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1. INTRODUCTION

QOur country has achieved self-sufficiency and good degree of stability of food
production. This created an urgent need for providing health security to our population
by supplying nutrition through balanced diet. We can grow vegetables all the year round.
India shares 13% of the world output of vegetables from about 2% cropped area in the
country. Vegetable production in Kerala is much less as compared to the neighbouring
states. It is estimated that, about 60% of vegetable requirement of the state is met from
outside sources and an amount of Rs.850 crores are spent yearly in this way
(Gopalakrishnan, 1999). Pests and diseases are the major limiting factors in the
vegetable production, because of the warm humid climatic conditions prevailing in
Kerala. Among the diseases, bacterial wilt caused by Ralstonia solanacearum is a major
constraint for the cultivation of solanaceous crops in Kerala and an yield loss upto 100
per cent have been reported in susceptible varieties from various parts of the state. Due
to high variability strains of the pathogen, the differences in biological and physico

chemical agroecosystem characteristics, bacterial wilt remains a sgrious and persistent

one in Kerala.

Bacterial wilt is caused by a genetically diverse soil borne pathogen with a wide
host range, and it is very difficult to control the disease onge it is established in the field
Because of the systemic nature of pathogen it is very difliculr-and also it is costly, to
control bacterial wilt with chemicals. However, breeding for host resistance has been
predominantly used and has provided some substantial success in Kerala. But it may also
fluctuate due to the oligogenic nature of the plant resistance, and to the great strain
variation and aggressiveness of bacterial isolates from different locations. So alternate

control measures such as biological control involving antagonists can be a potential mode

to manage the disease.

Biocontrol potentially offers solution to many of the persistent problems in

agriculture, including the problems of resource limitations, non-sustainable agriculturat
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systems and ever reliance of pesticides. And so, in the recent years, biocontrol is
increasingly occupying the minds of scientists especially, the plant pathologists all over
the world including India, to achieve the control of soil borne pathogens. Recognising the
potentiality of this field andl the importance of bacterial wilt in Kerala, priority was given

to these aspects and the present investigation was carried out with the following

objectives.
1) Isolation and maintenance of antagonistic organisms from Vellanikkara
(Thrissur District) and Ozhalapathy (Palakkad District) aréas
ii) In vitro evaluation of isolated organisms against R. solanacearum

iii)  Identification of effective antagonists.

iv)  Effect of microbial antagonist against R. solanacearum under pot culture

studies
v) Management of bacterial wilt usinz effective antagonists under field

condition.
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2. REVIEW OF LITERATURE

Bacterial wilt is a serious discase of agricultural crops in tropics, subtropic.s, and
warm temperate regions of the world. The first report of bacterial wilt of solanaceous
crops caused by P.solanace&mm was that made by Burril (1890) in connection with an
unidentified bacterial disease of potato in United States. Smith (1896) described the
disease and causal agent and he was the first to report bacterial wilt in potato, tomato and
brinjal. It attacked more than 200 plant species belonging to 33 families and the family

Solanaceae has the fargest number of hosts, (Kelman, 1953)

The bacterial wilt pathogen was first described as  Pseudomonas solanacearum
by Smith (1914). Later Yabuuchi er of. (1992) transferred several species of the rRNA
homology group Il Psendomonads, inciuding P.solanacearum to the genus Burkholderia.
Sequencing of the 165 t(RNA genes and polyphasic taxonomy revealed dichotomy among
the species including in the genus Burkiilderia. This phylogenic dichotomy had led to

the proposal of the new genus, Ralstonia (Yubuuchi es af., 1995).

In India, the occurrence of bucterial wilt of tomato was first reported by
Hadayathulla and Saha (1941) from West Bengal and the bacterial wilt of brinjal was
made by Das and Chattopadhyay (1955). They estimated that the average reduction in
yield duc to this disease was 54.6 (0 62.3%. Bacterial wilt of chilli was first reported in

India from Madhya Pradesh (ICAR, 1969).
2.1 THE PATHOGEN

Ralstonia solanacearuns is non-spure forming, non-capsulate, gram negative,
small rods with polar flagella. (Smith. 1896). Standford and Wolf {1917) observed that,
the bacteria formed circular, glistening white colonies slightly raised with smooth margin

and appeared within 36 - 48 h,



Kelman (1954} distinguished colony variants on Tetrazolium medium. The
nommal or wild type were uregularly round. entire, white or white with light pink centre
and the mutant or butyrous type were round. translucent. smooth, deep red with a narrow

light bluish margin.

An association between levels of virulence and colony morphology of the
pathogen on TTC medium had also been demonstrated by various workers in Kerala.
Paul (1998) 1solated the pathogen from brinjal. chilli and tomato on TTC medium and
found that all the 1solates produced circular, smooth, raised, creamish white colonies with
pink centre and entire margin. The fluidity was highest with brinjal isolate followed by
tomato and lowest in chilli. However, Mathew ¢t af. (2000) reported that. the slime

production and fluidity were more in brinjal and chilli isolates compared to tomato.

James (2001) found that, all the three isolates of chilli, brinjal and tomato formed
circular colony with entire margin on TTC medium. Brinjal isolate produced flat to
slightly raised, low to high fluidal colony. while chilli isolate formed slightly raised. high

to very high fluidal colony. Tomato isolates showed flat and very low, low and high

colony characters.

Kelman (1954} found that, the wild type colonies are highly virulent and
producing wilting in 14 days whereas the mutant type is either weakly pathogenic or non-
pathogenic. James (2001) recorded virulence, based on Bactenal Wilt Index and
aggressiveness, based on incubation period (IP) and latent period (LP 50). Among the
isolates collected from Kumarakom, Ambalavayal and Vellanikkara, brinjal. chill and
tomato belonging to Kumarakom were found to be most virulent and aggressive. Mathew
(2001) compared the virulence apd aggressiveness of brinjal, chilli and tomato 1solates of
Vellanikkara, Mannuthy, Ozhalapathy and Chittoor areas and found that all isolates of
R.solanacearum were aggressive and virulent except chilli isolate of Ozhalapathy

However, Vellanikkara isolates were highly virulent and more aggressive than others.



The pathogen loscs its virulence very rapidly in culture due to transformation to
avirulent form. The virulence could he retained by preserving the cultures in mineral oil
(Ketman and Jenson, 1951) or in sterile distilled water at room temperature. (He et al,

1983; Prior and Steva,1994; Mathew ef «!., 2000}

The aerobic natute of Puolanacearim was well established by many workers
(Smith,1914; Labrousse, 1932, Moraes, 1947 and Prior et af., 1990).However, Kelman
and Jenson (1951) opined that, it could grow anaerobically. Devi (1978) also noticed

both aerobic und anacrobic growth of Psolanacearun.

Biochemical studies conducted by various workers revealed that, different isolates
ol Rsolunacearion were positive for solubility in 3% KOH, catalase, oxidase reaction,
hydrolysis of Tween-80, gas production and negalive for levan production and arginine
dihydrolase. (He er al., 1983; Swuanepoel and Young, 1988; Prior and Steva,1994; Jyothi,
1992; Paul,1998; Mathew et af., 2000).

