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Chapter-1

INTRODUCTION

The rhizosphere is the narrow zone of soil speadifianfluenced by the
root system and is hot spot of microbial abundasce the activity is due to
presence of root exudates and rhizodeposits (Saetadll, 2006). This zone is
rich in nutrients when compared with the bulk shike to the accumulation of a
variety of plant exudates, such as amino acidssagdrs, providing a rich source
of energy and nutrients for bacteria (Gray and Bm2005) and the bacteria
colonizing this habitat are called rhizobacteriaisTsituation is reflected by the
number of bacteria that are found around the robfdants, generally 10 to 100
times higher than that in the bulk soil. Infacte thoot system, which was
traditionally thought to provide anchorage and ketaf nutrients and water, is in
fact a chemical factory that mediates numerous ngndend interactions (Badri
et al., 2009; Walkeret al.,, 2003). These plant-associated bacteria can be
classified into beneficial, deleterious and neuabups (Dobbelaeret al,
2003). Beneficial free-living, soil bacteria araially referred to as plant growth-
promoting rhizobacteria, however, deleterious groinzlude pathogenic
microorganisms, while neutral group have neitheodgoor adverse effect on

plants.

Beneficial bacteria are reffered to as PGPR, domss only 1-2% of the
total population (Antoun and Kloepper, 2001) antecf plant growth in two
different ways, direct and indirect. The direct mpagion of plant growth by
PGPR entails either providing the plant with a coomd that is synthesized by
the bacterium, for example phytohormones, or fiatiiig the uptake of certain
nutrients from the environment (Bhattacharya and, 22012). The indirect
promotion of plant growth occurs when PGPR lesseprevent the deleterious
effects of one or more phytopathogenic organisrhgs §an happen by producing
antagonistic substances or by inducing resistagamst pathogens (Sivasak#ti
al., 2014). A particular PGPR may affect plant groattd development by using
any one, or more, of these mechanisms. PGPR, &eritiol agents, can act



through various mechanisms, regardless of thed irodirect growth promotion,
such as by known production of auxin phytohormatezrease of plant ethylene

levels (Glicket al, 2007) or nitrogen fixing associations with roots.

PGPR and their interactions with plants are ex@tbicommercially
(Podile and Kishore, 2006) and hold great prom@estistainable agriculture.
Applications of these associations have been ilgasd in maize, wheat, oat,
barley, peas, canola, soy, potatoes, tomatoeslsleradicchio and cucumber. A
variety of soil microorganisms have demonstratetivigag in the control of
various soilborne and seedborne plant pathogensteBa that reduce the
incidence or severity of plant diseases are ofedfened to as biocontrol agents
whereas those that exhibit antagonistic activityaxls a pathogen are defined as
antagonists (Beattie, 2006). The antagonistic Ibactenight be useful in
formulating new inoculants, offering an attractadéernative of environmentally
friendly biological control of plant diseases antproving the cropping systems

into which it can be most profitably applied (Benecet al, 2012).

Tomato (ycopersicon esculentum Milis one of the most widely grown
vegetables in the world. Cultivated tomato is daidy self-pollinating perennial
herb and its popularity among consumers has made important source of
vitamins A and C in diets. The tomato productiorotighout the world in an area
of 4,803,680 hectares was 161,793,834 tones. D@i®, Indian production
was 17,500,000 tones over an area of 87,000 hactaraking India second
largest producer of tomato in the world after Ch{RAO STAT, 2012). There
are nearly 200 known tomato diseases of diverssesaand etiologies throughout
the world. Among them, bacterial canker of tomatan economically significant

disease.

Bacterial canker is the most contagious and destaudisease of tomato
caused byClavibacter michiganensissp.michiganensiCmm) can drastically
reduce tomato yield and quality, thus causing surtistt economic losses both in
greenhouses and in open-field production. The mgihds seed borne, persists in
plant debris in soil and on contaminated greenhstrsetures and infected seeds

(Agrawal et al.,2012). It infects host plants via roots or woundd &vade the



xylem vessels, followed by a systemic infectiortte host which results in leaf
lesions, wilting, fruit lesions and ultimately yieloss of marketable fruits (Girish
& Umesha, 2005).

Disease control is often difficult due to the un&lality of commercial
cultivars with complete resistance to the disedlserefore, progress towards
breeding genetic resistant tomato lines has ongnbwodest (Lanteignet al.,
2012). Antibiotics and copper compounds, which pre\bacterial multiplication
and further infection, are used as chemical corittgl their use is banned or
severely limited because they leads to the selectb resistant bacterial
population and with limited efficacy when conditionfavour canker
development, respectively (Soylet al, 2003). Further, inorganic chemical
fertilizers are immobilized rapidly and become umitable to plants. Their use
not only causes solil erosion but also lowers tbhe greld and in turn disturbs the
environment, subvert ecology, degrade soil prodiigli mismanage water
resources. The decreasing efficacy of the chenpeaticides as well as risks
associated with their residues on the leaves ant] frave highlighted the need
for a more effective and safer alternative contmasures (Haggag, 2010;
Deshwal and Kumar, 2013).

Moreover, in developing countries like India, demhaof chemical
fertilizers for crop production has increased tradwisly due to the release of
several high yielding and nutrient demanding vasebdf crop plants which has
resulted not only in the deterioration of soil hledlut also has led to some major
environmental problems, besides increasing thetiopst for crop production.
Therefore, there is an urgent need to recycle avialorganics and manipulation
of rhizospheric microflora in a more efficient way improve and expand their
usage. Different combinations of chemical treatrmenglant activators and
biological control are being used for the contrbtanker in tomato, but none of
them approaches have so far proven to be succdssfutliable and constant
control (Slusarski, 2008). Search for ecologicalgaptable Plant Growth
Promoting Rhizobacteria with enhanced plant gropriimotory properties and
their use to enhance crop productivity and potéfiecontrol agents could be



beneficial which in-turn can improve the socio-emmic status of poor farmers
(Daset al.,2013).

Effective functioning of introduced PGPR as bioinlants is possible
only by exploring the large pool of indigenous smiicrobes (Hil] 2000).
Biological control through the use of beneficial cnoiorganisms or by the
combination of multiple antagonists colonizing ¢ thizosphere, surface and
inner tissues of healthy plants has emerged asomiging alternative to
chemical pesticides as a more rational and safgr kranagement over disease
control. PGPR exhibit several mechanisms of biaalgilisease control, most of
which involve competition and production of metated like antibiotics, cell
wall degrading enzymes, siderophores, and HCN addcing the systemic

resistance (Induced Systemic Resistance).

Therefore, in the present study, our objective teasvaluate the potential
of beneficial microbes as a bioinoculant to conbatterial canker of tomato-
vitro and on young tomato seedlings inoculated with gathogen under net

house conditions.



Chapter-2

REVIEW OF LITERATURE

Plant diseases have become a permanent threat lsimean societies
started to rely on agriculture as on a major foodviger. Back in history,
outbreaks of plant diseases resulted in human toapaes. For example, the
Great Potato Famine killed hundreds of thousandssif people and forced the
emigration to the USA in 1845-1846. Similarly, grdemic of brown spot rice
was the cause of a devastating famine in India 9431(Bent, 2002). Even
nowadays the crop loss due to phytopathogens lisastserious economical
problem in agriculture. It is estimated to causE5a20 % reduction of the crop

yield worldwide.

Pathogenic microorganisms affecting plant healéhaamajor and chronic
threat to food production and ecosystem stabilityrlewide. As agricultural
production intensified over the past few decadesdyrcers became more and
more dependent on agrochemicals as a relativelpbtel method of crop
protection helping with economic stability of theoperations. However,
increasing use of chemical inputs causes severgative -effects, i.e.,
development of pathogen resistance to the appligshta and their non target
environmental impacts. Furthermore, the growing cdgesticides, particularly
in less-affluent regions of the world, and consumdemand for pesticide-free
food has led to a search for substitutes for th@eelucts. There are also a
number of fastidious diseases for which chemichltems are few, ineffective,
or nonexistent. Biological control is, thus, betnansidered as an alternative or a
supplemental way of reducing the use of chemiaalagriculture (Compangt
al., 2005).

There are nearly 200 known tomato diseases of shverauses and
etiologies and among them, bacterial diseases @aosy big challenge in the
production of tomatoes worldwide. Bacterial pathtge@re important not only

because they reduce crop yield, but also due tainecompounds they produce



during proliferation on/in plants. These compountt]ed bacterial toxins, are
highly poisonous and can adversely affect humanaamahal health (Pitt, 2000).
Bacterial canker caused BJavibacter michiganensissp.michiganensispccurs
in all parts of the country and usually limits puation of tomatoesBacterial
canker, the most contagious and destructive diseagemato can drastically
reduce tomato yield and quality, thus causing suttistt economic losses both in
greenhouses and in open-field production (Menzied aarvis, 1994). The
pathogen is seed borne adiease is spread from plant to plant by cultural
practices such as transplanting and pruning. Pathpgrsists in plant debris in
soil and on contaminated greenhouse structuresnéexted seeddt infects host
plants via roots or wounds and invade the xylenseiss followed by a systemic
infection of the host.

For instance, it causes severe yield loss undeousemattack. Also it
reduces the market value of crops because of #fiddgions and wilting, lesions,
spots and cankers it forms on the fruit (Girish &ékha, 2005). This reduction
in market value leads to monitory losses. Alsodb&t of managing the disease is
quite expensive leading to more monitory losse® disease has no cure and is
very persistent in the soil for about three yeditss calls for crop rotation for
about three years which may not be economicallgilié& due to land constraint

problem.

The disease was first described by Erwin F. Smiitiomato growing in
greenhouses at Grand Rapids, Michigan and call&@tahd Rapids disease but
later named it bacterial canker. After 1926 it wegorted from New York, New
Jersey to California and in several southern stdtesaused losses in Canada,
most European countries, Israel, Morocco, Kenyajtlsd\frica, Australia and
New Zealand. It is a serious disease throughout Woeld in favourable
conditions. At 31-83% systemic infection of seegéinup to 46 per cent loss in

yield may occur (Agrawadt al.,2012).

The gram positiveactinomycete bacteria enter the plant thromgkural
openings and wounds colonies on xylem vess@ld lead to typical disease

symptoms: light browrdiscoloration of the vascular tissues, wilting eaves,



sometimes one-sided asymmetric and necrotic lesionkeaves, canker lesions
on stems and petioles. If plant infection occuosfrseed or seedlings a systemic
disease infection will develop and the plant wi#,dbtherwise, if infection occurs
at late stage of plant development plants will bée do survive and generate
fruits that can have bird’s eye spots. (Catisl.,2012).

The bacterial canker account among the most impopaytosanitary
tomato problems. It is a very contagious and dest@ disease in tomato crop
both under controlled and field conditions. The tbaal canker can cause
significant damage which may go up to the destonctif 100% crop (Boudyach
et al.,2001). This disease is very difficult to contrdhis is because it’'s hard to
detect because it has varying symptoms. No chesnizad effectively control the
disease. Some methods of managing the diseaseé)the use of certified seeds
and clean planting materials. This prevents theodhiction of the disease to

places where it was not in existence.

Soil sterilization on green houses and fields s another method of
controlling the disease. Sterilization ensures thatsoil or planting media is free
of innoculum either from previous season or otheurses and hence helps

ensure healthy plants.

So far, many investigations have been carried oufind adequate
methods for the control @lavibacter michiganensi®ut none has been found to
be completely effectivePreventive cultural management recommendations
include the use of certified seeds and healthy spiamts, greenhouse
disinfection, plant debris removal or plowdown antbtation with

non-solanaceous plants for at least two yades¢ic et al.,2012)

Applications of fixed copper plus either maneb antozeb and copper
chelating compounds such as 8-hydroxy-quinoline meduce populations of
Clavibacter michiganensisefore symptoms appear, but they generally hatle lit
impact on disease control. Spraying copper basadidides to lower disease
levels, suppresses the bacteria activity and kiédpsow economic injury level

(Seeboldet al., 2003). The chemical treatments recommended faer disease



only reduced the population of the pathogen instiiace of the infected plants.
Although the control of this bacterial disease ourgs to be difficult, prevention
was the first defense line. Given the inefficieméychemical treatments and their
impact on health and the environment, researchdavelopment of alternative
methods are recommended and biocontrol is the prosthising way to control
the disease (Talilst al.,2011).

Some bacteria are associated with the roots @f glants, have beneficial
effects on their host, and are referred to as gemwth-promoting rhizobacteria
(PGPR). PGPR are free living bacteria that may heresficial effects on plants,
viz. seedling emergence, colonizing roots, stimgatoverall plant growth,
mineral nutrition, and water utilization, as wel @isease suppression. The
manipulation of the crop rhizosphere with PGPR tloe biocontrol of plant
pathogens has shown considerable promise. Sigildué presence of rhizobia
in the rhizosphere may also protect host roots fdamage caused by pathogens
(Akhtaret al.,2012).

PGPR are highly diverse and in this review we $oou rhizobacteria as
biocontrol agents. Their effects can occur via lloamatagonism to soil-borne
pathogens or by induction of systemic resistananat pathogens throughout
the entire plant. Several substances produced tagamistic rhizobacteria have
been related to pathogen control and indirect ptmmoof growth in many
plants, such as siderophores and antibiotics. kdlsgstemic resistance (ISR) in
plants resembles pathogen-induced systemic acquasidtance (SAR) under
conditions where the inducing bacteria and the lehging pathogen remain
spatially separated. Both types of induced restgtaander uninfected plant parts
more resistant to pathogens in several plant spedihizobacteria induce
resistance through the salicylic acid-dependent Spd&thway, or require
jasmonic acid and ethylene perception from the tpfan ISR. Rhizobacteria
belonging to the generBseudomonasnd Bacillus are well known for their
antagonistic effects and their ability to trigge8Rl. Resistance-inducing and
antagonistic rhizobacteria might be useful in folating new inoculants with
combinations of different mechanisms of actiondieg to a more efficient use

for biocontrol strategies to improve cropping sysgBeneduzet al.,2012).



21 ROLE OF PGPR:
2.1.1 PGPR as biocontrol agents
2.1.2 PGPR as growth promoters
2.1.1 PGPR as biocontrol agents

Biological control refers to the purposeful wétion of introduced or
resident living organisms, other than disease tagtifost plants, to suppress the
activities and populations of one or more planhpgéens (Ouda, 2014). This may
involve the use of microbial inoculants to supprassngle type or class of plant
diseases. Or, this may involve managing soils tonate the combined activities
of native soil- and plant-associated organisms tbantribute to general
suppression. Most narrowly, biological control reféo the suppression of a
single pathogen (or pest), by a single antagoimst,single cropping system (Pal
and Gardner, 2006).

Pathogenic microorganisms affecting plant healéheamajor and chronic
threat to food production and ecosystem stabilitylewide. Growing cost of
pesticide free food has lead to the search fortdutes for these products.
Biological control is thus being considered as kar@ative to reduce the use of

chemical fertilizers in agriculture (Gerhardson02j

Kerr in 1972discovered and developed the first biocontrol systey
isolating non-pathogenic strains @éfgrobacterium radiobacterfrom disease
sites, and testing their ability to compete withthpgenic strains in mixed
inoculations. He found several non-pathogenic mtrahelped to reduced
infection, but one strain in particulaf. radiobacterstrain designated as K84
completely prevented disease when added to wodes & a 1:1 ratio with cells
of Agrobacterium tumefacieng his strain is the one that is successfully used
against pathogenic strains Afjrobacteriumon different hosts. It is used until
now and marketed globally by several companies muadange of trade names
(Tolba and Soliman, 2012).



2.1.1.1Mechanisms of biocontrol

PGPR provide different mechanisms for suppressilagnt ppathogens.
These include competition for nutrients and sp&akihavatchaliet al., 2012),
antibiosis by producing antibiotics viz., pyrrohmt, pyocyanine, 2, 4-diacetyl
phloroglucinol (Haas and Keel, 2003) and productbaiderophores (fluorescent
yellow pigment) viz., pseudobactin which limits dahility of iron necessary for
growth of pathogens (Krewulak and Vogel, 2008; @sat al., 2008). Other
important mechanisms include production of Iytieynes such as chitinases and
B-1, 3-glucanases which degrade chitin and glucasgmt in the cell wall of
fungi (Zahiret al.,2004; Glicket al.,2007), HCN production and degradation of
toxin produced by pathogen (Noori and Saud, 2013).

2.1.1.1.1PGPR as siderophore producers

Iron is the most important micronutrient used bynoorganisms and is
essential for their metabolism, being required asfactor for a large number of
enzymes and iron-containing proteins (Daateal., 2006). Under iron-limiting
conditions, microorganisms produce a range of icbelating compounds or
siderophores which have a very high affinity forifeions. These bacterial iron
chelators are thought to sequester the limited Igupp iron available in the
rhizosphere making it unavailable to pathogeniogfuthereby restricting their
growth (Bholayet al., 2012). Some PGPR strains go one step further eand d
iron from heterologous siderophores produced bybiimg micro-organisms.

Neilands and Leong (1986) concluded that theretieast three ways by
which siderophores could affect plant life. Firstlige chelaters act in the soil to
solubilize and transport Fe (lll), a very importanineral in plant nutrition. A
second possible effect of siderophores may behé@ddcilitation of plant disease
and the third mechanism is a type of biocontrolwhich certain microbial
species, such as fluorescent Pseudomodateurage the growth or metabolic

activities of competing microorganisms.

Rachid and Ahmed (2005) studied the biosynthesisidérophores in
four basal media supplemented with different cotre¢ions of iron. They

10



observed that ferric ions increased the growthdyeshd completely repressed
siderophores production above 200 g/l, but had satige effect below 160 g/l
and also found that penicillin and lead elicited groduction of siderophores in

the presence of excess iron.

Sarodeet al. (2009) obtained thirty-two bacterial isolates frommeat
rhizosphere and subsequently testedirievitro siderophore production. Wheat
isolate SCW1, being a strong siderophore produ@s selected, identified and
confirmed asAcinetobacter calcoaceticu3he strain produced catechol type of
siderophores during exponential phase which wdadnted by iron content of
medium. Seed bacterization with siderophoregéxiccalcoaceticusmproved

plant growth in pot and field studies.

Ramos Solanoet al. (2010) evaluated plant growth promoting
rhizobacteria (PGPR) isolated from the rhizosphefewild populations of
Nicotiana glaucaGraham in south-eastern Spain for siderophore chutithase
activity. They observed that ninty six isolates evsiderophore producers, and 56
of them were also able to produce chitinases. Dilgyeof these strains to induce
systemic resistance against the leaf patho¢@rthomonas campestrils tomato
was evaluated. Most of the strains effectively medlidisease symptoms up to
50%.

Nakouti and Hobbs (2012) isolated organisms on liasis of their
survival in an iron-limited environment. The sumig of this treatment were
largely actinomycetes. The most prolific producassassessed by the Chromo
azurol sulphate assay were further characterizddamd to belong to the genus
Streptomyces

Tan et al. (2013) isolated two tomato root colonizing straiBscillus
amyloliquefacien€€M-2 and T-5, after the enrichment procedure onrtiugs of
tomato seedlings and evaluated for their antagorastivities against pathogenic
Ralstonia solanacearunRS) in vitro. Both strains were recovered from the
interior of the stems and roots of plants. Theywst positive reactions for

ammonia, indole acetic acid and siderophores ptamucand phosphate
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solubilizing activity. The data proved the potehtaf isolated strains for

biocontrol of tomato bacterial wilt.

Ahemad and Kibret (2014ssessed the role of the siderophore-producing
Pseudomonastrain GRP3 on iron nutrition dfigna radiate After 45 days, the
plants showed a decline in chlorotic symptoms amah,i chlorophyll a and
chlorophyll b content increased in straBRP3 inoculated plants compared to

control.

2.1.1.1.2PGPR as HCN producers

A secondary metabolite produced commonly by riphese
microorganisms is hydrogen cyanide (HCN), a gaswknto negatively affect
root metabolism and root growth (Martinez-Viveres al., 2010). Cyanide
production is one of the possible ways by whiclzeobacteria may suppress plant
growth in soil. Although cyanide acts as a genenatabolic inhibitor, it is
synthesized, excreted and metabolized by hundrédsrganisms, including
bacteria, algae, fungi, plants, and insects, aseannto avoid predation or
competition. It affects sensitive organisms by loimg the synthesis of ATP
mediated cytochrome oxidase and is a potentialesavitonmentally compatible

mechanism for biological control of weeds.

Nielson et al. (2002) reported HCN production bfseudomonas
fluorescenstrains inhibit the fungal growth éfythium ultimumandRhizoctonia

solaniin sugar beet rhizosphere.

Rametteet al. (2003) isolated, purified indigenodseudomonasp. and
evaluated their ability in HCN synthesis. The effeof these strains on stem
length, root length and stem length/root lengtle ratrye, wild barley and wheat
were evaluated in 3 differemt vitro tests examining the effects of gas and liquid
metabolites produced by the bacteria. The reshtisved that the gas metabolites
reduced more than 90% of root and shoot growtheeds and draw conclusion
that cyanogeni®seudomonas fluorescehad the potential of biological weed

control.
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Wani et al. (2007) tested the rhizospheric isolates for HCNdpmionin
vitro and found that most of the isolates produced HCHl lalped in the plant
growth. The isolates from the rhizospheric soilchickpea also exhibited more
than two or three PGPR traits including HCN produgtwhich promotes plant
growth directly or indirectly or synergisticallyqSephet al.,2007).

Rudrappaet al. (2008) elucidated the role of cyanide production in
Pseudomonad virulence affecting plant root growtid ather rhizospheric
processes. Growth inhibition of lettuce and bardygrass by volatile metabolites
of the cyanogenic rhizobacteria confirmed that H@Nthe major inhibitory

compound produced.

Suprajaet al. (2011) isolatedifteen bacterial isolates from rhizospheric
soils of redgram and maize crops in the Rangareddsict. The results indicated
that all the 15 isolates inhibited the growth ohdal pathogen except MPF-1.
And concluded thaEluorescentPseudomonashibited the growth oFusarium

moniliformedue to production of HCN and siderophores.

Mazhar and Hasnain (2011) tested cyanobacteriainstrisolated from
rice fields for different plant growth promotingaits such as phosphate
solubilization, nitrogen fixation and hydrogen cigaand auxin production. The
two selected cyanobacterial strains were identifigsgphormidium SM-14 and
SM-15. Both strains were able to solubilize phosphfix atmospheric nitrogen

and produce hydrogen cyanide.

Lanteigneet al. (2012) investigated the antagonistic capacity &PG
and HCN, both produced Wseudomonasp. LBUM300, onC. michiganensis
subsp. michiganensisunder in vitro and in planta conditions. In planta,
Pseudomonassp. LBUM300 was capable of significantly reducingsedise
development an€. michiganensisubspmichiganensishizospheric population,
suggesting that the production of both DAPG and H@¥ involved. Therefore,
simultaneous DAPG/HCN production lBseudomonasp. LBUM300 shows

great potential for controlling bacterial canketaiato.
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Pseudomonasp. is a widespread bacteria in agricultural saiisl the
most effective strains oPseudomonasre gram negative, motile, rod shaped
bacteria and have various phytobeneficial traitseiil plant growth promoting
activities include production of HCN, siderophorgsptease, antimicrobials,
phosphate solubilizing enzymes. Noori and Saud 3p8fudied, the production
of HCN, siderophores, antimicrobials and phosphstéubilisation by 20
Pseudomonaisolated from rhizosphere soils of paddy.

Bhagatet al. (2014) studied the effect afxteen nativeMesorhizbumsp.
on Fusariumwilt in chick pea undem-vitro conditions. Out of 16 Mesorhizbum
sp. along with refrence Mesorhizbum sp. LGR 3 ths64% isolate were found
positive for HCN production. Three native isolatésviesorhizbum sp. LGR 14,
LGR 15 and LGR 16 were able to produce maximum HN essentially a

mechanism involved in biocontrol.
2.1.1.1.3 Lytic enzymes produced by PGPR

Enzymes are the organic catalysts produced gepdnainicroorganisms,
differing from other catalysts and constitute thels which determine the course
of the multitude of life process. Various kinds @fizymes are produced by
microorganisms. The antagonistic activity againffecent type of microbes may
also be due to the production of lytic enzymes #natproduceth vitro or in vivo
by microorganism. An enzyme chitinase and chitabigsoduced by some
bacteria and fungi lik&lucor, TrichodermaandPseudomonaspecies possessed

lytic effect which was related to antagonistic beba(Benitezet al.,2004).

Chitinases are particularly useful in agriculture lkiocontrol agents
against fungal phytopathogens because of theiityabal hydrolyse the chitinous
fungal cell wall (Sureshet al., 2010; Wahyudiet al., 2011). Different
Paenibacillusstrains are inhibitory to bacteria and or fungdtriluted to the
production of antimicrobial substances and cell ln\dabgrading enzymes
(B-1,3-glucanases, cellulases, chitinases and pesgéBudiet al.,2000).

Radjacommareet al. (2004) studied the association of the hydrolytic

enzyme chitinase againRhizoctonia solanin rhizobacteria treated rice plants.
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Increased induction of the pathogenesis relatethalse isoform irPseudomonas
treated rice in response R solaniinfection indicated that the induced chitinase

has a definite role in suppressing disease devedopm

Ramos Solanet al. (2010) screened 960 strains in the rhizospheng. of
glauca to isolate PGPRs associated to this genus. A sulifsd42 isolates
constituted by the most abundant parataxonomicpgrowere characterized based
on metabolic activities regarded as putative PGPast (siderophores and
chitinase production).

