plant organs are associated with differendophytic
bacterial communities in terms of diversity and position. The
number of bacterial cells within leaf phyllospheg0°~1® bacterial
Cells/ g plant tissue) and root endophytic envirenta reaches 101
per gram of root tissues (Bulgaradtial., 2013). The work of de Oliveira
Costaet al. (2012) on the leaf microbiome of common bean glant
(Phaseolus vulgaris) showed that Proteobacteria, Actinobacteria and
Firmicutes are the dominant groups, which was redehy a culture-
based analysis and also reported that the dendityenolophytic
populations varied from 4.5 x 1@ 2.8 x 106 Cfu/g of fresh weight.

The most widely studied endophytic bacteria beloagthree
major groups nhamely Actinobacteria, Proteobactema Firmicutes
including the genera ofzoarcus (Krause et al., 2011)\cetobacter
(renamedGluconobacter) (Bertalanet al., 2009), Bacillus (Dengt al.,
2011),Enterobacter (Taghaviet al., 2010),Burkholderia (Weilharteret
al., 2011),Herbaspirillum (Pedrosaet al., 2011),Pseudomonas (Taghavi

14



et al., 2009),Serratia (Taghaviet al., 2009),Senotrophomonas (Ryanet
al., 2009),Alcaligenes (Castroet al., 2014) andstreptomyces (Suzukiet
al., 2005).

Endophytic population density is continuously beawgluated in
many of the plant species, which vary either witle tgenotype or
weather conditions (Lamét al., 1996; Hallmanret al., 1997; Chiet al.,
2005).

The abundance of endospheric microbes3-(I® Cfu/g) is
recorded in rice, cotton, corn but lower than guit@sic microbes (19
10° Cful/g). The diversity of the endophytic microbiangity declines
from roots towards the upper parts such as steaveteetc. (Lamkt al.,
1996) and there is a wide variation in the popatatidensity of
endophytes (8.91 x1Go 7.24 x 10 Cfu/g) between cultivated rice
(sabita, swarna, swarna subi) and wild ri€ryga eichingeri). The
endophytic population density was also varied frauttivar to cultivar
(NLR-34449: 4.4x10to 7.65 x106 and MTU-1010: 2.4 x10to 7.2 x10)
which was reported by Kavitret al. (2019).

Studies performed on the endosphere microbiome iftérent
plants, using high-throughput amplicon sequencitaye revealed that
host plant species, growing season (Shen and Fpé&h8015; Ding and
Melcher, 2016), genotype (Marquesal., 2015; Rodriguez-Blancet
al., 2015), plant organ type, host plant nutrient stgtdameedkt al.,
2015), developmental stage (Renhal., 2015a; Yuet al., 2015; de
Almeida Lopest al., 2016), geographical location, soil type, cultieati
practice (Edwardst al., 2015) and fertilization (Rodriguez-Blanebal.,
2015) are the observed factors that significantiffuence the plant

endosphere microbiome.

Ren et al. (2015b) demonstrated that leaf endophytic barteri

appear to be more vulnerable to climate change #wh bacterial
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communities. The community structure of endophyiacteria in rice
leaves was influenced by elevated dévels at the tillering and filling
stages, but not during maturity, and this influeats® correlated with N
fertilization levels (Rermt al., 2015a).

The microbiome in the leaf endosphere is signifigariess
diverse than microbiomes in the rhizosphere and# ball (Liu et al.,
2017)

2.5.3 Colonization of Endophytic Bacteria

Endophytic bacteria colonize an ecological nichalamto that of
plant pathogens, especially vascular wilt pathogefsploiting an
additional microbial habitat for biocontrol effigacand increase
consistency in performance, since the endophytenagould avoid
unfavourable conditions prevailing in the soil eoniment by entering
and localizing in the intercellular spaces of tipgdermal cells of root

tissues.

Various endophytic bacterial strains colonize ddfe plant
tissues. Some strains primarily colonize plant spowhile others

colonize roots, stem, leaves, flowers and fruits.

Bacterial endophytes are capable of colonizingedifit seed parts
including the embryo. These endophytes likely mabiland grow in the
developing seedlings during germination and eadgding growth
(Nelson, 2017). As seedlings emerge and plant drowegins,
interactions between the roots and the soil micnolei commence. Plant
exudates act as fuel for microbial activities i tthizosphere, which
facilitate the attachment and entry of bacterieo ithhe plant roots.
Eventually, certain endophytes initiate colonizatdrissues beyond the
roots such as the stems and leaves, and ultimdmedyghout the plant

endosphere. Some bacterial endophytes also colfowers and seeds,
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and most likely get transferred vertically from thmaternal endophyte
community into the offspring. (Compasttal., 2010; Mitteret al., 2017)

2.5.4 Endophytic Bacteria as a Biocontrol Agent

Endophytic bacteria inhabit plant internal tissuea similar niche
as phytopathogens, and they may compete with lacfgathogens as
biocontrol agents (Berg al., 2005; Hallmanret al., 1997). Inoculation
of plants with beneficial endophytes can inhibisedise symptoms
caused by viral, insect, fungal and bacterial pg¢ins (Berg and
Hallmann, 2006; Sturet al., 2000). The beneficial effects derived from
endophytic bacteria are similar to those from ripteere bacteria (Ryan
et al., 2008). The Bt toxin synthesized By thuringiensis is currently
one of the most effective, commercially availableinsecticides (Jeong
et al., 2016). Sreptomyces spp., Pseudomonas viridiflava, Serratia
marcescens and Paenibacillus polymyxa are endophytic bacteria that
produce active metabolites with antimicrobial amdifangal activities
(Guanet al., 2005; Liet al., 2005).

Endophytic bacteria have shown significant contrbldzeases
such asFusarium vasinfectum in cotton (Van Burenet al., 1993),
Verticillium  albo-atrum, Rhizoctonia solani and Clavibacter
michiganesis subsp.sepedonicum in potato (Nowaket al., 1995),
Sclerotium rolfsii in bean (Plebaret al., 1995), Rhizoctonia solani,
Pythium myriotylum and Gauemannomyces graminis in rice
(Mukhopadhyayet al., 1996) andFusarium moniliformae in maize
(Hinton and Bacon, 1995).

The development of biocontrol strategies using ehyltgs is an
emerging area in crop protection to reduce the dantaused by plant
pathogens in economically important crops. Simylarendophytic
bacterial isolates ofBacillus (39 %), Pseudomonas (27.6 %),

Corynebacterium (16.7 %), Actinomyces (11.1 %) andSaphylococcus
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(5.6 %) isolated in solid media frodacaranda decurrens (a medicinal
plant) were reported (Carrit al., 2006). In addition to biological
control, endophytic bacteria improved plant growthdifferent crops
like potato (Sturzt al., 1995), rice (Hurelet al., 1994), maize (Hinton
and Bacon, 1995), cotton (Chetral., 1995), beans (Plebaal., 1995),

coconut (Rajendraet al., 2007).

Hallmannet al. (1997) speculated that the observed plant growth
promotion in different crops might have been causg@nhanced plant
mineral uptake and improved plant water relatiopsrassociated with
the colonization of endophytic strains. Some sgaih Pseudomonas,
Enterobacter, Staphylococcus produce plant growth regulators such as
ethylene, auxins or cytokinins and have, therefbeen considered as
beneficial micro organism involved in plant grovehd development. In
addition to a direct mechanism for growth promotigtant growth
promotion is also thought to be colonization dudgh® suppression of
deleterious microflora by introduced endophyte @fperet al., 1991;
Leifert et al., 1994). The beneficial effects of bacterial endophyt
however, vary and appear to operate through sinmiachanisms as
described for PGPR (Kloeppest al., 1991; Hoflich et al., 1994).
However, because of the different habitats colahiamndophytes offer
another tool for developing biological control ségies. By integrating
the use of bacterial endophytes with rhizosphetagamists, a holistic
biological control system could be developed thatrks against the

pathogens.

Endophytic bacteria can not only promote plant ghoarid act as
biocontrol agents, but also produce nature prodlkes lipopeptides
hydrogen cyanide, 2,4-diacetylphloroglucinol eta tontrol plant
diseases (Guad al., 2005) reducing disease severity (Senthilkuetar
al., 2007).Bacillus species are among the most common bacteria found

to colonize plants endophytically (Lillegt al., 1996; Mahaffee and
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Kloepper, 1997) and it is likely that their endopbyability could play a
role in the biocontrol of vascular plant pathogeiitie endophytic
Bacillus spp. CY22 isolated from balloon flower producediit A with
antifungal activity againsRhizoctonia solani, Pythium ultimum and

Fusarium oxysporum (Choet al., 2003).

2.6 IN VITRO EVALUATION OF ENDOPHYTIC BACTERIA
AGAINST BACTERIAL LEAF BLIGHT PATHOGEN.

Biocontrol of phytopathogens is essentially based three
mechanisms of action including competition for rerits and sites of
infection, antibiosis and induction of systemicisemnce (ISR) in the plant
(Malfanovaet al., 2013) which involved several antimicrobial metates

and/or elicitors.

Antibiosis has been widely used by endophytes again
phytopathogenic agents (Sessitgthal., 2004; Nandhingt al., 2012 and
Vethavalli and Sudha, 2012). The effect occurs ubhothe release of
antibiotics, hydrolytic enzymes, and/or other amtnobial metabolites
synthesized by these microorganisms in the ardhedf interaction with

target pathogens.

Haustuti et al. (2012) assessed the effectiveness of ten
Streptomyces spp. isolates in suppressing BLB diseaselanta andin
vitro. Among them AB131-1 gave highest plant height BBR02 gave the
highest inhibition activity againatoo followed by AB131-1 and AB131-2.

Nagendranet al. (2013) isolated 40 bacterial endophyte strains
from rice crop and tested against bacterial leafhbl Among all strains,
Bacillus subtilis var. amyloliquefaciens (FZB 24), EPB 9, EPB 10, EPCO
29 and EPCO 78 recorded a significantly higher imiloi» zone over

control undein vitro.
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Van Hopet al. (2014) screened 2690 actinomycetes strains. Among
all, seventeen actinomycetes strains were fourletoapable of inhibiting
all 10 major races okoo. One strain VNO8- A-12 selectively inhibited all

10 Xoo racedn vitro varied from 0.2 to 2.6 cm.

Jambhulkaret al. (2014) isolated Fluorescent pseudomonads from
twenty rhizospheric soil samples, four isolatesaMeund to inhibit growth
of Xoo. All the four isolates were identified #@#seudomonas fluorescens.
Their efficacy to inhibitXoo varied widely and RRb-11 was found very

effective for control oXoo.

El-shaket al. (2015) assessed the antagonistic efficacy of five
endophytic strains (Al, A2, A3, A13, and A15) ambtrhizospherial
Bacilli (D29 and H8) against BLB vitro andin vivo. All seven strains
showed high potential antagonistic activity agaisbryzae pv. oryzae
with inhibition diameter of 28.5, 26, 13.33, 22,33, 24 and 26 mm

respectively.

Khoa et al. (2016) isolated and identified antagonistic soll
bacteria to be used for biological control of thactrial leaf blight
(Xanthomonas oryzae pv. oryzae). Among the 830 isolates, CT-66, CT-
78, CT-88 exhibited strong antagonistic effectsragjahe pathogen.

Azman et al. (2017) screened 93 endophytic bacterial strains
against bacterial leaf blight pathogen. Among théfhjsolates showed
positive antagonistic activity indicated by theibition zone from 3.3 to
15.0 mm. UPMC 10 strain showed the highest potebtaforming
inhibition zone of 15.0 mm. SR12-1 strain showeadst potential with

3.3 mm diameter of inhibition zone.

Yousefi et al. (2018) screened 39 endophytic bacterial isolates
against Xoo strain, 21 bacterial isolates exhibited the mostemo
antagonistic activity against théo. The maximum inhibitory activity

was recorded for OS59 with an inhibition zone of63&m, whereas the
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isolates OS58, 0S43, 0S20 and OS40 could prodidation zones of

32.3 mm, 26.6 mm, 18 mm and 16.7 mm, respectively.