Many workers have studied the cross infectivity of isolates of P. solunacearum
from different host plants. Buddenhagen ¢z «f.,1962) have reported that P.solanacecarum
from many solanaceous plants like (obucco, tomato and brinjal were capable of cross
infecting cach other. Devi (1978) observed that, the chilli strain of P. solanacearwmn
caused high degree of wilting in tomaro and eggplants and that the brinjal and tomato
isolates were capable of cross infecting each other. Nayar (1982) showed that, tomato and
brinjul isolates were capable of cross infecting each other and that chilli and ginger
isolate caused wilting of their respective hosts only.Prior aﬁd Steva (1994) showed that,
chilli isolate caused rapid wilting in tomato and eggplant. Jyothi, 1992, Paul, 1998,
Jimes. 2001 and Mathew (2001) also reported the cross inoculable nature of different

solunaceous isolates ot B solanacearivm.

The bacterial wilt pathogen R.solanacearnon  exhibits great degree of both

phenotypic and genotypic diversity. Muity workers attempted and grouped these isolates



into biotypes, varieties or races on Lhe basis ol difference in physiological characteristics

(Kelman,1953; Buddenhagen and Kelman, 1964; Hayward, 1964).

Buddenhagen er al. (1962 dilfcrentinted strains of P.solanacearum into three
races, race-1 affecting obacco. lomato, many solanaceous and other weeds, and certain
diploid bunanas: race -2 affecting triploid bunanas, heliconia or both; race-3 affecting
polalo und tomato, but highly virulent on other solanaceous crops, Later, two new races
were proposed affecting ginger und mulberry from Philippines and China respectively

(Buddenhuagen, 1986),

According to Persley er al. (1985) the bacterial wilt pathogen could be grouped
into Iive races which ditfer in host ranges, geographic distribution and ability to survive
under different environmental conditions. Samaddar et al. (1998) identified
R.solanacearwm affecting aubergine, tomato, potato and chilli collected from West
Bengal as race-1. Paul (1998) reported thal, among the three R.solanacearum from
tomato, brinjal and chilli, the isolaic obtiined from chilli and tomato were characterised
and identified as race-1 biovar 111 and that oblained from brinjal was identified as race 1

biovar V.

Mathew (2001) classificd the isolates of R.solanacearum affecting solanaceous
vegelables in Kerala as race | and biovars I IH A and V. James (2001) classified
brinjal, chili isolates of Vetlanikkara. hrinjal and lomato 1solates of both Kumarakom and
Ambalavayal as biovar [II and tomato isolate of Vellanikkara and chilli isolate of
Kumarakom and Ambalavayal as biovar I A, She also grouped the isolates of

Vellanikkara and Kumarakom into race | and Ambalavayal into race3.
2.2, ECOLOGY OF THE PATHOGEN

The ecology ol the pathogen in infested soil is poorly understood. 1t is inferred that.



the primary inoculum came from the soil but there is no conclusive evidence that the
pathogen is an ubiquitous inhabitunt in the soil (Buddenhagen and Kelman,1964). Under
natural conditions, the pathogen was uble to survive saprophytically in the soil for as long

as six years. (Chester, 1950)

Survival and dissemination of K. solanacearum is generally enhanced by high soil
waler content. Pereira and Normando (1993) observed that, the presence of a susceptible
host and high soil humidity favoured the survival of bacteria, soif type did not affect

R.solanacearum survival in those conditions.

P. solanacearin does not survive in the soil for prolonged periods because it is
nol a strong competitor. 1t does not survive in the soil itself but survive on or in plant
roots. The bacterium appeared 1o survive by continuously infecting the roots of
susceptible or carricr plunts or by colonising the rhizosphere of non host plants (Sequeira,
1993}, Silveira ¢r ef. (1996) reported that, multiplication and survival of the bacteria

depends onits survival in weed hosts and cultivated crops.,

Survival of P. solanacearum in the rhizosphere of beans and maize has been
documented by Grunada and Sequeira (1983) and reported long term survival of the
bacterium with localized or systemic infection of plants did not express symptoms of
bacterial wilt. Bekkum er . (1997) observed the survival of P. solanacearun (race 3) in

water, silt and soil and also on Sefcvnan dideameara as an alternative host.
2.3, FACTORS AFFECTING WILT INCIDENCE

The bacterivm invaded plant vascular tissue from wounded roots or natural
epenings which oceur after the emergence of sccondary roots (Kelman and Sequeira
1965; Schmit (1978). The pathogen could enter into the uninjured roots also (Libman and
Leach, 1964). They reported that, rool contact with infected plants was not necessary for

infection. Bacteria can enter at the points of origin of secondary roots.



Kue (1964) stated that, discase resistance is not an absolute or static condition and
depends on many factors. Expression ol the biochemical potential, determined by the
genetic component ol the organisim is intluenced by a multitude of factors including
mutation, nglh regulators, temperature. mwisture, day length, stage of development and

nature ol Ussue.

Infection oceurs at soil emperatures s low as 12.8°C but symptoms of wilt do not
ordinarily become apparent at 12.87C o 15.6°C (Vaughan, 1944). Acosta et al. (1964)
noted that, tomate buacterial wilt infection was more severe during the summer at high soil
temperature. Gallegly and Walker (1949} reported that, high moisture levels in soil
affected the discuse by favouring survival of bacterial in soil and thereby increasing
capacity for infection. Kelman (1953) suggested that, high soil moisture levels usually
favours the development of bacterial wilt. An increase in soil moisture from 50-100% of
its water holding capacity and temperature from 21 1o 35°C favoured the development of
bacterial wilt of potato. (Hingorani ¢ «f., 1956). Sabet and Baraket (1971) found that
90% of (he soill WHC was optimal lor bacterial wilt development in potato. Hiryati et al.
(1983) noticed thut, severity ol discases caused by P. solanacearum significantly
increased with increased soil moisture from slightly above wilting point to slight below

suturation point for cach soil type tested.

Akiew (1985) recorded decrease in population of potato pathogen P. solanacearum
with increase in air temperature and decrcase in soil temperature. Ho (1988) reported
that, high rainfall especially towards middle end of growing season favoured high

bacterial will disease incidence in lomato.

Chupp and Sherf (1960) reported that, the inlection occurs in dry soil and disease
become serious in red laterite soil. A high wilt incidence was reported at pH 3.5 by

Kelman and Cowling (1965). Shekhawat er ef. (1978) observed that, the bacterial will



was more widespread in heavy and acidic soil. (pH 3.5 10 6.9) than in light and neutral

(pH 6.5 10 7.5) to alkaline (pH 7.5 10 8.5) solls.

Bora er al. (1996) found ihat, the bucterial wilt incidence was significantly
correlated with soil temperature, air temperature and total rain fall. Relative humidity had
no correlation with incidence. They concluded that, soil temperature from 25-30°C
accompanied by a maximum wir wmperiture of 26-30°C and monthly rainfall ranges
trom 200-300 mun lavoured bacterial growth and multiplication resulting in severc wilt

incidence in tomato.