Kumar et al. (2012) studied the hydrolytic enzymes viz., chis@a
proteasef-1, 3 glucanase and cellulase from twenty eigatillus sp. isolated
from tomato rhizospheric soil in IIVR farm (DPNSB-4b 7), IIHR farm
(DPNSB-8 to 15), IARI farm (DPNSB-16 to 20) andrfaof APHU (DPNSB-21
to 28). Among these strains, IARI isolate of DPNSB-exhibited the highest
chitinase activity (4.65 1U/ml), IIHR isolate of INSB-15 produce highest
protease activity (0.79 IU/ml), maximunfi-1, 3 glucanase production was noted
in Bacillus strains viz., DPNSB-14 (lIHR isolate), DPNSB-2R isolate) and
DPNSB-20 (IARI isolate), range from 0.24 1U/ml ta30 IU/ml, cellulase
production was made by isolates of IIVR, DPNSB-F%0IU/ml) and DPNSB-1
(0.60 1U.ml) respectively.

Rodrigueset al. (2014) conducted a study an to evaluate the anisigo
activity of a bacterial strairBacillus circulans against Curvularia lunatg
Alternaria alternataand Cladosporium sp.which are important seed and soill
borne pathogens distributed throughout the wotldvds observed that a clear
hydrolytic zone was visible around the bacteridtwre in the chitinase plate.
This zone indicated that the bacterium was capablatilizing the substrate
chitin. After 48 hrs of incubation, the qualitatigsereening resulted in clear
hydrolytic regions 20 mm in diameter, around théura colony. Thus the test
bacilli screened and selected for the production chitinees capable of
degrading the substrate chitin, which is a majarcstiral component of fungi cell

walls.
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Seleimet al. (2014) studied the effect of certain bioagentstii@ control
of bacterial wilt of tomato under greenhouse apttifconditions and the effect of
these bioagents in induction of some enzyme agtinitplanta e.g. Peroxidase
(PO) and polyphenoloxidase (PPO). Under greenhoaaditions the effect of
Pseudomonas putidandP. fluorescensand their combination were studied, and
found thatboth of them reduced the disease 60 and 66.67%ectgely andhe
combination treatment reduced the disease 53.33%6. énder field conditions
P. putidawas the best in reduction of the disease followgdhie combination

and therP. fluorescens

2.1.1.1.4 Antibiosis

The production of one or more antibiotics is thechamism most
commonly associated with the ability of plant grbvpromoting bacteria to act as
antagonistic agents against phytopathogens (Gdickl., 2007). The basis of
antibiosis, activity of biocontrol based on seaetiof molecules that kill or
reduce the growth of the target pathogen, has bedmtter understood over the

past two decades (Lugtenberg and Kamilova, 2009).

Gupte and Kulkarni (2002) determined the corregele of the three
process parameters identified as the important ni@ximum production of
antifungal antibiotic by the newly isolated straiof Streptomyces
chattanoogensisSeveral abiotic factors such as oxygen, temperatpecific
carbon and nitrogen sources and micro-elements e identified to influence

antibiotic production by bacterial biocontrol age(Raaijmakerst al.,2002).

Girish and Umesha (2005) used plant growth prongotinzobacteria in
managing bacterial canker disease of tomato. The o& reduction in the
bacterial canker disease incidence was directlypgtonal to the amount of

increased level of phenylalanine ammonia lyase (Ra#id total phenol content.

Sultanaet al. (2004) studied the production of antifungal artiiai
activity of B. megateriumand observed th&. megateriumantagonized growth
of Dematophora necatrixhe causative organism of the most destructiveadis

white root rot of apple.
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Lanteigneet al. (2012) investigated the antagonistic capacity GAP
produced byPseudomonasp. LBUM223, and DAPG and HCN, both produced
by Pseudomonasp. LBUM300, onC. michiganensisubspmichiganensisinder
in vitro and in planta conditions. In planta, oflgeudomonasp. LBUM300 was
capable of significantly reducing disease develapmend C. michiganensis
subsp.michiganensighizospheric population, suggesting that the pctida of
both DAPG and HCN was involved. In summary, simngaus DAPG/HCN
production byPseudomonasp. LBUM300 shows great potential for controlling

bacterial canker of tomato.

Zhouet al.(2012) isolated a bacterial strain J12, from theasphere soil
of tomato plants strongly inhibited the growth ofiypopathogenic bacteria
Ralstonia solanacearum Strain J12 was identified asPseudomonas
brassicacearumbased on its 16S rRNA gene sequence. J12 couldupeo
2,4-diacetylphloroglucinol (2,4-DAPG), hydrogen nige (HCN), siderophore(s)
and protease.

Samvatet al. (2014) tested five strains of Pseudomonas ag&nsblani
causing damping off disease in cotton seedlinge fMsults showed that five
isolates ofP. fluorescentsignificantly inhibited the growth oR. solani The
efficacy of phenazine producing a wild type strairP. aureofaciensvas higher
than its non-phenazine producing mutant, indicatingt phenazine plays an
important role in the antagonistic activiby P. aureofaciensThe indication is,
that production of this antibiotic is a major argaggtic mechanism of this

bacterium.

Loganatharet al. (2014) observed that plant growth promotBacillus
subtilis (BS2) was found effective against tomato wilt caudsy Fusarium
oxysporumf sp. lycopersiciunder field conditions. Induction of phenyl alanine
ammonia lyase (PAL), peroxidase (PO) polyphenotlaze (PPO), chitinase and
phenol was observed in plants treated with PGPR ghallenged with FOL.
Induction of PAL was more in PGPR treated plantlenged with FOL and the
effect was greater in BS2 (30.53 nmol min-1 mg-dljofved by BA1l (29.10
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nmol min-1 mg-1), pathogen inoculated control (B2rGnol min-1 mg-1) and

untreated control (20.00 nmol min-1 mg-1).

2.1.1.1.5 Induced Systemic Resistance

Plant growth-promoting rhizobacteria (PGPR) are mgnahe various
groups of plant-associated microorganisms that elait plant defenses (van
Loon and Glick, 2004). In concert with the termimgy used by van Loon and
Glick in their recent review of PGPR, we will udgetterm induced systemic
resistance (ISR) for the process whereby treatroepiants with PGPR elicits
host defense as indicated by reduction in the ggver incidence of diseases
caused by pathogens that are spatially separabed tine inducing agent. The
event of ISR Induced systemic resistance has besrwistrated in various plants
inoculated with different species of rhizobactei&e ISR occurs when plants
previously exposed to biotic and abiotic agentsiadeiced to defense against

pathogens, which are spatially separated fromrntieder agent (Rathore, 2014).

Induced resistance is a state of enhanced defecapaecity developed by
a plant reacting to specific biotic or chemicalnsili. In 1991, the research
groups of B. Schippers in Baar and J. W. KloeppeAuburn, AL, discovered
independently that induced systemic resistance)(ISR mode of action of plant
growth-promoting rhizobacteria (PGPR), in suppregsidiseases. The
involvement of ISR is typically studied by Bakker al., (2007) in systems in
which the Pseudomona$acteria and the pathogen are inoculated and remain
spatially separated on the plant, e.g., the bacterithe root and the pathogen on
the leaf, or by use of split root systems. Sincedmect interactions are possible
between the two populations, suppression of diselselopment has to be

plant-mediated.

Kloepperet al. (2004) studied thaBacillus spp. elicit ISR and promote
plant growth. First, specific strains of spore-fargBacillus spp. can elicit ISR
that results in reduction in disease severity loyaad range of pathogens. ISR is
also well documented in the literature using flsoent pseudomonad PGPR.
Second, the same strainsRHcillus spp. that elicit ISR typically promote plant
growth. With fluorescent pseudomonads, ISR is otlasely associated with
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growth promotion. Perhaps this difference indicatesme fundamental
differences in plant response Bacillus PGPR in comparison to pseudomonad
PGPR, but no specific studies comparing multipfeeats of plant response to the
two groups of PGPR have been reported.

Masunakeet al. (2009) studied the biocontrol agdPythium oligandrum
(PO) that can suppress bacterial wilt causedrblgtonia solanacearufRS) in
tomato. The tomato plants were pretreated withilstevater or preinoculated
with PO followed by inoculation with RS. In plarttgat were preinoculated with
PO, the movement of RS was suppressed, bactergaegupto be restricted to the
pit of vessels and a reaction similar to that oleserin resistant rootstocks. PO
was not observed near wound sites or root tips evi® tended to colonize.
However, RS colonization was significantly repressd these sites in PO
preinoculated plants. These observations suggest thie induction of plant
defense reactions is the main mechanism for th&raoof tomato bacterial wilt

by PO, not direct competition for infection sites.

The plant growth promotingPseudomonasstrains, which induced
resistance systematically in watermelon to gumneynstot, are investigated on
their induced systemic resistance (ISR) - relatbdracteristics. Their work
supports the concept that PGPR can protect plagasst the pathogens by
inducing defense mechanisms by iron-binding sideoop, HCN and other
associates. The plant growth promoting rhizobagtexduced systemic protection
against Tomato late blight. Undiervitro conditionsP. fluorescen$ENPF1) and
P. chlororaphisisolate (BCA) promotes plant growth and induce eyst
resistance against stem blight patho@arrynespora cassiicolan P. amarus
(Saharan and Nehra, 2011).

Investigation was carried out by Mishea al. (2014) to evaluate potent
rhizobacterial isolates against ToLCV (Tomato Le@url Virus). The
investigations were carried out with potent rhiztibaal isolates alone and,
along with elicitor molecules such as chitosan étednine its ability to control
ToLCV in tomato. Application of chitosan or the beral inoculant alone was

not effective to control the severity of ToLCV dise. However, the plants
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inoculated with the chitosan based formulation a&fedlomonas sp.(206(4)
+B-15+ JK-16) recorded the highest activity of ISfblecules and recorded
maximum plant height, total biomass, chlorophyhiamt, fruit number and yield
over the diseased control. The quantification ohlvioad was done by semi
guantitative PCR analysis which revealed the lowesal load in plants
inoculated with both chitosan and Pseudomonas 86(42 + B-15+ JK-16.

Hence, suggesting the involvement of ISR in biosmdmhechanism.

2.1.1.2 Biocontrol by PGPR

Bacterial canker disease of tomato has spreaddififierent regions all
over the world, causing considerable losses upO8 of the yield mainly in
out-door tomato crop production (Boudyasthal.,2001). Bacterial canker is one
of the most difficult tomato diseases to contrat@iit has established in vascular
tissues of the crop for long periods and becomes-bern, control measures

used are not sufficient enough any more to elineitia¢ disease.

Boudyachet al. (2001) isolated 178 bacterial strains, antagantstivards
Clavibacter michiganensis subsp. michiganensise strains were characterized
on the basis of the Gram stain, sporulation, flsoceace on King's B medium and
physiological tests. All of the strains inhibited @. subspmichiganensison
nutrient-broth yeast extract agar (NBYA), with zergd inhibition ranging from
2-30 mm. Twenty-four strains were selected forrtladility to colonize tomato
roots. Less than a third (7/24) completely colodi#tee roots of all the seedlings.
Only six strains colonized the main and lateraksai 50% of the seedlings, and
eleven colonized < 50% of the seedlings. Eighteteains were screened in
greenhouse pot experiments for control of bacteaaker. Only three of the 18
strains reduced infection when applied as a seeakntrent compared to the
untreated control. The majority of the strains @#tlithe infection totally when
applied as a seed treatment followed by a rootrtresat before transplanting
compared to the control. This combined treatment wsanificantly more

efficient than the seed treatment alone.

Bashan and Bashan (2002) observed that seed itioculavith

Azospirrilum brasilenseombined with a single streptomycin foliar treatmnamnd
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two foliar bactericide applications at 5-day intde/reduced disease severity of
bacterial speck caused Bseudomonas syringav. tomato in tomato seedlings
by over 90% after 4 weeks, and significantly slowikeskase development under
mist conditionsA. brasilensancreased the level of salicylic acid in inocuthte
plants. Treatment of tomato seeds that were adiifyc inoculated with P.
syringae pv. tomatg with a combination of mild chemothermal treatmefit,
brasilenseseed inoculation, and later, a single foliar amgian of a copper
bactericide, nearly eliminated bacterial leaf spesken when the plants were

grown under mist for 6 weeks.

Utkhede and Koch (2004) conducted experiments terahene the effects
of treatments olavibacter michiganensssp.michiganensis in vitr@onditions
and on young seedlings inoculated with tpathogen under greenhouse
conditions. Treatments witB. subtilis andTrichoderma harzianumysozyme,
vermicomposteRhodosporidium diobovatyrB. subtilisapplied as a spray at 0.3
g/l, 0.6 g/l, 10 g/l, concentrated, 1 x°Xdu/ml, and 0.5 g/l, respectively, have the
ability to prevent the incidence of bacterial canké tomato plants caused by

Clavibacter michiganensissp.michiganensisinder greenhouse conditions.

Girish and Umesha (2005) studied the plant growttompting
rhizobacteria in managing bacterial canker of tamdabmato seeds were treated
with PGPR strains vizBacillus pumilusINR7, Bacillus pumilusSE34,Bacillus
pumilus T4, Bacillus subtilis GBO3, Bacillus amyloliquefaciengN937a and
Brevibacillus brevislPC11l were subjected for seed germination and isged|
vigor. Among the PGPR strains tested, only threairst (IN937a, GBO3 and
IPC11) which showed enhancement in the seed quplitameters like seed
germination and seedling vigour, were further sciigie for estimation of one of
the defence-related enzymes, Phenylalanine Ammbyége (PAL) with total
phenol contents. The same three strains were regoi@ maximum disease
protection under greenhouse conditions. The rateedfiction in the bacterial
canker disease incidence was directly proportidoathe amount of increased
level of PAL and total phenol content. The ressliggested the possible use of

PGPR strains in effective management of bacteaiaker of tomato.
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El-Hendawyet al. (2005) studied the effect of two antagonistic sisanf
Rahnella aquatilison bacterial spot caused Banthomonas campestrigv.
vesicatoriastrain 2 in tomato. Tomato seedlings were pretceatath either
strain ofRahnella aquatili®oefore the pathogen, with either through leavastst,
soil or seeds. In all experiments, seedlings pagtce withR. aquatilisshowed

reduced susceptibility towalXl. c.pv. vesicatoria

Shanmuganet al. (2011) developed a talc-based formulations of tplan
growth promoting rhizobacterial strain S2BCRa(illus atrophaeusand strain
mixture, S2BC-2 p TEPF-SungaB\rkholderia cepacig inhibitory to the
growth of Fusarium oxysporuni. sp. gladioli (FOG) in gladiolus. The results
showed that in comparison to the individual strdirg strain mixture recorded
maximum spike and corm production of 100 and 1508gpectively with less
vascular wilt and corm rot incidences of 73.6 amd8% reduction over the
pathogen control in greenhouse when inoculated W@Ks. In field experiments,
the strain mixture recorded less vascular wilt eoan rot incidences of 48.6 and
46.1% mean reduction over the non-bacterised dontod was almost
comparable with that of fungicide (51.5 and 47.18spectively).

Biological control of chestnut blight was investga by using 3
hypovirulent isolates of Cryphonectria parasitica Trichoderma sp.,
Penicilliumsp. andBacillus sp. isolates. Antagonistic microorganisms yielded
varying percent inhibition (PI) values in 3 timeripels and the highest rate of
inhibition (68 %) was obtained from theTrichoderma sp. isolate. A
Penicilliumsp. isolate and twBacillus sp. isolates also provided 30 %, 40 %
and 31 % disease inhibition, respectively, fiftgtgidays after the inoculation.
Effectiveness otthe hypovirulent isolates varied depending on thalent
isolates and the hypovirulent isolate Z - 1 prodi®® %inhibition against the
most virulent isolate, while it gave 32 % inhibrti@against the less aggressive
isolate. The other hypovirulent isolate Ba-6 also inhibitélde canker
development of the virulent isolate by 42 % (AKIRD12).

Tolba and Solimar{2012) analysed than vitro antagonistic activity of

seventy native bacterial isolates towards plant olugenic Agrobacterium
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tumefaciengausing crown gall in different plants, resultedhiselection of eight
potential biocontrol agent<. flaccumfaciengeduced the incidence of crown
gall up to 100% in the case of rose shoots anchkhlze leaves whereas the same
antagonist reduced galling of squash fruits to 7%%ewise, P. asplenii, P.
viridilivd andP. polymyxaeduced the incidence of crown gall up to 100%h&
case of kalanchoe leaves and squash fruits, whéteggeduced galling of rose
shoots to 66.7%, 55.6% and 44.5% respectivelyhéndame manner, the two
isolates ofP. fragi reduced galling up to 100% in squash fruits, wiilevas
88.9% in rose shoots and kalanchoe leaves. IntegbstB. megateriumsolate
completely suppressed the gall development in sig®ts, whereas the gall
incidence was 100% in kalanchoe leaves and 25%uash fruits. Bacterial
isolates characterized in this study may be comst@s potential sources of
novel bioactive metabolites as well as promisingdedates to develop new

biocontrol agents for controlling crown gall diseas

Dairo et al. (2012)evaluated two commercially formulated plant growth
promoting rhizobacteria (PGPR): equity and trichegdhat two concentration
each (0.15%, 0.3%) and (0.5%, 1%) respectivelyttHercontrol of bacterial wilt
disease of tomato caused Rglstonia solanacearum, soil borne pathogen using
two varieties of tomato (Ibadan local and UC82BgsHts showed that 0.3%
equity and 1% trichoshield recorded the lowestdence of 68.0%, 44.0%,
54.0% and 48% on Ibadan local and UC82B, respdgtifdant growth was also
enhanced by 1% trichoshield recording the highlesbts root and leaf weight of
5.28 g, 3.52 g and 2.38 g, respectively.

Ramyasmruthiet al. (2012) isolated 18 bacterial isolates from the
rhizosphere of brinjal, capsicum, chilli and scregrthem for the production of
various PGPR activities. 10 isolates were the npos¢nt chitinolytic bacterial
species. These isolates were also found to prodidmophore, IAA, HCN,
phosphate solubilisation, NFHind catalase. Dual plate assay against few sdlecte
soil borne phytopathogen#lternaria alternataOTA36; Alternaria brassicola
OCAL; Alternaria brassiceaeOCA3; Collectotrichum gleosporidos®©GC1
revealed anti-fungal activity by isolate R. Thelade R was identified as
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Pseudomonas fluorescerisy biochemical test. Chilli seeds inoculated with
Pseudomonashowed 100% germination index and almost 50% temudn

disease incidence l§y. gloeosporiode®©GCl1.

Shehataet al. (2012) conducted a pot and field experiment tduate the
effect of Pseudomonas fluorescemsd Bacillus subtilis The pot experiment
evaluated the probable suppressive effect of rlaigtehia as bioagents against
Macrophomina phaseolinaRhizoctonia solaniand Sclerotium rolfsii under
artifically infested soil. Results showed that oogulation of soybean with
rhizobacteria led to a significant decrease ingmé post emergence damping-off
caused by all pathogens besides enhancing the ataul Field experiments
carried out in Etay-El Baroaud evaluated the proveoand suppressive disease
effects of rhizobacteria on nodulation, plant giowahd yield of soybean.

Chakravarty and Kalita (2012applied the antagonistic strain &f.
fluorescensas suspension in pot experiment by different nathoz. seed, root,
soil, and their integration methods seed+root, #soil, seed+soil and seed+
root+soil against bacterial wilt of brinjal. Therdol treatments were inoculated
control (only pathogen inoculated) and uninoculatedtrol (neither pathogen
nor antagonist inoculated). The percent wilt inoicke (PWI) was found to be
lowest (33.33%) in root+soil and seed+root+soihtmeent of the antagonist. The
population dynamics of the pathogen and antagemistrinjal rhizosphere soil
showed that the crop receiving seed+root+soil mmeat had the lowest
population recovery of the pathogen 26x106 cfu/@3y and correspondingly
highest population recovery of the antagonist 179166 cfu/g (8.25). The yield,
yield attributes and physiological and biochempualameters were also found to
be best performing in the seed+root+soil treatnodrihe antagonist suspension

indicating its potential as PGPR

Sundaramoorthy and Balabaskar (2012) tested tlenstiof Bacillus
subtilis (EPCO16 and EPC5) arRseudomonas fluoresce(®f, Pyl5 and Fp7)
individually and in combination for their effectivess against early blight of
tomato incited byA. solaniunderin vitro and pot culture conditions. The results

revealed that the strains Bfcillus subtilisand Pseudomonas fluorescengre
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compatible. Undem vitro conditions the combined application of EPCO16+Pfl
was found to effectively inhibit the mycelial grdwof the pathogen and promote
the growth of tomato seedlings when compared tdiagion of individual
strains of the antagonists. Further, a significadtiction in early blight incidence
of tomato under greenhouse conditions was obsedtexl to the combined
application of EPCO16+Pf1.

Bakthavatchalwet al. (2012) isolated 5Pseudomonassolates from the
rhizospheric soil samples of different crops ancrevscreened initially on the
basis of their antagonistic activity, and fiftednorescenced?seudomonaspp.
designated FP1-FP15 were selected for further stlilgse isolates were then
testedin vitro for specific PGPR traits. Of the 15 isolates, FR& iound to be
promising for all PGPR attributes. FP6 isolate sbdvgignificant antagonistic
activity against Alternaria alternata, A brassicicola, A. brassicaeand
Collectotrichum gleosporioidedt produced maximum zone inhibition agaiAst
alternata (94.6%) andP. capsici(83.1%). Based on the morphological, cultural
and biochemical characteristics, the FP6 isolate mantified asPseudomonas
aerugonisa Two secondary metabolites 2,4- Diacetylphloromgiac(DAPG) and
phenazine were identified through thin layer chrtwgeaphy. Inoculation of
cowpea seeds with the FP6 isolate significantlyaechd seed germination,
seedling vigor index, plant height, fresh weightl afry weight in comparison
with the control. Results of this study provide gehensive informationon the
biocontrol mechanism of the isolate FP6 that canubed as an effective

biocontrol agent.

Senet al. 013) screened tomatoes or wild relatives of tomfato
resistance toClavibacter michiganensissp. michiganensis to be used for
starting breeding programs. They screened 24 difterild accessions of tomato
and found several new tolerant sourc&slanum pimpinellifoliuntc1.1554 S.
parviflorum LA735 and S. parviflorum LA2072 and also confirmed the
tolerance which was reported previously B peruvianumLA2157, S.
peruvianumPIl127829,S. peruvianumLA385, S habrochaitesLA407 and S.
lycopersicumcv. IRAT L3. Also accessions showing a low diseasere still
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contained high titers of bacteria as determined hjlution plating method, using

tow selective media.

Tan et al. (2013) isolated two tomato root colonizing strair®acillus
amyloliquefacienCM-2 and T-5 and evaluated for their antagonisitivities
against pathogeniRalstonia solanacearurtRS) in vitro. Both CM-2 and T-5
strains showed strong biocontrol and growth proamteffects on tomato
seedlings. The best biocontrol efficacy was obthihg treating both seedlings
and soils with the biocontrol agents. In comparisorthe control, the disease
incidence was reduced by 70.1 and 79.4% for CM@ B, respectively. The
numbers of colony-forming units of RS in rhizospmhepil were significantly (P
< 0.05) decreased as compared to the control. €hsitg of both strains in the
rhizosphere soils remained at a high level (_10U/M) during a five-week
period. Both strains were recovered from the ioteaf the stems and roots of
plants. They showed positive reactions for ammoindple acetic acid and

siderophores production, and phosphate solubiliacityity.

Maji and Chakrabartty (2014) isolated and idendifieve antagonistic
PGPRs i.ePseudomonas aerugino3d, Pseudomonas sp.BH25, Pseudomonas
sp.AM12,Pseudomonasp.AM13 andPseudomonas putiékb and were assessed
for their biocontrol potential against bacterialltwinfected field. Among the
strains Pseudomonasp. BH25 was found to be promising to combat the
pathogenic effect of R. solanacearum Tom5 in bioassays.Ralstonia
solanacearunTom5 caused only 40% seedling emergence as comparéso
in the control, while combination of the antagon&t25 with the pathogen
Tom5 (Tom5:BH25 at 1:10) improved the percentagthefseedling emergence
and the value (75%) was almost similar to thath&f tontrol. Combination of
BH25 with the pathogen also improved the fresh Wiidry weight and vigour
index of the seedlings as compared to those ipaftigogen treated ones and their
values were almost similar to those of the contvadour index of the seedlings
was reduced from 935 in the control to 237 in tleen® treated ones and the
value was restored to 878 by combining a 10-foghhtoncentration of BH25

with the pathogen Tom5 during inoculation.
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Achari and Ramesh (2014) isolated 167 bacteria Were the xylem of
healthy eggplant, chilli, an&olanum torvunSw. by vacuum infiltration and
maceration. These were tested for antagonistizigcthgainst bacterial wilt of
eggplant caused bfRalstonia solanacearum. Twenty-eight strains inhibited
growth of R. solanacearunand produced volatile and diffusible antagonistic
compounds and plant growth promoting substantestro. Antagonistic strains
XB86, XB169, XB177, and XB200 recorded a bioconefficacy greater than
85% against bacterial wilt and exhibited 12 %—22n#ease in shoot length in
eggplant in the greenhouse screening.