Abdallah et al. (2019) studied effects and mechanism of
Paenibacillus polymyxa Sx3 on growth promotion and suppression of
bacterial leaf blight of rice and the results frpfate assay indicated that
Sx3 inhibited the growth of 20 strainsXdinthomonas oryzae pv. oryzae

(Xo0) underin vitro.

Kavitha et al. (2020) isolated and screened 45 endophytic
bacterial isolates against BLB pathogen the zoneanbibition was
ranged from 0.0 to 16.8 mm. Isolate EMP-5 and EBKx@nged highest
antagonistic activity with inhibition zone of 16f@m and 16.6 mm,

respectively. This was followed by EBA-5 (15.9 misylate.
2.7 PLANT DEFENSE RELATED ENZYMES

The mechanisms of plant growth promotion by endopihytiude
production of growth hormone®.g., Indole Acetic Acid (IAA),
solubilization of inorganic phosphate (Panhwial., 2014), fixation of
atmospheric nitrogen, ACC deaminase activity (Ceeal., 2013) and
zinc solubilization. They can also be involvedonomoting plant health
by suppressing phytopathogens using various mesingnii.e.
competition, production of siderophores, antagoniamd induced
systemic resistance (Gomez al.,, 2014). PGPR-induced systemic
resistance activates the plant’'s latent defendel¢hds to the activation
of multiple defense-related compounds/enzymested giistant from the
pathogen attack (Vanitha and Umg2011).

Peroxidase is one of the fast responding deferedated enzyme
against plant pathogens which are involved in figation,
suberification, polymerization of hydroxyl prolimesh glycoproteins,
regulation of cell wall elongation, wound healiggd resistance against

pathogens in plants (Maksimoat al., 2014). Polyphenol oxidase is
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important in the initial stage of plant defense rehmembrane damage
causes release of phenols such as chlorogenic RE@. catalyzes the
oxidation of phenolics to free radicals that caactewith biological
molecules, thus creating an unfavorable environmient pathogen
development (Jockusclet al., 1966). Phenylalanine ammonia-lyase
(PAL) is the primary enzyme in the phenyl propanmidtabolism and
plays a significant role in the synthesis of selveatafense-related

secondary compounds such as phenols and lignini(iTetred ., 2014).

Induced systemic resistance (ISR) in the planaiigdly activated
by root colonizing bacteria (Kloeppet al., 2004; Van Loonet al.,
2006; Van Weest al., 2008; Pietersest al., 2009). ISR is mainly
dependent on the signaling pathways of jasmonid and/or ethylene
rather than salicylic acid (Pieterge al., 2009). However, some ISR
inducers seem to activate the dependent pathwaslicllic acid which
indicates that multiple signaling pathways may beperated when the
ISR mechanism is triggered (Netial., 2011).

Induction of synthesis of defense-related protegwch as
peroxidases, chitinases, and [3-1, 3-glucanases demasnstrated by
Fishal et al. (2010) Pseudomonas sp. andBurkholderia sp. used as
biocontrol agents againgt. oxysporum f. sp. cubense. In addition, a
significant interaction between the antifungal péied of P. fluorescens
towardsR. solani and its ability to produc§-1,3 glucanase, salicylic
acid, and hydrogen cyanide acid was noted (Nagarapret al., 2004).
Among the most commonly tested elicitors, salicydicid plays an
important role in the expression of both local s&sice, controlled by
major genes, and ISR developed after an initialhqgggn attack
(Hammerschmidt and Smith-Becker, 2000).

ISR in plants can be associated with increase tivigc of
chitinase,-1-3-glucanases, peroxidase and other pathogerssied

protein accumulation of phytoalexin, lignin, cakkoand hydroxyproline
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rich glycoproteins. ISR also involves the inductioh lytic enzymes,

phenolics and phenylalanine ammonia-lyase (PAL)dihet al., 2000).

Plant pathogens produce a large number of pedatolsgnhd
cellulolytic enzymes that degrade components ohtptzell being the
main virulence factor (Sutic and Sinclair, 2000heTinteraction between
the pathogen and host plant induces some changaeslimetabolism,
primarily in the enzyme activities, including perdase and polyphenol
oxidase (Salamt al., 2012; Ngadzet al., 2012).

Peroxidase, oxidizes phenolics to highly toxic quies hence it has
been assigned a role in disease resistance (Vidkgem, 1988). PAL is
the first enzyme of Phenyl propanoid metabolismhigher plants and
has been suggested to play a significant role igulaging the

accumulation of phenolics (Massaizal., 1980).

PO and PPO mainly catalyze the oxidation of phenslibstances
through a PPO-PO-H202 system, whose reaction ptedare highly
reactive and toxic to pathogens, and are suppaskdpiart resistance to
host (Tayalet al., 1984). Enzymatic oxidation of phenols is usually
associated with the disintegration of host celld darkening of tissues
indicating the significance of oxidative enzymesarfiBanathan and
Vidhyasekharan, 1982).

Benhamouet al. (2000) reported that the endophytic bacterium
Serratia plymuthica showed raised levels of phenolics in cucumber

roots, affording protection agairi2ythium ultimum.

Biocontrol strains stimulate the activities of defe enzymes
PO, PPO and PAL in plants that could be involvedhim synthesis of
phytoalexins (Chest al., 2000; Van Loon and Bakker, 2005).

Increased PO and PAL activity was reported by Ranoatiny et
al., (2002) in tomato infected yusarium oxysporum andPythium upon
seed treatment withP. fluorescence. The enzyme PAL catalyses the

23



conversion of phenylalanine to trans-cinnamic actdrmediates in the

synthesis of salicylic acid (Rya¢sal., 1996).

Similarly, Rajendraret al. (2006) reported that the activities of
PO, PPO and PAL were found to be higher after twe ad challenge
inoculation after that it was declined in the cotfolants treated with
endophyticBacillus EPCO 16 and EPCO 102 upon challenge inoculation

with X. axonopodis pv. malvacerum

Chithrashreeet al. (2011) evaluated seven rhizospheBacillus
spp. for growth promotion and induced systemic stasice in rice
against Xanthomonas oryzae pv. oryzae (Xo0). Seed treatment with
suspension of strains SE34 and GBO03 followed bylaringe inoculations
with Xoo resulted in theincreased accumulation of phenylalaline
ammonia-lyase, polyphenol oxidase aperoxidases compared to

untreated control seedlings.

Nagendraret al. (2013) reported about the PO and PPO activity
in the combination treatment of seed treatment @glg seedling dip
@ 4g/l + soil application @500g/ha + foliar spray5@0 g/ha withB.
subtilis (FZB 24) on challenging witiXoo at 4 days after inoculation
compared to untreated plants in control. The irsgdactivity of PO and
PPO was observed only upto the third day X@io inoculation in

untreated control plants and afterwards drastiaatohn.

Yasmin et al. (2016) observed increased activity of defense
related enzymes including phenylalaline ammoniadyand polyphenol
oxidase, and peroxidase in plants inoculated viAlsudomonas sp.

Rh323 and P-solubilizing bacteria in responskdo.

Vermaet al. (2016) conducted a study to determine in exprassio
of peroxidases, polyphenol oxidase and cellulosiwies against seed
borne bacterial blight and leaf spot diseases ia paused by

Pseudomonas syringae pv. pisi and Xanthomonas pisi respectively. A
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significant higher enzymatic activity of peroxidag®lyphenol oxidase
and cellulase were found in infected seeds as cadpa healthy seeds

due to infection of bacterial pathogens.

Mishra et al. (2018) conducted experiments on defense
mechanism adopted byV. somnifera under A. alternata stress.
Significantly, the highest phenylalanine ammoniasly (PAL) activity
was observed iB. amylo liquefaciens andP. fluorescens treated plants
(1.68- to 2.35-fold) after 24 hapi, and this adyiwas slightly reduced at
72 hapi (1.61- to 2.15-fold) compared to uninfectpldnts. The
maximum PPO activity (2.03-fold) was observed tchigher at 72 hapi

in the combination treated plants than in the i@@control.

Rasulet al. (2019) observed increase in the activity of defense
related enzymes namely phenylalanine ammonia &gd : 5.165
activity as pmole cinnamic acid g-1. f.wt.), pedease (POD: 2.4
activity g-1. f.wt.) and polyphenol oxidase (PP@G: &ctivity g-1. f.wt.)

In response to inoculation of P-solubilizing antaigbc bacteria to
suppress rice bacterial leaf blight.

2.8 MOLECULAR CHARACTERIZATION OF ENDOPHYTES
BY 16S rDNA:

16S Ribosomal RNA (16S rRNA) sequencing is wideig anost
popularly used in microbiological studies to idgntihe diversities in
prokaryotic organisms as well as other. The advastagf using
ribosomal RNA in molecular techniques are as ribos® and ribosomal
RNA are present in all cells and RNA genes are lfigonserved in
nature. So, 16S rRNA gene sequencing has beerligiséabas the “gold
standard” for identification and taxonomic classfion of bacterial
species. Woese and Fox (1977) proposed the usédadomal RNA
genes for molecular taxonomic research (Pa&87; Woese and Fox,
1977). Molecular characterization using 16S rRNAéraeen shown to
be reliable and effective (Woese, 1987).
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16S rRNA is a type of RNA that plays a major ralesynthesis of
protein. As the mechanism of protein synthesis mloesry much from
one organism to another, the RNA that assists thieip production also
doesn’t vary much in evolution. The variations thatcur are in
predictable locations. It is observed that the eoiille sequences of
some portions of the 16S ribosomal deoxy ribonachaid (rDNA) are
highly sealed. 16S rRNA identifies organisms by panng certain
locations on a 16S rRNA molecule with a databasepm@viously
identified organisms whose 16S rRNA mark is kno@wfS rRNA is
located in the major rRNA contains very well-consegl regions among
biological species, which makes the comparison6& ARNA sequences
possible in studies of molecular evolution. 16S ARBEquences also
enable the identification of microorganisms becatlse 16S rRNA
contains variable sequences that change accordimifferent species.
More than one 16S rRNA sequences may exist ing@eslyacterium. It is
considered to be fast and better alternative teratiethods of bacterial
identification. Along with its use identifying thebacteria, 16S
sequencing can also be used to re-categorize thterlzainto new
species (Kim and Chun, 2014).

Molecular biological methods using 16S ribosom&lonucleic
acid (rRNA) gene sequences are commonly used famtifging and

classifying bacteria.

Chunget al. (2015) isolated 15 endophytic bacterial isoldtem
roots of rice plants, based on 16s rDNA sequenttiege bacteria found
to be closely related t@aenibacillus jamilae, Bacillus methylotrophicus,
Bacillus thuringiensis, Bacillus cereus, Bacillus simplex and Bacillus
daliensis. YC7007 and YC7010 which showed high antagonasticvity
In vitro against rice pathogens represent a novel specgenas bacillus

for which the nam®acillus oryzicola was proposed.
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El-shakhet al. (2015) assessed the efficacy five endophytic srain
(AL, A2, A3, A13 and A15) and Bacilli (D29 and H8) against bacterial
leaf blight of rice. Based on 16S rRNA gene seqagetite strains were
assigned isolates Al, A3 and A13 as Bacibung/loliquefaciens while
isolates A2 and Al1l5 a$acillus methylotrophicus and B. subtilis

respectively.

Banik et al. (2016) isolated 35 endophytic bacterial isoldtem
four rice genotypes, based on 16S rDNA sequenadwviget! them into
five groups belonging to five classes- alpAadylobacter, Azorhizobium
Azospirillum, Rhizobium, Bradyrhizobium, Snorhizobium,
Novosphingobium  spp.), beta Rurkholderia spp.), gamma
(Acinetobacter, Aeromonas, Azotobacter, Enterobacter, Klebsiella,
Pantoea, Pseudomonas, Senotrophomonas spp.) Proteobacteria, Bacilli

(Bacillus, Paenibacillus spp.) andActinobacteria (Microbacterium spp.).

Wilasineeet al. (2016) isolated 126 endophytic bacteria from rice
roots and stems. Based on their partial 16S rRNAegequences, they
were characterized as members of phiylamicutes, Proteobacteria,
Bacteriodetes and Actinobacteria. Three novel bacterial isolates

characterizededobacter, Sphingomonas andPaenibacillus.