Kova er al. (1997) identificd two types of suppressive soils for bacterial will of
tobaces e Toamy soil and saudy soil. A swudy conducted by Keshwal er al. (2000)
showed that, sandyloam soil with u 27.3% {icld capacity {FC) and 34.6% water holding
capacity (WHC) harboured minimum population of R. selanacearum PST4 (2177 x 107)
inciting 32.2% wilt in tomato crop. Whereas, clay soil having 66% WHC and 36.2% FC

harboured maximum population of pathogen, causing wilt incidence of 63%.

Winstead and Kelman (1952) suggested that, increased resistance in resistant lines
wus apparently associated with age rather than plant size. Bell (1981) stated that, each
plant part changes in its level of resistance with age. Resistance level in stem and root
generally increases rapidly during the tirst two weeks of seedlings or when new shoots
grows and slowly thereafter. Levels of resistance in leaves and fruits frequently decline
with age. He also reported that, lony photoperiods generally result in higher levels of
resistance. Increasing the concentration of potassium and calcium enhance most olten

level ol resistance while nitrogen decreases resistance,



2.4 MANAGEMENT OF BACTERIAL WILT DISEASE
2.4.1. Host resistance

The use of resistant Vzh‘icly is u simple, effective and economical means to control
soil borne discases. Breeding for host resistunce against Ralstonia solanacearum have
been conducted by a number of workers and numerous reports are also available on this
field. But it is beyond the scope ol present study to go through the extensive literature on
this aspect. This review, is therefore. confined to the work done at Kerala Agricultural

University.

Rahim and Samiryyj (1974) found that, variety "Khandari® was highly resistant 10
bucterinl wilt of chilli. Goth et af. {(1983) rcported that, KAU cluster (Manjari) was
resistant o four race 1 isolates and one race 3 isolate of  P.soanacearum. Peter et al.
{1984y evaluated four Indian hot chillies (Pant C-1, KAU cluster, white Khandari and
Chuna) along with six US cultivars for reaction to ning isolates of R. solanacearum..
Rujan (1985) reparted LE - 79 (Sakthi) highly resistant to the bacterial wilt of tomato.
Thomas (1985) also ubserved resistunce in "KAU Cluster’ against bacterial wilt

pathogen.

A study conducted at KAU, Vellunikkara revealed that, Capsicum annuum
accessions CA 33 (KAU Clustery and CA 219 were resistant to bacterial wilt disease
(KAU, 1988). Gopalukrishnun and Peter (1991) evaluated 146 accessions of Capsicus sp
for resistance to bacterial wilt in a wilt sick soil afiler artificial inoculation and found that,
CA - 219 (Ujjwala) and CA - 33 (Munjari) were highly resistant with good dry chilli
yield. Cluster fruited plants gave signilicantly better wilt resistance than solitary fruited
types. Jyothy (1992) also reported the resistunce of variety ‘Manjari’ against bacterial
wiit of chilii. Sadhankumar (1995) cvaluated 66 tomato genotypes against bacterial wilt

for three seasons and revealed thut, LE - 415, Sakthi and LE 79-5 were consistently

10
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resistant to bacterial wilt. Singh (1996) obtained a brinjal hybrid ‘Neelima’ highly

resistant to bacterial wilt.

From the trials conducted at AICVIP, Vellanikkara it was observed that, out of 29
brinjal genotypes screencd against bacterial wilt, 10 genotypes such as SM 6-7 (Surya),
SM 6-6 (Swctha), SM 14 i(Haritha). BWR-12 (Arka Nidhi), BWR-21 (Arka Keshav),
BWR-54 {Arka Neclakanth), Pusa Purple Cluster, BB 60-C and BB-64 werc resistant and
high yielders. Similarly. out of 22 tomito genotypes evaluated against bacterial wilt, LE-
79 (Sakthi), LE 79-5 (Mukthi). LI= 415 und [ 66 were found to be resistant at
Vellunikkara condition (AICVIP, 20{)2).

2.4.2. Mechanism of discase resistance

Expression of resistance has been linked to the resistance of bacterial colonization

within xylem tissues located in the stem, (Grimault ez al., 1994).

Anderson and Bredbeck (1989) reported that, the xylem fluid contains the Jowest
concentrations of solute of any plunt tissue with total osmolality averaging 10 to 25mm.

Aminoacids and organic acids may be determinant of resistance to bacterial wilt.

Suppression of disecase with increased level of caleium have been reported by
various workers .Corden (1965) expluined that, suppression of plant disease is due to
direct inhibition of peclolytic enzymes such as polygalacturonase by calcium. However,
indirect inhibition of enzymes duc o the suengthening of cell walls by calcium was also
reported. (Buteman and Lumsden, 1963; Conway et af., 1992).Raz and Fluhr (1992)
opined that, the suppression was due 1o inhibition of ethylene production. Sadhankumar
(1993) and Paul (1998} ulso obscrved that. calcium content was higher in resistant

genotypes of solanaceous hosts.



2.4.3. Chemical coontrol

The inhibitory cifeets of Swepltomycein and Streptocyclin on Pseudomonas have
been observed by many workers. (Rangarajan and  Chakravarti, 1969; Shivappashetty
and Rangaswami, 1971).Rahim (1972} und George (1973} obtained excellent field
control of chilli bacterial wilt by spraying the foliage with Streptomycin and

Swreptocyeline or by soil drenching with chestnut compound.

Several antibiotics like Oxytetracycline, Tetracyceline, Penicillin =G, Streptomycin
were reported o inhibit the pathogen (Goorant e al., 1978). He et al. (1983) reported
that, all the strains of  P.solanacearum from China showed susceptibility to
Streptomyein, but were resistant to Penicilling Viomycin and Chloramphenicol. Ishikawa
er al. (1996) noticed (hat, foliar sprays ot Vilidamycin A at 250 w g/ml 5 days before and
2 days alter inoculation, reduced the wilt incidence of tomato.Said et ¢f. (1996} applied
2.5 and 3.0 ml of aspirin or salicylic acid und observed, significant reduction in diseasc
incidence and increase in the number ol flowers and other different growth parameters in
tomato. Dhital ez af. (1997) found that, use ot Stable Bleaching Powder (SBP) at the rate
of 25 kg/ha is maore effective and suttable for the control of bacterial wilt in potato both

under green house and field conditions.

Yamada ef «f. (1997) reported that, Dazomet combined with soil solarization gave
better control of tomato bacterial wilt. Paul (1998) obtained good inhibition and
suppression of growth of R. solenacearm of tomato with OXytetracycline and
Streptomycin sulphate. Mazumder (1998) carried out field trials to control. R.
solungcedran on lomato ¢v, Pusa Ruby and found that 200 ug/ml of Streptomycin
treatment was the most effective giving a discase control of 79% with maximum yields of
274.6 g/ha. He also noted that, 10 ¢ and S gflitre of bleaching powder could also

clectively reduce disease incidence und tnerease the yield.