Shrestheet al. (2014) observed the efficacy of lactic acid baatagainst
bacterial spot pathogen (Xanthomonas campestriggsicatoria) and their plant
growth-promoting activities in pepper (Capsicumuwm L. var. annuum), under
greenhouse and field conditions. LABs significar{ffy< 0.05) reduced bacterial
spot on pepper plants in comparison to untreatadtglin both the greenhouse
and the field experiments. The plant growth-prompffect of LABs on pepper
varied; some strains had a significant effect oowgin promotion (P < 0.05)
compared with untreated plants, while some showedignificant effect in the
greenhouse and field experiments. Additionally, IsSA®ere able to colonise
roots, produce indole-3-acetic acid (IAA), siderops and solubilise phosphate.
These findings indicate that application of LABsultb provide a promising
alternative for the management of bacterial speseale in pepper plants and

could therefore be used as a healthy plant growghapting agent.

2.1.2 PGPR AS GROWTH PROMOTERS

In recent years, plant scientists have becomeesiied in the study of
PGPR due to their potential for improving plantwgtio and yield. There are
several ways in which different PGPR may direcHyilitate the proliferation of
their plant hosts. They may: (1) provide mechanidims solubilization of
minerals such as phosphorus; (2) fix atmosphetiogen, and supply it to the
plants; (3) synthesize various phytohormones, gioly auxins and cytokinins
(Pradhan and Shukla, 2005 and Ckeal.,2006).
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2.1.2.1 Phosphate solubilization by PGPR

Phosphorus (P) is one of the major essential matients for biological
growth and development (Ehrlich, 1990). The conesiain of soluble P in soil is
usually very low, normally at levels of 1 ppm osdethan 1 ppm due to chemical
fixation. Phosphate solubilizing microorganisms lule different types of
microorganisms that convert insoluble phosphatimpaunds into soluble forms.
Important genera of phosphate solubilizing bacteage Bacillus and
PseudomonagRichardson, 2009)it has been reported that certain strains of
Rhizobiumcan also solubilize both organic and inorganicgpiate (Alikhanet
al., 2006).

Nikolay et al. (2006) reviewed microbially mediated solubilizatiof
insoluble phosphates through the release of orgacids in combination with
production of other metabolites such as sideroghquhytohormones and lytic

enzymes that take part in biological control agasasl borne phytopathogens.

Chaiharnet al. (2009) isolated 216 phosphate-solubilizing bactéoan
different rice rhizospheric soil in Northern Thaith These isolates were
screenedn vitro for their plant growth-promoting activities such solubilization
of inorganic phosphate, ammonia (BHatalase and cell wall-degrading enzyme
activity. The results showed that all the isolaehkibilized inorganic phosphate,
77.7% of isolates produced NHand most of the isolates were positive for
catalase. They concluded that the isolates exHilnitere than two or three plant
growth-promoting (PGP) traits, may promote plardvgh directly or indirectly

or synergistically.

Panhwaret al. (2009) conducted amn vitro study to determine the
solubilization of phosphorus from inorganic phogekan three broths containing
tricalcium phosphate (NBRIP broth), aluminum phadph(PDYA-AIP broth)
and Christmas island rock phosphate (CRiéth) by using PSB strains isolated
from aerobic rice field. Result showed that the B8RBins were able to solubilize
P from tricalcium phosphate and Christmas islarak rghosphate, but not from
aluminum phosphate. These PSB isolates could beiegff biofertilizer for
improved P-nutrition in aerobic rice cultivationssgm.
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A phosphate-solubilizing bacterial strain NII-0908olated from the
Western ghatorest soil in India exhibited the plant growth-proting attributes
of phosphate solubilization, auxin production, Ilxawmayclopropane-1-
carboxylate deaminase activity and siderophore ymtioh. It was able to
solubilize 122.4ug/ml of phosphate and produce 10§/ml of IAA at 30°C.
These results demonstrated that isolates NII-0989 tme promising PGPR
attributes to be develop as a biofertilizer to emeasoil fertility and promote the
plant growth (Dastagest al.,2010).

Mehtaet al., (2010) isolated a strain d@acillus circulansMTCC 8983
from apple rhizosphere. The strain solubilized cadeium phosphate and
produced substantial amount of soluble phosphor@57.80 mg/l) in
Pikovskaya's (PVK) broth and exhibited the prodaoctiof indole acetic acid
(IAA) (15.13 pg/ml), siderophore (57.80%) and growth inhibitiogasnst
Dematophora necatriX46.57%). Regression analysis revealed that phospha
solubilization ofB. circulanswas inversely correlated with pH € —0.98) and
positively correlated with growthr = 0.98), siderophore production £ 0.99),
IAA (r = 0.78) and antifungal antibiotic activity agaibstnecatrix(r = 0.87).

Kannapiran and Ramkumar (2011) isolattdeudomonasBacillus
Vibrio, Micrococcus Flavobacterium Corynebacterium Alcaligenes and
Enterobacter Pseudomonasand Bacillus were found to solubilize more
phosphates than others. Further phosphate solagilactivity and solubilization
index were also monitored. The phosphate solubdiziotential oPseudomonas
sp. was confirmed as a proficient solubilizer tludiners, where P solubilization
was 167Qug/ml associated with reduction of pH. These baaterre found to be
highly adaptive and therefore, can significantlyntribute to the phosphate

economy of the marine environment.

Sharmaet al. (2012) isolated and screened a number of rhizogpher
microorganisms from the tea plants of Darjeelindlshifor the in vitro
solubilisation of tricalcium phosphate (TCP). Eiglsolates were able to
solubilize TCP in Pikovskaya’s solid and liquid med and also produced IAA.
Amount of phosphate solubilized ranged from 40.62.%to 136.73 = 1.7 mg/I

29



and IAA production ranged from 10 - 30 mg/l. Phadehsolubilizing activities

of these strains were associated with a drop ipkhef the medium.

Hamdali et al. (2012) isolated one hundred and fifty bacteriamfra
phosphate mine and tested their ability to grova@ynthetic minimum medium
(SMM) containing insoluble rock phosphate (RP) agjue phosphate source.
Only 29 isolates (19%) were able to weather RPNtMSmedium. Five isolates
showed the most active growth and were able tdbdade RP in liquid cultures.
Four of these strains belonged to the geMicsomonosporaand one to the genus
StreptomycesResult showed that mechanism involved in these hegiaig

processes was the capability of isolates to prodiderophores.

Kaur and Sharma (2013) isolated a total of 35aiesl of rhizobacteria
from 25 soil samples collected from healthy chickpkizospheric locations of
Punjab (India). PGPR$§eudomonasp.) were screened for growth promotion
activities (indole acetic acid (IAA), ammonia (M hydrogen cyanide (HCN),
siderophore, phosphate (P) solubilization, catalasébiotic resistance spectra)
and seed germination on water agar medium alonly nefierence strain PGPR
LK884 (Pseudomonas diminytaSeventy per cent of isolates showed capacity
for P solubilization in the range of 5.08 to 13.4%y/100 ml. Maximum
P-solubilization was noticed with PGPR-3 (13.45 1@ ml) followed by
PGPR-2 (13.15 mg/100 ml).

Prakash and Kartikeyan (2013) obtained 10 bactsaéhtes fromAcorus
calamusrhizospheric soil of Melaiyar and Nagapattinantraits in Tamil Nadu.
These bacterial strains were tested on morpholbdi@chemical and screened
for their direct growth promoting activities (IAAr@duction, production of
Ammonia and Phosphate solubilization) and indiggotwth promoting activities
(HCN production, Siderophore production). Phospksatabilzation was detected
in 83% of isolates oBacillus followed by Azotobacte(68.47%),Pseudomonas
(60.56%) andAzotobacter(68.47%),Pseudomonag60.56%) andAzospirillum
(55%). Production of siderophore was detected fiesguently than other PGP
characteristics. The isolates &fseudomonasspp. were strong siderophore
producers (18.22%) followed bAzospirillumspp. (16.22%). Theroduction of
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HCN was detected for all cultures in less frequethe Pseudomonaspp. were
maximum produced (60%), followed Bacillus spp. (45%),Azopirillum spp.
(20%) andAzotobactespp. (10%).

2.2.1.2 Nitrogen fixation by PGPR

Microbial communities are a main component ofsystems that play
critical roles in the biochemical transformationfsetements including nitrogen
fixation (Madiganet al., 2000). Therefore, nitrogen that is available tangs
grown for many years without N fertilizers is caesied to be due to biological
fixation (James, 2000). This process catalyzedittggenase enzyme is essential
for maintaining fertility in many ecosystems. THeli#y to fix nitrogen is widely
distributed among diverse groups of bacteria antaa, in different ecosystems.
However, this distribution is non-random and dependn the habitat
characteristics (Zehet al., 2003). The biological dinitrogen-fixation process
provides the major biological source of nitrogennetural ecosystems. Several

groups of symbiotic Nfixing bacteria have been identified in soils atmbfled

systems, such adAzotobacter Azomonas Beijerinckia Derxia (aerobic),
Azospirillum  Aquaspirillum  Thiobacillus Pseudomonags Xanthobacter
Rhizobium Methylosinus Mycobacterium(Microaerobic), Klebsiella Erwinia,
Enterobacter Citrobacter, Escherichia Bacillus (Facultative anaerobic) and

Desulfovibriq DesulfotomaculunClostridiumanaerobic (Zanet al.,2000).

Most studies on associative nitrogen fixation héseused on crops of
agronomic interest such as rice or sugar cane (Eagket al., 2000 and
Steenhoudt and Vanderleyden, 2000), where ferslisge required for crop
growth. Few studies have aimed to understand tihe ob the associative
dinitrogen fixation in nitrogen-limited natural exystems (Bagwell and Lovell,
2000). Thenif H gene was widely used to detect nitrogen-fixingtéaa (NFB)
(Zani et al.,, 2000 and Polyet al., 2001). It encodes for the dinitrogenase

reductase, a key enzyme in the nitrogen fixati@tess.

Free-living nitrogen fixing bacteria were isolaté@dm rhizosphere of

seven different plant namely sesame, maize, wikeghean, lettuce, pepper and
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rice grown in Chunbuk Province, Korea. Strains wittrogenase activity were
identified based on phenotypic and 16S rDNA seqeiemalysis and concluded
that isolates had potential for developing as antplgrowth promoting
rhizobacteria (Parkt al.,2005).

Bacillus megateriunC4 a nitrogen fixer, which was originally isolated
from the maize rhizosphere. It has been demondtriitat the bacterium has
nitrogenase acitivity and itaif H gene was amplified by polymerase chain
reaction (Ding et al., 2005). In many diazotroph’s nitrogenase activities
correspond well to the levels a@iif H transcription under various conditions

(Saito and Minamisawa, 2006).

Chowdhuryet al. (2009) studied diversity afif H genes derived from
rhizospheric soil and roots of an endemic droughierant grasslasiurus
sindicus.The study showed that PCR amplificationrf H genes using total
DNA as template produced a total of A8 H clones from the rhizosphere soll
and root samples and revealed a predominancaifoH sequences closely
affiliated to Pseudomonas pseudoalcaligen&us, this study provided the
evidence thatlL. sindicus harbors a diversity of bacteria with potential for

nitrogen fixation.

Jahaniaret al. (2012) observed that shoot length in Artichok¥yr{ara
scolymu¥ was significantly affected byseudomonas\ fixing bacteria and their
integrated application. It was observed tRatputida has the most increasing
effect on shoot length (1.4 times more than coptihese results demonstrated
growth improvement by rhizobacteria on germinaaod seedling establishment.
It was illustrated that means of shoot lengtlPirPutidatreatment was about 1.3

times more than treatment withd®it Putidaand 1.8 times more than control.

Naseri and Sharafzadeh (2013) conducted a facexdriment based on
randomized completed block design with three ragilbms to study the effect of
Plant Growth Promoting Rhizobacteria (PGPR) ondyald yield components of
rapeseed. The factors consisted of three levat#traigen fertilizer (100, 150 and

200 kg ha) and bio-fertilizer (non-inoculatioAzotobacter chroococcumand,
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Pseudomona putida The results showed that nitrogen rates had fsignt

effects on yield and yield components. Significantrease was observed in all
characters with applying bio-fertilizers and in@ieg nitrogen from 100 to 200
kg ha'. Applying Azotobacterand Pseudomonaincreased yield and yield

components by 15.8 and 13.7%, respectively compaitbdcontrol treatment.

Vasanthabharathi and Jayalakshmi (2014) isolatedluorescens
BCPBMS-1 from the spong@allysspongia diffusaand tested for its biocontrol
and PGP traits. It was observed in their study thatavailable nitrogen was 6.4
mg/g for uninoculate®. fluorescensoil sample whereas 7.2 mg/g was observed

with P. fluorescensoculated soil.

Sivasakthi et al. (2014) observed that inoculation of pepper with
P-solubilizing bacteria significantly reduces thieydphthora blight and crown

blight and increases the yield as compared to atgdecontrol.

2.2.1.3 1AA (Indole-3-Acetic Acid) production by PG°R

Plant growth regulating substances are naturaltguming organic
compounds that influence physiological processesplants. The ability to
synthesize phytohormones is widely distributed agnplant associated bacteria.
Indole-3-acetic acid (IAA) assumed to be the mdsinglant and widespread
auxin that mediates an enormous range of develop@arah growth responses
including embryo symmetry establishment, initiatioh cell divison, promote
vascular differentiation, root initiation and agicdominance. Besides its
hormonal functions, indole-3-acetic acid (IAA) isvolved in stimulation of
ethylene synthesis (Sahasrabudhe, 2011).

Fatima et al. (2009) reported that seven strains isolated frdma t
rhizosphere of wheat, showed significant productbmAA, ranged from 5.5 to
30.6 pg/ml. The study revealed that the strains VBPRWPR-42 and WM-3
belonging toAzotobacterand Azospirillum produced IAA ranging from 19.4 to
30.2 pg/ml and possessed phosphate solubilizidgyaihese strains positively
affected the germination of wheat as well as insmedabiomass and root shoot

length by inhibitingRhizoctonia solangrowth when tested in pot experiments.
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Karnwal (2009) teste@seudomonas fluoresceAX1 and Pseudomonas
aeruginosaAK?2 for their ability to produce indole acetic ddn pure culture in
the presence and absence of L-tryptophan at 50, 200 and 500 pg / ml
concetration. The study revealed that indole pradngncreased with increase in
tryptophan concentration (0.5, 1.2, 4.3 and &3 ml and 0.2, 0.7, 3.8 and 8.3

ug/ ml respectively) for both strains.

Yeon et al. (2010) isolated three hundred and seventy fowoldacteria
from soil rhizosphere or rhizoplane contaminatedhwpetroleum and heavy
metals. The isolates were screened for plant grandimoting trait (PGPT),
including indole acetic acid (IAA) productivity, dminocyclopropane
-1-carboxylic acid (ACC) deaminase activity and esaphore (s) synthesis
ability. They observed that PGPT-possessing rhicteia were more abundant
in rhizoplane (82%) samples than the rhizospheitg 26). Clusturing analysis
by principle component analysis showed that rhiazogelwas the most important
factor influencing the ecological distribution aptysiological characterization
of PGPT-possessing rhizobacteria.

Mishra et al. (2010) conducted a pot culture experiment Qiter
arietinuminoculated with ten isolates PGB1, PGB2, PGB3, PGEB3B5, PGT1,
PGT2, PGT3, PGG1 and PGG2. Isolates PGB4, PGT12PBGT3, PGG1 and
PGG2 induce the production of indole acetic aciiergas only PGT3 isolate
was able to solubilize phosphorus. Most of isolatesulted in a significant
increase in shoot length, root length and shoot md dry matter ofCicer
arietinum seedlings. Application of PGPR isolates signifiGanmproves the
percentage of seed germination under saline conditi

Ashraf et al. (2011) isolated twelve bacterial strains from raotd
rhizosphere samples of different sugarcane growimgs. Out of these twelve
strains, ten strains were identified Rseudomonaand two asAzotobacter All
isolates showed IAA production in growth medium taomng tryptophan as a
precursor. Maximum IAA production (4.49mg/L) wastetged in isolate Al7

whereas, values for IAA production by nitrogen fiigi isolates Azotol and
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Azoto2 were comparatively low (0.2 and 0.1mg/l exgjvely). Beneficial effects

of inoculation on sugarcane grown in pots were alsserved.

Aziz et al. (2012) studied the effect of IAA-producing and
non-lAA-producing diazotropBacillus cereustrains on early growth of shallot
(Allium ascalonicun and mustard Brassica juncep plants. Inoculation with
IAA-producing B. cereusUPMLHL1 significantly increased shallot adventitious
roots (root number and length) and shoot growtht¢194% increment) whereas
inoculation of non-lIAA-producingB. cereus UPMLH24 did not produce
significant  effect. However, inoculation with IAApducing and
non-lIAA-producing strains significantly increasedinpary roots and shoot

growth of mustard plants.

Reethaet al. (2014) isolatedPseudomonas fluorescerad Bacillus
subtilis from rhizosphere of Onion and analysed of thesdebacfor in vitro
indole acetic acid production and studying the @ftef these bacteria on plant
growth of onion Plant. The results originated fromoth qualitative and
guantitative assays of I1AA reflected the abilitytefo tested microorganisms to
produce indole compounds. The two tested microasgas exhibited a pink to
red colour with a little variation in intensity. line quantitative measurements,
the highest value of IAA production was obtainedFbyfluorescengollowed by
B. subtilis,as they produced (15.38+0.537) and (12.67+0.3Xpeively.

2.2 GENETIC DIVERSITY OF PGPR

Rhizobacteria establish positive interactions widmt roots, plant growth
promoting rhizobacteria (PGPR), play a key rolagmicultural environments and
are promising for their potential use in sustairabgriculture. An analysis of
genotypic and phenotypic characteristics of indagenrhizobacteria can help to
clarify the mechanisms of interaction between thard plant roots. Thestudy
of the genetic structures of microbial populatian important not only for
understanding their ecological role in natural emwment but also any
biotechnological application, in which it is necassto predict the fate of
genetically engineered micro organisms releasetb ithe environment and to

identify the source of epidemic outbreaks of padmg bacteria. For successful
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functioning of introduced microbial bioinoculantsicatheir influence on soil
health, exhaustive efforts have been made to exoil microbial diversity of
indigenous community, their distribution and beloaviin soil habitats (Hill,
2000).

Biochemical, molecular characterization and gropittymoting effects of
phosphate solubilizinfseudomonasp. isolated from weeds grown in salt range
of Pakistan was studied. Preliminary identificatmnbacterial isolate was made
on the basis of morphological and biochemical ottera and confirmed by
partial 16S rRNA gene sequencing. The genetic dityeamong the isolates was
evaluated by Randomly Amplified Polymorphic DNA dier printing and
similarity matrix was measured. The results shothed all thePseudomonasp.
were capable of solubilizing phosphate, producegtghtformones in culture
media. He concluded that the str@iseudomonas stutzefihsr3 appears to be a

potential candidate as bio-inoculant for salinédgNaz and Banu, 2010).

Arandaet al. (2011) determined the structure and diversity aftéxdal
communities in the rhizosphere and endosphereeafstér from 11 provinces of
Andalusia, southern Spain. The study of 16S rDNAeggequence indicated that
most of the 94 bacterial isolates belong to geBa@llus (56.4%),Pseudomonas
(27.7%), andPaenibacillus(7.4%). Overall, the rhizosphere and endosphere of
wild olives were proved as a good reservoir of &aatantagonists against

dahliae

Jinshenget al. (2011) studied the diversity of bacteria in BohayBoy
RFLP analysis of PCR-amplified 16S rDNA gene fragtee A total of 24
bacterial communities were sampled from seawatet sediment of three
representative sites in a whole seasonal cyclanggApril), summer (July),
autumn (October), and winter (January). Sequenat/ses revealed that 47.5%
(48) of clone sequences were similar to those otiltared marine bacteria in the
environment. In addition, bacterial diversity amahposition clearly displayed
seasonal variety. They observed that more genera discovered in summer
than any other seasons, and some special spegiesrad only in specific

season.
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Mulla et al. (2013) studied the physiological and molecular
characterization of PGPRseudomonas fluorescers®lated from different agro
climatic zones of Karnataka and its effects onrtredicinal plant Sarpagandha
(Rauwolfia serpentina)P. fluorescensstrains from 10 different agro climate
zones were isolated, identified and confirmed usstgndard synaptic keys.
Molecular diversity of these isolates was charater by RAPD marker
analysis. The genetic relatedness of the 10 solabs studied and these formed
2 groups based on the phylogenetic tree obtainieel g€netic variations however
had no relationship with the effect on plant growahd nutrition. It was
concluded from the study that tfseudomonas fluorescersolates of zone-3
and zone-6 showed maximum effect on growth and iemitrcontent of
Sarpagandha compared to uninoculated control.
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Chapter-3

MATERIALS AND METHODS

The present investigation entitledCHaracterization of plant growth
promoting rhizobacteria and evaluation of their biacontrol potential against
tomato bacterial canker was conducted in the laboratory of Microbiology
section of Department of Basic Science at Dr. Y.Parmar University of
Horticulture and Forestry, Nauni, Solan, Himach@desh during the year 2012-
2014. An account of the material used and methagyoswlopted is discussed in

this chapter.

3.1 MEDIA
Composition of the media (Atlas, 1995) used fordhely:

3.1.1 Nutrient agar (NA)

Beef extract : 0.3%
Peptone : 0.5%
NaCl : 0.5%
Agar : 2.0%
pH : 6.5

3.1.2 King's medium B

Protease peptone : 2.0%
KoHPQO, anhydrous X 0.15%
MgSQ,.7H,O : 0.15%
Glycerol : 1.5%
pH : 7.2

3.1.3 Pikovskaya’s (PVK) broth

Glucose : 1.0%
Ca(POy)2 : 0.5%



(NH,), SO, : 0.05%

KCI : 0.02%
MgSQ,.7H,O : 0.01%
MnSQ, : 0.0004%
FeSQ : 0.0002%
Yeast extract : 0.05%

3.1.4 Pikovskaya’s agar
Pikovskaya's broth + 2.0% agar

3.1.5 Nitrogen free medium (Jensen’s medium)

CaHPQ ; 0.1%
K>HPO, anhydrous : 0.02%
MgSO,. 7H,O : 0.02%
NacCl : 0.02%
FeCk ; 0.01%
Trace elements stock solution : 1.00 mi

Trace elements stock solution consists of:

Bo : 0.05%
Mn : .08%
Zn . 0.005%
Mo : .005%
Cu : 0.002%
Agar : 2.00%
pH : 6.5-7.5

3.1.6 Luria Bertani (LB) agar

Tryptophan : 1.0%
Yeast extract : 0.5%
NaCl : 0.5%
Agar : 2.0%
pH : 7.5
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3.1.7 Chromazurol S (CAS) agar

3.1.8

CAS
HDTMA
HCI
FeCk
Agar

Minimal agar

KH, PO,
NaHPO,
NacCl
NH4CI
Mg(SQ).

Glucose

Agar

pH

3.1.10 Mineral salt medium

KoHPO,
KH.PO,
NaCl
MgSO,. 7H,O
MnSO,. 7H,O
CuSQ.5H,0
ZnSQ.7H,0O
CaCl
Glucose
Agar

3.1.11 Protease medium

Pancreatic digest of casein

0.006%

0.007%
0.002%
0.002%
2.0%

0.3%
0.6%
0.5%
0.2%
0.01%
0.8%
%5
7.0

0.1%
0.34%
0.045%
0.05%
0.01%
0.0005%
0.00005%
0.01%
1.0%
2.0%

0.5%
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Yeast extract : 0.25%

Glucose : 0.1%
Skim milk : 0.7 g/10ml (autoclaved separately)
Agar : 2.0%

3.1.12 Starch Agar Medium

Starch (soluble) : 2.0%
Peptone : 0.5%
Beef extract : 0.3%
Agar : 2.0%

3.1.13 Czapek mineral salt agar medium

NaNG; : 0.2%
KH,PQyY KoHPO, : 0.1%
MgSQ,. 7H,0O : 0.05%
KCI ; 0.05%
Carboxymethyl cellulose (CMC):  0.5%
Peptone : 0.2%
Agar : 2.0%

3.1.14 TBA Medium (Tributyrin agar)

Peptone : 0.5%
Beef Extract : 0.3%
Tributyrin : 0.1%
Agar : 1.5%

3.2 CHEMICALS AND REAGENTS

Analytical grade chemicals and reagents obtainenh fHi-Media, BDH

or E. merck were used for most of the investigation
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3.3 MICROBIOLOGICAL METHODS
3.3.1 Microorganisms
3.3.1.1 Microorganism with antagonistic activity aml its maintenance

Rhizobacterial strains of different crops with tifatious PGP traits were
obtained from Microbiology laboratory, DepartmemtBasic Sciences, Dr. Y S
Parmar, University of Horticulture and Forestry Newbolan, Himachal Pradesh
were used in the study. The cultures were maindsiimeutrient agar at 4°C.

3.3.1.2 Bacterial pathogen and its maintenance

The Bacterial pathoge@lavibacter michiganensiwas obtained from the
department of Plant Pathology, Dr. Y S Parmar, ®rsity of Horticulture and
Forestry, Nauni, Solan. The culture was maintaioechutrient agar at 4°C. Sub-
culturing was done periodically on same mediumnatubation temperature of
28+t1°C.