Yousefi et al. (2018) isolated 39 bacterial isolates among them,
identified the four most antagonist bacterial isg8a0S23, 0S40, OS52
and OS53 belonged tBacillus sp., Bacillus subtilis, Enterobacter sp.

andPseudomonas putida respectively through 16s rDNA sequencing.

Kavitha et al. (2020) isolated 45 endophytic bacterial isolates
among which one isolate was found to be potentia @wentified as

Enterobacter asburiae through 16S rRNA sequencing.
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2.9 EVALUATION OF PLANT GROWTH PROMOTING
CHARACTERS AND DISEASE REDUCTION IN RICE
TREATED WITH POTENTIAL BACTERIAL ENDOPHYTE
UNDER FIELD CONDITIONS.

Biological control of plant pathogens by antagaaist
microorganisms is known to be a cheap, effectivd ano-friendly
method for the management of crop diseases (CodkBaker, 1983).
The use of biological control agents as an alteraat fungicides has
been increasing rapidly in the present day agucaltdue to the
deleterious effects of chemical pesticides. Membefsthe genus
Pseudomonas andTrichoderma have long been known for their potential
to reduce the plant disease caused by fungal aotériz pathogens
(Pant and Mukhopadhyay, 2001). The bacterial amigtphave the twin

advantage of faster multiplication and higher re@eere competence.

The use of biocontrol agents to bring about badtézaf blight
(BLB) suppression remains to be explored in detddwever, use of
antagonistic bacteria likBacillus spp. for suppression of BLB of rice

has been documented (Vasudevan, 2002).

Jeyalakshmiet al. (2010) found that the combination of seed
treatment, soil application and foliar spray withfluorescens resulted in
minimum disease incidence of bacterial leaf bligith maximum yield

in comparison with the chemical treatment and @bntr

Hastutiet al. (2012) concluded that plants inoculated with AB13
endophyticStreptomyces spp. recorded significantly highest plant height
and produced higher tiller number than control fdaf® <0.05) under

greenhouseonditions.

Nagendranet al. (2013) treated rice plots witBacillus subtilis
var. amyloliquefaciens (FZB 24) through seed treatment @ 4g/kg +
seedling dip @ 44g/l + soil application @ 500g/htokar application @
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500g/ha strain registered a significantly loweentity of bacterial leaf
blight (2.80 %) due to expression of defense rdlad@zymes like
peroxidase, polyphenol oxidase, phenylalanine anendyase and

phenols compared to untreated control plots (1982

Chunget al. (2015) isolated novel endophytic strain YC7007 from
roots of rice and showed its suppression activggiast bacterial leaf
blight with disease reduction by 70.5 per cent mudeased shoot and
root length by 1.1-2.9 fold at seedling, tilleringd booting stages with

high germination rates and tillering capacity.

Yasmin et al. (2016) observed increased activity of defense
related enzymes including phenylalaline ammoniadyapolyphenol
oxidase, and peroxidase enzyme in plant inoculaiigad Pseudomonas
sp. Rh323 which significantly improved plant healthtémms of reduced

diseased leaf area (80 %).

Patil et al. (2017) evaluated the efficacy of different comaonadty
available antibacterial chemicals and bio-agentsrst the bacterial leaf
blight of rice. Treatment streptocycline + coppewyahloride treated
plots showed the lowest per cent disease incidehd@22.33 %) and
highest grain yield (56.49 q Hathe highest disease incidence was
recorded in control (55.53 %). Lowest grain yieldisvobtained in
Bacillus subtilis (41.33 q ha).

Yasmin et al. (2017) conducted field experiment on efficacy of
strain BRp3 againsXoo. The inoculation with the strain BRp3 showed
51 per cent grain yield, 55 per cent straw yield@spared to untreated

control under field conditions.

Abdallah et al. (2019) assayed the antagonist activity of against
Xoo underin vivo conditions. The results indicated that Sx3 showed

83.26 per cent of disease inhibition with increasédot length, root
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length, fresh weight and dry weight (44.76 %, 406162.93 % and 100

% respectively) as compared to the pathogen control

Kavithaet al. (2020) reported that combination of seed treatment
with EMP5 isolate @ I0cells mt! + foliar application of EMP-5 isolate
@10@ cells mi* showed highest reduction in per cent disease i(¢l&2
%) with increased plant growth promoting abilityterms of increased
plant height (80.8) cm increased no. of effectilters (97.4 %), highest
grain yield (5340 kg hg and straw yield (6013 kg fHa over the

untreated control.
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Chapter — IlI

MATERIAL AND METHODS

This chapter includes all the materials used andhodst adopted in the
present study on “Studies on biochemical changgsaoidy on inoculation
with endophyte against Bacterial Leaf BlighXafithomonas oryzae pv.

oryzae)”.
3.1 LOCATION OF WORK:

The laboratory experiments pertaining to the presesearch work
were conducted during the year 2019-2020 in theaDement of Plant
Pathology, S.V. Agricultural College, Tirupati andgricultural Research
Station, Nellore.

3.2 MATERIALS
3.2.1 Glassware

Glassware made of borosil were used throughout phesent
investigation. Theseinclude petri plates (90 mmmaiger), test tubes (15 ml,
27 ml), conical flasks (250 and 500 ml), beakeB0(5500 and 1000 ml) and
measuring cylinders (10, 50,100 ml).

3.2.1.1 Cleaning of Glassware

The glassware were first cleaned with detergenblilabfollowed by
rinsing with tap water then placed them in clearsotution for 24 h, rinsed
with distilled water for 3-4 times and air driechél cleaning solution contains
60 g of Potassium dichromateB-07) and 60 ml of concentrated Sulphuric
acid (HSQ) dissolved in 1000 ml distilled water.

3.2.2 Chemicals:

Chemicals used in the present study were of ArcalfReagent (AR)
and Guaranteed Reagent (GR) grades of standard frtsgkpH of the media
was adjusted by using either 0.1N HCI or 0.1N NaOH.
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3.2.3 Equipments:

Hot air oven and autoclave were used for steribpadf glassware and
culture media preparation respectively. BOD incabatvas used for
incubating cultures at different temperatures. \Weignts were done on a
single pan electronic balance with a sensitivity0odf01g. The cultures were
preserved at°C in refrigerator. Phase contrast microscope (Olysngx 41,
UK) was used for microscopic studies.

Other tools which were used in the present invasbg for various
purposes include inoculation needle, inoculationplocork borer, slides,
cover slips, parafilm, scissors, sterile scalpepeties (200ul,1000 pl),
aluminium foil, etc.

3.2.4 Sterilization:

Petri plates used for the present investigatiorevkept in sterilization
tins and were sterilized in the hot air oven at 260for 90 minutes. The
surface of laminar air flow (LAF) was sterilized tgping with cotton dipped
in 70 per cent ethyl alcohol. Inoculation loop, lapbd glass rod, cork borer,
forceps and scalpel were sterilized by dipping loolaol and heating to red
hot.

Pestle and motor were cleaned and wiped with eéthgbhol and
sterilized in an autoclave.The culture media amstiltid water were sterilized
in the autoclave at 12C for 15 minutes.

3.3 CULTURE MEDIA USED:
3.3.1 Nutrient agar (NA):

Composition:

Ingredients g/l
Peptone 59
Beef extract 39
Agar-agar 15¢9
Distilled water 1000 ml
pH 6.9-7.2
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Dissolve required quantities of peptone and be&fekin 500 ml of
sterile distilled water in a beaker. 15 g of agaswnelted separately in 500
ml of distilled water and mixed with nutrient brotRinal volume of the
medium was adjusted to one litre by adding distikeater. The pH of the
medium was adjusted by adding either 0.1N HCI o©ONaand the contents
were dispensed in 250 ml conical flasks at the o&at®50 ml per flask. The

flasks containing media were sterilized in an alatoe at 123C for 15 min.

3.3.2 Nutrient Broth

Composition:
Ingredients g/l
Peptone 59
Beef extract 39
Distilled water 1000 ml
pH 7.0

Five grams of peptone and three grams of beefaxivare added to
800 ml of distilled water and then boiled. pH oé thhedium was adjusted to
7.0 by either adding 0.1N HCI or 0.1N NaOH andvbkime was made up to
1000 ml with distilled water and the contents welispensed in 250 ml
conical flask at the rate of 150 ml per flask. TlesKs were sterilized in an

autoclave at 12C for 15 min.

3.3.3Tryptone Soya Agar

Ingredients g/l
Tryptone 159
Soya peptone 59
Sodium chloride 59
Agar 159
Distilled water 1000 mi
pH 7.3+0.2
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Dissolve required quantities of Tryptone, soya peptand Sodium
chloride in 500 ml of water and boiled. Then 15 gagfar was melted
separately in 500 ml distilled water and mixed wrgfptone soya broth. Final
volume of the medium was adjusted to one litre digirag distilled water. The
contents were dispensed in 250 ml conical flaskthatrate of 150 ml per
flask. The flasks containing media were sterilize@mn autoclave at 120 for

15 min.
3.3.4Preparation of Nutrient Agar (NA) Slants:

Nutrient Agar slants were prepared by transferBng of molten NA
medium into test tubes. The tubes were plugged nath-absorbent cotton
and sterilized in an autoclave at 2@1for 15 min. After sterilization, the
tubes were removed from the autoclave in hot candifi.e. approximately
40°C) and kept in slanting position to solidify. Afteolidification, the slants

were kept in refrigerator for further use.
3.3.5 Preparation of disinfectant solutions:

3.3.5.1 Sodium hypochlorite solution (1%)

One per cent Sodium hypochlorite solution was megbdrom 10 per
cent stock solution by transferring 10 ml of Sodibgpochlorite from stock
solution into 90 ml of distilled water. This solutiovas used for surface
sterilization of test material to eradicate thefate borne saprophytic

organisms.
3.4 LABORATORY TECHNIQUES

The general laboratory techniques described by Daiagd Sinclair
(1995), Rangaswami and Mahadevan (1999) and An@ap3) were
followed.
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3.5 COLLECTION AND ISOLATION OF LEAF SAMPLES:
3.5.1 Collection of Rice Bacterial Leaf Blight Samie:

The samples were collected from major rice growirgaa of Chittoor
district of Andhra Pradesh duringharif 2019. Sample showing typical
symptoms of bacterial leaf blight disease wereectdld for isolation of

pathogen.

3.5.2 Collection of Healthy Leaf Sample for Isolabn of Endophytic
Bacteria

Leaves from healthy plants were collected and keptd box and were
brought to the laboratory and used for further issidof isolation of

endophytic bacteria.

Samples were documented in the following format:

Village | No. of Cfu's x

S. No. | District | Mandal 10°/g of leaf

Variety | GPS

3.5.3 Isolation of bacterial leaf blight Pathogenrbm diseased sample:

Infected samples were confirmed by observing betteoze from cut
ends by diffusion method. The infected leaves wexeised with sterile
scalpel across the yellow lesion and placed irsatt#e filled with sterilized
clean water. Yellowish bacterial mass can be seming out from the cut
ends of the leaf bits. After 30-40 min. the entuater in the test tube becomes

yellowish and turbid.

X. oryzae pv. oryzae, the causal agent of bacterial leaf blight was
isolated from the diseased plants of rice. The $eeface was sterilized with
one per cent Sodium hypochlorite for three minwed then washed with

sterile distilled water. Leaf bits of infected leavafter drying on sterile
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blotting paper were transferred onto nutrient g) medium and incubated
at 28C for 72 h (Jabeeset al., 2012). The emerging colonies which are round,
convex, mucoid and yellow in colour were sub-cudtiionto NA plates for
pure culture. The culture was maintained on NAts¥é@PC in refrigerator for

short term use and in 20 per cent glycerol aCX0r long term preservation.
3.5.4 Pathogenicity test

Artificial inoculation of the pathogenic bacteriuwas carried out to
prove the pathogenicity using leaf clip inoculatitechnique under glass

house condition.