12
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A perusal on literature revealed that. the reports on fungicidal toxicity on
R.solanacearum is meagre and scanty. However. attempt has been made to include some

of the available literature on the fungicidal action on bacterial wilt pathogen.

Severin and Kupferberg (1977) reported that. Bordeaux mixture. Copper
oxychloride and Kocide were effective in controlling bacterial blight of walnut.
Inhibitory action of Dithiocarbamate fungicides like Nabam (Dithane A - 40). Maneb
(Dithane M - 22) and Dithane M - 45 on bactenal wilt pathogen was studied by Goorani
el al. (1978). Leandro and Zak (1983) observed the inhibitory effect of Captan. Maneb.
Mancozeb and Thiram on R. solanacearum . Jyothi (1992) reported that, among the three
fungicides, Thirtde, Blue copper and Bordeaux mixture tested, Bordeaux mixture
recorded the maximum inhibition of R.solanacearum. Inhibition of R.selanacearum by

copper hydroxide (kocide) 0.15% was reported by Akbar (2002).

2.4.4. Soil amendment

An application of urea @ 1000 kg/ha has been found to be effective in reducing
the wilt incidence (Kelman, 1953). Jayaprakash (1977) observed a reduction in
percentage of tomato wilted plants in plots amended with oil cakes, saw dust, cashew
shell powder, coconut pith, oil palm seed waste and various crop residues. Devi (1978)
reported that, application of soil amendment sawdust plus urea combined with agnmycin-

100 spray reduced the wilt incidence to 26 per cent in tomato.

When brinjal seedlings were dipped in solution containing asafoetida, turmeric
powder and water at the ratio of 1:5:10, significant protection against bacterial wilt was
obtained ( Bhattacharya ef af.,1994;Pun and Das, 1997). Miah et al, (1995) observed that.
amendments to soil with soybean husk, rice husk + urea and recommended dose of
fertilizers effectively prevented both the progress and incidence of bacterial wilt in a

susceptible variety of tomato.



Hanudin (1997) reported that. amemding soil using 428 kg ha! urea + 5000 kg ha’
' Culcium oxide a1 3 week prior o trunsplanting raised soil pH and was effective in
suppressing bacterial wilt in the rigosol and aluvial soil. Hanudin and Machmud (1997)
conducted studies with KNO3, NuNO3, KCIand NaCl and found that, NaNO3 was most

effective in reducing the bacterial populution to 65% of that in the control,

Kelaniyangoda (1997) reported that, bacterial wilt incidence was reduced to 21 %
both in tomato and potato when sunnhemp, CaO and urea were incorporated into the
plots. Michel er al. (1997) observed significant reduction in bacterial wilt when soil
amendment of urca (200 kg ) and CaO (3000 kg/ha) was applied before planung. African
or French marigolds (Tagetus erecia/plania) when planted with a susceptible tobacco
cultivar was able to reduce the pathogen pepulation as well prevent the plants from

developing symptom (Terblanche and Viliiers, [997).
2.4.5. Biologieal control

Biocontrol of plant pathogen is becoming an important component of plant
disease management. [n view of the hazardous impact of pesticides and other
agrochemicals on the ecosystem, biocontrol of plant diseases as an alternate strategy has
received increasing attention in recent yeurs. A search on literature showed that, the
effect of microbial antagonists like bucleriu and actinomycetes on R.solanacearum have
been well studied by various workers. However, the informations on fungal antagonists

activity on the pathogen are much licking.

Opina and Valdez (1987 studicd the etfect of Pseudvmonas fluorescens and
Bacitlus polymiyvya on bactenal will pathogen of omato and brinjal. He observed that, in
brinjal, both organisms significantly reduced the incidence of wilt, when seedlings were
dipped n the suspension than when the suspension is drenched at the base of seedlings.

He also noted that, £ fluorescens showed better antagonism than B.polymyxa.

14



Anuratha and Goanamanickan {1990) evaluated the strain pfep of P fluorescens
and strains B33 and B30 of Bacitlus spp. against bacterial wilt of banana, egg plant and
tomato under green house and ficld conditions. Protection upto 50, 61 and 95% and 30,
49 and 36% were obtained for banuna. egeplant and tomato in greeﬁ house and field

respectlively,

Furuya et af. (1991) observed the different antibiotic activities of strain of

P.glumae against Rosolanacearum depending upon type of media used. All strains of

P.eliinae formed growth inhibition zones arcund their colonies on the lawn of

R.solanacearum when TTC media was used. They also found that, dipping the roots of
tomato scedlings in the bacterial suspension of 10" ¢fu/ml for 24 h showed highest
suppression ol disease and also suggested that some mechanisms other than antibiotic

productivity were involved in the suppression of he disease.

Phae e af. (1992) brought down the percentage bacterial wilt incidence to one-
third of the control in tomato by pouring cultural suspension of B.subtilis NB 22 1solated
from a compost into a heavily infested soils, Suresh and Ravi (1992) observed inhibition

zones when Popurpirescens was ©sted on P solanacearwn and acids from their inhibitor.

Arwiyanto et al. (1994) were able to suppress the development of bacterial
wilt In tomato under green house condition by applying the spontaneous avirulent mutant
of strain sir-10 of R.solanacearunt isoluled rom Strelitzia reginae. Protection was more
pronounced at low temperature {18-25") and was lost at high temperature (18-25°C). The
reason for suppression by the strain muy be due to induced resistance. Hanudin and

Muchmud (1994) showed the elfect of P flucrescens against Polanacearum.

Prexoto er of. (1995 a) reported that, some mutants and wild isolate of
Paeruginosa inhibited K.solanaceanan in both King's B and nutrient yeast extract
dextrose agar media with maximuinn zones of 8.1 and 14.3 mm respectively, However, no

significant reduction on disease incidence was obtained with mutants against tomato

15
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bucterial wilt under green house condition when drenching the seedbed substrate with the

antugonists 5 days before planting.

Peixoto er al. (1995 b) tollowed lwo methods of application of antagonist
P.aeruginosa le. Llrcnching'of seedlings in the nursery S days before transplanting (M)
and drenching of seed bed substrute 3 days before sowing (Mz) and Mz was found to be
the best application method, and the isolwes FR 6, FR 48 and TR 25 induced DSR
(Discase Severity Reduction) values of 440, 354 and 31.1% respectively, They also
sugpested that, the most efficient method Tor inducing growth promotion of tomato

seedlings 1s combined bacterisation ol seed and seed bed substrate.

Silveira et al. (1995) tested. 30 isolates of Bacillus spp. obtained from the
rhizoplane of several crops, against R.solanacearum for their antagonistic activity under
green house condition. Two methods ol application were tried, including irrigation of the
bed substrate with bucterial suspension § duys before seeding and seed bacterization 16 h
before seeding. The isolates BA-24 (8. cougulany) BA-46 (Bunegaterium) and BA-3
(B.cerens) applicd to the substrate showed lower BWI giving 54.6, 46.6 and 42.6% of
discase control respectively. BA-24 wnd BA-46 were also found to promole growth

paramerers.