3.3.2 Sterilization

Glassware used was thoroughly washed in detergatérywunning tap
water followed by rinsing in distilled water. ThHagks used were tightly plugged
with cotton gauge and were covered with aluminiuh. iGlassware was then
kept in hot air oven at 180°C temperature for ooerhAll the media, distilled
water solutions etc. were sterilized at 15 Ibs gguare inch pressure for 20
minutes, unless mentioned otherwise. Laminar aw tthamber was sterilized by

ultra violet (UV) irradiation for 15 minutes.

3.4 MEASUREMENT OF GROWTH
3.4.1 Preparation of inoculum

A bacterial cell suspension (O.D. 1840 nm) of 24h old culture grown
on nutrient agar slants at the rate of 10 per o&ag used as inoculum in all

experiments, unless mentioned otherwise.
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3.4.2 Turbidity

Growth was monitored by measuring the change sordance of cells in

the medium at 540 nm using uninoculated mediumaskb

3.4.3 Viable count

Appropriate dilutions of bacterial population weused to seed the
medium. The number of viable cells in the initi@pplation was obtained by
counting the number of colonies that developedr afteubating the plates and
multiplying this figure by dilution factor.

3.5 IN VITRO SCREENING OF RHIZOBACTERIAL ISOLATES FOR
ANTAGONISTIC ACTIVITY AGAINST Clavibacter michiganensis
In vitro antagonism studies between rhizobacterial isolated the
pathogenic strains @lavibacter michiganensisere carried out on nutrient agar

plates using agar diffusion method (Mitchell andt€a 2000).

3.5.1 Agar Diffusion Test

Four hundred microlitres of. michiganensisuspension containing 10
cfu/ml was spread on nutrient agar plates and feells of 8mm diameter
punched into the agar. In these wells 100ul suspersf each test antagonist
(1% cfu/ml) was added and the plates incubated at #8°@8h. Inhibition of C.
michiganensigrowth was assessed by measuring the diametehibition zone
(mm) after incubation for 48h at 28°C.

3.6 IN VITRO SCREENING OF THE ANTAGONISTIC BACTERIAL
ISOLATES FOR  MULTIFARIOUS PLANT GROWTH
PROMOTING TRAITS

3.6.1 Phosphate solubilization

3.6.1.1 Qualitative estimation of phosphate soluldation (Pikovskaya, 1948)

The ability of bacteria to solubilize phosphorugswested by streaking on
the PVK agar plates containing known amount ofcaéleium phosphate
(Ca(PQy)2). The plates were incubated at 37°C for 48h. Baeshtment was
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replicated three times. The bacterial solubilizatad phosphorus was exhibited

with coloured zones produced around the isolasatebial colony.

The halo diameter around the colony was calculayeslibtracting colony
size from total size. Phosphate solubilization i{feSI) was measured using the
formula (Edi-Premonet al.,1996).

Solubilization index = A/B

A
R A = diameter (colony + halozone)

3.6.1.2 Quantitative estimation of P—Solubilization

B = diameter colony

Pikovskaya’s medium with composition given in (8)lwas used for the
solubilization of phosphate. Fifty ml of medium wespensed in 250 ml of
Erlenmeyer flask containing 0.5 per cent tri-calciyphosphate (TCP) and
autoclaved at 15 psi for 20 min. The flasks wepzutated with 1 per cent of the
24h old bacterial suspension (OD 1.0 at 540 nm) iandbated at 37°C under
shaken conditions for 72h. Simultaneously, two masatof PVK broth were run,
one with TCP without inoculum and the other witlbgalum, but without TCP.
Flasks were withdrawn at 72h and contents weraibtgged at 15000 rpm for 20
min at 4°C. Prior to centrifugation, the samplesem&ithdrawn aseptically for
determination of viable number of cells by standaadle plate count technique.

The culture supernatant was used for determinatidne soluble phosphate.

3.6.3 Assay of soluble phosphate estimation (Brayd Kurtz, 1945)

The procedure essentially consisted of estimasiable phosphorus
formed by the action of phosphate solubilizing baaton tri-calcium phosphate.
The soluble phosphorus formed was estimated codtrically and the results
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were extrapolated from standard curve drawn usintagsium di-hydrogen
phosphate.

An aliquot (0.1-1.0 ml) from the culture supermatavas made to final
volume of 25 ml with distilled water and 5 ml amnmaon molybdate was added.
The mixture was thoroughly shaken. The contentb@flasks were diluted to 20
ml. 1.0 ml of chlorostannous acid was added andaksme was made to 25ml in
the volumetric flask. The contents were mixed tligtdy and the blue coloured
intensity was measured after 10 minutes at 660 Aimappropriate blank was

kept in which all reagents were added except theireu P- solubilization was
calculated as:

P -solubilizaton = T- C
where,
T
C

PVK with TCP, inoculated
PVK with TCP, un-inoculated

3.6.4 SIDEROPHORE PRODUCTION

3.6.4.1 Qualitative estimation of siderophore by romazurol-S (CAS) plate

assay (Schwyn and Neilands, 1987)

Siderophore production was detected by CAS plateayasnethod.
Sterilized CAS blue agar was prepared by mixing G8&5 mg/50ml distilled
water) with 5ml iron solution (ImM Feg&bH,O) and 5ml 10mM HCI. This
solution was slowly added to hexadecyltrimethyl asniam bromide (HDTMA)
(72.9 mg/40ml distilled water). Thus, 50 ml CAS dyas prepared and poured
into 500 ml nutrient agar and the plates were pegpaith 25 ml of the medium.

Twenty-four hours old culture of the test bactesias spotted on pre-
poured blue coloured CAS agar plates. Plates wengbated for 72h, at 37°C.
Formation of a colored zone with a yellowish (hydrmate), pinkish
(catecholate) and whitish (carboxylate) colourhia tlark blue medium indicated

the production of siderophore.
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3.6.4.2 Quantitative estimation of siderophore using Chromaurol S (CAS)
liquid assay method (Schwyn and Neilands, 1987)

0.1 ml of cell free extract of culture supernatasais mixed with 0.5 ml
Chromazurol S (CAS) assay solution (Appendix) alevigh 10 pl of shuttle
solution (0.2M 5-Sulfosalicyclic acid). It was kegt room temperature for ten
minutes and absorbance was recorded at 630 nmmirtimal medium was used
as a blank and the reference (r) was prepared esiactly the same components
except the cell free extract of culture supernatdahte siderophore units were

calculated using formula:

Per cent siderophore uni@rirﬁ x 100
Where,

A is defined as absorbance at 630 nm of reference.

Asis the absorbance at 630 nm of the test.

3.6.5 Quantitative estimation of indole-3-acetic @d (IAA) (Gorden and

Paleg, 1957)

For the production of auxins, bacterial culturesrevgrown in Luria
Bertani broth (ammended with 5 mM L-tryptophan, 850per cent sodium
dodecyl sulphate and 1% glycerol) for 72h at@lnder shaking conditions.
Supernatant was prepared/collected by centrifugadfocultures at 15,000 rpm

for 20 minutes and was stored &4

In measuring the I1AA equivalents, 3 ml of supernataas pipetted into
test tube and 2 ml of Salkowski’'s reagent (2 mD& M FeC} + 98 ml 35%
HCIO,) was added to it. The tubes containing the mixtweye left for 30
minutes (in dark) for the development of pink caldatensity of the colour was
measured at 535 nn€oncentration of indole-3-acetic acid was estimabgd
preparing calibration curve using Indole-3-aceticidA (IAA, Hi-media) as
standard (10-100ug/ml).
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3.6.6 HCN production (Bakker and Schippers, 1987)

The bacterial cultures were streaked on prepoynates of King’s
medium B ammended with 4.4g/l glycine. Whatman Notér paper strips were
soaked in 0.5% picric acid in 0.2% sodium carboaig was placed in between
the petriplates. Petriplates were sealed with paraind were incubated at 37°C
for 1-4 days. Uninoculated control was kept for pamson. Plates were
observed for change of colour of filter paper frpeflow to orange brown to dark

brown.

3.6.7 Nitrogen fixing ability

To test the efficacy of the rhizobacteria as nirodixer, loopful of 24h
old culture of each isolate were streaked on né@modree Jensen’s medium
described in (3.1.5), incubated for 72h and themek showing growth were

selected.

3.6.8 Cell wall degrading enzyme production
3.6.8.1 Chitinase assay (Robert and Selitrennikoff,988)
Preparation of colloidal chitin

Colloidal chitin was prepared by the method (Beraysal Reynolds, 1958)

given below:
1. Powdered chitin digested overnight with concaett hydrochloric acid
at 4°C.

After digestion step carefully added distilledter and mix thoroughly.
Centrifuge and remove the supernatant carethly first two-three wash
is highly acidic).

4, Continue washing with distilled water until tpél of solution reaches
around 4.0

5. Adjust the pH of the colloidal chitin solutidsy using 2N NaOH (pH
around 6-6.5).
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6. Add liquid (10ml of chitin in 100 ml media) do#y or the chitin
suspension in water was centrifuged and the pelét collected, dried

and used at 0.3% in minimal salt media.

The bacterial cultures were spotted on to the pegbaninimal agar
medium ammended with 0.3% colloidal chitin and pietes were incubated at
30°C for 7 days. Development of halo zone aroumdcthiony after addition of

iodine was considered as positive for chitinase/er@zproduction.

3.6.8.2 Protease activity (Flemingt al., 1975)

All bacterial isolates were screened for proteolyttivity by plate assay
method on skim milk agar (nutrient agar (100 mpmamented with separately
sterilized skim milk). Spot inoculation with 24lddbacterial culture was done
on skim milk agar plate. Plates were incubated78C3or 24-48h and observed

for proteolysis i.e. clear zone (diameter, mm) et around the spot.

3.6.8.3 Amylase activity (Shavet al., 1995)

All bacterial isolates were screened for amylolgativity by plate assay
method. Spot inoculation with 24h old bacterialterd was done on starch
hydrolysis agar plate. Plates were incubated aC 36t 24-48h. lodine was
poured on the agar plates after incubation. Agarepl were observed for starch

hydrolysis i.e. clear zone (diameter, mm) produsexind the spot.

3.6.8.4 Cellulase activity (Ghose, 1987)

All bacterial isolates were screened for celluli@ctivity by plate assay
method. Spot inoculation with 24h old bacterialtard was done on Czapek
mineral salt agar medium. Plates were incubate8l7aC for 48-72h. HDTMA
was poured on agar plates after incubation. Agatepl were observed for

cellulose hydrolysis i.e. clear zone (diameter, rpnoduced around the spot.

3.6.8.5 Lipase activity (Kumaret al., 2012)

All bacterial isolates were screened for lipasedpobion by plate assay

method. Spot inoculation with 24h old bacterialtgrd was done on TBA
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medium. Plates were incubated at 37°C for 48-72ar/fplates were observed

for clear zone (diameter, mm) produced around plo¢. s

3.7 ANTIBACTERIAL METABOLITE PRODUCTION

One hundred microlitres of. michiganensisuspension containing 40
cfu/ml was spread on nutrient agar plates and feelts of 8 mm diameter
punched into the agar plates. Supernatant of 48tbatterial antagonist culture
was added in the wells at different concentratiogis0.25% (v/v), 0.50% (v/v),
0.75% (v/v), 1.00% (v/v). The plates were incubaae@8°C for 48h. Inhibition
of C. michiganensigrowth was assessed by measuring the diametehibition
zone (mm) after incubation for 48h at 28°C.

3.8 PHENOTYPIC CHARACTERIZATION OF SELECTED
ANTAGONISTIC BACTERIAL ISOLATES

The most efficient bacterial isolates selected @ basis ofin vitro
antibacterial activity and plant growth promotingpits were subjected to
morphological, cultural and biochemical characteran by criteria of Bergey’s

Manual of Systematic Bacteriology (Claus and Berki©86).
3.8.1 Morphological characterization
Morphological characteristics of isolates includioglony morphology,
Gram’s reaction and cell shape were investigated.
3.8.2 Biochemical characterization
Biochemical characteristics of isolates like catalase, ureadeS

production etc. and ability to ferment sugars wewvestigated.

3.9 GENOMIC DNA EXTRACTION BY CONVENTIONAL METHOD
(Sambrook et al., 1989)

The efficient antagonist isolategre grown overnight at 37°C in nutrient
broth under shaking condition at 200 rpm. The celsre harvested and
processed for DNA isolation.
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Requirements:

96-100% Ethanol

Sterile, DNase- free pipette tips and microcengeftubes

RNase A (50 mg/ml)

10 % SDS

Phenol : Chloroform : Isolamyl alcohol (25: 24: 1)

Extraction buffer (20 mg/ml lysozyme, 100mM TrisCH 50mM EDTA, 500
mM NacCl)

TE buffer (10mM Tris HCI, 1mM EDTA)

Procedure

1.

5 ml of overnight grown culture was transferredatanicro-centrifuge
tube and centrifuged at 13,000 rpm for 1 minute andernatant was
discarded.

Bacterial pellet was suspended in 500 pl of extvadbuffer and 50 pl of
10 % SDS. Cell pellet was resuspended by vorteairmpetting.
Incubation at 65°C water bath was done for 30 miil the sample lysate
becomes clear. During incubation, tube was inveatezl/ery 3 min.

After 65°C incubation, 2 ul of RNase A (50 mg/ml) waseatitb sample
lysate and mixed by vortexing. Then incubated atrdaemperature for 5
min.

To the lysate equal volume of phenol: chloroforsodmyl alcohol (25:
24: 1) was added and mixed well.

Centrifuged the above mixture at 10,000 rpm for & mat room
temperature. Two layers were formed. Upper aguéyes was collected
in new eppendorf tube with the help of pipette.

The phenol:chloroform extraction step was repeated.

Centrifuged the above mixture at 10,000 rpm for & mat room
temperature. Two layers were formed. Upper aquéyes was collected
in another new eppendorf tube with the help of fge

1/10 volume of 5M NaCl and 2.5 volume of absoluteaaol was added

to aqueous phase collected in eppendorf tube.
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10. Incubation was done at - 20°C overnight.

11. Centrifuged the above mixture at 12,000 rpm for rBh at room
temperature and supernatant was discarded.

12. The DNA pellet was washed with 1 ml of 70% ethanol.

13. Centrifuged the above mixture at 12,000 rpm for & mat room
temperature and supernatant was discarded.

14. DNA pellet was air dried for about 15 min until #fle residual ethanol
got evaporated.

15. Finally the DNA pellet was suspended in appropriateount of TE
buffer.

3.9.1 Gel electrophoresis

The isolated DNA was finally suspended in 100fiklution buffer and

guantified on 1% agarose gel.

3.10 EVALUATION OF GENETIC DIVERSITY OF ANTAGONIST IC

BACTERIAL ISOLATES BY USING RAPD-PCR

Genomic profile of ten bacterial isolates wasesoed by RAPD-PCR.
Initially, five random primers (RBa-1, RBa-2, RBaRBa-4 and RBa-5) were
used for RAPD analysis of two antagonist bactersalates (representative
antagonism from different groups based on plantwtrgoromoting activities).
Out of five, four primers that showed maximum potyphic bands with
representative isolates were selected for furthAPBRPCR analysis of ten

isolates. The detail of primers used in the stuyepicted in table mentioned

below.
S. No. Primers used Sequence 5—> 3
1 RBa-1 AAAACCGGGC
2 RBa-2 ACAGGGCTCT
3 RBa-3 ACAGGGGTGT
4 RBa-5 AGGGGCGGCA

RAPD amplification was carried out on Gradient PQRabnet

International Inc.). A 25ul reaction mixture comiad 19ul deionized water, 2.5

51



ul 10 X Taq polymerase buffer, Oih of 1 U Taq polymerase enzymeyl bf 10
mM dNTPs, 1ul of 200 mM random primer andyil of 50 ng template DNA was

used. PCR was programmed as given below:

PCR Conditions (Temperature°C)

Initial DenaturationAnnealing[ExtensionDenaturation|/Annealing Extension Final
Denaturation extensior|

94°C 94°C 35°C | 72°C 9£C 38C 72C 72C

5 min 45 sec 1 min 1.5 min 45 sec 1 min 1 min 19 1

x 8 cycles x 35 cycles

3.10.1 Gel electrophoresis

The isolated DNA was finally suspended in 100 fiklution buffer and

guantified on 1.2 % agarose gel.

3.11. EVALUATION OF SELECTED BACTERIAL ANTAGONISTS
FOR THE CONTROL OF TOMATO BACTERIAL CANKER
UNDER NET HOUSE CONDITIONS

3.11.1 Growth of Plants

The soil, sand and farmyard manure were mixed mti@ of 2:1:1 in
order to make a potting mixture and the mixture wi@silised by 3 successive
autoclave cycles of 1h each at 121°C. 1.5 kg ofimmpimixture was filled in 12
cm diameter pots. Tomato seeds (variety Solan laglimere surface sterilised
with 2% sodium hypochloride for 2 min, washed thayly with sterilised water
and then planted in the pots containing steriligetfing mixture (100 seeds/pot).
The plants were maintained in net house at tempesbf 24-28°C and 75-90%

relative humidity and seedlings were watered wighile water when necessary.

3.11.2 Preparation of bacterial pathogen inoculum

The pathogen inoculum was prepared by cultu@gmichiganensisn
nutrient broth for 48h at 28°C (1@fu/ml) and 120 rpm on rotary shaker the
liquid culture was used for the pathogen challeagel-5 leaved old tomato

seedlings.
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3.11.3 Preparation of antagonistic strains inoculon

The PGPR inoculums was prepared by culuturing itreeldest antagonist
PGPRs in nutrient broth for 48h at 37°C {fu/ml) and 120 rpm on rotary
shaker. The liquid culture was used for seedling aihd drenching of tomato

seedlings at 4-5 leaves stage.

3.11.4 Biocontrol Experiment

1.5 kg of the sterilized potting mixture, was mix&dh 100ml inoculum
of C. michiganensig1C® cfu/ml) and placed in 12 cm diameter pots. One week
after incorporation of the pathogen into the sodl @ane day before transplanting
the seedlings, antagonists were incorporated irsdileat a rate of 75 ml per pot
at 1¢ cfu/ml. Four weeks old tomato seedlings were rdpped in bacterial
suspension of antagonistic bacteria®(&fu/ml) for 60 min and transplanted into
pathogen-antagonist mixture soil (Lemessa and Ze¥@07). Treatments were
replicated four times with five plants per pot. E@e control was maintained
which was only inoculated with the pathogen andatigg control was also
maintained without any inoculation of pathogen atagonist PGPR. Disease
ratings were recorded two weeks after pathogernesige according to the scale
given byShengeet al. (2010).

3.11.5. Disease assessment

Disease ratings were recorded two weeks afteropath challenge

according to the scale given by Sheegal (2010).

No symptoms

Trace; one leaf symptomatic

Slight, two leaves symptomatic

Moderate, > 2 leaves symptomatic
Severe, half plant affected

Very severe, more than half plant affected
Stunted with extensive collapse

N~ o o b~ N - O

Dead plant

53



Per cent Disease Index (PDI):

) ) Y(rating X no.of plants rated)
Percent Disease index = - — X 100
Total no.of plants observed X highest rating

] o No. of diseased plants
Percent disease incidence = x 100
Total no.of plants observed

Disease incidence of control — disease incidenq®aoits treated with antagoniit

Disease incidence of control 100

Biocontrol efficacy =

3.12 EFFECT OF SELECTED BACTERIAL ANTAGONISTS ON
GROWTH PROMOTION OF TOMATO UNDER NET HOUSE
CONDITIONS

At the end of experiment (2 months after trangjotg) plants including
roots were harvested from the pots and fresh weaigtwrded. Healthy plants

were evaluated for the following root and shootpaeters.

3.12.1 Shoot characteristics
3.12.1.1 Shoot length

Shoot length was recorded in centimeters fromgitwaind level to the

apical bud of stem.

3.12.2 Root characteristics
3.12.2.1 Root length
The length of tap root was recorded in centimetisisg measuring scale

by placing it horizontally on the ground.

3.13 OPTIMISATION OF CULTURAL CONDITIONS FOR
ANTIBACTERIAL METABOLITE PRODUCTION BY THE
MOST EFFICIENT BACTERIAL ANTAGONIST

3.13.1 Effect of temperature
Effect of different temperatures was studied fome of inhibition by the
selected bacterial isolate agaiistmichiganensist different temperatures (30,

35, 45 and 50C) in order to maintain optimum temperature for ther

experiments.
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3.13.2 Effect of incubation period

Effect of incubation period on zone of inhibitiorasvstudied by growing
the selected bacterial isolate at different incupaperiods (24, 48, 72, 96 and
120h). The incubation time at which maximum zonenbibition was observed

was used for subsequent studies.

3.13.3 Effect of size of inoculum

Inoculum size of different population densities (2%, 3%, 4%, 5% and
10%) was added to nutrient broth and antagonism determined. The

inoculums size showing maximum antagonism was obser

3.13.4 Effect of pH on antagonistic activity

Antagonistic activity by the test organism was sddat different pH.
The medium was adjusted to various pH (5.0, 6@, 8.0 and 9.0). The optimum

pH was observed.

3.14 INTRINSIC ANTIBIOTIC RESISTANCE OF MOST EFFIC IENT
BACTERIAL STRAIN
Antibiotic resistance pattern of most efficient es#éd strain was
determined by testing their tolerance to intrinkgeels of different antibiotics

using disc diffusion method (Bakthavatchetual.,2012).

3.15 MOLECULAR CHARACTERIZATION OF MOST EFFICIENT
ISOLATE BY 16S rDNA SEQUENCE ANALYSIS

3.15.1 PCR amplification of 16S rDNA

PCR reaction was carried out in 20 ul reactiontamomg ~50ng of
template DNA, 20 p moles of each primers, 0.2 mMTBN and 1 U Taq
polymerase (Banglore Genei) in 1x PCR buffer. Reaawvere cycled 35 times as
94°C for 30 s, 58°C for 30 s, 72°C for 1 min 30 $altowed by final extension at
72°C for 10 min. The PCR products were analyzed%ragarose gel in 1x TAE
buffer, run at 100 V for 1 hr. Gels were stainedhwethidium bromide and
photographed. Amplified PCR products were eluteaimfrthe gel using gel
extraction kit (Hi Yield Gel/ PCR DNA Extraction Kirom Real Genomics).
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3.15.2 Gel elution was done by Hi Yield Gel/ PCR DA Extraction Kit

Agarose gel slice containing relevant DNA fragnsemas excised and
extra agarose was removed to minimize the sizéefgel slice. 300 mg of the
gel slice was transferred into a microcentrifugleetu500 pl of DF buffer was
added to the sample and mixed by vortexing. Indabatas done at 5& for 10-
15 min until the gel slice gets completely dissdlvBuring incubation, the tube
gets inverted at every 2-3 min and dissolved sampidure get cool down to

room temperature.
DNA binding:

A DF column was placed in 2 ml collection tube08@l of sample
mixture (from above step) was applied into the @Fumn and centrifuged at
13,000 rpm for 30 seconds. Flow through was disghrand DF column was
placed back in 2 ml collection tube.

Wash:

600 pl of wash buffer (ethanol added) was addea ¥ column and let
it stand for 1 min and centrifuged at 13,000 rpm 36 seconds. Flow through
was discarded and DF column was placed back in 2cofiection tube.

Centrifuged again for 3 min at 13,000 rpm to dry tolumn matrix.

DNA elution:

Dried column was transferred into a new microcémge tube. 15-30 pl
of elution buffer or distilled water was added irikee centre of column matrix.
Stand for 2 min until elution buffer or distilledater was absorbed by the matrix.
Centrifugation was done for 2 min at 13,000 rpnehate purified DNA eluted
fragment was then sequenced using PCR primers.

Sequencing and phylogenetic analysis

Sequencing was done by commercial sequencing tfagcleris lab.

Ahmadabad). The sequence was aligned with correspgrsequences of 16S
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rDNA from the database wusing BLAST from the website
http://www.ncbi.nim.nih.gov/blast (Altschet al.,1997).

Multiple alignments were generated by the MULTALMogram from
the web site: http://prodes.toulouse.inra.fr/nalit/multialin.html (Corpet,
1988). Phylogenetic tree was constructed by neigjddoing algorithm using
PHYLIP package (Felsenstain, 1993). The stabilitypbylogenetic tree was
accessed by taking 1000 replications of data sdtveas analyzed using the
programme SEQBOOT, DNADIST, NEIGHBOR and CONSENSE tloe
PHYLIP package. Tree was viewed with the help aeTview from the website

http://taxonomy.zoology.gla.ac.uk/rod/treeview.h{fpdge, 1996).

3.16 STATISTICAL ANALYSIS

The data obtained was subjected to appropriataststat analysis
(completely randomized design/ variability analys$igest/ correlation studies) as

per the requirement of the experiment.
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Chapter-4

EXPERIMENTAL RESULTS

The results obtained during the course of thidystuave been presented

in this chapter under following sections:

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

411

In vitro screening of bacterial isolates for antagonistitiveg against
Clavibacter michiganensis

Comparision of antagonist bacterial isolatesnf different horticultural
crops on the basis of plant growth promoting trgRssolubilization,
siderophore production, growth on N-free mediumA Iproduction and
HCN production).

Screening of antagonistic bacterial isolatesnf different horticultural
crops for multifarious PGP traits.

Antibacterial activity of selected antagtiti bacterial isolates against
Clavibacter michiganensisat different concentrations of cell free
supernatant.