Pathogenicity test was conducted on cultivar NLR4¥with 48 h old
bacterial culture. Prior to inoculation the plantsre thoroughly washed with
sterilized water and bacterial suspension was intjgculated to 45 days old
plants by excising 2-3 cm of rice leaves with ailted scissors which was
immersed in the bacterial suspension®@élls mi') prepared in a Nutrient
broth. Control plants inoculated with sterile brethre also maintained. Soon
after inoculation the plants were covered with goiye bag for a period of 72
h for providing humid conditions. Plants were olbserfor symptoms after 72
h up to 14 daysThe pathogen was re-isolated from artificially inta¢ed
plants. Individual bacterial colonieswhich were ridusimilar to the original

culture were maintained to carry out further stadie

3.5.5 Isolation and Purification of Endophytic Baceria:

For isolation of endophytes, 2g of leaves wereectdld from healthy
plants. The disinfection and isolation was perfatnaecording to Araujet
al. (2002). Briefly, the leaves were disinfected suipaily by following the
protocol as 70 per centethanol for one min, Sodnympochlorite (2.5%) for
four min, ethanol for 30 sec and finally three essn sterile distilled water
(SDW). To confirm the disinfection protocol, measlrguantity of 0.1ml
aliguots from the final rinse of sterile distill@chter was plated in 10 per cent

TSA (Tryptone Soya Agar) medium and the plates veasmined for growth
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after incubation at 2& for 72 h. Samples were discarded, if growth was

detected in the sterile check within 48 h.

Samples were triturated in 0.02M Phosphate buffer 7.0) in sterile
pestle and the mortar. The triturate was seriallytelil in sterile distilled
water. Six dilutions (16 to 10°% were made by transferring oneml of the
suspension to successive sterile water columnsn Fast two series of the
dilution, 0.1 ml was taken and plated on Trypticy&dAgar (TSA) and
incubated at 2& for 1 to 12 days. The no. of colony forming unisre

counted according to the following formula.

No. of coloniesx dilution factc

No.of Cfu/g=
J volume plated

3.6 IN VITROEVALUATION OF ENDOPHYTIC BACTERIAL
ISOLATES AGAINST X. oryzae pv. oryzae:

Cell suspension ofXoo was prepared in nutrient broth to a
concentration of Cfu/ml. One ml of the bacterial cell suspensidod)
was mixed with 19 ml of Nutrient Agar (NA) mediumdipoured onto the
sterile petri plates. After solidification, four Wewere formed with the help
of 6 mm diameter cork borer at one cm away fromegiside of the petri dish
and 10ul of each endophytic bacterial isolate was pouredhe well. The
inoculated plates were incubated at 28&2or 48 h after which the diameter
of the inhibition zone was measured (Sa&hlal., 2010). The level oK.
oryzae pv. oryzae growth inhibition was determined by measuring the
difference between the clear zone formed aroundmblé and expressed in

terms of millimeters (mm).

The Endophytic bacterial isolates which have reabrere than 10.0

mm zone of inhibition were used for further studies
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3.7 ESTIMATION OF DEFENSE ENZYMES |IN PLANTS
INOCULATED WITH EFFECTIVE ANTAGONISTIC
ENDOPHYTIC BACTERIA AGAINST BLB PATHOGEN IN
RICE.

Effective antagonistic endophytic bacteria to suprd3LB was
evaluated in pot culture experiments under greesd@onditions. Rice seeds
(cv. NLR-34449) were surface sterilized with two peentSodium
hypochlorite for 30 sec, rinsed in sterile distlleater and dried overnight.
The seeds were dipped in broth cultures of endophwitteria for 45 minutes
and directly sown in pots to raise nursery. Off @ay of sowing, seedlings
were dipped endophytic bacterial suspension. Of @3y of sowing the
leaves were inoculated with bacterial leaf blighathmgen by clip
inoculationmethod (Kauffman et al., 1973). Foliar spraying of

endophytesuspension was done after 24 h of cliguiation.

Enzyme assay was carried after 24h of foliar spryeraophytic
bacteria on rice plants. 4-5 leaves were randoratydsted and cut into small
pieces. The leaf bits were grounded into fine powded processed
immediately for an enzyme assay. The activity abpielase (PO), polyphenol
oxidases (PPO) and phenylalanine ammonia lyase (Rals)determined by

spectrophotometric measurement.
3.7.1 Peroxidases

Peroxidases includes in its widest sense a grougpetific enzymes
such as NADP-peroxidase, fatty acid peroxidase atcwell as a group of
very non-specific enzymes from different sourcesctvlare simply known as
PO. PO catalyses the dehydrogenation of a largebaunof organic

compounds such as phenols, aromatic amines, hydmtgs etc.
Principle: Guaicol is used as substrate for the assay of [pkses

Guaicol + HO, - oxidized guaicol + 3H
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The oxidized dehydrogenated guaicol is probably mitr@n one
compound and depends on the reaction conditions.rdteeof formation of
guaicol dehydrogenation product is a measure oPtBeactivity and can be
assayed spectrophotometrically at 436nm (Puttéi418lalik, 1980).

Chemicals used:

Monobasic sodium phosphate-(NdiDy)

Dibasic sodium phosphate-(MPQy)

Guaicol solution

Hydrogen peroxide solution

Preparation of reagents

Phosphate buffer, 0.1M (pH: 7.0)

Solution A: Monobasic sodium phosphate-(Nsddy)
Solution B: Dibasic sodium phosphate-(¥PQy)

* Add solution A of 39 ml to solution B of 61ml andake up to a total

volume of 200 ml with distilled water
e 20 mM Guaicol solution

* Hydrogen peroxide solution (0.042%= 12.3mM): Diludel4ml of
H2>0-to 100ml of distilled water

Extraction

* Fresh sample of 1g was grinded with 3 ml of Sodplmasphate buffer
(pH 7.0) in pre cold mortar using pestle a4

* Then the sample was centrifuged at 18,000 rpm foriiat 2C

» Collect the supernatant
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Estimation
» Buffer solution of 3ml, 0.05 ml of Guaicol, 0.03 rof Hydrogen
peroxideand 1ml of enzyme extract were taken intesaitube and the

resultant was mixed well.

* Preparation of solution without enzyme extract seras a blank to

calibrate the spectrophotometer.

* Then read absorbance (OD) at 436 nm by UV-VIS spphttometer
using kinetics method. The enzyme activity was esped as
OD/min/g.

3.7.2 Phenylalanine ammonia lyase:

Chemicals used
Tris HCI
B-mercaptoethanol
Phenylalanine
Hydrochloric acid
Ethyl acetate

Extraction and Estimation:

Apical segments of rice leaves about 3 cm was Bgedeand washed
thoroughly with deionized water. A 50 mg quantifiwashed leaf tissue was
then homogenized with a mortar and pestle unddiednconditions in 0.65
ml of 50mMTris-HCI buffer (pH 8.8) containing 15mi 3-mercaptoethanol.
The homogenate was centrifuged at 10,000 g for 20 ahi#C, and the
supernatant was retained as the enzyme extraamlOvblume of the enzyme
extract along with 1ml of the extraction buffer,50ml of 10 mML-
Phenylalanine and 0.4 ml of deionized water, wasibated at 3C for 30
min. The reaction was terminated by the additio@.6fml of 6M HCI and the
product was extracted with 15 ml of ethyl acetatan@ a rotary evaporator.

The solid residue was suspended in 3 ml of 0.05MMa@d the Cinnamic-
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acid concentration was measured spectrophotomigtrioathe absorbance at
290 nm. One unit of PAL activity was defined asrfhol. of Cinnamic acid
produced per minute(Ross and sederoff, 1992).

3.7.3 Polyphenol oxidase:

Chemicals used

Monobasic sodium phosphate-(Nty)

Dibasic sodium phosphate- (MPQy)

Catechol

Preparation of reagents

Phosphate buffer, 0.1M

Solution A: Monobasic sodium phosphate - (N&d)

Solution B: Dibasic sodium phosphate - (M#PQy)

e Add solution A of 39 ml to solution B of 61ml andake up to a total

volume of 200ml with distilled water.

» Dissolve 1.14 g of Catechol in 100 ml of water teeg0.1M Catechol

solution.
Extraction:

The sampleof 1 g was homogenized in 2ml of 0.1Mwadphosphate
buffer (pH 7.0) at 4C. The homogenate was centrifuged at 20,000 rpm for

15min. The supernatant served as enzyme source (Magle 1965).
Estimation:

Polyphenol oxidase activity was determined as gide® reaction
mixture consisted of 1.5 ml of 0.1M sodium phosphiatiffer (pH 7.0) and
200 pul of the enzyme extract. To start the reac@®® ul of 0.1M Catechol
was added and the activity was expressed as charapsorbance at 495 nm

at 30sec intervals for 3 min. The enzyme activity wapressed as OD/min/g.
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3.8 MOLECULAR CHARACTERIZATION OF POTENTIAL
ENDOPHYTIC BACTERIABY 16S rDNA:

3.8.1 Selection of Effective Antagonistic Endophig Bacterial Isolates:

The effective antagonistic bacterial isolates havimgre than 10mm
zone of inhibition againsX. oryzae pv. oryzae were selected for molecular
characterization. Effective antagonistic endophyigrcterial isolates were
selected and grown on nutrient agar at 28tZor overnight for DNA

extraction.
3.8.2 Isolation of DNA:

A loop full of 24 h growth of effective antagonisendophytic isolates
were transferred into eppendorf tubes which conbdirtrient broth. Cells
were collected by centrifuge at 10,000 rpm for ¢hm@n and supernatant was
discarded to collect pellet and 2Q0of lysis buffer was added to the pellet
and resuspended it. Then it was incubated 4T 33r 15 min. Proteinase K of
10 pl (20mg/ml) was added to it and vertexed it added sevepl of 20 per
centSodium dodecyl sulphate (SDS). Kept it in whtgh at 68C for 1 h. The
tubes were inverted for every 15 min and then degtd at 10,000 rpm for 5
min. at 20C. The supernatant was taken and discarded thet peltl added
equal volume of Phenol: Chloroform: Isoamyl alcol(®b:24:1) to it. The
tubes were inverted for 5 min and centrifuged a0 rpm for 5 min.
Supernatant was taken and added 0.1 volume of 3uBoacetate and two
volumes of ice cold iso propanol. Then these tuberewuncubated for 2 h to
overnight for precipitation. Then centrifuged atQ® rpm for 15 min at°C.
Pellets were washed with 70 per cent ethanol &@0D3ypm for 10 min.
Ethanol was discarded and tubes were air dried. ds=molved in TE buffer
(Maniatiset al., 1982).
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3.8.3 Qualitative and Quantitative Verification of DNA from Different

Effective Antagonistic Endophytic Bacterial Isolates:

DNA samples (5 ul) from each isolate mixed withl4of11X loading
dye and were loaded on the wells of the 1 per gantse gel along with 5 pl
of DNA marker in order to verify the quality of DNAAlternatively, the
quality and quantity of DNA was also verified by idarop

spectrophotometer.

3.8.4 Amplification of 16S rDNA from Antagonistic Endophytic

Bacterial Isolates.

The bacterial genomic DNA isolated from the indiatendophytic
bacterial culture was selected for amplificationtloéir 16S ribosomal gene.
The 16S rDNA from effective antagonistic endophytacterial isolates have

been amplified by using 27F and 1492R primers.
27F- 53 AGAGTTTGATCACTGGCTCAG-3
1492R- BSTACGGACTTACCTTGTTACGACTT-3

As a part of this, PCR technique has betmdardized and the

following components were used for the amplificatal 16S rDNA.

The PCR reaction mixture for 25 pl volume was a®ves:

10X Reaction buffer 1 b
Mgcl> : 2.0 ul
dNTP’s 0.5 ul
27F(10 pm) :1.0 pl
1492R(10um) :1.0 ul
Taqg polymerase :0.2 ul
Nuclease free water : 14.8
Template DNA : 3 ul
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The 16S rDNA amplification was carried under thédiwing Conditions:
Stage-Il: Initial denaturation at @4 for 4 min.
Stage-Il: Denaturation at 94 for 30 sec
Annealing at 53.%C for 40 sec and
Extension at 7Z for 1 min.
Number of cycles: 30
Stage-lll: final extension at Y2for 10 min.