Abyad er af. (1990) isolaled S.pulcher, S.canescens and S.citrofluorescens and
found antugonistic ugainst Rselancceearimn in liquid media. Ciampi e af. (1996) noticed
that, siderophore ke compounds produced by isolate of P fluorescens was responsible
for the mhibition ol Roolanacearun and also observed that, synthesis of the pigment is
dependant on Fe ** levels in the culure niedium and the siderophores increased when

iron concentration is limied.

Jianhua er ef. (1990) dipped tomato seedlings in 35 selected bacterial suspensions
for 12 by before planting in green house. He found that, roots were colonized by only 22

strains and the population of 17 mhibitory suains were higher than those of all virulent
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strains. The population of 10 avirulent bucteriocin producing R.solunacearum strains
were only < 10% cfw/groot. So he concluded that, in vitro inhibition test combined with
assays of root colonization, provide an clfective means of screening for bacterial

antagonists against plant diseases.

Shanshoury er al. (1996) identilicd two Streptomyces spp. controbling tomato wilt
pathogen.  Foxyspermn [ osp. {veopersied was inhibited by S.corchorusii and P,
solanacearum by S, mutabilis under in vicro condition. Silveira er af. (1996) evaluated a
number  of  microorganisms  including  Streptoniyces  griseochemogenus, S.griseus,
Pfluorescens, Tpscadokoningii, P.acruginosa, B.coagulans, Banegaterium and B.cereus

against Rosolanacearin and were [ound cllfective under in virro condition.

Alice and Carlos (1996) observed that. treatment with avirulent mutant of
R.solanacearum or Tuorescent Pyendomonas isolated from potato rhizosphere did not
show any significant difference 1 discase severity when compared to non treated control
both in green house and iield trials. Furuya et af. (1997) reported that, the strain ATCC
7700 of P.aeruginosa wus highly antagonistic to R.solanacearum under in vitro condition
and root dipping of tomato with P.aeruginosa suspension of 10'" cfu/mt at the time of
transplanting in wilt sick soil increased the percentage of seedling survival. He also
observed that, pre trealing of tomato roets with killed cells of P. aeruginosa gave
protection and stating that, mechanism of induced resistance and infection sites

competition were involved in suppression of (he discase other than antibiotie protection.

Karuna er ¢f. (1997) tricd seed bacterization followed by root dipping the Pusu
Ruby scedling with P fluorescens, Pacraginosa and  B.subtilis and found that,
P fluorescens was most ellective in reducing the incidence of wilt by 50% under lield
condition. Singh (1997) reported 64% control of bacterial wilt in tomato cv. Pusa Ruby
when heat Killed cells ol Rsolunacearam were used, Sunaina et af. (1997) found that,
Bovubiifiy (811Bs). #.cerens (By) and an avirulent strains of Psolanacearum  exhibited

antagonism against potuto bacterial will pathogen both under laboratory and glass house
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condition. In field, seed potato bacterized with By and Bs brought down the wilt incidence
to nearly one third and one fourth compared (o control. Substantial increase in per cent

yield of 22.72,46.72 and 62.67 were also obtained as compared to the control.

Strains of fluorescenl Pseudemaonads isolated form healthy eggplant roots
inhibited the growth of R.solanccecrmn on King’s B medium and PDA  medium.
Strain FPPs and FPP; increased the ttion of plant height, total weight and root weight
10.0-25.5%, 12.7-37.8% and 2.1-7)1.3% respectively. However, some strains of
fluorescent Pseudomonads inhibited the ubove growth parameters. (Yungchun ¢r al |
1997). Guijing er al. (1998) observed that, conidial extracts of Trichoderma koningii BY -
88 completely inhibited the growth of K.solenacearum and recovery rates of the

antibiotic substance extracted by alcohol and NaoH were 0.89% and 0.82% respectively.

Out of 190 actinomycetes isoluted from the rhizosphere, rhizoplane and root
tissue of tomato, 18 actinomycetes showed cent percent control of R.sofanacearim. The
most efficient method of application was by dipping the seeds in a propagules suspension
ot the actinomycetes (Moura er «l. . 1Y98).Bacillus subtilis, Pseudomonas spp.  and
P.cepucia had highly inhibitory crtect ugainst R.solanaceariin on cullure medium and
significant reductions in wilting of tomato was also noticed in greenhouse tests (Abdalla
et «l 1999).Chun et af. (1999) opincd that. an virulent and bacteriocinogenic strain Tms

ol R.sulanacearran had an inhibitory effect on the tomato virulent strain,

Anith et al. (2000) observed that. sced treatment with P.fluorescens strain EM
85 along with soil solarization decrcased the will incidence in ginger to 7.42% and
increased the yield to 29.42 t/ha compared 1o 19.51 t/ha in control plots. Das ¢ af. (2000}
evaluated few established biocontrol agents for their inhibition action against
R.solanacearum, vusing agar plate assays in dual culture.  The bacterial antagonists
P fluorescens showed maximum inhibition of the pathogen (33.30mm), followed by
Aspergillus terrens (23.1 mm), Trichoderma harzienum (4.3 mm), Bosubtilis (13.6 mmy),

Gliocladium virens (13.3 mm). Thoningii (12.00 mm} and Toviride (9.96 mm). Qut of



three best antagonists lested in tomato varicty Pusa.Ruby, P.fluorescens applied 14 days

prior to inoculation showed the least discase incidence and highest yield of 12.81 g/ha.

Singh ¢r al. (2000) veporied increased yield and inhibition of wilt incidence in
potito variety Kulri Jyothi when potato tubers were dipped in Bacilluy spp. suspension
before planting. In the study conducted by Jiunhua er ¢f. (2001) they observed that, six
bacterial strains exhibited inhibition zone lurger than 1 ecm on artificial media against
pepper bacterial wilt puthogen. They wlso found that, disease incidence was reduced by
37-73% w40 days after treatmient and the yield at ripeness was increased by 19-79%

under field condition.

Kumar and Sood (2001) were able o reduce bacterial wilt incidence of tomato to
65.9 and 71.0% in 8 and 10 weeks solarised plots. They also observed the significant
reduction in wilt incidence due to incorporation of antagonistic rhizobaceteria
(P fluorescens and B.cereus) in soll prior to solarisation as the population of the
antagonist was considerably enhanced ulter solarisation and also increased the vigour of
the plants. Akbar (2002) reported that, sced treatment + soil drenching with P.
acruginosa reduced the wilt incidence o LT per cent in variety Pusa Ruby under pot

culture experiments.
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3. MATERIALS AND METHODS

The present study was carried out in the Department of Plant Pathology, College of
Horticulture, Vellanikkara. Microorganisms were isolated from rhizosphere soils collected
from Vellunikkary (high will incidence arca) having a soil type of laterite loam with a soil
pH of 6.5-6.9 and a soil emperature of 44.4-45.6°C and Ozhalapathy {low wilt incidence
area) having black soil with a pH ol 7.4-7.7 and soil temperature of 26.6-27.7°C. The field
experiment on the management ol bucterial wilt disease was laid out in the wilt sick plots
of Deparument of Oleniculture, during May-August, 2002 using the susceptible varieties of

brinjal (Pusa Purple Long), chilli (Pusit Jwala) and tomato (Pusa Ruby)
3.1. COLLECTION OF BACTERIAL WILT INFECTED PLANT SAMPLES.