Selection of antagonistic bacterial isolategaimst Clavibacter
michiganensis based on similarity coefficient derived from their
multifarious PGP traits.

Phenotypic and metabolic characterizationeof $elected antagonistic
bacterial isolates.

Random amplified polymorphic DNA (RAPD) stuslie

Quantitative estimation of plant growth pading traits by selected
antagonistic isolates.

Net house studies.

Optimization of cultural conditions for thatagonistic effect of the best
selected most bacterial isolate S1 agdihshichiganensis

Molecular identification of most efficieahtagonistic bacterial isolate S1
based on 16S rRNA gene sequencing.



4.1 IN VITRO SCREENING OF BACTERIAL ISOLATES FOR
ANTAGONISTIC ACTIVITY AGAINST Clavibacter michiganensis
Bacterial canker is a very contagious and destrectisease of green

house as well as field grown tomatoes. But, thdobioal control of canker,

caused byClavibacter michiganensissp. michiganensishas not been worked

out. Consequently, this study was undertaken whign aim of identifying a

potential biocontrol agent of the pathogen. A tafb50 rhizobacterial isolates

from different horticultural, vegetable crops anedicinal plants grown under

mid hills and high hills of Himachal Pradesh weregned for antagonistic

activity againstClavibacter michiganensisThese crops were from different

agroclimatic conditions with respect to altitudedasoil pH (Table 1). However,

the soil pH did not vary much with the altitude amds almost neutral. Table 1

revealed that out of total, only 40 bacterial isedashowed antagonistic activity

by depicting inhibition zone in the range of 3.2012 mm (Plate 1). A total of 8

(20%) isolates were of endorhizospheric origin whihe rest 34 (80%) were

rhizospheric. Out of these 40 isolates, 20 isolatese isolated from strawberry

rhizosphere, 10 from apple and 10 from apricotashere.

The total antagonistic bacterial isolates (20/4@spnt in strawberry
rhizosphere of district Solan, Shimla and Sirmdaoveed 3.2 to 12.0 mm zone of
inhibition againsiClavibacter michiganensis'he status of antagonistic bacterial
isolates from strawberry rhizosphere dependinghendegree of antagonism was
excellent for 15% (3/20) isolates obtained fromn3hi 15% (3/20) were rated
very good and rest 70% (14/20) were good.

The antagonistic bacterial isolates (10/40) preseapple rhizosphere of
district Shimla, Chamba and Kinnaur showed 3.561@066 mm range of
inhibition zone. The status of antagonistic baaterisolates from apple
rhizosphere depending on the degree of antagonissnewcellent for 10% (1/10)
isolates obtained from Shimla, 10% (1/10) were \@gogd obtained from Shimla
and Chamba, while the rest 80% (8/10) from Shilaamba, Kinnaur were

rated good.
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Plate 1.  Screening of rhizobacterial isolates for antagonism against Ciavibacier
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Table 1. Site characterization and screening of ikhobacterial isolates for

antagonism againsiClavibacter michiganensis

Isolate Origin* Site of isolation Source | Atitude (metres| soil pH Zone of Degree of
above the sea inhibition** | antagonism
level) (mm)

KU,S 1 RS Kufri, Shimla Strawberry 2,290 5.7-6.3 10.33 +++
NA(2) RS Nauni, Solan Strawberry 1,502 6.5-7.0 4.50 +
NA(5) RS Nauni, Solan Strawberry 1,502 6.5-7.0 4.90 +
S1 RS Rohru, Shimla Strawberry 1,583 5.1-7.2 12.00 +++
KU3q) RS Kufri, Shimla Strawberry 2,290 5.7-6.3 8.67 ++
R>S RS Rohru, Shimla Strawberfy 1583 5.1-7.2 10.00 +++
ROsg) ER Rohru, Shimla Strawberfy 1583 5.1-7.2 3.66 +
Ragy(s) RS Rajgarh, Sirmaur Strawberry 1,555 6.2-6.7 3.90 +
NA(6) RS Nauni, Solan Strawberry 1,502 6.5-7 4.30 +
Ray () ER Rajgarh, Sirmaur Strawberry 1,555 6.2-6.7 5.00 +
Rayy(s) RS Rajgarh, Sirmaur Strawberry 1,555 6.2-6.7 4.50 +
KU3@) ER Kufri, Shimla Strawberry 2,290 5.7-6.3 8.43 ++
KU, RS Kufri, Shimla Strawberry 2,290 5.7-6.3 9.34 ++
Na-12S1 RS Nauni, Solan Strawberry 1,502 6.5-7 3.20 +
Ray ER Rajgarh, Sirmaur Strawberry 1,555 6.2-6.7 4.60 +
ROy RS Rohru, Shimla Strawberfy 1,583 5.1-7.2 4.70 +
ROy7) RS Rohru, Shimla Strawberry 1,583 5.1-7.2 3.80 +
Na 8 RS Nauni, Sirmaur Strawberry 1,583 6.5-7 3.20 +
KU RS Kufri, Shimla Strawberry 2,290 5.7-6.3 3.91 +
ROsy ER Rohru, Shimla Strawberfy 1,583 5.1-7.2 4.80 +
RGy3 RS Matiana, Shimla Apple 2,381 5.5-7.32 10.664 +++
G2(6) RS Matiana, Shimla Apple 2,381 5.5-7,32 4.33 +
RG2(1) RS Matiana, Shimla Apple 2,381 5.5-7|32 4.30
R5(2) ER Matiana, Shimla Apple 2,381 5.5-7{32 4.72
R3(4) RS Matiana, Shimla Apple 2,381 5.5-7/32 4.99
CHgA RS Chamba Apple 996 7.55-7|6 9.33 ++
CKGA RS Chamba Apple 996 7.55-7|6 4.30 +
KPGA RS Recong Peo Kinnau Apple 4,000 5.7-6.1 3.90 +
ESA RS Chopal, Shimla Apple 2,550 5.15-7.832 3.56
CH3B RS Chamba Apple 996 7.55-7.6 4.80 +
APy RS Recong Peo, Kinnaur  Aprico 2,290 5.7-6.1 4.10 +
AP,y RS Recong Peo, Kinnaur Aprico 2,290 5.7-6.1 3.60 +
AT RS Tabo, Kinnaur Apricot 3,280 5.5-59 3.89 +
AGyy RS Gaura, Sirmaur Apricot 932 5.8-63 10.33 +++
AGs(y ER Gaura, Sirmaur Apricot 932 5.8-6{3 4.9 +
AK 14 RS Kandaghat, Solan Aprico 1,425 6.6-71.3 4.98 +
AN5(,) ER Nauni, Solan Apricot 1,502 6.5-7 4.60 +
ANy RS Nauni, Solan Apricot 1,502 6.5-1 4.50 +
ANy RS Nauni, Solan Apricot 1,502 6.5-1 4.83 +
AS;2) RS Subathu, Solan Apricot 1,265 6.9-7.3 4.65 +

Origin* :RS- Rhizospheric, ER- Endorhizospheric
Zone of inhibition** = Zone size-well size
+ Good = zone size ranging from 0-5 mm
++Very good = zone size ranging from >5- <10 mm
+++ Excellent = zone size from 10-15 mm
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The antagonistic bacterial isolates (10/40) preserpricot rhizosphere
of district Kinnaur, Solan and Sirmaur showed ageraf 3.60 to 10.33 mm
diameter of inhibition zone. In contrast, the stawf antagonistic bacterial
isolates from apricot rhizosphere depending ondégree of antagonism was
excellent for 10% (1/10) isolates obtained fromn&iur, while the status of rest

of the isolates was rated good.

Hence, the percentages of antagenibtcterial isolates showing
excellent degree of antagonism has been arrangedi@n of strawberry (15%) >
apple (10%) = apricot (10%).

4.2. COMPARISION OF ANTAGONIST BACTERIAL ISOLATES
FROM DIFFERENT HORTICULTURAL CROPS ON THE BASIS
OF PLANT GROWTH PROMOTING TRAITS (P-
SOLUBILIZATION, SIDEROPHORE PRODUCTION, GROWTH
ON N-FREE MEDIUM, IAA PRODUCTION AND HCN
PRODUCTION)

Table 2 showed the results of the plant growth mtimg traits (PGPT)
for the antagonistic bacterial isolates associatgd rhizosphere of strawberry,
apple and apricotA total of 40 antagonist bacterial isolates wereesoed for
PGPTs viz. P-solubilization, siderophore productigrowth on N free medium,

IAA production and HCN production.

Table 2 Characterization of antagonistic bacterial isolatesfrom different
horticultural crops possessing plant growth promotng traits (P
solubilization, siderophore production and growth o N free

medium)
Source Single traits Binary traits Triple traits
Isolates P S N P+S P+N S+N P+S+N
without any
activity
Strawberry 3/20 3/20 1/20 1/20 4/20 5/20 1/20 2/20
(15) (15) (5) 5) (20) (25) 5) (10)
Apple 0/10 3/10 0/10 0/10 3/10 1/10 1/10 2/10
(0] (30) (0.00) | (0.00) (30) (10) (10) (20)
Apricot 0/10 1/10 1/10 0/10 2/10 4/10 1/10 1/10
(0) (10) (10) 0) (20) (40) (10) (10)
Total 3/40 7/40 2/40 1/40 9/40 10/40 | 3/40 5/40
(7.5) (17.5) (5) (2.5) | (22.5) (25) (7.5) (12.5)

Frequencies of antagonistic rhizobacteria possgs$fant growth

promoting traits vary with respect to crop, areresped in terms of single, binary
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and triple PGP traits. Different combinations @iits were made by incorporating
the important traits of P solubilization, sideropt@roduction and N fixation,
excluding IAA and HCN production because all thelagses were negative for
HCN production, whereas IAA was present in all ibalates. It was observed
that combination of binary traits of nitrogen fixat and phosphate solubilization
was highest for apricot (40.0%). Rhizobacterialcpatages having binary traits
of siderophore production and nitrogen fixation i@sd to be same (10.0%) in
apple and apricot, while it was found to be (5.080}ase of strawberry, whereas
the percentages of PGPRs having binary traits ofpiate solubilization and
siderophore production was found maximum in ap@B6.0%) which was
relatively higher as compared to the binary tratsown by rhizobacterial
antagonists of other two crops.

Ratios of antagonistic rhizobacteria possesingetripaits of phosphate
solubilization, siderophore production and nitrogeation were highest in apple
(20.0%). However, in case of strawberry and apyitotvas 10.0%. It was also
observed that all the antagonistic PGPRs weretalpjeoduce substantial amount
of IAA, but vary in possessing different combinasoof PGP traits like P
solubilization, siderophore production and growthM free medium. Strikingly,
it was observed that none of the antagonist waes tabproduce HCN, which was
considered as an important trait for antagonisnmddeantagonism in the present

isolates may be due to some other factors.

Overall percentages of bacterial antagonists fantpgrowth promoting
traits viz. P solubilization, siderophore produntiand IAA production from
strawberry, apple and apricot rhizosphere are ptedan Fig. 1. which revealed
that fourteen out of twenty bacterial isolates Q%0) from strawberry rhizosphere
were able to solubilise phosphorus and all theatesl (100%) produced IAA,
whereas only eight isolates (40.0%) were able twlpece siderophore on CAS
medium. Nine out of ten isolates (90.0%) from appieosphere were phosphate
solubilizers, all (100%) were able to produce IARhereas, only six (60.0%)

were able to produce siderophore. However, in adsapricot, eight isolates
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(80.0%) were phosphate solubilizers, four (40%) ewveable to produce

siderophore and all (100 %) were able to producd® 1A

Frequencies of rhizobacterial antagonists havirgplBbilization among
three horticultural crops has been decpicted in EidPercentages of bacteria
having phosphate solubilization activity is arrathge the order of apple (90%) >
apricot (80%) > strawberry (70%). In total, 80.082/40) were able to solubilize
phosphorous. The highest P solubilization was dembrfor the isolate from
strawberry rhizosphere, while the lowest for thidte from apricot rhizosphere.

In total, 77.5% (31/40) of the isolates were abledlubilize phosphorous.

The ratio of bacterial isolates showing siderophsyathesising ability
were in the order of apple (60.0%) > apricot (50.0%strawberry (40.0%). The
highest siderophore producers were recorded iroshizeric isolates from apple
and lowest were recorded in strawberry and onlp%5(18/40) of total PGPT

possesing isolates were siderophore producers.

4.3. SCREENING OF ANTAGONISTIC BACTERIAL ISOLATES
FROM DIFFERENT HORTICULTURAL CROPS FOR THEIR
MULTIFARIOUS PGP TRAITS

A total of 40 isolates from the rhizospheres ofstrerry, apple and
apricot were taken for qualitative detection of tfatious plant growth
promoting traits viz. phosphate solubilization, esmphore production, 1AA
production, growth on nitrogen free medium and bgén cyanide production.
These isolates were tested for qualitative estonabf P solubilization on PVK
medium, siderophore production on CAS medium arvtdr on nitrogen free
medium (Jensen’s medium). In addition, the produnctf various lytic enzymes

like amylase, cellulase, lipase, protease andnasé was also investigated.

4.3.1 Screening of bacterial antagonists frontrawberry rhizosphere
againstC. michiganensis for multifarious PGP traits

A total of twenty rhizobacterial isolates, rhizospkh and

endorhizospheric, from strawberry rhizosphere wsreeened for multifarious
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plant growth promoting traits viz. phosphate sdimbhtion, siderophore
production, IAA production, growth on nitrogen freeedium , HCN production
and production of different lytic enzymes viz. aasg, cellulase, lipase, protease
and chitinase. Results revealed that all the isslatere negative for HCN
production however, exhibited concomitant productd other four plant growth
promoting activities (Table 3). These isolates weéested for qualitative
estimation of P-solubilization (Plate 2) and PShd8phate solubilization index )
showed a lot of variation. Maximum PSI was obserwétth KU3(1) (3.31), with
corresponding SE % (Solubilization Efficiency) df3125%. Minimum PSI was
recorded for Ragg)(0.34), with corresponding SE% of 11.33%. Out oériy, six
isolates were unable to solubilize P [ NA(2), £ Rass), Na-12 S 1, Na 8,
KU 1)

The siderophore production of the bacterial isslateere estimated
gualitatively on the basis of colored zone on CA&mam (Plate 2). Variation
was observed in zone size which ranged betweenr@rbGo 10 mm. Maximum
zone was produced by isolate @0 mm) which was significantly higher than all

other isolates. Minimum zone (2.56 mm) was produnetsolate RS,

Bacterial isolates were screened for IAA productianLuria Bertani
broth ammended with tryptophan after 72h of incidoatAll the isolates (100%)
were able to produce IAA. The IAA produced washe tange of 2.00 pug/ml to
35.00 pg/ml. Maximum IAA was produced by the isel&tUs) (35.00 pg/ml)
and minimum by the isolate Rf) (2.00 pg/ml). Whereas, out of twenty, nine

(45.0%) antagonists were able to grow on N-freeiomedPlate 2).

These twenty isolates were also screened for ptmauof different lytic
enzymes viz. amylase, cellulase, lipase, proteadechitinase (Plate 2). Out of
twenty isolates, eleven (55%) exhibited amylaseviéigt A lot of variation was
observed in amylase activity ranging from 0.12 t@92E.l. (Enzyme index).
Maximum E.I (2.19) was recorded for isolate KB1lwhereas the isolate Rf)

showed minimum E.I. (0.12).
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Table 3. Screening of bacterial antagonists from sawberry rhizosphere for multifarious PGP Traits

Isolate Phosphate solubilization Siderophore Indole-3-acetic Growth on Amylase Cellulase Lipase Protease Chitinase
production (zone acid (pug/ml) nitrogen free
PSI SE%” size in mm) medium E.l*+* E.l. E.l. E.l. E.l

KU,S1 277 76.59 3.23 24.00 + 2.19 147 1.68 1.80 124
NA(2) 0.00 0.00 - 5.00 - 1.80 - 1.68 1.72 113
NA(5) 1.33 33.33 - 7.00 - - 1.30 1.50 1.72 125
S1 294 94.16 10.00 27.00 + 1.80 - 173 1.62 113
KU3) 3.13 113.25 3.33 35.00 + - 1.30 1.50 1.72 1.52
R>Sy) 2.33 33.33 2.56 23.00 + - - 1.53 1.76 1.42
ROs6) 0.00 0.00 2.99 20.00 - 1.66 - 1.63 1.87 1.45
Rays) 0.00 0.00 - 3.00 + 1.33 - - 1.41 1.50
NA(6) 2.33 33.00 - 7.00 - 1.51 - 1.42 1.10 0.56
Rag) 0.34 11.33 - 5.00 - 1.31 - 1.12 1.33 1.04
Rasys) 2.30 30.00 - 6.00 + - 1.10 - - 1.50
KU3(3 2.87 87.36 5.00 22.00 + - 1.50 151 1.69 1.22
KU3 244 44.32 8.70 24.00 - - - 1.60 1.76 0.72
Na-12 S 1 0.00 0.00 - 4.00 - 0.78 1.20 - - 0.90
Razp) 222 21.74 - 9.00 + - - 1.23 0.21 1.22
ROy 2.25 25.00 3.56 2.00 - 0.12 - - - 0.80
RO 154 32.00 - 5.50 - 0.70 - - 0.43 0.43
Na 8 0.00 0.00 - 6.20 - - - - 0.80 1.45
KUy 0.00 0.00 - 8.00 + 1.12 0.40 - -
ROs() 2.21 23.60 - 9.00 - - - 1.01 - 1.20

Phosphate solubilization ind¢RSI1)* = % where A= diameter of colony+halo zone, B= dé&en of colony
P-Solubilization efficiency{%S.E)** :% x 100 Where, C = colony diameter, Z = halozone diamet

+ Isolates showing positive PGP activity

- Isoltes showing negative PGP activity
E.lwx =4

Where, A = Diameter of halo zone, B = Colony diagnet
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Seven (35%) out of twenty isolates exhibited cabel activity. Variation
in cellulase activity was observed in the ranged@f0 to 1.50 E.l. Maximum
cellulase activity was recorded for isolate #dJ(1.50 E.l.) and isolate Kig,
(0.40 E.l.) was recorded with minimum enzyme atttvi hirteen (65%) out of
twenty isolates exhibited lipase activity. Lipassivaty was observed within the
range of 1.01 to 1.73 E.I. Maximum lipase actiwigs recorded for isolate S 1
(1.73 E.l) and minimum lipase activity for isolaGs1) (1.01 E.l) was
recorded. Fifeen (75%) out of twenty isolates el protease activity.
Protease activity was observed within the rang6.21 to 1.87 E.l. Maximum
enzyme activity was recorded for isolate #g(X1.87 E.l.) and minimum enzyme
activity was recorded for isolate Rg(0.21 E.l.). Nineteen (95%) out of twenty
isolates exhibited chitinase activity. Variationahitinase activity was observed
in the range of 0.43 to 1.52 E.l. Isolate which ibkbd maximum chitinase
activity was Kl (1.52 E.l.) and isolate that exhibited minimum fase
activity was RQ(7(0.43).

4.3.2. Screening of bacterial antagonists from ajg rhizosphere againstC.
michiganensis for their multifarious PGP traits

Ten antagonistic bacterial isolates from applea$mhere were screened
for multifarious plant growth promoting traits.vas observed that all the isolates
showing antagonistic activity against the pathogeere negative for HCN
production but exhibited concomitant production ather four plant growth
promoting traits (Table 4). PSI of bacterial iselatshowed a lot of variation.
Maximum PSI was observed with isolate §#H2.65) with corresponding SE%
of 64.52% and minimum was recorded for isolateO#® (2.12) with
corresponding SE% of 17.1%.

The siderophore production of the bacterial isslateere estimated
gualitatively on the basis of colored zone on CA®dmam. Variation was
observed in zone size which ranged between 3.9 onbi tnm. Maximum zone
was produced by isolate GAM (11 mm) which was significantly higher than all
other isolates. Minimum zone (3.9 mm) was produngdolate G2(6)
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All the ten (100%) isolates were able to producd I Luria Bertani
broth ammended with tryptophan after 72h of incidmatlAA was produced in
the range of 1.50 pg/ml to 70.00 pg/ml. Maximum |A’s produced by the
isolate RGs) (70.00 pg/ml), whereas, minimum IAA production ws®wn by
the isolate RG2(1) (1.50 pg/ml).

Phosphate solubilization was observed in nine (9086)ates, four
isolates (40%) were able to grow in nitrogen freediam (Plate 2), six (60%)
isolates were able to produce siderophore on CA@umeand all the ten (100%)

isolates were IAA producers.

The isolates from apple rhizosphere were alscese for production of
different lytic enzymes viz. amylase, cellulaspate, protease and chitinase. Out
of ten isolates, six isolates (60%) exhibited arsglaactivity. A lot of variation
was observed in enzyme activity ranging from 0.7b © 1.92 E.l. Maximum
amylase activity was recorded for isolate G (1.92 E.l.) which was
significantly higher than the enzyme activity reted for isolate CkB (0.75

E.l.) with minimum enzyme index.

Four (40%) out of ten isolates exhibited cellulasivity. Enzyme
activity was observed in a range of 0.23 E.I. th E.l. Maximum cellulase
activity was recorded for the isolate ¢(1.1 E.I.) whereas the isolate R5(2)
(0.23 E.l.) showed minimum cellulase activity. Fi{&0%) out of ten isolates
exhibited lipase activity. Enzyme activities wereserved in the range of 0.78
E.l. to 1.52 E.l. Moreover, maximum and minimumake activities were
recorded for the isolates Rg (1.52 E.I.) and isolate GB (0.78 E.l.). Five
(50%) out of ten isolates exhibited protease agtivOn the basis of enzyme
index maximum enzyme activity was recorded foras®lRGs) (1.81 E.I.) and
minimum protease activity was recorded for isoR&2) (0.89 E.l.). In case of
chitinase enzyme, all the isolates were positivéenms of zone size. Enzyme
activity variation was in the range of 0.80 E.I1t&5 E.I. Isolate CKA exhibited
maximum enzyme activity (1.55 E.l.) and minimum y@ng activity was shown
by the isolate G2(6) (0.80 E.I.).
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Plate 2: Screening of antagonistic hacterial antagonists from different horticultural
crops for multifarious plant growth promoting traits and lytic enzymes

production :

A) Phosphate Solubilization
(') Growth on Nitrogen free medium
E) Protease

) Lipase

B) Siderophore production
D) Amylase
F) Chitinase
H) Cellulase



Table 4. Screening of bacterial antagonists from gpe rhizosphere for multifarious PGP traits

Isolate Phosphate Siderophore Indole-3-acetic acid Growth on nitrogen Amylase Cellulase Lipase Protease Chitinase
solubilization production (zone (ng/ml) free medium
size in mm)
PSI* SE%** E.|.*** E.l E.l E.l E.l
RGy3) 2.62 62.14 7 70.00 + 1.92 - 1.52 1.81 1.26
G2(6) 2.20 20 3.9 3.00 - 1.14 - - 1.21 0.80
RG2(1) 2.18 18.2 6.1 1.50 - - - 1.12 - 0.99
R5(2) 0.00 0.00 4.78 2.00 + - 0.23 - 0.89 1.34
R3(4) 2.39 38.8 5.2 4.00 - 0.79 0.45 - - 1.35
CHgA 2.65 64.52 11 17.00 + 1.51 11 1.46 1.73 1.24
CKoA 2.58 30.1 - 5.50 - - - 1.11 - 1.55
KPOA 2.12 17.1 - 6.40 + - 0.78 - - 1.22
ESA 2.57 19.78 - 5.00 - 0.89 - - 1.33 1.06
CH;B 231 26.3 - 2.00 - 0.75 - 0.78 - 1.13

* kxR game as in table 3
+, - same as in table 3
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4.3.3. Screening of bacterial antagonists from amot rhizosphere against

C. michiganensis for their multifarious PGP traits

Ten antagonistic isolates from apricot rhizosphesre screened for
multifarious plant growth promoting traits viz. phate solubilization,
siderophore production, IAA production, growth oitragen free medium,
production of hydrogen cyanide and lytic enzymeab{& 5). Results revealed
that none of the isolate was able to produce HOMNSE isolates were tested for
gualitative estimation of P solubilization. MaximuRSI was observed for the
isolate AG(7 (2.65), with corresponding value of SE% of 64.52f61 minimum
PSI was recorded for isolate 45(1.21), with corresponding SE% of 24.08%.

Two isolates i.e. AkayandAP,)were negative for P-solubilization (0.00).

The siderophore production of the bacterial isslateere estimated
gualitatively which revealed that zone size rangetiveen 0.56 mm to 2.58 mm.
Maximum zone was produced by isolate #45(2.58 mm) which was
significantly higher than all other isolates andnimum zone (0.56 mm) was

produced by isolate Af).

IAA was produced by all the ten (100%) isolateshwatoduction ranging
from 3.00 pg/ml to 40.00 pg/ml. Maximum quantityl8A was produced by the
isolate AG7)(40.00 pg/mland minimum quantity by the isolate Ady.

Phosphate solubilization was observed in eight (8@&ates, six isolates
(60%) were able to grow in nitrogen free medium,isolates (60%) were able to
produce siderophore on CAS medium, whereas alhtesl(100%) were able to

produce IAA.