The aliquots were checked for amplification of thepexted size
(approximately 1400 bp) on 0.8 percent agaroseagdl visualised in Gel

documentation system.
3.8.5 Buffers used for Gel Electrophoresis:

Composition of 10Xbuffer TBE buffer:

Tris base : 5409

Boric acid ; 2759

EDTA : 4.65(

Distilled water : 500 mi

pH : 8.0
Preparation:

Each chemical was dissolved in separate beakerg dsstilled water
and all were mixed finally. The pH was adjusted@ @ by using 0.1N HCI or
NaOH and volume was made up to 500 ml and stedlillae autoclaving at
121°C for 15 min.
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Composition of loading dye (10X):

Glycerol : 5ml

10 X TBE ) 1ml

Bromo phenol blue(saturated) 1 ml

Xylene cyanol (10%) : 1 ml

Double distilled water ; 10 ml
Preparation:

Contents were mixed well and divided into onenndjwadt, sterilized

and stored at -2C for further use.
3.8.6 Preparation of Gels:

Gel plates (13 x 14 cm) were washed thoroughly wiganing solution
followed by distilled water and dried. The two opgdes of the plates were
sealed with cellophane tape. Gel solution was pegpbay mixing 0.8 g of
agarosein 100 ml of 1X TBE buffer (0.8% gel) in aicahflask and boiled in
an oven until a clear solution was obtained andl 4fpethidium bromide
(10mg pit) was added. The solution was poured on to the ceaalate,

inserted the suitable comb and allowed to polyneeriz
3.8.7 Loading and Running of Gels:

The inserted comb was gently removed from the gdbkraf
polymerization. The gel plate was placed in horiabmipparatus and fixed
with 1X TBE buffer. The samples were loaded in thelswelth help of micro
pipettes. After loading, the electrophoretic unésaconnected to power pack
with a regulated electric power supply of 100V.th¢ end of run, the gel was

carefully removed and analyzed.

The isolate which recorded highest zone of inhibitimderin vitro and
highest level of expression of defense related mesywere selected for

further studies.
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3.9 EVALUATION OFPOTENTIAL ENDOPHYTIC BACTERIAL
ISOLATES AGAINST BACTERIAL LEAF BLIGHT IN RICE
IN VIVO.

3.9.1 Field Studies

The experiment was conducted at Agricultural Res$eastation,
Nellore. Seeds were surface sterilizedwith two g@antSodium hypochlorite
for 30 sec, rinsed in sterile distilled water amaéd overnight. For treatment-
Tithe seeds was soaked in potential endophytic halcgrspension (EYK-
3)which was grown 48 h in nutrient broth, for threeand air dried then

preceded to nursery sowings.

On the day of transplanting the untreated seedlvgy® uprooted and
dipped in 48 h old potential endophytic bacterisgmension(EYK-3) for 3 to
4 h which serves as treatment-The treated seedlings were uprooted and

dipped in EYK-3 bacterial suspension for 3 to 4hich serves assT

Pathogen of 48 h old culture @@u/ml)which was grown in nutrient
broth was inoculated on 23 days after transplantméeaves of rice plants

through clip inoculation method (Kauffmahal.,1973).

Foliar spraying of Streptomycin sulphate @ 100ppmCepper
Oxychloride 0.3 per centat 35 days after transpign({Ts). Foliar spraying of
potential endophytic bacterial suspension (EYK-3Yite plants at 35 days
after transplanting ) and also within 10 days interval .i.at 45 days after
transplanting (§) (Table 3.1)
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Table 3.1.

Details of the treatments for the field evaluationof the
potential bacterial endophyte against BLB pathogen.

Treatment Treatment details
No.
T, Seed treatment with potential endophytic bacteri&BY@1C

Cfu /ml

Seedling dip with potential endophytic bacteria ESK@1C¢

T2 ctu/ml

T3 Ti+T2

T Foliar spraying of Streptomycin sulphate @ 100ppr@opper
4 . .

Oxychloride 3g/litre.

T Foliar spray with potential endophytic bacteria E8K® 10 Cfu
> /ml at 35 DAT

T Foliar spray with potential endophytic bacteria ESK® 10 Cfu
° /ml at 45 DAT

T7 Control
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3.9.2 Layout of the Field

The nursery was sown with cultivar NLR-34449 duniagi 2019-2020
on 16/11/2019 and transplanting was done on 16018/2The layout was laid
out in Randomized Block Design with seven treatmamid three replications.
Total field area was 315%with 21 plots each individual plot size was 5 x 3

m with 15 cm spacing from plant to plant and 15spacing from row to row.

3.9.3 Mass Multiplication of Bacterial Leaf Blight Pathogen K. oryzae
pV. Oryzae)

Bacterial leaf blight pathogen, bacterium was masdtiplied in

nutrient broth. Loopful of bacterial culture wasdad to the medium and

incubated in a rotary shaker for 48 hours at roemperatures (252°C) then

used for clip inoculation.
3.9.4 Mass Multiplication of Potential Endophytic Bacteria.

Potential endophytic bacterium was mass multipiredutrient broth.
Loopful of bacterial culture was added to the mediand incubated in a

rotary shaker for 48 h at room temperature (2632
3.10 BACTERIAL LEAF BLIGHT DISEASE ASSESSMENT:
3.10.1 Per cent Disease Index (PDI):

Three replications were maintained for each treatrmeiRBD under
glasshouse. The effectiveness of the treatmentheimtensity of BLB was
observed fifteen days after pathogen inoculatiorth & 0-9 scale of the
Standard Evaluation System (1923) for rice (IRRi)l ahe per cent disease

index was calculated using the formulae of McKin(ES23)

_ Sum of all numerical ratings;( 100
Total number of leaves graded Maximumag

PDI
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3.11 PLANT GROWTH PROMOTING TRAITS:
3.11.1 Yield Parameters
1. Number of tillers per plant

The total number of tillers were counted at 75 DAS
2. Number of productive tillers
3. Grain yield

3.12 STATISTICAL ANALYSIS:

Complete Randomized Design (CRD) was used for &boy studies,
where as Randomized Block Design (RBD) for fieldidsés. The data
recorded in the experiments were subjected tosttati analysis using SPSS
statistics version 20 software and online OP STATwsk.
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Chapter — IV
RESULTS AND DISCUSSION

The present investigation, “Studies on biochemitanges in paddy
on inoculation with endophyte against Bacterial LB&ght (Xanthomonas
oryzae pv. oryzae)” was carried out to evaluate the antagonisticatly and
expression of defense related enzymes by the egtopbacteria against
Bacterial Leaf Blight (BLB) pathogeiXanthomonas oryzae pv. Oryzae under
in vitro. Further the potential isolate of the endophyactbria was assessed
for the disease suppression and plant growth piomaharacteristics against
BLB under field conditionsThe data was statistically analysed using OP
STAT.

4.1 COLLECTION OF INFECTED SAMPLES AND ISOLATION
OF BACTERIAL LEAF BLIGHT (BLB) PATHOGEN

4.1.1 Collection of the Bacterial Leaf Blight Sam

Leaf samples with water soaked to yellowish oramgiohs along the
leaf blade and possessing yellow bacterial oozdasino dew droplets were
collected in the early morning hours from wetlamani, S.V. Agricultural
college, Tirupati (Plate 1a and 1b). The collected@as were brought to the

laboratory and used for the isolation of the paémg
4.1.2 Isolation and Identification of Xanthomonas oryzae pv. oryzae

The collected samples were further confirmed by olisg bacterial
ooze from cut ends of the leaf blades by diffusioethod as mentioned in
Material and Methods 3.5.3.

The bacterial leaf blight pathoget oryzae pv. oryzae was isolated on
Nutrient agar (NA) medium from the collected leafples. Infected leaf bits
were inoculated and kept for incubation at 28xZor 72 h. Single well

separated, pin head sized, light yellow, mucoidintb and raised colonies
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with smooth margins were carefully picked up andhier purified on NA
medium (Plate 1c). In the gram staining, the ishlats stained as gram
negative with rod shaped structures (Plate 2).i$bkate was maintained on
NA slant at 4C in refrigerator for short term use and in 20 gant glycerol at

-20°C for long term preservation.

The results were in accordance with reports of Jabtea. (2012) who
isolated X. oryzae pv. oryzae on Yeast dextrose carbonate agar (YDCA)

medium with yellow, smooth, circular, convex andodus bacterial colonies.

Shankaraet al. (2016) isolatedX. oryzae pv. oryzae by streak plate
method on modified Wakimoto’s medium with well segiad, yellow,
mucoid colonies of the bacterium while Shaheeral. (2019) isolatedX.
oryzae pv. oryzae on Luria Bertani Agar (LBA) with yellow, convex, rooid

and shiny texture colonies.

The colonies ofX. oryzae pv. oryzae isolated from the collected
diseased leaf samples showed yellow, circular, #moonvex and viscous
round bacterial colonies on NA medium which werenilgir to the
characteristics presented by Jaial. (2016) and Kavithat al. (2020).
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Plate 1. Isolation and Purification of BLB Pathogen of Rice
(Xanthomonas oryzae pv. oryzae).
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4.1.3 Proving Pathogenicity of the Isolate

The BLB pathogen isolate was evaluated for its pahmgty by clip
inoculation method (Kaufmanet al. 1973) on susceptible cultivar NLR-
34449. The clip inoculation was carried out on tigaleaves of 45 days old
plants with pathogenic bacterial suspensiorf ¢ls mt). The inoculated
leaves were observed for the initiation of lesidnem 72 h after post

inoculation and complete blighting of leaves aftBrdays of inoculation.

The symptoms on the inoculated leaves initiatedvee| svater soaked
stripes from the clipped ends of the leaves andlglexpanded in length and
breadth leading to yellowish lesions with wavy miasg Blighting of the leaf
proceeded from clipped ends towards the base de#idollowed by drying
of the leaf margins with the progress of the disd&4ate 3).

Later, the pathogen was re-isolated from the inteptation of the leaf
and obtained yellowish mucoid round colonies whisiere similar in
morphological and cultural characteristics of thigioal isolate there by

proving the Koch’s postulates.

The results were in correlation with Akhtatral. (2009) who studied
on different methods of inoculation of BLB pathogen pathogenicityiz,
clip inoculation, pin prick inoculation and brusretnods. Among the three
methods of inoculation, distinct lesions were aidi in clip inoculation

method.

Similarly, Chung et al. (2015) carried out clipping bioassay for

bacterial leaf blight pathogen using scissors digpe<oo suspensions.

The clip inoculation bioassay for bacterial leafghti pathogen with
scissors dipped irXo suspension on 30-45 days seedlings resulted in the
characteristic symptoms of small water soaked edrgtt initial stages leading

to yellowish lesions with wavy margins and lateigbting of the leaf was
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observed after 15 days post inoculation (Chithreesétral., 2011; Shankaret
al., 2016; Chandraprakaghal., 2018).

4.2 ISOLATION AND PURIFICATION OF ENDOPHYTIC
BACTERIA FROM COLLECTED HEALTHY LEAVES

4.2.1 Isolation of Bacterial Endophytes from Colleied Healthy Leaf

Samples

Leaf samples were collected from healthy rice pldatsisolation of
endophytic bacteria from four mandals of the Chbittdistrict duringkharif
2019. From each mandal three villages were seldmsdd on the cropping
area and occurrence of the disease. List of thaga$f along with the GPS

coordinates are shown in the Table 4.1 and Plate 4.

The disinfection and isolation procedures were peréal according to
Araujoet al. (2002) as mentioned in Material and Methods 3.Bl&té 5).

The endophytic bacterial density in the healthy kshples collected
from four mandals is presented in terms of Cfu/deaff (Table 4.1). The
results revealed that the mean population densitiieobacterial endophytes

varied with the cultivar and stage of the cropraetof sample collection.