Wilted plant samples of brinjal, chilli und tomato were collected from Vellanikkara
and Oczhalapathy. Samples were brought to the laboratory, washed under tap water to
remove soil particles. air dried and then subjected to ooze test. The plants showing
streaming out of coze from the cul ends were separated and used for the isolation of the

pathogen and for grouping the isolates.

3.2.

o

ISOLATION OF THE PATHOGEN

Basal stem portions of 10-15 mm length were cut with a sterile blade after surface
sterilization with 70% cthy! alcohol and placed in test tubes containing five mi sterile
water.  When the waler became turbid, o loopful of the suspension was streaked on
Triphenyl Tetrazolium Chloride (TTC) medium (Kelman,1954) and the plates were
incubated at 28 + 2°C for 48 h 10 get well isolated colonies of bacteria (Plate.l)

Composition of TTC medium is given in Appendix.I.



PLATE 1

Colonies ofR. solanacearum isolates on TZC meidum
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3.3,  PURIFICATION AND PRESERVATION OF R. solanacearum ISOLATES

Pin pointed, slimy fluidal cream coloured colonies with light pink centre were
selected from TTC mediuh‘t and then purified by repeated streaking on Nutrient Agar
medium (NA).Three to five characteristic single colonies were picked and transferred into
five ml sterile distilled water in screw cupped glass vials and stored at room temperature

for subsequent use.
3.4. PATHOGENICITY TEST

Fresh bacterial ooze was obtuined from brinjal, ¢hilli and tomato infected plants
and adjusted to the concentration ol ODygy nm = 0.3, Susceplible'varie[ies of brinjal (Pusa
Purple Long), chilli (Pusa Jwala) and tomato (Pusa Ruby) were inoculated with the isolates
by applying stem puncturing and leaf clipping methods. Inoculated plants were observed

daily for the symptom appearance upto 14 days.

3.5. ISOLATION AND MAINTENANCE OF ANTAGONISTIC
MICROORGANISMS

3.5.1. Collection of soil sample

Rhizosphere soii samples were collected from different healthy solanaceous
crops grown adjucent o wilted plunts, {rom Vellanikkara and Ozhalapathy arcas during
carly fruiting stage. Soil sumples were atso collected from the rhizosphere of bacterial wilt
resistant genotypes of brinjal, chilli und tomato plants released from Kerala Agricultural

University. An additional collection wius wso made from solarised beds and Forest arca.
3.5.2. Enumeration of R.solanacearum population in wilt sick soil

Soil samples were collected from the wilt sick plots of Vellanikkara and
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Ozhalapathy locations and the pathogen was isolated by serial dilution technique on TTC
medium. The population of the pathogen was determined as number of colony forming

units per gram (clu "'gm) of dry soil.
3.5.3. Determination of soil pH and soil temperatures in different locations

The pH of the soils of the wwo locations was determined using the standard

methods. The soil temperatures of these twe locations were also recorded at the time of

soil sampling,
3.5.4. Isolation of fungi, bacteria and actinomycetes

The microorganisms were isolated by serial dilution technique suggested by
Johnson and Curl (1972). 10 g of soil sumple was added to 100 m] sterile distilled water in
250 ml conical flasks and shaken for 30 minutes in orbital shaker (160 rounds/min.). One
ml of this soil dilution was then transicrred (o test tube containing nine ml sterile distilled

water to get 107 dilution. Likewise 107 and 10 dilutions were also prepared (Fig.1).
g prep g

The fungi were isolated by plating 0.1 ml of the 107 dilutions of soil in a
petridish containing 20 ml of solidified Martin Rose Bengal Streptomycin Agar media
{MRBA) (Martin, 1950). The bacteria and the actinomycetes were isolated by plﬁting 0.1
ml of 10™* dilution on Thornlon’s Agar media (TAM) and Kenknight's Agar Media (KAM)
respectively. The plates were incubated for 72 h, 48 h, and one week respectively. The
colonies developed at the end of incubation period were counted and expressed as cfu "gm

of soil. The composition of the mediu is given in Appendix I
3.5.5. Maintenance und preservation of isolated microorganisms

The isolated organisms were transierred into test tubes containing Potalo Dextrose

Agar (PDA), NA and KAM for maintining iungi, bacteria and actinomycetes
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Fig.l , Jsolation of microorganisms from soil.
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respectively. The sealed and labelled cultures were stored in the refrigerator for further

use.

3.6. IN VITRO EVALUATION OF ANTAGONISTS AGAINST THE ISOLATES OF

R.solanacearu

The microorganisms isolated [tom the rhizosphere soils of solanaceous crops
like brinjal, chilli and tomato (both susceptible and resistant varieties) from Vellanikkara
and Ozhalapathy arcas, from solarised soils and forest soils were tested for their

antagonistic reactions against ditferent isolates of R. solanaceariun.
3.6.1, Preparation of cultures of (est organism

Different isolates of R . solanaccarun collected from Vellanikkara and
Ozhalapathy were streaked on T'TC medium from the stock culture stored in sterile water
and incubated for 48 h at room temperature 28 £ 2°C. A single fluidal pink headed colony
was selected and multiplied on NA medium. Bacterial suspensions of these different
isolates were prepared by adjusting the concentration to 10%cfu/ml. 0.1 ml of these
suspensions were spread on appropriate dgar medium plates using a glass spreader to

prepare the bacterial Tawn for all the experiments.
3.6.2. Preparation of culture mediu
The culture medium which favours the growth of antagonists as well as the

pathogen was used. For fungi and actinomycetes, PDA and for bacteria NA media were

used.

3.7. EVALUATION OF FUNGAL ANTAGONISTS AGAINST THE ISOLATES

OF R..solanacearum
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3.7.1.8tandardisation of method for the evaluation of fungal antagonists
T'o standardize the best method for the evaluation of fungal antagonists, two

methods were tried, using three Veilunikkara isolates of R.solanacearwm and 12 fungal

Orgunisms,

i) Streak method: A four mm disc of the candidate organism was placed at
centre of the mediated plate and the test puthogens were streaked simultaneously on both
sides of it.

ii) Spread plate method : In this case, both simultaneous antagonism and
deferred antagonism methods were tricd. Four mm disc of candidate organism was placed
ar the centre of seeded agar plates on the sume day as well as after an incubation of 24 h.
Simultaneous antagonism method wus fouird (0 be the best one and was sclected for the

further studies.

3.7.2. In vitro evaluation of fungal antagonists against the isolates of

R.solanacearim

About 90 fungal cuiteres isolated [rom rhizosphere soil were screened against

different isolates of R.solanacearian collected from Vellanikkara and Ozhalapathy.