The isolates from apricot rhizosphere were scrédoe production of
different Iytic enzymes i.e. amylase, cellulaspas$ie, protease and chitinase. Out
of ten isolates, five (50%) exhibited amylase astivA lot of variation was
observed in enzyme activity ranging from 0.65 Ed.1.97 E.l. Maximum
amylase activity was recorded for isolate #4 (1.97 E.l.) which was

significantly higher than the enzyme activity red®d for isolate ATy (0.65
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E.l.) with minimum enzyme index. Two (20%) out a@ntisolates exhibited
cellulase activity. Enzyme activity observed on Hasis of enzyme index was
1.32 E.I. for isolate Aj;yand 0.65 E.I. for ANz Four (40%) out of ten isolates
exhibited lipase activity. Enzyme activity was imetrange of 0.77 E.I. to 1.14
E.l. Maximum and minimum enzyme activities wereoalecorded for the
isolates Ag) (1.14 E.l.) and AKu)(0.77 E.L.), respectively. Five (50%) out of
ten isolates exhibited protease activity. Enzymivigg varied in the range of
1.15 E.l. to 1.52 E.I. Maximum and minimum enzyno#iaties were recorded
for the isolates Agy) (1.52 E.I.) and ATy (1.15 E.L.). All the isolates exhibited
chitinase activity. Variation in enzyme activity sven the range of 1.15 E.I. to 1.5
E.l. Isolate AG7) exhibited maximum enzyme activity (1.50 E.l.) anthimum
enzyme activity was exhibited by the isolate AN1.15 E.L.).

Figure 2 shows the overall frequencies of bactearghgonists for the
production of Iytic enzymes viz. Amylase, celluladgase, protease and
chitinase from three fruit crops i.e. strawberngple and apricot. Eleven (55%),
out of twenty antagonists from strawberry rhizosphwere able to produce
amylase, seven (35%) were cellulase producergedmir(65%) produced lipase,
fifteen (75%) showed protease activity and ninet€@P6) showed chitinase
activity. From the apple rhizosphere, six (60%) olten isolates were recorded
with amylase activity, four (40%) with cellulasetiaity, five (50%) with lipase
activity, five (50%) showed protease activity antthe ten (100%) showed
chitinase activity.

However, five (50%) out of ten isolates from apticbizosphere were
able to produce amylase, whereas, only two (20%jewable to produce
cellulase, four (40%) were recorded with lipase &md (50%) with protease

activity and all the ten (100%) produced chitinase.

Percentages of PGPRs having different lytic enzymgvity among
different horticultural crops has been depictedrig. 2. Percentage of bacteria
having amylase activity was arranged in the deargasrder, apple (60%) >
strawberry (55%) > apricot (50%). The ratio of lesicl antagonists showing
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Table 5. Screening of bacterial antagonists from agzot rhizosphere for multifarious PGP traits

Isolate Phosphate solubilization Siderophore Indole-3-acetic Growth on Amylase Cellulase Lipase Protease Chitinase
PSI* SE%** production (zone acid (ug/ml) nitrogen free E.|*** E.l E.lL E.l E.l
size in mm) medium
AP3) 2.57 33.10 211 10.00 - - - 0.98 1.21 1.24
APy, 0.00 0.00 2.33 11.00 + 1.24 - - - 1.22
AT 2.76 30.56 - 5.00 + 0.65 1.32 - 1.15 1.25
AGy 2.65 64.52 2.58 40.00 + 1.97 - - 1.52 1.50
AGs, 2.11 28.6 - 6.50 - 1.43 - - - 1.30
AK 14 0.00 0.00 0.91 7.00 - - - 0.77 1.26
AN, 2.56 41.12 - 3.00 + - 0.67 0.86 - 1.19
ANy 1.68 25.6 0.56 4.00 - - - - 1.30 1.15
AN, 2.58 38.23 - 6.00 1.2 - - 1.33
AS3z) 1.21 24.08 - 4.50 - 1.14 1.17 1.45

* ** k% = game as in table 3

+, - same as in table
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cellulase activity are arranged in the order, apggl@%) > strawberry
(35%) > apricot (20%). Lipase activity have alsoemerepresented in the
decreasing order as strawberry (65%) > apple (59%pricot (40%). The order
of protease activity was found to be strawberryYS apple (50%) = apricot
(50%). However, chitinase activity followed the eraf apple (100%).

4.4  ANTIBACTERIAL ACTIVITY OF SELECTED ANTAGONI STIC
BACTERIAL ISOLATES AGAINST C. michiganensis AT
DIFFERENT CONCENTRATIONS OF CELL FREE
SUPERNATANT
Fig. 3 revealed that ten bacterial antagonistscesdeon the basis of their

plant growth promoting traits showed variation fantibacterial metabolite

production. Thein vitro antibacterial metabolite production by ten selécte
bacterial antagonists was tested using the caldupernatant of 48h old cultures
of bacterial antagonists again€ilavibacter michiganensisat four different

concentrations i.e. 0.25% (v/v), 0.50% (v/v), 0.75%v) and 1.00% (v/v)

(Fig. 3). Cell free supernatant of seven isolatesfstrawberry, two from apple

and one from apricot rhizospheres were studied tha inhibition against

Clavibacter michiganensis

A lot of variation was observed in size of zotenhibition, ranging from
2.28 mm to 9.6 mm (Plate 3). The maximum antibgtexctivity in cell free
supernatant at 0.25 per cent concentration (v\g vemorded for the bacterial
antagonist S1 with 8 mm zone of clearance, whichemsed to 9.3 mm with the
increase in concentration upto 0.75%, but withHferincrease in concentration to
1.00%, zone size remained stable. Following SlaiedRQ), showed the zone
of clearance of 6 mm at 0.25% concentration, wincheased to 9.6 mm with the
increase in concentration to 0.75%. But, with fartincrease in the concentration
to 1.00%, decrease in zone size to 8.6 mm was \axselWhereas, minimum
activity was shown by the isolate Kl with zone of clearance of 2.28 mm at
0.25% concentration, which increased subsequentB.2 mm with the increase

in concentration (v/v) upto 1.00%.
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4.5 SELECTION OF ANTAGONISTIC BACTERIAL ISOLATES
AGAINST Clavibacter michiganenss BASED ON SIMILARITY
COEFFICIENT DERIVED FROM THEIR MULTIFARIOUS PGP
TRAITS

A total of forty antagonistic isolates from rhizbspes of different
horticultural crops viz. strawberry, apple and epiri were screened for
multifarious PGP traits. Data generated on thesbalsPGP traits were subjected
to cluster analysis. Dendrogram was constructeagusie unweighted pair-group
method with airthmatic mean (UPGMA).

Cluster analysis on PGP traits grouped the forigothacterial antagonists
into two main clusters at 52 per cent similarityde(Fig. 4). The upper cluster
was divided into two sub clusters at 60 % simijal@vel. The upper sub cluster
consisted of eleven isolates at 73 % similarityelewith three isolates i.e.,B1,
Ra) and A and two isolates i.e. Rgs)yand AN;z) showing 100 per cent
similarity among them. The lower sub cluster wasd#d into two groups at 66
per cent similarity level. The upper group was Hart divided into two sub
groups at 68 per cent similarity level. The uppeb group consisted of four
isolates at 74 per cent similarity level, with twgmlates i.e. NA(2) and R,
showing 100 per cent similarity among them. Thedopwsub group consisted of
eight isolates at 74 per cent similarity level,imigolates KU, AP3qyand RGQy),
CKoA showing 100 per cent similarity with each oth&he lower group was
divided into two sub groups at 73 per cent sintjatevel. At 80 per cent
similarity level, the upper sub group consistedefen isolates, with isolates S1
and RGgs), and RQyand G2(6) showing 100 per cent similarity amongrthe
while four isolates were present in the lower sutug at 83 per cent similarity

level.

The lower cluster consisted of only six isolatethvd0 % similarity. One
isolate i.e. K4 was present singly, whereas, other five isolate® \peesent in
a cluster at 65 % similarity level. This indicatat the isolate KiJs) was totally

different from other five isolates grouped in clrsiith respect to PGP traits.

Out of total, ten isolates were further selectedtb@ basis of their

antagonistic activity and multifarious PGP trakaze isolates i.e. KkS1, KUy,
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R.S1, KUz and CHA, which were showing atleast three PGPTs of P-
solubilization, siderophore production, growth onfride medium, lytic enzyme
production were selected from upper sub clustenglwith inhibition zone
ranging from 8.43 to 10.33 mm. However, five antagtic bacterial isolates i.e.
ROs6, RGs), KUz S1 and AGg), from lower sub cluster were selected for
further study. From selected isolates, maximumbition zone (12.0 mm) was
observed for isolate S1 from strawberry rhizosptiellewed by isolates Kk51
and AG(7)(10.33 mm) from strawberry and apricot rhizospherespectively

K281
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Fig 4. Dendrogram showing relationship among bacterial ardggonists based
on similarity coefficient derived from their multif arious plant growth
promoting traits

46 PHENOTYPIC AND METABOLIC CHARACTERIZATION OF
TEN SELECTED ANTAGONISTIC BACTERIAL ISOLATES

4.6.1 Morphological characterization of ten selecte antagonistic bacterial
isolates

The results in Table 6 depicts the colony morphgldggram’s reaction,
cell shape and arrangement of selected bactertabamists. All isolates were

positive for Gram’s reaction except one isolate {®}) which was found to be
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gram negative. All the antagonists were rod shapkxbt of the isolates occured
singly while one isolate i.e. Kd4) was arranged in chains when observed
microscopically. From the results it was revealbdt tall the selected isolates
shared variable morphological features with respetteir colony shape, margin
and elevation and appeared as circular, irregyanctiform, undulate, flat,

creamish, raise, curled, entire and convex foed#ht selected antagonists.

Table 6. Morphological characterization of ten seleted antagonistic isolates

Isolates Colony morphology Gram’s Shape Arrangement
Reaction
KU, S 1| Creamish,circular, raised, entire margin * Rods Single
S1 Creamish, irregular, flat, undulate * Rods Single
KU3q) Creamish, circular, raised, curled + Rods Single
R.Sy | White, circular, convex, entire margin * Rods Single
ROs Creamish, circular, raised, entire margin i Rods Single
KUss | White, irregular, flat, undulate margin * Rods Chains
KU3 Creamish, irregular, flat, undulate margin * Rods Single
AGy7) | White, punctiform, flat, undulate margin * Rods Single
RGy3) Creamish, irregular, flat, undulate margin * Rods Single
71 Creamish, irregular, flat, undulate * Rods Single

4.6.2 Metabolic fingerprinting of antagonistic PG°Rs on the basis of their
biochemical tests
Figure 5 showed the dendrogram based on clustéysamaf biochemical
characters and carbon utilisation tests (TableCi)ster analysis showed that at
74% similarity level ten isolates were divided iniwo clusters, with lower
cluster consisting of only one isolate S1, whexhsr nine isolates were present

in the upper cluster.

At 81% similarity level the upper cluster was dettlinto two groups,
with upper group containing seven isolates and togm@up containing two

isolates. The upper group was divided into two guiups at 83 % similarity
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Table 7. Metabolic fingerprinting of ten selected atagonist PGPRs based on biochemical tests

Isolate Catalase Urease Indole Citrate H>S Production Ammonia Methyl Sugar
Production Utilisation Production Red Dextrose Maltose Fructose Sucrose Lactose
KU,S1 + - - + - + + + + - - -
CHgA + + - - + - + - + - - -
RGy + - - + - + - - + - - -
R,S1 + - - + - + - - + + - -
KU3; + - - + - + + - + + - -
KU3@ + - - + - + - - + + - -
AG 17 + + - + - + + - + + - -
KU 4@ + + - + - + + - + - - -
ROs + + - + - + + - - - - -
S1 + - - - - + + - - + - -

+ Antagonists with activity

- Antagonists without activity
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level, whereas the lower group consist of two isdashowing 92% similarity

amongst them.

KU281
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Fig. 5. Cluster analysis of antagonistic bacterial isolates against C.
michiganensis based on similarity coefficient derived from their
metabolic fingerprinting

The upper subgroup further divided the seven isslahto two sub-
subgroups. The upper sub-sub group comprised ofi$olates. In lower sub-sub
group isolates RS1 and KUY were showing 100% similarity with each other.
These isolates were positive for catalase, ciuétsation, fructose and maltose
fermentation, whereas showed negative resultsrease, indole production 8

production, methyl red, dextrose, sucrose and sactermentation (Table .7)

4.7 RANDOM AMPLIFIED POLYMORPHIC DNA (RAPD) STUDIES

4.7.1 Extraction of Genomic DNA

Total genomic DNA of selected ten antagonistictéxdal isolates were
extracted using conventional method as describedeation 3.9. Presence of

DNA and its quality was checked by running it 00%. agarose gel (Plate 4).
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Plate 4 . Genomic DNA of ten selected antagonistic bacterial isolates
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Plate Sa. RAPD profile of antagonist bacterial isolates (1-10) using primers
RBa-1, RBa-2

Lane M, DNA marker; Lane 1, KU, S1;; Lane 2, KU3(1) ; Lane 3, S1; Lane 4, AGW);
Lane 5 R,S(1), ; Lane 6, ROg); Lane 7, CHgA; Lane 8, KUy; Lane 9, KUy 5, Lane
10, RGy5,
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Plate Sb. RAPD profile of antagonist bacterial isolates (1-10) using
primers RBa-3 and RBa-5

Lane M, DNA marker; Lane 1, KU, S1,; Lane 2, KU3U) ; Lane 3, S1; Lane 4, AG 17
Lane 5 R,S(1), ; Lane 6, ROs); Lane 7. CHgA; Lane 8, KU;; Lane 9, KU 5; Lane
10, RGy5,



4.7.2 Random amplified polymorphic DNA (RAPD) studes

Genetic diversity amongst ten antagonistic badtés@ates selected on
the basis of zone of inhibition (mm) agai@avibacter michiganensiand their
PGP traits was analysed using RAPD-PCR analysige Fandom decamer
oligonucleotide primers (RBa-1, RBa-2, RBa-3, RBatd RBa-5) were
screened initially with two representative bacteaatagonists. Four primers
(RBa-1, RBa-2, RBa-3 and RBa-5) producing best ltesof amplification
(expressed as average number of bands per prineg further selected for
RAPD-PCR analysis of ten antagonistic isolates t¢Pl&a and 5b). The
distribution of polymorphic bands among ten antagfon isolates are

summarized in Table 8.
The similarity cofficient revealed that the simitgr among ten

antagonistic bacterial isolates ranged betwee @00 per cent.

Table 8. Summary of the RAPD amplified products otained from selected
ten antagonistic bacterial isolates using four prirers

Total number of Primer screened

Total number of Primer examined 4

Total number of bands amplified from Primer (RBa-5) 77

Total number of polymorphic bands identified 205
Size range of amplified products 110-2100bp
Per centage of total polymorphic bands 100%

The results from Fig. 6 revealed that first majdureation divided the
ten bacterial antagonists into two main clusterspés cluster consisted single
isolate KU, which was selected for biocontrol studies underhmouse. Lower
cluster consisted of nine isolates, which furthegregated into two sub clusters.
Upper sub cluster consisted of three isolates (KW, S1 and RBS1), with
isolates KUY and KU, S1 showing 68 per cent similarity amongst them. The
isolate KU from upper sub cluster was selected for biocorgtotlies under net

house conditions.
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Fig. 6 Dendrogram showing the genetic relationsphiamongst selected 10
antagonistic isolates based on RAPD analysis

The lower sub cluster comprised of six isolatesd&H1, RGs), KU3q),
ROsand AG(7y), with two isolates i.e. Kk}y and RQe) showing 100 per cent
similarity among them. Three isolates (§21S1 and RG@z) from the lower sub
cluster were also evaluated for biocontrol potémitminstClavibacter

michiganensisinder the net house conditions.

4.8 QUANTITATIVE  ESTIMATION OF PLANT GROWTH
PROMOTING TRAITS BY SELECTED ANTAGONISTIC
ISOLATES

Ten selected bacterial antagonists were assessedguantitative
estimation of PGP traits after 72h of incubatior3atC and pH 7 under shaking
conditions (110 rpm) and were compared on the basisheir phosphate
solubilizing activity (ug/ml), % siderophore uniné IAA production (pug/ml). A
significant variation was observed among the badtantagonists for these PGP

traits.
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4.8.1 Quantitative estimation of P-solubilization by seleted bacterial
antagonists

Phosphate solubilizing activity of bacterial antaigts was estimated
guantitatively on the basis of their P-solubilipati (ug/ml) in PVK liquid
medium. The results (Table 9) revealed that theviddal isolate effectively
solubilized the insoluble tri-calcium phosphatdiquid medium. Among all the
ten isolates maximum P-solubilization was recortigdisolates RGgz) (258.00
pa/ml) which was statistically at par with the mst@ KU, S1 (255.50 pg/mind
was significantly higher than the phosphate soizdxl by all the other isolates,
with follwing viable count of 21.5« 10" cfu/ml and pH of 5.09. Minimum P-
solubilization was recorded for isolates, By (50.00 pg/ml) which was

statistically at par with Kk}s) (52.00 pg/ml).

Maximum viable count (25.00 x i@fu/ml) was recorded in isola®l
and maximum decrease in final pH of supernatarit0j5was also recorded in
case of isolate S1. Viable count after 72 hoursnotibation ranged between
minimum 11.70 x 10cfu/ml (KUs) to maximum 25.00 x T0cfu/ml (S 1)
whereas final pH of supernatant varied from minimdm (S1) to maximum
5.19 (KUs) as compared to initial pH 7.0.

Table 9. Screening of antagonistic bacterial isolas for quantitative
estimation of tricalcium phosphate solubilization & 72 h of

incubation

Isolates P-solubilization Viable Count Final pH of

(ug/ml) (10" x cfu/ml) Supernatant
KU, S1 255.50 17.80 5.01
S1 156.00 25.00 4.70
KU3q 253.00 21.00 5.00
R, Sy 50.00 12.50 5.05
ROs 55.50 13.90 5.12
KU3@ 52.00 19.80 5.10
KU; 250.00 11.70 5.19
AGy 150.00 20.10 5.02
RGy3 258.00 21.50 5.09
CHgA 54.00 15.90 5.01
Isd 7.38 1.55 0.29
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4.8.2 Indole-3-acetic acid production by selected bacteal antagonists

The antagonistic rhizobacterial isolates were swddor IAA production
in Luria Bertani broth ammended with tryptophaneaf72h of incubation.
Perusal of data in Table 10 revealed that isolaBgdrproduced significantly
higher concentration of IAA (70.00 pg/ml) after @@urs of incubation. Final pH
of the supernatant ranged between 5.30 ;(()G0 maximum 5.9 (Klls) as
compared to initial pH 7.0. Minimum IAA (17.00 pdjmvas recorded for isolate
CHsA.

Maximum viable count recorded for isolate Af was 25.70 x 10
cfu/ml. Viable count ranged between minimum 13.20L0% cfu/ml in isolate
RGy(3) to maximum 25.70 x T@fu/ml in isolate AG).

Table 10. Indole-3-acetic acid production by bact&al antagonists in Luria
Bertani broth with tryptophan at 72h of incubation

Isolates Indole-3-acetic Viable Count Final pH of
acid (10" x cfu/ml) supernatant
(ng/ml)

KU, S1 24.00 15.60 5.50
S1 27.00 23.10 5.70
KU3q) 35.00 15.90 5.66
R> Sy 23.00 15.50 5.50
ROs) 20.00 18.20 5.44
KUs3) 22.00 18.40 5.90
KU3 24.00 18.40 577
AG 40.00 25.70 5.80
RGy 70.00 13.20 5.30
CHgA 17.00 14.50 5.39
Isd 1.68 0.95 0.34

4.8.3 Quantitative estimation of siderophore production ly selected
bacterial antagonists

Quantitative estimation of siderophore using chroumal S (CAS) liquid
assay revealed that isolates S1 amngS(R) produced maximum (230.77%
siderophore unit) at 72 hours of incubation, widthdwing viable count of 23.80
x 10" and 21.70< 10’ cfu/ml and final pH of 5.20 and 5.30, respectiv@lgble
11).
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Table 11. Siderophore production by bacterial antgonists on CAS medium
after 72h of incubation

Isolates Quantitative Viable Count Final pH of
estimation (% (10" x cfu/ml) supernatant
S.U)

KU,S1 128.21 12.80 5.64
S1 230.77 23.80 5.20
KU3q 128.21 18.10 5.66
R.S(1) 230.77 21.70 5.30
ROs) 179.49 19.60 5.33
KU3) 128.21 18.50 5.42
KUj 128.21 20.80 5.60
AGy) 179.47 12.70 5.20
RGy 179.47 12.90 5.65
CHgA 128.21 20.20 5.35
Isd 5.51 1.83 0.43

Maximum viable count at 72 hours of incubation esponded to isolate S
1(23.80 x 10 cfu/ml). Maximum decrease in final pH of supern&t@20) was
recorded in case of two isolates i.e. &Id AG() which otherwise ranged
between minimum 5.20 to maximum 5.66 (k&) as compared to initial pH of

7.0.

4.9 NET HOUSE STUDIES

49.1 Biocontrol studies

In planta evaluation of best five antagonistic strains agig.
michiganensisrevealed that the tested strains decreased diseeisience of
bacterial canker of tomato under net house comditidfable 12). The canker
symptoms in control plants appeared after two westhse the seedlings were
transplanted. But the disease incidence and indere Wower as compared to
complete outbreak of the disease which came afterweeks of transplantation.
Temperature of net house varied between 25-35°CGelative humidity between
50-100% during the course of the experiment .Tisealie incidence and index
were assessed after four weeks since transplamtadib the isolates showed
significant decrease in disease incidence overrabntsolate S1 showed

minimum per cent disease incidence over controlate S1 showed significant
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decrease in disease incidence (30%), as well asmuax biocontrol efficacy

(70%), which was significantly higher than contesid all other isolates tested

under net house conditions. Whereas, maximum diseasglence was recorded

with isolate KU (85%) over control with minimum biocontrol efficaof 15%
(Plate 6).

Out of five, the disease index was found to be iBagmtly lower for

biocontrol treatment with isolate S1 (28.55%) asnpared to control and all

other treatments followed by the isolate dJvith disease index of 43.75%.

The population of both antagonist and pathogenhan rhizosphere of

tomato showed different levels. Minimum populatioh pathogen i.e. % 10°

cfu/ml and 11x 10° cfu/ml was found with the isolate S1 and iy In, addition

the antagonist count in the rhizosphere of sodteé with isolate S1 and Kld,

was 72x 10° cfu/ml and 64x 10° cfu/ml, respectively, which was significantly

higher than other antagonistic isolates.

Table 12. Biocontrol efficacy of PGPR strains in@ntrolling bacterial
canker caused byClavibacter michiganensis

Treatment Percent Disease Percent Disease Biocontrol Bacterial Bacterial
Index (%)* Incidence** Efficacy population of population of
0) pathogen (cfu/ml) |antagonist (cfu/m
00)*** h fu/ml i fu/ml
CONTROL 82.80 (65.57) 100 (90.00) 00 (0.00) 112x 1¢f 2x 10
S1 28.55 (32.17) 30 (32.90) 70 (57.10) 7 % 10° 72 % 10°
KU 3 43.75 (41.38) 50 (45.00) 50 (45.00) 11x 10° 64 % 1¢°
KU5 77.62 (61.81) 85 (70.08) 15 (19.92) 34x 10° 18x 1¢f
RGy(3 56.47 (48.75) 65 (54.22) 35 (35.78) 23x 1¢° 34 % 1P
CHgA 65.75 (54.26) 70 (57.10) 30 (32.90) 28x 1¢° 26 x 1P
Isd 5.71 13.05 13.05 5.32 3.27
Percent disease Index*= Z (Rating xNo. of plants rated) 100

Per cent disease incidence**=

Biocontrol Efficacy*** =

Total number of plants observed X Highest rating

No. of diseased plants

x 100

Total no. of plants observed

Disease incidence of control—disease incidence of antagonist treated

Disease incidence of control

Figure in Parenthesis () are arc sign transformadges
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4.9.2 Growth Promotion
4.9.2.1 Effect on shoot Parameters

Data appended in Table 13 illustrated maximum sherggth (49.17 cm)
in case of seedlings treated with isolate S1 whwels significantly higher than
control (26.87 cm) and all other isolates. Howew&rpot length in case of
seedlings treated with isolate Kgjwas 33.73 cm, which was significantly at par
with the shoot length of the isolate R§3(33.50 cm) and was significantly higher
than control. Whereas, minimum shoot length waendex for the isolate G#A

(28.37 cm), which was significantly lower than atlher isolates.

Increase in shoot dry weight was observed withadlisolates. Seedling
treatment with isolate S1 resulted in maximum shbrgtweight (15.10 g) which
was significantly higher than uninoculated seedin®.67 g). Among five
isolates, S1 inoculation showed maximum per centemse in shoot length
(73.32%) which was statistically significant thaimer isolates. Per cent increase
in shoot dry weight was found maximum with Bbculation (56.15%) which
was statisticallysignificant than other isolates. However, minimum@r gent
increase (17.92%) in shoot dry weight was observeth isolate CHA
inoculation (Fig. 7, Table 13).