Among the samples collected from 12 villages spraatbss four
mandals of the Chittoor district, highest mean pafon density of
5.5x1®Cfu/g was observed in the sample collected at maxintillering
stage in cultivar MTU-1010 from Isugathageli vila@f Yerpedu mandal.
Subsequent highest density of 5.3 ¥Qfd/g of leaf was observed in the
sample collected at maximum tillering stage in RN&®48 cultivar from
Pudipatla village of Chandragiri mandal. The meaputation density of the
bacterial endophytes in the samples collected afclgainitiation stage and
milky stage ranged between 1.3 ¥/4o 4.1 x 1&g of leaf which was lower
than the bacterial density in the samples colleatetiaximum tillering stage

(4.8 x 1G/g to 5.3 x 16/g) of the crop irrespective of the cultivars.
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Plate 2. Microscopic view of Xanthomonas oryzae pv. oryzae.

Reproduction of symptoms

5 T ==

Plate 3. Pathogenicity test for Xanthomonas oryzae pv. oryzae.
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Endophytic population density is continuously beavgluated in many
of the plant species, which vary either with then@gpe or weather
conditions (Lamket al., 1996; Hallmanret al., 1997; Chiet al., 2005).

The abundance of the endospheric microbe$108Cfu/g) is recorded
in rice, cotton, corn but lower than the ectosphermicrobes (1%10°Cfu/g).
The diversity of the endophytic microbial densitcldees from roots towards
the upper parts such as stem, leastes (Lambet al., 1996) and there is a
wide variation in the population density of endojgsy(8.91 x10to 7.24 x
10°Cfu/g) between cultivated rice (sabita, swarna,revaubi) and wild rice

(Oryza eichingeri).

de Oliveria costat al. (2012) reported that the density of endophytic
populations isolated from the leaves of the comimeemn Phaseolus vulgaris)
varied from 4.5 x 19to 2.8 x 18Cfu/g of fresh weight.

In the present investigation also there is wideati@n in the mean
population density of the endophytic bacteria amémg cultivars (MTU-
1010; 2.3x10 to 5.5x16), (BPT-5204; 1.3x1%0 4.8x16) and (ADT-37;
2.9x10to 3.8x10) and stage of the crop (1.3¥1® 5.5x10) at the time of
sample collection. Within the cultivated rice thesewide variation in the
endophytic population density from cultivar to owdr (NLR-34449: 4.4x19
to 7.65x16 and MTU-1010: 2.4x10to 7.2x10) as reported by Kavithet al.
(2019). The observations support the premise thabghyte diversity is
highly depended on host, genotype, soil and enmertal conditions (Pillay
and Nowak, 1997; Taet al., 2003)

4.2.2 Purification of Endophytic Bacteria.

Morphologically distinct bacterial colonies whichere differ in size,
shape and colour were selected and repeatedlkstreaver NA in order to

achieve bacterial isolates.
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The isolated endophytic bacteria were designed ¢h suway that the
first letter denoting as endophyte, second leprasenting mandal and third

letter representing village of sample collectionnibers were given serially.

The extract of healthy leaf samples from the Chagidranandal on
plating resulted in the mean bacterial density iaryrom 2.9 to 5.3x1%g of
leaf. Pudipatla village samples recorded highesimizacterial density of 5.3
x 1C°/g of leaf followed by samples of Shanambatla witkkan bacterial

density of 3.8 x 1%g of leaf.

A total of seven isolates were selected and pdriftem the bacterial
colonies obtained on NA medium from the leaf sasmptollected in
Pudipatla, Thondavada and Shanambatla villages r@n@agiri mandal.
seven isolates, two isolates were isolated from ghmples of Pudipatla
village (ECP-1 and ECP-2) from cultivar RNR-15048n&ximum tillering
stage. Three isolates were isolated from sampldhohdavada village from
ADT-37 cultivar at milky stage (ECT-3, ECT-4 and EGYand two isolates
(ECS-6 and ECS-7) from samples of Shanambatla vifiagge cultivar ADT-
37 at milky stage (Table 4.1).

Similarly, from the samples of the Srikalahasthinaa, the mean
bacterial density varied from 3.3 x°1@ to 4.6 x 1&/g. Among the samples,
Magusampalem village sample recorded highest maetetal density of 4.1
x 1P/g of leaf followed by isolates of Ramalingapurarthva mean bacterial

density of 3.6 x 1%g of leaf.

Similarly, seven isolates were selected and pudrifrem the bacterial
colonies obtained on NA medium from the extractheglthy leaf samples
collected in Magusampalem, Ramalingapuram and Mké&ndriga of
Srikalahasthi mandal. Among them, two isolates wemated from the
samples of Magusampalem village (ESM-1 and ESM-@nfcultivar MTU
1010 at milky stage. Three isolates were isolateoimfrsamples of

Ramalingapuram village from MTU-1010 cultivar at kyilstage (ESR-3,
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ESR-4 and ESR-5) and two isolates (ESM-6 and ESMeéf fsamples of
Mitta kandriga village from cultivar MTU-1010 at rkyl stage (Table 4.1).

The extract of the healthy leaf samples from thep¥du mandal, the
mean bacterial density resulted in varying fromx B%¥/g to 5.5 x 1&4g. In
the samples, Isukathageli village recorded highessan a bacterial density of
5.5 x 16 /g of leaf followed by samples of Kapuguneri witacterial density
of 3.6 x 16 /g of leaf.

A total of eight isolates were selected and putifiem the bacterial
colonies obtained on NA medium from the leaf samplalected in Kandadu,
Isukathageli and Kapuguneri villages of Yerpedu da@nAmong them three
isolates were isolated from the samples of Kandaltage (EYK-1, EYK-2
and EYK-3) from cultivar MTU-1010 at panicle initiah stage. Two isolates
were isolated from samples of Isukathageli villfrgen MTU-1010 cultivar at
maximum tillering stage (EYI-4 and EYI-5) and thiiselates (EYK-6, EYK-
7 and EYK-8) from samples of Kapuguneri villagenfrgultivar BPT-5204 at
milky stage (Table 4.1).

Similarly, the extract of the leaf samples from Rahandra puram
mandal, the mean bacterial density resulted iningrirom 1.3 x 16/g to 4.8
x 10f/g.Among the samples, Nadavaluru village recordéghdst mean
bacterial density of 4.8 x $0/g of leaf followed by samples of Rayala

cheruvu with bacterial density of 1.8 x®i@of leaf.

Seven isolates were selected and purified frombtieterial colonies
obtained on NA medium from the leaf samples cafldah Kamma kandriga,
Nadavaluru and Rayala cheruvu villages of Ramaadlapdiram mandal.
Among them, two isolates were isolated from thegamof Kamma kandriga
village at milky stage of BPT-5204 cultivar (ERK-AcaERK-2). ERN-3 and
ERN-4 were isolated from Nadavaluru village at maximtillering stage of
BPT 5204. Isolates ERR-5, ERR-6 and ERR-7 and wetatésbfrom BPT

5204 of Rayala cheruvu village at panicle initiatgiage.
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A total of 29 endophytic bacterial isolates obtdirfeom 12 healthy
leaf samples collected from the cultivara, ADT-37, MTU-1010, BPT-5204
and RNR-15048 which are popularly cultivated int@har district (Plate 6).

There is an increased interest in the isolationmofophytes from the
associated crop plants of as they colonize plasué same as that of plant
pathogens thereby acting as biocontrol agents. iKkgem view of the
diversity of the plant species and significancehgiir functionalities, several
workers have isolated endophytes associated wehctbp plants for the
management of plant diseases. Similar reports wlgig@@ned by Nagendraat
al. (2013) who isolated 26 endophytic bacterial is@dtem different field
crop plantsviz, rice, greengram, cotton, redgram and rati, on Trypton
soya agar (TSA) medium while Chuegal. (2015) isolated 250 endophytic
bacterial strains from the rice roots on TSA medilhshaket al. (2015)
isolated five endophytic strains from rice seedsaaf cultivarsviz., Katy and
MH86 on Luria Bertani agar (LBA) medium using diturii plate technique.
Yousefiet al. (2018) screened eight cultivars of rice and isalaixty-three
endophytic bacteria from different parts of thenptaincluding leaves and
roots. Similarly,45 endophytic bacterial isolatesr&visolated from healthy
leaf samples on TSA medium from three cultivarsioé viz., MTU-1010,
NLR-34449 and BPT-5204grown in Chittoor and Nelldigtricts (Kavithaet
al.,2020).
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4.3 IN VITRO EVALUATION OF ENDOPHYTIC BACTERIA
AGAINST X. oryzae pv. oryzae

The aim of the investigation is to evaluate the gorastic efficacy of
the endophytic bacterial isolates, isolated from \illages across four
mandals of the Chittoor district against oryzae pv. oryzae. Antagonistic
efficacy was assayed undewitro by using Agar well diffusion method as

mentioned in Material and Methods 3.6.

Twenty-nine endophytic bacterial isolates were swdeagainstX.
oryzae pv. oryzae under in vitro. Among them, 26 isolates showed
antagonistic efficacy while three isolates.,, ESM-6, EYI-4 and ERN-4
showed zero inhibition in the screening. The infobi diameter among the 29
isolates varied from 0.0 to 14.5 mm. Highest inii was recorded in the
isolate EYK-3 (14.5 mm) where as other endophyttdraal isolates ECP-1,
ESR-5 and ECT-3 recorded inhibition zones of 12.3431and 10.53 mm
respectively (Table 4.2, Plate 7).

Similar results were obtained by Nagendeaal. (2013) who tested 40
endophytic bacterial isolates for their antagoaistificacy againstXoo.
Among all isolates, isolates FZB 24, EPB 10, EPB €CE@F 8 and EPCO 29
showed maximum diameter of inhibition zone of 2. Van Hopet al.
(2014) screened 167 isolates agakab races using agar-piece method and

found 17 strains were found to inhibit all X6o races.

El-shak et al. (2015) assessed the antagonistic efficacy of five
endophytic strains (Al, A2, A3, A13, and A15) amatrhizospheriaBacilli
(D29 and HB8) against BLBnvitro andinvivo. All the strains showed high
antagonistic efficacy againxt oryzae pv. oryzae with inhibition diameter of
28.5, 26, 13.33, 22.0, 17.33, 24.0 and 26.0 mmecsgely

Yousefiet al. (2018) screened 39 endophytic bacterial isolatesnat
Xoo strains and among them 21 isolates exhibited antsyo activity against
Xoo. Isolate OS59 recorded highest inhibitory actiwityh zone of 32.67mm.
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0S58, 0S43, 0OS20 and 0S40 produced inhibition zoh82.33 mm, 26.65
mm, 18 mm and 16.7mm, respectively. The antibadtexcdivity of P.
polymyxa Sx3 against 20 strains o by agar diffusion technique showed
inhibition diameter ranging from 0.33 cm to 0.57 after 24 h of incubation
(Abdallahet al., 2019).

Kavitha et al. (2020) screened 45 bacterial isolates against BLB
pathogen with zone of inhibition ranging from 0d0116.8 mm. Among the 45
isolates, isolate EMP-5 and EBK-3 showed highestgamigtic activity with

inhibition zone of 16.8 mm and 16.6 mm respectively

The isolates which recorded inhibition zone of miwan 10.0 mnviz.,
EYK-3, ECP-1, ESR5 and ECT-3 were consequently sudgetd gram
staining and found that EYK-3, ECP-1 as gram negatiide ESR-5 and
ECT-3 as gram positive. In shape EYK-3, ESR5 and E@pgeared as short
rods while ECP-1as spirillum (Plate 8).