For the mitial screentng, ditfecent tsolates of test pathogens were seeded
scparately on PDA and four different candidale organisms were placed simultaneously at
four corners of the colture plues w cquidistant points, The organisms showing

antagonistic reactions werce selected und muintained for further studies.

The promising antagonists sclected in the initial screening were (hen (ested
individually for its antagonistic property.  For this, four mm disc of the potential
antagonists selected were placed individually at the centre of the plates seeded separately
with six different test puthogens. Three plates kept for each pathogen and each antagonist.

‘The dishes with antagonistic fungi alone served as control and the observations were taken
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till the control plates were fully covered with fungal growth. The commercial antagonists
viz, Trichoderma viride, T. harziamam, Aspergilius niger were also tested and compared.
The type of antagonrism was recorded using a 1-5 scale score chart and per cent inhibition
as well us Antagonism Index (Al) was calculated using the following formula

(Kasinathen, 1998)

Al=PIx TIME x CB x [Z.

Pl = Percent Inhibition = C-1 x 100
C
Where C = growth of test pathogen {mm})
T=

growth of test pathogen (mm) in the presence of the
untugonistic strain.
CB = Colonization bchaviour
TIME = Time taken by the antagonist / pathogen to overgrow
after the contact of antagonist / both,

I'Z = Inhibition zon¢ (mm)

3.7.3 Evaluation of antagonism by mutant and hybrid of Trichoderma spp. against

R.solanacearum under in vifre condition.

The two fungal antagonists, Trichoderma viride and T. pseudokoningii which were

found effective against all six isolates of the pathogen were selected for this study.

1) Induction ol mutation by U.V. light.

96 h old culture of Trichoderina viride, T. pseudokoningii were exposed 1o U.V.

light for 15 minutes. along with the commercial antagonist T harzianum. Four mm disc of
these mutant antagonists were placed at the centre of the bacterial lawns of different

isolates und the antagonistic reactions were observed.
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2) Interspeciliic hybridizution of Trichoderima spp.

Four mm discs cut irom seven day old culture of T, pseudokoningii und T.viride
were placed al two opposite ends in petitdishes mediated with PDA. These cultures were
incubated at room temperature till the hypha of the two species met and paired. Four mm
disc was cut from the interaction point of the paired culture and tested for its antagonistic
activity against different isolates of R. solanacearum. U.V. exposed mutant of this hybrid

wus also tested for Hs antagonistic property.

3.7.4, Standardisation of method for the evaluation of bacterial antagonists

1. Cross streaking method:

a) Simultuncous antagonisnn Both test and the indicalor organisms were
streaked perpendicular to each other on the plates having nutrient agar medium. The plates

were observed daily for the lysis at the juncture of the pathogen and the antagonist,

b) Deferred antagonism: Test antagonists were streaked on diametrically at the
middle of dishes containing NA/King's 3 medium, and incubated for 24 h and chailenged by
cross streaking of three isolates of R..solainacearum. Lysis at the juncture of the pathogen and

antagonist were observed.

2. Point inoculation of indicators:

a) Simultancous antagonism: A loopful of the indicator organism was
spotted at the centre of the plates seeded with test organism. Similarly, in another method
0.01 ml of the suspension of indicator organism was spotted at the centre of the bacterial
lawn. Plates were observed daily for the lysis of the pathogen.

b} Deferred antagonism @ In this method a loopful / 0.01 ml suspension of
indicator organism was spotted at the centie of the 24 h old culture plates of test pathogen
and vbserved tor lysis.

Simultancous antagonism by point inoculation with loopful of bacteria was found

to be the best methad and this was foliowed for further experiments.
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3.7.4.1. In vitro evaluation of bucterial antagonists against the isolates of R.solunacearum

About 87 bacterial isolales were screened against, Vellanikkara isolates of
R. solanacearum.  For the initial evaluation, different 1solates of R.solanacearum were
grown separately in the form of a lawn on the surface of NA medium. A loopful of four
dilferent indicator organisms were spolied at four equidistant points of two c¢m from the
plate periphery. Plates were observed for the inhibition of the pathogen. The organisms

that showed antagonistic reactions were selected and maintained for further siwdies.

Bacterial isolates, which showed antagonistic reactions in the initial screening were
tested individually. The potential antagoenists selected were spotted at the cenure of the
lawn of the 1argel organism. Three replications were maintained for each pathogen and
each antagonist. Plates with pathogen alone served as control. Commercial antagonists
such us Pseudomonas fluorescens and Bacillus  subiilis were also tested and compared.
The petridishes were incubated for 48 h and the diameter of inhibition zone was measured

and Al was calculated using the formulii:

PI =C-T x 100 (Dennis and Webster,1971)
C

Where C = growth of test puthagen (mm)
T = growlh of test puthogen (mm) in the presence of the
anliagonistic strain

Al = 'l x 1Z.

3.7.4.2.  Evaluation of attenuaied (heat killedjcells, mutant and avirulent sirains of

R.solanacearum against ihe isolaes of the pathogen

Attenuated (heat killed) cells, mutant and avirulent strains of R.solancacearunt were

obtained by the following methods.
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i) Attenuated (heat killed) celts ol 8. solanacearum
R.solanacearnn isolaie oblained from tomato plants was kept i hot water

bath ut J00°C for 5,10 and 1S minutes w get heat killed cells of R..solanucearum
i)  Mutant of R.yolanacearum
48 h old culture of R.sofanacearum of tomato isolate was exposed (o UV

light Tor five,10 and 15 minutes.

) Avirulent strain of R.yolunacearum

—

An avirulent strain was obined from tomato isolate of  R.selanacearim by

spontaneous mutation in the culture,

These heat killed, mutant and avirulent cells of R.solanacearim were tested

against the isolates of the pathogen lor their antagonistic activity.

3.7.5. Evaluation of actinomycetes antagonists against Vellanikkara isolates of

R.solanacearum

About 57 actinomyceles were tested against three isolates of R.solanacearum. For
initial sereening, four mm dise of four different Lest antagonists were placed al four corners
ol the culture plates at equidistance and noted for its antagonistic reaction. The promising
antagonists were sclected and tested individually in three replications. Inhibition zone was

measured and Al was calculated vsing the Tormula,

Al = Pl x 17
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3.7.6. In vitro evaluation of culture filtrates of antagonists against the isolates of

R.solanacearim

The effect of cutture filtrates of most effective fungal and bacteriul antagonists
were tested against six isolutes of Ksolanaceann by filter paper disc method. Five mm
size dis¢ was cut from four-day-old culiuee of potential fungal antagonists and placed in
10O mil conical flask containing 23 ml Potaws Dextrose broth and incubated lor seven days
at the room temperature 26 £ 2°C. Similarly, a loopful of bacteria from 48 h old culture
was inoculated into Nutrient broth. and incubuted for four days. The culture filtrates of the
antagonists were filtered twice through sterilized double layered filter paper under aseplic
condition. Filter paper disc of one ¢m diameler were autoclaved, dried and soaked in the
culture filtrate, then shaken thoroughly to remove excess filtrate and placed on the secded
medium, two cm from the periphery of the plate. Four discs were placed in a single plate
and the disc dipped in sterile distilled water served as control. After an incubation of 24
and 48 h, the inhibition zone arcund the [ilter paper disc were measured. The culture
filtrates  of commercial  fungal (Tviride, Tharzianum, A.niger) and  bacterial

(P.fluorescens, B.subtilis) antagonists were ulso rested and compared.