4.9.2.2 Effect on root Parameters

Perusal of Table 13 revealed that seedlings treaithdsolate S1 resulted
in maximum root dry weight (3.23 g) which was sfgrantly higher than the
seedlings raised from uninoculated seeds (1.531gximum root length (7.43
cm) was observed in case of seedlings treated isitate S1 which was
statistically higher than the seedlings raised frormoculated control (2.33 cm),
KUs3@ (3.17 cm), KW (3.13 cm), RGs (3.32 cm) and CEA (3.03 cm).
Treatment with isolate isolate S1 showed maximum gt increase in root
length (218.88%) which was statistically significathan other isolates. The
maximum per cent increase in root dry weight (11%}) was observed in S1

inoculation which was statistically significant thather isolates.
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Out of five antagonistic PGPRs, isolate S1 used tfeating tomato
seedlings showed significant control of bacteriahler of tomato caused by
Clavibacter michiganensias well as increase in different growth paramedsrs
compared to untreated seedlings kept as controtraated seedlings of different
isolates. Therefore, isolate S1 was also charaetkriby morphological,

physiological, biochemical and molecular based attarization.

Table 13. Effect of liquid formulation of selectedbacterial isolates on
tomato seedlings and their growth promotion under Bt house

conditions
Treatment Shoot length Root length Shoot dry weight Root dry weight
(cm) (cm) C)] (9
Control 26.87 2.33 8.20 1.53
S1 49.17 7.43 15.1 3.23
KU 33 33.73 3.17 14.57 2.46
KU3 31.90 3.13 13.37 2.40
RGy 33.50 3.32 14.30 2.46
CHgA 28.37 3.03 9.67 2.06
Isd 4.89 0.24 0.39 0.24

4.10 OPTIMIZATION OF CULTURAL CONDITIONS FOR THE
ANTAGONISTIC EFFECT OF THE BEST SELECTED
BACTERIAL ISOLATE S1 AGAINST C. michiganensis

4.10.1 Effect of incubation period on antagonisticactivity against C.

michiganensis by selected bacterial isolate S1

The antagonistic activity was monitored for 24, 48, 96 and 120h in
nutrient broth containing 1% inoculum. The resfiitsn Fig. 8 revealed that the
viable count and antagonistic activity increasedhwncrease in incubation
period from O to 48h and after that decrease inah&gonistic activity was
observed. Maximum antagonistic activity (12 mm) wastained at 48h of
incubation corresponding to maximum viable coun®3(1x 10 cfu/ml).
Minimum antagonistic activity (3 mm) and correspmgdviable count (171x
10° cfu/ml) was recorded at 24h of incubation, wheremsantagonistic activity
was recorded at 96 and 120h of incubation, witllesmponding viable count (21
x 10° cfu/ml and 9 x 1®cfu/ml), respectively. Statistical analysis rewshthat
there was significant difference between the valigsined for all parameters
studied at different incubation period.
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CHRTT, = Treatment with Clervibacrer and antagonist K3

Plate 6. Biocontrol activity of antagonistic hacterial isolates against
Clavibacrer michiganensis inoculated to tomate plants under net
house conditions



4.10.2 Effect of temperature on antagonistic actity against C.
michiganensis by selected bacterial isolate S1

The effect of different temperatures (30, 35, 489G on antagonistic
activity was measures for the potential antago8ist Fig. 9 revealed that there
was a significant difference between the valuesiobtl at different temperature.
The maximum antagonistic activity (13 mm) was obedrat 35+2°C (fig.8)
corresponding to viable count (221 x°1u/ml) and minimum (8 mm) at 30+2°
corresponding viable count (18210 cfu/ml). At 45°C and 50°C no antagonistic
activity was observed corresponding to viable cq@dtx 10° cfu/ml and 10 x
10° cfu/ml), respectively. Hence, 35+2 °C was optimiemfurther studies.

4.10.3 Effect of inoculum size on antagonistic agity against C.
michiganensis by selected bacterial isolate S1

Effect of inoculum size of the isolate on the apotagtic activity was
observed after 48 h of incubation and it was reactdtom Fig. 10 that at 2%
inoculum size antagonistic activity was best (1@ ), with viable count of 43
x 10° cfu/ml. But, with further increase in inoculum sizlecrease in the
antagonistic activity was observed. Minimum zoree 9f 0.3 mm was observed
at 4 % inoculum size, corresponding to viable cafrit56 x 10 cfu/ml. Further,
no antagonistic activity was observed with increasaoculum size to 5% and
10%, with following viable count of (18% 10’ cfu/ml and 198x 10" cfu/ml),

respectively. Therefore, 2% inoculums size was kgtimum for further studies.

4.10.4 Effect of pH on antagonistic activity agairtsC. michiganensis by

selected bacterial isolate S1

A study on antagonistic activity of the isolate waso conducted with
different pH ranging from 5 to 9. From Fig. 11whs observed that with the
increase in pH of medium (5.0 to 7.@)tagonistic activity increased, but with
further increase in pH the antagonistic activitglaeed. The antagonistic activity
was found to be best at pH 7 with the viable cafrt01 x 16 cfu/ml whereas
the minimum activity was recorded at pH 8 (4 mmihwiiable count of 83 x f0
cfu/ml. However, no antagonistic activity was obser at pH 5 and 9, with
following viable count of (5% 10° cfu/ml and 26x 10° cfu/ml), respectively.

Hence, pH 7.0 was kept optimum.
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4.10.5 SENSITIVITY OF THE EFFICIENT BACTERIAL ANTAGONIST
S1 TOWARDS DIFFERENT ANTIBIOTICS

The efficient bacterial antagonist S1 was testedtforesistance towards
different antibiotics viz. amoxycilin, penicillin Gampicillin, erythromycin E,
tetracycline, gentamycin, kanamycin and bacitraatindifferent concentrations
and was studied for intrinsic antibiotic resistaiil&R). The IAR pattern of the
strain S1 showed variation and was observed ind@fraone of clearance around
the antibiotic disc (Table 14). The IAR patterntioé strain S1 showed variation.
However, it was observed that most of the antibsotised inhibited the growth of
isolate S1. But, the strain was found resistarth&antibiotic penicillin G at the

concentration of 10 pg/disc (Plate 7).

Table 14. Intrinsic antibiotic resistance of effieent antagonist S1 towards
different antibiotics

S. No Antibiotic Concentration (ug/disc) Zone of Clearane
(mm)

1. Amoxycilin 10 2.33

2. Penicillin G 10 0.00

3. Ampicillin 25 0.70

4. Erythromycin E 15 4.30

5. Tetracycline 30 1.43

6. Gentamycin 50 3.33

7. Kanamycin 5 2.43

8. Bacitracin 10 0.90

Maximum susceptibility was observed towards erytiyoin E (15
pg/disc), with zone size of 4.30 mm. Whereas, tidagonist was least
susceptible towards ampicillin (25 pg /disc), fdrigh zone size of 0.70 mm was

observed.

411 MOLECULAR IDENTIFICATION OF MOST EFFICIENT
ANTAGONISTIC BACTERIAL ISOLATE S1 BASED ON 16S
rRNA GENE SEQUENCING
Molecular identification of most efficient bactdriantagonist S1 was

done using universal 16S rRNA primers. A PCR prodefc 1350 bp was

generated for the antagonistic bacterial isolatat¢P8) which was further

sequenced by commercial sequencing facility (Xsledab, Ahemdabad).
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It was further observed that the sequence couls@t&20 adenines, 297
cytosines, 400 guanines and 253 thymines (Table Tt genomic DNA G+C

content was 54.88%.

The sequence of 16S rRNA gene of S1 was analysed BEASTn. The
partial 16S rRNA gene sequences of strain S1 weterhined and aligned to
other knownBacillus sequences deposited in Gen Bank. The sequendargyni
between antagonistic bacterial isolate and oth@wknBacillus strains varied
from 90 to 99%. S1 isolate showed 99% similarity thwiBacillus
amyloliquefaciens(EU855192Ba) and (EU855195Ba). The sequence of the
strain has been deposited in Gen Bank databa&aeblus amyloliquefaciens

and assigned the accession number KM658175.

Table 15. Nucleotide base composition in the 16S NA gene sequence of S1

Nitrogenous base Nucleotide count
Total Per cent (%)
Adenine (A) 320 25.19
Thymine (T) 253 19.92
Cytosine (C) 297 21.96
Guanine (G) 400 31.49
G+C 697 54.88
A+T 573 45.12

To trace out the evolutionary patterns of the tesktate and to find out
relationship of the same with other selected secggeat NCBI, phylogenetic tree
was also constructed using Neighour-Joining (J) hotkt of mathematical
averages (UPGMA) among 16S rRNA sequence of SltegPB and
corresponding sequence of 23 differ8atcillus spp. Isolate S1 was united with
quite high statistical support by the bootstrap huodt estimates for 1,000
replications and values inferred greater than S50ceat are only presented in
Fig.12. The phylogenetic analysis (Fig. 12) reveéalkat the isolate S1 was
clustered with the type straid. amyloliquefaciensBased on 16S rRNA gene
sequences and phylogenetic positions, the antagobcterial isolate S1 was

designated aB. amyloliquefacienstrain S1.
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Genomic oo 16SrRNA gene

DNA of 1000 amplification
S1 ~1375bp
100
S1
Eluted and
sequenced

GOGTGAGTAACACGTGOGTAACCTGOCTATAAGACTGGGATAACTCCOGGAAACCGGGALTAATACCGGATGGT
TATTITGAACCALCATGATTCAGACATAAAAGGATGGCTTCGGLTACCACTTACAGATAGACCCGCGGCGLATTAGLTA
GTTGGATGAGGTAACGGLTCACCAAGGIGACGATACATAGCCGACCTGAGAGGGTEATCGGLCACACTGGGALTG
AGACACGGCCCAGACTCCTACGGGAGOCAGCAGTAGGGAATCTTCCGCAATGGACGALAGTITGACGGAGCAAC
GUCACOTGAGTEATGAAGOTTTTCGGATCATAAAGCTCTGTTGTTAGGGAAGAACAAGTGCCGTTCAAATAGGGC
GOCACCTTEACGGTACCTAACCAGAAAGUCACGGCTAACTACGTGCCAGCAGCCGLGGTAATACGTAGOTGGCAA
GCGTTATCCGGAATTATTGGGCGTAAAGGGLTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGUCCLCGGUTCAA
CCOGGGAGGGATCATTGEAAACTAOGGAACTTGAGTGCAGAAGAGGAGAGTAGAATTCCACGTGTAGCGGTGAA
ATGCATAGAGATGTGGAGGAACACCAGTAGLGAAGGLGACTCTCTGGTCTATAACTGACGCTGAGGAGLGALAAG
CATGGAEGAGLGAACAGGATTAGATACCCTAGTAGTCCACGUCGTAAACGATOGAGTGLTAAGTGTTAGGGGGTIT
COQUCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTOGGGEAGTACGGTCGCAAGACTGAAACTCAALGG
AATTEACGGGGGLCCGCACAAGCGATAGGAGCATGTAGGTITAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTT
GACATCCTCTOACAATCCTAGAGATAGGACGTCCCCTTCGGGOGLAGAGTGACAGGTGGTGCATGGTTGTCGTCA
GETCATGTCATGAGATGTTGGGTTAAGTCCCGCAACGAGLGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGG
CACTCTAAGGTEACTACCGATEACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATAUCCCTTATGACCT
GGGCTACACACGTGLTACAATGEACAGAACALAAGGGCAGCOAAACCOGLGAGGTTAAGCCAATCCCACAAATCTG
TTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGITGGAATCGITAGTAATCGLGGATCAGCATGLCGC

|

Submitted to NCBI
andaccession
number KM658175 is
assigned

Flate 8. DNMolecular identification of selected antagonistic bacterial iselate S1
hased on 16S rRNA amplification



Chapter-5

DISCUSSION

The present study was aimed to explore the diyeo$iPGPRs colonizing
the rhizosphere soil and roots of different hottietal crops and medicinal plants
grown in natural conditions for evaluating theirodntrol potential against
Clavibacter michiganensigausing bacterial canker of tomato. Bacterial canke
of tomato is one of the most devastating and comtiagldisease spread from plant
to plant by cultural practices such as transplgnéind pruning (Boudyacét al,
2001), causing great economic losses to farmersyedisas their plant growth

promoting activity towards the development of mimed inoculants for the crop.

C. michiganensigausing bacterial canker of tomato is a gram pesit
non-sporulating seed or soil borne phytopathogemmeS potential control
measures to prevent the disease by using agrocalemiike copper and
mancozeb and several antibiotics are used frequientihe growers, but their use
has limited efficacy when conditions favour theleandevelopment (Soylu et al.,
2003). Microbial control agents provide an effeetioute to eco-friendly plant
protection. The induction of plant resistance bygsnicrobial bioagents may be
useful method for the reduction of severity of tisease (Girish and Umesha,
2005). In this context, the use of plant growth mpoting rhizobacteria as

biocontrol agents is an effective alternative ® aigro-chemicals.

Bacteria that inhabit the rhizosphere may influemtant growth by
contributing to a host plant's endogenous poolio&adiive compounds such as
phytohormones, antibiotics, siderophores (Mubatilal, 2010). Those kind of
bacterial group are well-known as Plant Growth Ryong Rhizobacteria
(PGPR). PGPR can exhibit a variety of charactesstesponsible for influencing
plant growth. PGPR are considered to promote geowth directly or indirectly.
Indirect effects are related to production of metdbs, such as antibiotics,
siderophores, or HCN, that decrease the growthhgtgpathogens and other
deleterious microorganisms. Direct effects are ddpet on production of plant



growth regulators or improvements in plant nutseoptake (Wahyudet al,

2011). In recent years, much attention has beeth tpanatural methods of crop
growing in expectation of moving toward agricultiyaand environmentally
sustainable development. PGPR promote plant graluth to their abilities in
plant growth promotion and disease control, andefloee have the potential to
reduce the application of agro-chemicals and migriiitic diversity in the plant

associated bio-community.

51 ANTAGONISTIC BACTERIAL POPULATION  AGAINST
Clavibacter michiganensis FROM THE RHIZOSPHERE SOIL AND
ROOT ENDOSPHERE OF DIFFERENT HORTICULTURAL
CROPS viz. STRAWBERRY, APPLE AND APRICOT
This study showed that strawberry, apple and apriinospheres support

a diverse population of bacteria antagonisti€Clavibacter michiganensidJnder

in vitro conditions the screening of rhizobacteria with phetative antagonistic

activity is the first step towards selection of daate PGPR for development of

biological control of plant diseases. In the présstudy, a total of 550

rhizobacterial isolates of different horticulturalegetable crops and medicinal

plants grown under mid hills and high hills of Hioh@al Pradesh were screened
for antagonistic activity againsClavibacter michiganensis An arbitrary

conformation was done on the basis of diametenlobition zone. These crops
were from different agroclimatic conditions withspect to altitude and soil pH.

Out of total, only 40 bacterial isolates from tlzospheres of strawberry, apple

and apricot showed antagonistic activity by depgrinhibition zone in the range

of 3.20 to 12 mm. 20 % of the isolates were of ehdospheric origin while the
rest 34 (80 %) were rhizospheric. Out of these gHflates, 20 isolates were
isolated from strawberry rhizosphere, 10 from appbnd 10 from apricot
rhizosphere (Table 1). However, Boudyasthal. (2001) screened78 bacterial
strains which showed inhibitory activitg vitro againstC. michiganensisubsp.
michiganensigsolated from the rhizosphere of tomato, origimgtirom different
sites in the Souss-Massa Valley, Agadir, Moroccet, Bur study was reporting
the efficient antagonistic isolates agaif@stmichiganensidrom rhizospheres of
different crops viz. strawberry, apple and apricot.
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5.2. SCREENING OF ANTAGONISTIC BACTERIAL ISOLATES FOR

BIOCONTROL AND PLANT GROWTH PROMOTING TRAITS

The tested bacterial antagonists courttiléaneously display binary and
triple PGP traits, which may promote plant growthiectly, indirectly or
synergistically, suggesting that application of FRGRith multiple traits to be
more beneficial. The exhibition of multiple PGPRiits by a single strain of
PGPR has also been reported earlier in our lab élgtdet al (2010) and Walia
et al (2013). The comparison of percentages of PGPTsgs3tng bacterial
antagonists in rhizospheres of different hortic@ticrops viz. strawberry, apple
and apricot showed that 15% of antagonistic bagtepecifically of strawberry
rhizosphere were without any plant growth promotiagts. It was observed that
combination of binary traits of nitrogen fixationdaphosphate solubilization was
highest for apricot (40.0%). Rhizobacterial perages having binary traits of
siderophore production and nitrogen fixation wasniib to be same (10.0%) in
apple and apricot, while it was found to be (5.0if}ase of strawberry, whereas
the percentages of PGPRs having binary traits ofjplhate solubilization and
siderophore production was found maximum in ap@6.q %) which was
relatively higher as compared to the binary tratsoown by rhizobacterial
antagonists of other two crops. Ratios of antagenihizobacteria possesing
triple traits of phosphate solubilization, sideroph production and nitrogen
fixation were highest in apple (20.0 %) and in cakstrawberry and apricot, it
was 10.0 %. Similar studies were also undertakeyuiriab by Meht€2012)and
Sharma (2013).

The PGPR include a diverse group of free living baicteria that can
stimulate the growth of plants and biocontrol ofyteipathogens by several
different mechanisms (Jaliét al., 2009). Bacterial plant growth promotion is a
well-established and complex phenomenon, and igsnofichieved by the
activities of more than one plant growth promottrajts (PGPTs) exhibited by
plant- associated bacteria (Aslanttsal., 2007). The results (Fig. 3, 4 and 5)
highlights the plant growth promoting traits of &ltilizing bacterial isolates
associated with rhizosphere of strawberry, applk a@pricot. The present study

revealed that the rhizospheretlbése horticultural crops inhabited a large number
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of antagonistic gram-positive bacteria which possdsone or more of the
properties frequently associated to the biocoranal plant growth promotion: P-
solubilisation, 1AA, siderophore, nitrogen fixatiodHCN production. Variation in
PGPTs among antagonistic bacterial isolates froiffierdnt locations was
observed undem vitro condition, which is attributed due to their indival

rhizospheric competencies.

The forty antagonistic isolates were screenedHeir tPGP traits like P-
solubilization, siderophore production, IAA prodoct, growth on N free
medium and HCN production. These antagonists wdse #ested for the
production of lytic enzymes viz. amylase, celluladipase, protease and
chitinase. The screening of bacterial isolatesraitifarious PGP traits undém
vitro and their use as biostimulant and bioprotectangfowth enhancement of
different agricultural crops and biocontrol effiga@gainst different plant
pathogens has been reportedStyarmeet al (2012).

The production of siderophore, IAA, cell wall lytenzymes such as
amylase, cellulase, protease, lipase and chitimassonsidered important for
biocontrol (Hameedat al, 2006; Sureslet al.,2010; Ahemad and Khan, 2011
and Wahyudet al.,2011). In the present study, siderophore produodiés in the
range between 12.58% to 70.24% siderophore unasl¢T3, 4 and 5). The study
suggests that the occurrence of higher antagorssterphore producers in these
crop rhizospheres is of direct significance to tdaas it helps in iron sequestering
near the roots, especially in iron deficient coiodis. In addition, siderophore
producing micro organisms protects plants at twelke first, limiting growth of
plant pathogens and secondly triggering plants d@éfe mechanism (Ramos
Solanoet al.,2010).

Lytic enzymes have been studied as potential artBbal agents against
bacterial plant pathogens because the enzymesagtay role in the mechanism
of parasitic entry in to host cells (Dahigaal, 2006 and Nguyest al, 2008).
Production of different lytic enzymes viz. amylasellulase, lipase, protease and
chitinase was also tested for these antagoniststaly55% of the isolates were
able to produce amylase, 32.5 % were cellulaseused, 55 % were lipase
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producers, 60% protease producers and 97.5% weltthasle producers.
Chakrabortyet al. (2013) also screened three bacterial antagonistsP@®P
characteristics (P-solubilization, 1AA productiorsiderophore production,
protease and chitinase production). It has beeorteg that several mechanisms
are responsible for suppression of pathogen inmgltie lytic enzymes that play
a key role in biocontrol potential against diffargrlant pathogens (bacterial,
fungal and viral). The proposed mechanism to pmwdirotective effect on the
roots through antagonism towards the phytopathegeacteria is by producing
metabolites such as siderophores, lytic enzymesdrkylase, protease, cellulase,
lipase and chitinase; plant hormones like auxirgs & (Amaresaret al, 2011;
Neerajeet al.,2010; Maksimowet al.,2011).

HCN production has been shown both as a benefmmm harmful
property for plants (Rudrappe al.,2008 and Selvakumaat al.,2008). Several
studies have demonstrated that the productiondafr@gphores, HCN, secondary
metabolites and lytic enzymes by bacterial straame most effective in
controlling the plant root pathogens (Nagrajkuretal., 2004). However, HCN
production was reported in none of the isolateg, thle of HCN was not
expected as these isolates were negative for HGNugtion which might not be
due to variation in growth parameters like tempertnutrient availability and
growth pattern (Singhkt al.,2014).

A plant growth- promoting (PGP) effect of antagdsi®acterial isolates
may also be related to their ability to solubil®sphorous and to produce IAA.
Phosphorus is one of the major nutrient secondttogen required by the plants.
Most phosphorus in soil is present in the formnsfoluble phosphates and cannot
be utilized by plants (Pradhan and Sukla, 2005)usThP-solubilization is
considered as one of the most important attribbitteoPGPR (Patadt al.,2008
and Joseph and Jisha, 2009). It is well establishetcthat improved phosphorus
nutrition influences overall plant growth and rodévelopment. Phosphate
solubilizing bacteria convert the insoluble form gfosphorus to soluble form
through acidification, secretion of organic acidspootons (Richardsoet al.,

2009). The initial screening protocols used for identification of PSB isolates
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in the present study rely on halozone formatiorbagterial isolates on PVK agar
plates containing tri-calcium phosphate. Some alwidifferences in the size of
halos (not shown) and phosphate solubilizing ind@ble 3, 4 and 5) suggest the
existence of antagonistic isolates exhibiting dédfe degree of P- solubilizing

efficiencies in the rhizosphere soil and root sasmollected. However, 77.5%

of the bacterial antagonists were found out to {selBbilisers.

Bacterial IAA stimulates the root development o$hplant, which results
in better absorption of water and nutrients frome #oil (Ahemad and Khan,
2011). In the present investigation, all the (10CG#6)agonistic isolates had the
ability to produce IAA in the range of 1.50 pg/ml T0 pg/ml. Similar studies
were carried out earlier in our lab by Balnatah1@0in which the range of I1AA
produced by PGPR isolated from strawberry rhizospkaried between 1.00 to
56.00 pg/ml and Sharma (2012) in which twenty SBPR isolates successfully
produced auxin in the range of 15 pg/ml to 95 pg/@aciaet al (2001)
reported that IAA is one of the physiologically rmaactive auxins. IAA is
common product of L-tryptophan metabolism by gehardcroorganisms
including PGPRs inhabiting rhizosphere of variolents which synthesize and
release auxin as secondary metabolites becaus&hofsupplies of substrate

exuded from roots as compared to non-rhizospheiic s

5.3 PRODUCTION OF ANTIBACTERIAL METABOLITES IN
CELL FREE SUPERNATANT AGAINST C. michiganensis
Various mechanisms account for the ability of bigtcol PGPR to control

plant pathogens, including competition for iron arider nutrients, production of

antibacterial metabolites. The present study rexetdat ten bacterial antagonists
selected on the basis of their plant growth prongptraits showed variation for
antibacterial metabolite production which was testesing the cell free
supernatant of 48h old cultures of bacterial ani&ge againstClavibacter

michiganensisat four different concentrations i.e. 0.25 % (v/0)50 % (v/v),

0.75 % (v/v) and 1.00 % (v/v). A lot of variationa® observed in size of

inhibition zone, ranging from 2.28 mm to 9.6 mm lfleal). Whereas, zone of

inhibition in case of extracts with cells rangednfr 3.20 to 12 mm. Similarly,
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Cruz-Quirozet al. (2011), demonstrated that cell free extracts etddba limited
antagonist capacity in comparison of those extrattis cells, which showed an
excellent capacity to inhibit the growth Gf michiganensis, X. axonopoaiad

E. carotovora demonstrating the intracellular nature of theabtove metabolites
associated to bacterial growth inhibition. Suppms®f bacterial growth by the
cell free extract of antagonistic isolates and fation of inhibition zone were
presumably due to the metabolites being released fracteria into the culture
medium. Many strains dB. subtilishave been reported as potential biocontrol
agent against bacterial pathogens and the prinofgahanism of this involves
the production of different metabolites (Lanteigeteal, 2012). In addition, the
production of volatile compounds I8y subtilisstrains antagonise a range of soil-
borne plant pathogen includiiy solaniandPythium ultimun(Yari et al, 2002).
Biratu et al. (2013) studied the antagonistic activity of achacteria in cell free
suspension test, out of 36, 21 of isolates suclsalate Gosu qoras#196-1,
Awaros#174-2, Senkeles#132-5, Awaros#183-1 havevesthonhibitory activity
againstRalstonia solanacearuniEF Smith which shows that their inhibitory

activity comes from secretion of extracellular emtrobial compounds.