Further the four endophytic isolates with inhititizone of more than
10.0 mmyviz, EYK-3, ECP-1, ESR-5 and ECT-3 were tested for the
production of defense related enzymes throughiaatifinoculation on rice

plants to identify the potential endophyte fordistudies.
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Table 4.2. Bio-efficacy of endophytic bacterial idates against BLB
pathogen(X. oryzae pv. oryzae) under in vitro.
S. No. Name of the isolate | Inhibition zone of antagonistic
activity (mm)

1 ESM-1 7.76
2 ESM-2 4.68
3 ESR-3 7.46
4 ESR-4 4.48
5 ESR-5 11.43
6 ESM-6 0.00
7 ESM-7 6.33
8 EYK-1 4.30
9 EYK-2 5.600
10 EYK-3 14.50?
11 EYI-4 0.00
12 EYI-5 6.20
13 EYK-6 4.40
14 EYK-7 2.06
15 ECP-1 12.36
16 ECP-2 5.33
17 ECT-3 10.53
18 ECT-4 3.26
19 ECT-5 8.33
20 ECS-6 7.26
21 ECS-7 3.30
22 ERK-1 5.08
23 ERK-2 4.20
24 ERN-3 2.08
25 ERN-4 0.00
26 ERR-5 5.30
27 ERR-6 4.20
28 ERR-7 2.10
29 ERR-8 6.1%
30 Control 0.00

C.D. 0.84

C.V% 9.68

*Mean of three replications

**Means in a column followed by same

different according to DMRT
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Plate 8. Bio-efficacy of endophytic bacterial isolates against BLB
pathogen (X. oryzae pv. oryzae) by agar well diffusion method.
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44  ESTIMATION OF DEFENSE RELATED ENZYMES
INOCULATED WITH EFFECTIVE ANTAGONISTIC
ENDOPHYTIC BACTERIAL ISOLATES AGAINST BLB
PATHOGEN IN RICE.

The experiment was conducted under greenhouse morglitThe
procedure of disinfection of seeds, sowing, traagjoshg and inoculation of
each of antagonistic endophytic bacterial isolet@sl Xoo was done as
described in 3.7 (Plate 9). The leaves were calttand used for assessment

of activity of different defense related enzymes.

The activity of Peroxidase (PO), Polyphenol oxidgg#0O) and
Phenylalanine ammonia lyase (PAL) were expresséerims ofAAs7omin/g,

AA2gdmin/g and pmol cinnamic acid/min/g respectively.

The activity of peroxidase started to increase f@¥nh post pathogen
challenging and reached maximum after 72 h inhalrice plants inoculated
with each of the effective antagonistic endophitcterial isolatesiz., EYK-
3, ECP-1, ECT-3 and ESR-5 individually. The activitly peroxidase was
maximum at 72 h after challenging and thereaftefigied from 96 h onwards
while in control the meagre increase in PO actidéclined after 72 h post
inoculation. Among the four effective antagonistndophytic bacterial
isolates, EYK-3 showed highest peroxidase activityz h (Table 4.3 and
Fig. 4.2).

Similarly, the activity of polyphenol oxidase stdtto increase from 24
h post pathogen challenging and reached peak &2dr in all rice plants
inoculated with each of the effective antagonistacterial endophytegiz,
EYK-3, ECP-1, ECT-3 and ESR-5 individually while inntml| there was
increase in the activity upto 48 h and thereafteclided from 72 h.
Ployphenol oxidase activity was maximum 72 h aftérallenging and
thereafter declined from 96 h onwards. EYK-3 showaghest polyphenol
oxidase activity at 72 h post inoculation (Tabl@ dnd Fig. 4.3).
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The activity of phenylalanine ammonia lyase (PALfreased with
pathogen challenging from 24 h in plants inoculatath EYK-3, ECP-1
isolates and reached peak after 72 h while in ECHSR-5 and in control the
peak activity was observed upto 48 h and whichided!from 72 h onwards.
Among the four effective antagonistic bacterial @pliytes, EYK-3 recorded
highest PAL activity (10.48 pumol cinnamic acid/mitégwves) (Table 4.3 and
Fig. 4.4).

The results clearly demonstrated the increased assisthof defense
enzymes like PO, PPO and PAL in plants inoculatedh weffective
antagonistic endophytic bacterial isolatez., EYK-3, ECP-1, ECT-3 and
ESR-5 after challenge inoculation wi¥oo pathogen. The increased defense
related enzyme activities in the endophytic baatéreated rice plants play

either a direct or an indirect role in the suppissf pathogen growth.

The accumulation of plant defense related enzym@s FPO and PAL)
in plant tissues is related with the plant defemesponse and induced
resistance by endophytic bacteria (Lia@l., 2011) and it is well established
fact that the appropriate stimuli or signals ared®ssl to induce defense genes
(Saikiaet al., 2016).

Increased PO and PAL activity was reported by Raowathy et al.,
(2002) in tomato infected bifusarium oxysporum and Pythium upon seed
treatment withP. fluorescence. The enzyme PAL catalyzes the conversion of
phenylalanine to trans-cinnamic acid intermediatesthe synthesis of
salicylic acid (Ryalst al.,1996).

The results were also in correlation with the stsidieChithrashreet al.
(2011) who treated rice seed with suspension aoldacterial strains SE34
and GBO03 followed by challenge inoculations witkoo increased
accumulation of phenylalanine ammonia-lyase, paywh oxidase and

peroxidases compared to untreated control seedlings
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Nagendraret al. (2013) reported about the PO and PPO activitthén
combination treatment of seed treatment @ 4g/kd seedling dip @ 4g/I
+s0il application @500g/ha + foliar spray @ 500agytith B. Subtilis (FZB
24) on challenging witbXoo at 4 days after inoculation compared to untreated
plants in control. The increased activity of PO &fO was observed only
upto the third day ofXoo inoculation in untreated control plants and

afterwards drastic reduction. Similar trend waseobsd in our results.

Similarly, increased activity of defense relatedzyanes including
Phenylalanine ammonia-lyase and Polyphenol oxidasd, Peroxidase was
observed in plant inoculated wiltseudomonas sp. Rh323 and P-solubilizing

bacteria in response ¥oo. (Yasminet al.,2016; Rasuét al.,2019).

Among the four effective antagonistic endophyticcteaa, EYK-3
endophytic bacterial isolate showed highest levekxpression of defense

related enzymes along with antagonistic efficacy.
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ECTS [ ESRS
Seedling dip with effective antagonistic bacteria clip inoculation with Xoo

EYK3

ECT3 —

Plate 10. Estimation of defense related enzymes in rice plants inoculated
with effective antagonistic endophytic bacteria
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Fig. 4.2. Expression levels of PO activity in rice phts treated with
effective antagonistic endophytic bacterial isolate and
inoculated with Xoo.
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Fig. 4.3. Expression levels of PPO activity in rice phts treated with
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46 MOLECULAR CHARACTERIZATION OF EFFECTIVE
ANTAGONISTIC ENDOPHYTIC BACTERIAL ISOLATES
BY 16S rDNA:

The antagonistic bacterial isolates., EYK-3, ECP-1, ECT-3 and
ESR-5 which recorded inhibition zone of more than01thm againstX.
oryzae pv. oryzae under invitro were considered as effective antagonistic

isolates and selected for molecular characterizatio
4.6.1 Isolation of DNA:

The extraction of genomic DNA from the potential ephlytic
bacterial isolates was done as per the procedurgioned in 3.8.2. The
guality of genomic DNA was analysed by running @f each sample on 1 per
cent agarose gel and quantity of DNA was arrivedyatusing Nanodrop
spectrophotometer (Table 4.6). The agarose gelysisabnd Nanodrop
spectrophotometer readings confirmed the qualityqurantity of DNA as pure.
The concentration of genomic DNA was adjusted t0 ©Q/ul for the 16S
rDNA amplification.

Table 4.4. Quantitative verification of genomic DNA of effective

antagonistic endophytic bacterial isolates by
spectrophotometer
S No. Endoprig/(t)ilc;l :Jeacterial A (260280 Con[c).Nc?Af\ t(rr;(; /?lcla)r.\omic
1 EYK-3 1.82 1718.6
2 ECP-1 1.88 1106.8
3 ECT-3 1.85 1314.9
4 ESR-5 1.90 2284.5
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4.6.2 Amplification of 16S rDNA from Effective Endghytic Bacterial

Isolates.

16S rDNA specific target primensz., 27F and 1492R were used for
PCR amplification of 16S rRNA region of effectivatagonistic bacterial
isolates. Both primers produced amplicon having sizapproximately 1400
bp observed on 0.8 per cent Agarose gel (Plate Tt} indicated that the
effective endophytic isolates were bacteria anargd to the kingdom of

prokaryotes.

16S ribosomal RNA sequences have been used exgnsiv the
classification and identification dkcteria. The comparison of almost
completel6S rRNAgene sequences has been widely used to establish
taxonomic relationships between prokaryotic strd®S rRNA region
identifies organisms by comparing certain locationsa 16S rRNA molecule
with a database of previously identified organismimse 16S rRNA mark is
known. It is considered to be fast and better adttve to other methods of
bacterial identification (Kim and Chun, 2014).

The results were in accordance with the reportshafn@et al. (2015)
who identified two endophytic strains YC7007 andO0 with the strongest
antagonistic activity using a polyphasic approathe 16S rRNA gene
sequence of the two strains was a continuous Bto#tt513 base pairs, which
aligned identically. Similarly, El-shak#t al. (2015) carried out 16S rRNA
gene sequence analysis using primers 16S f andr I66five endophytic
isolates (A1, A2, A3, A13 and Al5). Isolates A1, ABd Al3 belong to the
B. amyloliquefaciens strain 1A (KF112077), strain HS6-7 (JN661697) and
strain LO4 (JN700138), respectively. The isolat@safvd A15 were identified
as B. methylotrophicus strain Hk8-14 (JF899259) anB. subtilis strain
F321122 (EF423590) respectively.

Similar reports were obtained by Bangk al. (2016) extracted the

genomic DNA and genes were amplified using unidgrganers namely 27F
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and 1492R. Phylogenetic analysis based on 16S rBébfuencing divided
them into five groups belonging to five classesphal beta, gamma,
Proteobacteria and Actinobacteria. Wilasingeal. (2016) identified the

potential antagonistic bacteria using 16S rDNA.

Yousefi et al. (2018) extracted DNA from four most efficient
antagonistic endophytes (0S52, 0S40, 0S23 and O&¥abates were
amplified using universal 16S rDNA primers (P1 &%) and a PCR product
size of 1500 bp was obtained. It was shown thatighktes OS23, 0S40,
0OS52 and OS53 belonged Bacillus sp., B. subtilis, Enterobacter sp. and

Pseudomonas putida, respectively.

Kavitha et al. (2020) extracted genomic DNA from 12 endophytic
bacterial isolates and amplified the DNA using I&MNA specific target
primers27F and 1492R, a amplicon size of approximal400 bp were
formed and identified the potential endophytic baet EMP-5 as
Enterobacter asburiae.
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Plate 11. PCR amplication product obtained by 16S rDNA
L: Ladder 1: EYK-3 2: ECP-1

3: ESR-5 4: ECT-3
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4.7 EVALUATION OF PLANT GROWTH PROMOTING
CHARACTERS AND DISEASE REDUCTION IN RICE
TREATED WITH POTENTIAL BACTERIAL ENDOPHYTE
(EYK-3) UNDER FIELD CONDITIONS.

Among the four effective antagonistic endophytiacterial isolate,
EYK-3 showed highest antagonistic activity alonghwiticreased expression
of defense related enzymes on challenging Xab pathogen. Hence EYK-3
was selected for evaluation of its efficacy in thenagement of bacterial leaf
blight rice along with plant growth promoting chetexistics under field

conditions.

The experiment was conducted with cultivar NLR- 3t4iringrabi
2019-20 at Agricultural Research Station, NelloFee experiment was laid

out in a Randomized Block Design (Plate 12).
4.7.1 Effect on Per cent Disease Index

Among all the treatments imposed in the managemE®BiB under
field conditions, treatments{Seed treatment with EYK-3 @ A1Cfu/ml +
Seedling root dip with EYK-3 @Z2efu/ml) recorded lowest percent disease
index (7.3 %) and significantly superior over alher treatments including
untreated control. In other treatments the per desgase index varied from
10.7 to 17.3 per cent and 24.5 in untreated co(fiake 13).

4.7.2 Effect on Plant Height

Among all the treatments highest plant height (&5.)Bwas recorded in
T3(Seed treatment with EYK-3 @ 20fu/ml + Seedling root dip with EYK-3
@1@ Cfu/ml) which was significantly superior over alther treatments
including untreated control. In other treatmenenplheight ranged from 82.0
to 77.1 cm while in control it was 73.4 cm (Tablb d4nd Fig. 4.6).