5.4  QUANTITATIVE ESTIMATION OF PLANT GROWTH

PROMOTING TRAITS BY SELECTED ANTAGONIST ISOLATES

In the present study, 10 bacterial isolates od@bacterial antagonists
were selected on the basis of dendrogram deriveioh Similarity coefficient
among PGP traits. All the 10 bacterial isolates evyund to solubilize tri-
calcium phosphate effectively in liquid medium. Qtative estimation of P-
solubilization among all the isolates was in thege of 50.00 pg/ml to 258.00
pg/ml from the initial value 1000 pg/ml as earlieported by Chatlet al. (2008)
where the range was 95.0 ug/ml to 100.6 pg/ml.ghicant decline in the pH
of the culture medium by strains was observed dummineral phosphate
solubilization, which is suggested due to the nba@b production of organic
acids as reported earlier (Pandsyal, 2006). The formation of a clear zone on
Pikovskaya’'s medium (Plate 2) unequivocally suggeste P-solubillizing
potential of all bacterial antagonists. The efig of P-solubilization was

assessed and observed suggesting that bacteriateidG ) had maximum
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activity of P-solubilization (258.00 pg/ml) and IA@0.00 pg/ml) followed by
another isolate KUS1 (255.00 pg/ml and 24.00 pg/ml) indicated thelrerent
plant growth promoting potential. This is in accamde with earlier studies
demonstrating the plant growth promoting actividsuch PGPRs (Kloeppet
al., 2004; Idriset al, 2007). As is evident from Table 14, Fig. 10 weher
considerable per cent increase in root length oy iSolates was observed under
net house conditions over uninoculated controlhds also been reported in
literature that auxins are expressed quantitatibgli?GPR and is considered as a
major plant phytohormone required for stimulatidrramt growth (Shahabt al.,
2009). Siderophore being a secondary metabolite pamticipant in biocontrol
mechanism, the bacterial cultures may initiate reigleore production over a
wide range of incubation period and temperatureditimms (Chaiharnet al,
2009). Maximum siderophore production (230.77 SUn&3 observed for isolate
S1 and RBS1 at pH 7 and 72h of incubation period. Signiftclmver levels of
siderophore were observed in rest of the isolaké®wvever, the maximum
siderophore corresponded with maximum drop in fipidl of the medium from
initial pH of 7 to 5.20 (Table 11). These studies similar with earlier report on
decreased pH with the increase in siderophore ptaduby Chandel (2011), but
are in disagreement with studies of D&tzal. (2002) where increase in pH was
observed from 7 to 8.5 during the growth period.

5.5 PHENOTYPIC CHARACTERIZATION OF SELECTED

BACTERIAL ANTAGONISTS

Use of colony morphotype is a common procedurestecs isolates from
complex environment such as soil for diversity nuieasients and/or isolation of
dominant species within culturable communities (ldatan and Amy, 1993 and
Lebaronet al, 1998). The results in Table 6 depicts the colamyrphology,
Gram'’s reaction, cell shape and arrangement oebattintagonists. All isolates
were positive for Gram’s reaction except &0 All the antagonists were rod
shaped. Most of the isolates were occurred singijenwone isolate was arranged
in chain when observed microscopically. In the en¢sstudy, two or maximum
four morphotypes from antagonistic bacterial popoitawas recorded on nutrient

agar from different rhizospheres. The diversity agten selected rhizobacterial
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isolates was determined by biochemical tests. Himolbacterial isolates were
categorized into four groups and all the isolatesewcatalase positive and were
tentatively belonged to gentacillus (Fig. 4). However, Boudyacét al (2001)
reported the abundance of Gram-negative bacteritaganistic to C.

michiganensisubsp.michiganensigabout 70% of strains) on tomato roots.

5.6 METABOLIC AND GENOTYPIC FINGERPRINTING

Traditionally, a search for PGPRs involves scregranarge number of
isolates and identifying a desired phenotypic tr@nce isolates are purified, the
main goal is to keep the maximum genetic diversgitthe minimum number of
isolates, for further biological assays. This goaly be achieved through PCR-
RAPDs, ITS-PCR, AFLP, techniques that define ddferes at the strain level
(Louws et al, 1999). RAPD technique was developed as an efficiool to
analyse phylogenetic relationship among and witbiosely related species
(Williams et al, 1990). Genetic variability among the isolates ba used to gain

precise information about genetic similarities amssimilarities.

The evaluated phenotypic traits have been prewopsdposed as good
indicators of putative PGPRs (Cattelanal, 1999). However, any phenotypic
trait shownin vitro reveals that the information is contained withe bacterial
genome, but it is not constitutively expressed. dse of this, the phenotypic
screening were carried out first, to define gendtfterences by PCR- RAPDs

afterwards.

The reproducibility of RAPD analysis is known to bighly influenced
by experimental conditions. It is therefore ess#nto optimized the PCR
conditions to obtain reproducible and interpretabkults before going on routine
analysis. The PCR conditions for RAPD analysis vegreémized by investigating
each factor individually. Girgigt al. (2008) also reported the optimization of
PCR condition in the similar manner. The sharp @edr amplification products
obtained after treatments of DNA with RNase mayheresult of inactivation of

endogenous endonucleases.

In the present study, ten antagonistic bacter@aiss that tested positive

for any of the evaluated PGPTs were analysed by-RERDs to reduce genetic
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redundance while retaining the maximum genetic rditye by selecting
genetically different antagonistic isolates. Polyptism among ten antagonistic
bacterial isolates were detected using four rangdamers that were screened in
RAPD analysis for their ability to produce suffisteamplification products.
Primer RBa-5 generated sufficient reproducible payphism among ten
antagonistic bacterial isolates (Plate 5 and 6)mé&r RBa-5 generated 77
amplified bands in the size ranging from 100 to@b@ (Table 8). The level of
100 per cent polymorphism detected indicate thatghmer RBa-5 could be
employed in the future for RAPD based genetic digrstudies on Gram
positive rod shaped antagonistic bacterial specié® polymorphism in the
amplification products may be due to either fromargies in the sequence of the
primer binding sited.g. point mutations) or from changes which alter tize sr
prevent the successful amplification of the tafgitA (e.g.insertation, deletions,

inversions) as suggested by Ranal. (1995).

5.7 NET HOUSE STUDIES

In the present work, five isolates were selectedh® basis of thein
vitro antagonistic activity againsC. michiganensisand PGPTs i.e. P-
solubilisation, IAA production, siderophore prodoat ability to grow on N-free
medium and Iytic enzyme productionn planta evaluation of best five
antagonistic strains again§&. michiganensigevealed that the tested strains
decreased disease incidence of bacterial cankdoréto. Minimum disease
incidence of bacterial canker was recorded for ifwdate S1 i.e. 28.55% as
compared to control which was 82.80%, with corresioag biocontrol efficacy
of 70% over control (100%). Similar studies wereriea out by Girish and
Umesha (2005), which showed that three PGPR stia@ament effectively
reduced the canker incidence. The minimum diseas&lence (44%) was
recorded in strain IN9378( amyloliquifacienstreated plants as compared to the
control (93%). Boudyaclket al (2001) also reported the significant reduction in
the infection when applied with three strains (HFR#F142 and HF183) as
bioinoculants as compared to untreated controhalt been suggested that the
ability of PGPRs to induce disease resistance nbghtlue to some metabolites

or certain compounds (Miyazawat al, 1998). Development of induced
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resistance in plants is also associated with tloedboate expression of a complex
set of PR proteins, so-called ‘SAR genes’ (Congdthl, 2001). The enzymatic
activities of several PR proteins have been idedtifand includep-1, 3-
glucanases (PR-2) and chitinases (PR-3), whichegasslirect antimicrobial
activity by degrading microbial cell wall compongriivan Loon, 1997). Some
plant chitinases also have lysozyme activity andtbarefore hydrolyse bacterial
cell walls (Boller et al, 1983; Heitzet al, 1994). Furthermore, breakdown
products of pathogen and/or plant cell wall compiseeleased by the activity
of these enzymes have been shown to act as di@fgolant defence responses
(Van Loon, 1997). The expression of PR genes aad#isociated accumulation
of PR proteins have been considered as the moftduastss of induced resistance.
In a study conducted by Bayslal (2003)a correlation was also found between
induced resistance and accumulation of chitinaséudtion of the PR protein
chitinase in ASM-treated tomato leaves coincideshwhe accumulation of
chitinase and glucanase reported by Burketetval (1999) and Suo & Leung
(2001) in other plant—pathogen interactions. Henceould be assumed that
biocontrol potential of the present isolate S1 rigg due to ISR and due to the
cumulative effect of certain genes, enzymes analnodites accumulated by the

test strain.

In present work, the data obtained after populatiiensity study of
antagonist and pathogen, it was revealed that ggijgn of strain S1 indeed
significantly reduce the pathogen i@. michiganensigopulation in soil, thus,
protecting plant roots from pathogen attack. Thisni agreement with study of
Ding et al. (2013), in which strain BIO23- treated plants shdweduction in
population ofR. solanacearurfrom 1.1x10’ to 1.3x10° cfu/g of soil.

The effect of PGPR treatment on shoot and rootrmpaters was also
studied. Most of the isolates consistently incrdatbe different plant attributes
such as shoot and root length, dry weight over anitated control (Table 14).
Maximum increase in shoot length (49.17 cm), shibgtweight (15.10 g), root
length (7.43 cm) and root dry weight (3.23 g) waserved in case of seedlings
treated with isolate S1 which was significantly reg than control and all other
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isolates. Auxin production is known to stimulat®trdevelopment, which result
in better absorption of water and nutrients frort and thereby, stimulated the
plant growth. Similarly, all the five isolates weaexin producers and showed
root development in tomato seedlings, thereby, ptorg the growth of entire
plant. Romereet al. (2003) studied the biocontrol and growth promotlceféect

of Azosprillum brasilens&p7-mediated plant on the development of bacterial
canker of tomato. Their study revealed tBabspirrilumtreated plants showed
20-30 % control in disease incidence and signiticacrease in plant height from
7.2 cm in control plants to 9.5 cm in plants trdat€he increased growth and
biomass in seedlings raised from seeds treated RMERR may be attributed to
the cumulative effect of P-solubilisation, N-fixati and production of plant
growth regulators. The increase in growth and bssngield by the use of
Bacillus sp. andPseudomonasp. have been reported for various agricultural
crops (Waliaet al, 2013; Kunduwet al, 2002) and horticultural crops like apple
(Mehta, 2012).

4.8 OPTIMISATION AND CHARACTERISATION OF MOST

EFFICIENT ANTAGONISTIC BACTERIAL ISOLATE S1

Screening and characterization of antagonisticotyazteria is first step to
develop bacterial inoculants for application as nplagrowth promoting
rhizobacteria for biocontrol of bacterial cankertafato In the present study, 10
antagonistic rhizobacterial isolates were evaludtedtheir ability to produce
antibacterial metabolites. Among 10 antagonistizabacterial isolates, the
isolate S1 was found with maximum production oflzatterial metabolite in cell
free supernatant. S1 also possessed other PGP dtaih as P-solubilisation,

IAA, Siderophore and lytic emzyme activity.

The bacterial antagonist S1 was also tested foregsstance towards
different antibiotics viz. amoxycilin, penicillin Gampicillin, erythromycin E,
tetracycline, gentamycin, kanamycin and bacitraatindifferent concentrations
and was studied for intrinsic antibiotic resistar{t&R). It was observed that
most of the antibiotics used inhibited the growtlisolate S1. But, the strain was
found resistant to the antibiotic penicillin G hetconcentration of 10 mcg/disc.
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Gopalakrishnaret al. (2012) has studied the antibiotic resistance pattdr

different biocontrol potential bacteria from rickizosphere, in which all the
isolates were found resistant to ampicillin (>10éhp except two isolates) but
sensitive (<10 ppm) to chloramphenicol, kanamynadidixic acid, streptomycin

(except two isolates) and tetracycline. The abiityhe present isolate to grow in
the presence of Penicillin (Plate 7) can be usestudy the population dynamics
of introduced S1 strain in the rhizosphere of tamseéedlings in field. The

rhizobacterial isolates that are resistant to ldghcentration of antibiotics may
have survival and competitive qualities required dogood bioinoculant to be
used as biocontrol agent. Malleswari (2014) andeldpier et al. (1980) has also
reported that resistance of PGPR to several atitbibave ecological advantage

of survival in rhizosphere when they are introduasdnoculum.

On the basis of results obtained by phenotypic dmochemical
characterization the S1 strain was tentatively tified as strain oBacillus sp.
The identification of isolate was further confirmleg phylogenetic analysis using
16S rDNA technique. The sequence of 16S rDNA fralnwias analyzed using
BLASTn analysis and was found to have 99% homologijth B.
amyloliquefaciensvhich is used as effective biocontrol agent adalracterial
canker (Plate 8). 16S rRNA sequence analysis ®wallthe identification of
bacterial isolates at species level (Naz and Ba@a0) as well as the prediction
of phylogenetic relationships (Pace, 1997). Thendbace oBacillus sp. in the
rhizosphere and their usage as PGPR and biocadauits is in agreement with
the previous reports wherBacillus sp. have been frequently isolated from
different crops (Suarezt al, 2011, Turaret al.,2013).

Optimization of cultural conditions is a signifidastep in production of
antibacterial metabolites as it actually determirtbe incubation period,
temperature, inoculums size and medium pH for aityahial culture. Isolate S1
showed maximum zone of inhibition and viable coaind8h of incubation period
(Fig. 6). Further increase in the incubation pededreases the zone of inhibition
(mm) by the isolates. Isolate S1 showed maximumne zaninhibition (mm) at
temperature 35°C and pH 7.0 (Fig. 7 and 9). Incoujuepared from young

culture of 48h old was found most effective maybeeause the population in
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young culture is most nearly uniform in terms abdiiemical and physiological
properties. The increase in the zone of inhibifiem) increase up to inoculum
size 2 per cent and further increase in inoculuine kad to decrease in the
antagonistic activity (Fig. 8).

The present study highlights Sacillus sp. with biocontrol potential
againstC. michiganensisand also had plant growth promoting potential and
increase growth and for the development of tomaedkngs. A significant
feature of the isolate S1 is its ability to produa@ibacterial metabolites (9.3
mm), siderophore (230.77 SU%) and lytic enzymes sinylase (1.80 E.L),
lipase (1.73 E.l.), protease (1.62 E.l.) and ch&a (1.13 E.l.), that might have
participated in its biocontrol efficacy agairSt michiganensisinder net house
conditions. The isolate S1 was also found with mmaxn growth promotional
effects under net house conditions due to its ertemultifarious plant PGPTs
viz. P- solubilisation (2.94 PSI), IAA productioA7.00 pg/ml) and growth on N-
free medium. This gains significance since IAA igrawth promoting hormone
and siderophore and lytic enzyme production and tleéease by rhizospheric
microbes has been proposed as a possible linefefiskeagainst soil borne plant
pathogens (Selavakumar al, 2008). The increase in growth and biomass in the
seedlings raised from seeds treated with bactsoédte S1 may be attributed to
the cumulative effect on root length, shoot lengtigt dry weight, shoot dry
weight and per cent increase in root and shoothpeters (Table 14). Therefore,
S1 was further subjected to morphological, bioclwai(Table 6 and 7) and
molecular based characterization which confirmeal ittentity of strain S1 as
Bacillus amyloliquefaciengPlate 10). The sequence of the isolate S1 showed
maximum similarity with Bacillus amyloliquefaciensThe sequence was also
deposited in NCBI database. It has been proved affecient biocontrol agent
and PGPR due to its colonization in the rhizosple®@ause in literature also it
has been reported th&. amyloliquefaciensare generally better adapted to
colonization of the rhizosphere of plants than othembers oBacillus subtilis
group and can be considered as distinct ecotypea(Beal, 2004). There are
several reports in the literature suggested thetiBacillus sp. as biocontrol and

growth promotional agent for various crops (Sivasiadt al, 2014).
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Chapter-6

SUMMARY AND CONCLUSION

The specific objectives of the present study wére:Screening and
characterization of plant growth promoting rhizdleai@ (PGPR) for growth
promoting and biocontrol traits; (ii) Evaluation pbtential antagonist PGPR

againstClavibacter michiganensisnder laboratory and net house conditions.

The present study was aimed to explore the diyersit bacterial
communities colonizing the rhizosphere soil andtsaaf different horticultural
and vegetable crops and medicinal plants grown atural conditions for
evaluating their biocontrol potential agair3avibacter michiganensisausing
bacterial canker of tomato. The present study is oh the first to explore
whether is there any kind of crop specificity asataa with antagonism and it

was found that antagonism is independent of cregiBpity.

The present study revealed that the populationntdigmnistic bacterial
isolates from different agroclimatic conditions wagher in soil rhizosphere than
the root endosphere of different crops. Five huhdaed fifty isolates were
screened for antagonistic activity agai@stmichiganensisOut of total, only 40
isolates were able to antagonise the pathogen lamaesl the zone of inhibition
ranging from 3.2 to 12.0 mm. These 40 bacteriah@onists were also screened
for their PGP traits; P-solubilisation, IAA prodigt, growth on N-free medium,
HCN production and production of different lytic zsmes viz. amylase,
cellulase, protease, lipase and chitinase. P-ddation was observed with 31
(77.50%) antagonists, IAA production by all (100¥%g antagonists, whereas
siderophore production and growth on N-free medas detected in 19 isolates
(47.50%). However, none of the isolate was ableptoduce HCN. The
frequencies of antagonistic rhizobacteria showimgle (30%) and triple traits
(20%) was maximum in apple, whereas binary actigsitivere maximum in
apricot (40%). However, 15% of the antagonisticlases from strawberry
showed none of the PGP traits.



Ten bacterial antagonists out of forty were selbobe the basis of
dendrogram derived from similarity coefficient angoRGP traits. Maximum P-
solubilization was observed with isolate R (258.00 pg/ml), maximum
siderophore production was exhibited by isolatead RS1 (230.77 % S.U.)
and isolate Rgg showed maximum IAA production with a concentratioh
70.00 pg/ml. Production of extracellular enzymesoaccounts for antibacterial
activity. Maximum amylase activity (2.19 E. |.) wascorded for the isolate
KU,S1, cellulase activity (1.50 E.l.) for isolate Ktj lipase activity (1.73 E.I.)
for isolate S1, protease activity (1.87 E.l.) feolate R@eg) and chitinase activity
(1.55 E.1.) by isolate C§A.

Antibacterial activity in the cell free supernataft48h old cultures at
four different concentrations of 0.25%, 0.50%, 0O6t/5%and 1.00% of 10
antagonistic bacterial isolates agai@stmichiganensisvas recorded. All the 10
(100%) of the isolates inhibite€. michiganensis in vitroThe maximum
antibacterial activity in cell free supernatant0a25 per cent concentration (v/v)
was recorded for the bacterial antagonist S 1 &ithm zone of clearance, which
increased to 9.3 mm with the increase in conceatraipto 0.75 %, but with
further increase in concentration to 1.00 %, zope emained stable.

Five out of 10 antagonists were evaluated for theicontrol potential
againstC. michiganensisinder net house conditions. Minimum disease irmfex
28.55% was observed with the isolate S1 with maxrintocontrol efficacy of
70% over control and and other isolates. Effectheflse antagonists was also
evaluated for their growth promotional effects. Rlgrowth responses were
variable with respect to the variability among lesietl isolates. Maximum per
cent root length increase (218.88%) and shoot temgtrease (73.32%) was
observed with S1 inoculation. Maximum increasedatr(3.23g) and shoot dry
weight (56.15%) was also observed for the isoldte&r control (1.53g, 9.679g
respectively) and other isolates. Population dyecanof the inoculated soil was
also studied. Maximum population of the pathogeh2(k 10° cfu/ml) was
recorded in the control and minimum ¥710° cfu/ml) in soil inoculated with the

isolate S1. Whereas, bacterial population of thagonist was maximum in soil
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inoculated with the isolate S1 (22 1¢ cfu/ml) and minimum in case of soil

inoculated with the pathogen §10" cfu/ml).

The optimisation of different cultural condition®.i incubation period,
temperature, inoculums size and pH was also don¢éh&best selected isolate
S1. The maximum antagonistic activity agai@stmichiganensisvas observed at
35°C temperature after 48h of the incubation peand further increase in these
factors led to decrease in the antagonistic agtidest antagonistic activity was
recorded at 2% inoculum size with pH remaining redwand with any change in

these factors antagonistic activity declined.

The isolate was also tested for Intrinsic AntilofResistance (IAR)
towards different antibiotics viz. amoxycilin, petlin G, ampicillin,
erythromycin E, tetracycline, gentamycin, kanamyaimd bacitracin at different
concentrations. IAR pattern of the isolate showed most of the antibiotics used
inhibited the growth of isolate S1. But, the strawas found resistant to the
antibiotic penicillin G at the concentration of i@/disc. Maximum susceptibility

was observed towards erythromycin E (15 pg/disc).

Among all, isolate S1 was selected for identificatby phenotypic and
molecular based method as it showed maximum nurobenultifarious plant
growth promoting traits and maximum biocontrol edity against bacterial

canker of tomato. It was identified Bacillus amyloliquefaciens.

In conclusion, high diversity of antagonistic baigen the rhizosphere of
different horticultural crops viz. strawberry, ap@nd apricot was observdd.
planta evaluation of antagonistic bacterial isolate 54. identified asBacillus
amyloliquefaciensevealed that it reduced the disease index oebattanker of
tomato to 28.55% over control and other isolatedeumet house conditions. It
showed maximum biocontrol efficacy of 70%. Therefdhis isolate can be used
as efficient biocontrol agent against bacterialkearof tomato under net house
conditions. Further, more studies are required dmdss the potential of this

isolate as bioinoculant in agriculture.
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APPENDIX-|

1.1 Preparation of standard curve (5-50 pug/ml) for P-eimation

® Stock solution (50 ppm)

(i) Chloromolybdic acid

(i) Chlorostannous acid (stock)

KH,PQ, [Ana(aR)]: 219.3 mg in 1000 ml distilled water
in volumetric flask

15 gm of ammonium molybdate dissolved in 400 ml of
warm distilled water. Add 342 ml of concentchHCl
and cool. Make up the volume to 1 It with illesti water

25 gm in 40 ml of concentration HCI.
(Working solution: 1 ml stock + 65 ml distilledater)

Volume of stock Final volume Final concentration OD at 660
(ml) (ppm)

0 25 0 0
0.1 25 5 0.c4
0.2 25 10 0.08
0.2 25 15 0.15
0.4 25 20 0.17
0.5 25 25 0.20
0.€ 25 30 0.27
0.7 25 35 0.27
0.€ 25 40 0.3¢
0.9 25 45 0.37
1.0 25 50 0.41

e 0.45-
c
o 0.4 -
&
5 034
2 0.25- 2
>
® 0.2 4
c
S 0154 o
S 01
5 0051
0 T T T T T T T T T 1
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1.2 Preparation of standard curve (10-100 pg/ml) foAA

Stock solution (100 ppm):

10 mg of IAA (99.0% pure) was dissolved in 50 ndtiflied water and the final volume was made

to 100 ml in a volumetric flask.

IAA Distilled water | Final volume Salkowsky ppm Optical
(ml) (ml) (ml) reagent (ml) density (0.D.)
at 535nm

0.5 2.7 3 2 1C 0.04
0.€ 2.4 3 2 2C 0.08
0.€ 2.1 3 2 3C 0.14
1z 1.€ 3 2 4C 0.16
1kt 1kt 3 2 5C 0.21
1.€ 1.z 3 2 6C 0.22
2.1 0.€ 3 2 7C 0.24
2.4 0.€ 3 2 8C 0.33
2.7 0.5 3 2 9C 0.3€
3.C 0 3 2 10C 041

1.3 Composition of CAS assay solution

1. 2 mM CAS (stock solution):0.121g CAS in 100 ml distilled J@
1 mM Fe (stock solution):1 mM FeC}.6H,0 in 10 mM HCI

Piperazine buffer: Dissolved 4.307g piperazine in 30 ml distilled @atAdded 6.75 ml
concentration HCI to bring the pH to 5.6

4, Hexadecyl trimethyl ammonium bromide (HDTMA): Dissolved 0.0219 g HDTMA in 50 ml
distilled water in a 100 ml mixing cylinder.

Procedure Mixed 1.5 ml Fe solution with 7.5 ml CAS solutiamd added to the HDTMA in the
mixing cylinder. Added piperazine solution to théimg cylinder and brought volume up
to 100 ml with water.

0.35-
0.3
0.25 -
0.2
0.15- .
0.1

0.05

Optical density (0.D.) at 535 nm

0 10 20 30 40 50 60 70 80 90 100
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APPENDIX II

Anova 1 : Quantitative characterization of PGP taits of selected antagonistic bacterial
isolates
Source | d.f. Mean sum of square (MSS)
P Viable | Final | Siderophore| Viable | Final Indole Viable | Final
solubilisation | count | pH production | count | pH | acetic acid| count | pH
production

Treatment| 9 2.70x 10 63.13 | 0.01 5347.4 47.95( 0.10 217.20 46.18 0.11
Error 18 18.77 0.82 0.03 10.48 0.61 0.06 0.97 0.31 0[04

Anova 2 : Efficacy of PGPR strains in controlling bmato bacterial canker

Source d.f Mean sum of square (MSS)
Disease Disease Biocontrol Population of | Population of
incidence index efficacy pathogen antagonist
(x10* cfulg)
Treatment 5 1587.1 632.81 1587.1 5015.0 2372.4
Error 15 77.21 14.786 77.21 8.94 3.38
Anova 3 : Effect of seedling treatment with liqud formulation of selected bacterial isolates
on growth parameters in net house
Source d.f Mean sum of square (MSS)
Shoot length shoot dry weight Root length Root dryveight
Treatment 5 176.79 24.92 10.242 0.93
Error 15 7.56 4.83 0.02 0.02
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