The application of potential endophytic bacteria EJKluring the

early stages of the crop .i.én the treatments T1, T2 and T3 resulted in the
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increased plant height of 80.4, 82.0 and 85.3rés@d probably implying

the contribution of the endophytic bacteria to phent growth promotion.
4.7.3 Effect on No. of Tillers

Among all the treatments,sTSeed treatment with EYK-3 @ 40
Cfu/ml + Seedling root dip with EYK-3 @1Cfu/ml) recorded highest mean
tiller number of 24.3 which is on par withp(23.0). Treatments T1, T4, T5
and T6 recorded tiller number of 21.5, 19.4, 20.d 48.49 respectively.
Lowest tiller number was recorded in untreated @nir(17.0) (Table 4.5
and Fig. 4.7).

4.7 .4 Effect on Productive Tillers

Among all the treatments, highest no. of productillers (22.3) was
recorded highest in treatmend (Beed treatment with EYK-3 @ AGfu/ml +
Seedling root dip with EYK-3 @Z20Cfu/ml) 22.3 which is on par with
T219.93. Lowest productive tiller number (15.2) wasarded in untreated
control T7. Treatments 1, T4, Tsand T recorded productive tiller number of
19.7,17.2, 17.3and 16.6 respectively (Table 4.8.Fag. 4.8.).

4.7.5 Effect on Grain Yield

The grain yield in the treatments varied from 4859Hha to 6373 Kg
ha'. Among all the treatmentss TSeed treatment with EYK-3 @ AGfu/ml
+ Seedling root dip with EYK-3 @2Cfu/ml) recorded highest grain yield of
6373Kg hawhich was significantly superior over all other am@ents
including untreated control. The yields in treatnsehit(Seed treatment with
EYK-3 @ 10 Cfu /ml) (5781 Kgha), T2 (Seedling root dip with EYK-3
@1@ Cfu/ml) (5853 Kgha), T4 (Foliar spraying of Streptomycin sulphate @
100ppm + COC 0.3%) ands Were on par with each other (5782, 5853 and
5560 Kgha respectively) and significantly superior oveg dnd control
(Table 4.5., Fig. 4.9. and Plate 14).

73



In this present investigation lowest PDI of the Bldsease was
recorded in treatmentsT(Seed treatment with EYK-3 @ A@fu/ml +
Seedling root dip with EYK-3 @20Cfu/ml) which indicates that seed
bacterization with potential endophytic bacteria E3Kesulted in effective
colonization of endophytic bacteria contributinglte induction of resistance,

number of tillers and plant height.

Further the activation and accumulation of deferedated enzymes
viz., peroxidases, polyphenol oxidases and phemyla¢ ammonia lyase at
the sited infection might have resulted in the daace of the colonization of
pathogen. The reduction in the disease and theased biomass might have

resulted in recording of the highest yield (6373K$ in the treatment.

Biocontrol agents having plant growth promotingtsranay be used
in addressing the complicated and integrative phmeama of plant disease
suppression and growth promotion through plant argation (Yasmiret al.,
2016).

Jeyalakshmet al. (2010) found that the combination of seed treatme
soil application and foliar spray with. Fluorescens resulted in the minimum
disease incidence of bacterial leaf blight with maxm yield in comparison
with the chemical treatment and control. Hasalital. (2012) reported that
plants inoculated with endophytireptomyces spp. were significantly taller

and produced higher tiller number than control {gan

Nagendraret al. (2013) treated rice plots witBacillus subtilis var.
amyloliquefaciens (FZB 24) through seed treatment @ 4g/kg + seedlipg d
@ 49/l + soil application @ 500g/ha + foliar apption @ 500g/ha strain
registered a significantly lower intensity of ba@eleaf blight (2.80 %) due
to expression of defense related enzymes like jae®, polyphenol oxidase,
phenylalanine ammonia lyase and phenols comparendtteated control plots
(19.82%).Yasmiret al. (2016) observed increased activity of defense edlat

enzymes including phenylalanine ammonia-lyase, pgwyol oxidase, and
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peroxidase enzyme in plant inoculated witseudomonas sp. Rh323 which
significantly improved plant health in terms of vedd diseased leaf area
(80 %).

Yasminet al., (2017) reported that BRp3 inoculated rice plahtsaged
consistent suppression of BLB pathogen due to ptamumf secondary
metabolites (siderophores, rhamnolipids etc.) alsd due to induction of
defense related enzymes. The inoculation resultgttneased grain yield and

straw yield by 51 per cent and 55 per cent respagtunder field conditions.

Kavithaet al. (2020) reported that combination of seed treatmetit
EMP5 isolate @ 10cells mit + foliar application of EMP-5 isolate @210
cells mishowed highest reduction in disease index (4.92vé) increased
plant growth promoting ability in terms of plantidiet (80.8) cm increased
no. of effective tillers (97.4 %), grain yield (3B4&gha') and straw yield
(6013 kghd) over the untreated control.

The isolate used under field experiment EYK-3 wasébaffective in
growth promotion and reduction of disease. The isotlowed significant
potential to suppress BLB with the induction of dise resistance in rice
coupled with rice growth promotion. This strain m#gve the potential to be

used as bio-inoculant in rice production.
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4.5. Effect of potential endophytic bacterial solate (EYK-3) on
incidence of BLB in rice under field conditions.
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Fig. 4.6. Effect of potential endophytic bacterial solate (EYK-3) on
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Fig. 4.7. Effect of potential endophytic bacterialsolate (EYK-3) on tiller
number under field conditions.
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Fig. 4.8. Effect of potential endophytic bacterial solate (EYK-3) on
productive tiller number under field conditions.
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Effect of potential endophytic bacterialsolate (EYK-3) on grain
yield under field conditions.



Platel2. View of experimental site of the field of Rice during rabi 2019-20

T1 T2 T3 T4 TS5 T6 o g7

Plate 13. Severity of bacterial leaf blight of rice in different treatments.
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Spraying of EYK-3 in Rice field Symptom development i BLB
inoculated plant

Plate 14. Management of BLB of rice by potential endophytic bacteria
EYK-3 under field conditions. 79 (ii)
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Chapter -V
SUMMARY AND CONCLUSIONS

Rice Oryza sativa L.) is life for most of the Asians with more than
three billion people around the world consume ggery day. Paddy crop is
cultivated over a range of environments which igjetted to various types of
abiotic stress and biotic stress that ultimatefjuence the performance of the
crop. Rice diseases have always had a notableeirdi on rice supply.
Among the rice diseases, bacterial leaf blighhes most destructive disease

which cause yield loss upto 15- 90 per cent.

Bacterial Leaf Blight (BLB) pathogen was isolatednfr diseased leaf
sample on Nutrient agar (NA) medium which produsedjle well separated,
pin head sized, light yellow, mucoid, round andedi colonies with smooth

margins.

Pathogenicity forX. oryzae pv. oryzae was established by clip
inoculation method on rice cultivar NLR-34449. Tteghlpgen was re-isolated

from the inoculated plant, proving the Koch’s pdestes.

Healthy leaf samples were collected for isolattbendophytic bacteria
from four cultivarsviz, MTU-1010, BPT-5204, ADT-37 and RNR-15048
which were popularly grown in Chittoor district. Tlds a wide variation in
the mean population density of the endophytic bectemong the cultivars
(MTU-1010; 2.3x16 to 5.5x16), (BPT-5204; 1.3x1Dto 4.8x10), (RNR-
15048; 5.3x16) and (ADT-37; 2.9x19to 3.8x10) and also the stage of the

crop (1.3x10to 5.5x10) at the time of sample collection.

A total of 29 endophytic bacterial isolates webgamed from healthy
leaf samples collected from 12 villages spreadsacfour mandals of Chittoor
district. Among 29 endophytic bacterial isolateschihwere screened against

X. oryzae pv. oryzae underin vitro 26 isolates showed antagonistic efficacy
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while three isolatesiz., ESM-6, EYI-4 and ERN-4 showed zero inhibition in
the screening. The inhibition diameter among thesaftes varied from 0.0
to 14.5 mm andEYK-3 (14.5 mm) recorded highest itioi while other
endophytic bacterial isolates ECP-1, ESR-5 and EC&e8rded inhibition
zones of 12.3, 11.43 and 10.53 mm respectively.

The isolates which recorded inhibition zone of mitign 10.0 mnviz,,
EYK-3, ECP-1, ESR5 and ECT-3 were consequently sultjetdegram
staining and found that EYK-3, ECP-1 as gram negatitde ESR-5 and
ECT-3 as gram positive. In shape EYK-3, ESR5 and E@pgeared as short

rods while ECP-1 as spirillum.

Further the four endophytic isolates with inhifitizone of more than
10.0 mmyviz, EYK-3, ECP-1, ESR-5 and ECT-3 were tested for the
production of defense related enzymes throughiaatifinoculation on rice

plants to identify the potential endophyte fordistudies.

The activity of Peroxidase (PO) and Polyphenol csedéPPO) started
to increase from 24 h after post pathogen inoariadind was maximum at 72
h after challenging wittkoo and thereafter declined from 96 h onwards while
in control the meagre increase in PO activity wesd upto 72 h and declined
after 72 h post inoculation. Among the four effeetantagonistic endophytic
bacterial isolates, EYK-3 showed highest levelexjression of peroxidase

and polyphenol oxidase activity at 72 h.

The activity of Phenylalanine ammonia lyase (PAL)reased with
pathogen challenging from 24 h in plants inoculatgth EYK-3, ECP-1
isolates and reached peak after 72 h while in ECHSR-5 and in control the
peak activity was observed upto 48 h and whichidedlfrom 72 h onwards.
Among the four effective antagonistic bacterial @pitytes, EYK-3 recorded

highest PAL activity (10.48 p mol. cinnamic acid/fgileaves).
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The increased levels of expression of defense telatzymes in the
endophytic bacteria treated rice plants play eighdirect or an indirect role in

the suppression of pathogen growth.

The genomic DNA was extracted from four isolates EYK-3, ECP-1,
ECT-3 and ESR-5 and 16S rDNA specific target prinvezs 27F and 1492R
were used for PCR amplification of 16S rRNA regmheffective bacterial
isolates. Both primers produced amplicon having sizapproximately 1400
bp observed on 0.8 per cent agarose gel. This iedictnat the effective

endophytic isolates were bacteria and belongsaditigdom of prokaryotes.

Among the four effective antagonistic endophytiacterial isolate,
EYK-3 showed highest antagonistic activity alonghwilmcreased levels of
expression of defense related enzymes on challgngith Xoo pathogen.
Hence EYK-3 was selected for evaluation of itscaifly in the management
of BLB of rice along with plant growth promoting ¢hateristics under field

conditions.

Among all the treatments imposed in the managemeBLB under
field conditions, treatmentsT(Seed treatment with EYK-3 @ 4Gfu /ml +
Seedling root dip with EYK-3 @2@fu /ml) recorded lowest per cent disease
index (7.3 %) and in other treatments the per des#ase index varied from

10.7 to 17.3 while it was 24.5 in untreated control

Similarly the treatment sl[(Seed treatment with EYK-3 @ 4Gfu /ml
+ Seedling root dip with EYK-3 @2fu /ml) recorded highest plant height
(85.3 cm), No. of tillers (24.3), No. of productitikers (22.3) and grain yield
(6373 Kg ha) whereas lowest plant height (73.4 cm), No. dérd (17.0),
No. of productive tillers (15.2) and grain yield3g® Kg ha') were recorded

in untreated control T

Biocontrol agents having plant growth promotingts may be used in
addressing the complicated and integrative phenaman plant disease

suppression and growth promotion through plant argation (Yasmiret al.,
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2016). The results strongly make a point that ehgbp bacterial isolate
(EYK-3) could be efficiently used for the managemeinbacterial leaf blight

and as well as growth promotion of the plant.
Futureline of work

* Research need to be carried out on the colonizatidghe endophytic
bacterial isolate in different parts of the plaatsl the traits associated
with the colonization process.

* Population dynamics of the endophytic bacterialaigo need to be
studied for logically arriving at the required diyp®f the endophyte to
culminate the growth of the pathogen. This helpth@optimization of
the dosage for effective control of the disease.

 Formulation of the identified endophytic bacterieolate using
appropriate carrier material will pave the way fiegthod of application

in the effective disease management.
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