3.8 IDENTIFICATION OF ANTAGONISTS

3.8.1. [dentiication of fungal antagonists

The fungul untagonists whicl were found most effective in i vitro studies were
identificd, based on cultural und morphological characters. The morphological characters
were studied by slide culture technique. The cultural characters like colour, growth, texture
of the colonies and the morphologicul characters like type, shape and size of the hyphae,
conidiophare, conidia etc. were recorded und compared with the original characters of the

fungi described by various workers.
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3.8.2. Characterisation of the bacterial antagonist

Characterisation ol the dilferent cultures of the antagonistic bacteria was
done according 1o the methods recommended in the Manual of Mici'obiologicall Methods
published by the socictly of American Bacteriologist (1957) and Laboratory Methods in
Microbiology (Harrigan and Mc Cance.[966). For each test, 24 - 48 h old cultures were
used.Tests were conducted in triplicate and incubated at 28 + 2°C.

Composition of media used lor various tests ure given in Appendix HI
3.8.2.(1}Morphological characters

24 hoold culture ol the bacterivim wis used for the morphological studies.
Hucker’s modilication of Gram stuining was employed to study the Gram reaction
(Hucker and Conn, 1923) und the shupe of the bacterium was identilied under otl

immersion objective ol the microscope.

3.8.3.  Cultural characters
3.8.3.(1) Growth on solid media

The bacterial cultures were streaked on Nutrient Agar medium in Petriplates and
alter an incubation period of 24 h. the colonics were observed for its shape, elevation and

margin.

3.8.3.i1) Growth in liquid media
48 h old culture was inoculuted into the (est tubes containing five ml of Nutrient

broth and observed for its nature o growth from 48 to 72 h of incubation.

3.8.3.¢ii) Agar stroke
A loopful of 48h old bucterial culture was stabbed inoculated into the sterilized agar

columns, The tubes were incubated and observed for the growth characteristics after 48h.
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3.8.3.1 Bigchemical tests for Gram negarive bacteria
(i} KOH test

A looplul cach of the bacierial culiure was put on a clear glass slide. One drop of
three per cent KOH solution was placed over it and thoroughly mixed with the help of a

needle. Bacterial chromosomes ciune out as thin threads, indicated gram negative bacteria.

(i)  Pigment production

The bacterial cultures were streaked on King’s A medium incubated at room
tempernawure for 48 h and pigmentation of the colony was observed. Bacterial cultures
were streaked on King’s B medium containing 0.1 per cent tyrosine and incubated at
room temperature for 48 h and zone of luorescent pigmentation around the colonies was

ubserved,

)} Anacrobic growth

-—
——
—

(
Nutrient Glucose Agar (contining 0.005 per cent Bromocresol purple) columns in

test tubes were moculated with each bucterial cullure by stabbing with a sterile inoculation
needle. The surface of medium was covered with sterile 1% agar to a depth of one cm. The
tubes were incubated and observations un colour change of the medium was recorded at 48

hintervals for eight days.

(iv)  Oxiduse test
The 24 hold bactertal cultures seere spot inoculated on oxidase disc and change in

colour of the dise [rom while to purple or blue was observed.

(v) Levan formation from sucrose

The bacterial cultures were sueuked on the sterilized peptone beef extract
containing 5% sucrose and growth churucters were observed after 48 h. Presence of large,
white, domed and mucoid colonics churacterized the production of levan from sucrose.

{(Hayward, 1964},
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(vi)  Starch hydrolysis

Nutrient agar containing (.2 per cent soluble starch was used. The test cultures
were spotled on the mediated Pewriplates. Starch hydrolysis was tested after 48 h of
incubation by flooding the agar surface with Lugol’s iodine solution. A colourless zone
around the bacterial growth in contrust to the blue back ground of the medium, indicated

positive reaction.

(vii) Lipase tusi
Bacteriaf cultures were streaked on the Sierra’s medium containing 10% Tween-
8O and incubated for seven days. Dishes were examined daily for the presence of a dense

precipitale around the bacterial growv which is indicative of lipid hydrolysis.

(viii) Growth at 4" and 41° C
The bacterial cultures were streaked on NA medium and incubated at 4°C as in

41°C und observed for its growth aller 24 and 48 h,

(ix) Denitrification test
Bacterial cultures were stabbed into the VMS medium and sealed with three ml of
1% molten agar at 45°C and examined daily for the production of gas under the seal.

(Hayward et al., 1990).

(x) Arginine dihydrolase reaction

The bacterial cultures were stabbed into the semi-solid medium of Thornley (1960)
and  the wbes were sealed with three ml of 1% molten agar al 45°C. The tubes were
incubated at 28°C for 7 days and any colour change, indicative of change in pH. under the

agur seal was observed.

3.8.3.2 Biochemical tests for Gran positive bacieria
i) Catalase Test

Smears of 24 1 old bacterial cuitures were prepared on clean glass slide and
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covered with a few drops of three per cenr hydrogen peroxide. Effervescence indicated the

presence of catalase in the culture.

(ii)  Anacrobic growth

Test was carried out as explained in 3.8.3.1 ().

(ili)  Voges-Proskacur test

48 h old cultures were inoculuted into five ml of the medium dispersed in test
tubes. After an incubation period of seven days, 0.6 ml of alpha naphthol solution (5 per
cent in 95 per cent alcohol) and 0.2 ml of 40 per cent agueous solution of KOH were
added o one ml of the culture. The mixture was shaken for few minutes and allowed to

stand for two hours. A crimson or ruby colour indicated positive VP test.

(iv)  Acid/gas I'rom glucose

Different cultures of the bacteriu were inoculated into Hayward’s semisolid basal
medium and tubes were sealed with three ml of 1% molten agar at 45°C. The wbes were
observed Tor the colour change and gas production under agar seal afier 24 h, 48 h and

seven days.

(v}  Growth in NaCl
The cultures were inoculated into the tube containing Nutrient broth supplemented
with three, five and 17 per cent concentrations of sodium chloride and observed daily for

the growth for seven days.

(vi) Growth at4°C and 40°C
The bacterial cultures were streaked en NA mediom and incubated at 4°C and 40°C

and obscrved for the growth after 24 h and 48 h
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3.9 POT CULTURE STUDIES FOR THE EVALUATION OF POTENTIAL
ANTAGONISTS AGAINST THI: ISOLATES OF R.solanacearinn

A pot culture experiment wus conducted to find out the efficacy of antagonists

against three Vellanikkara isolates of £ solanacearunt.

Earthern pots of size 97 5 9" were filled with potting mixture containing soll
collected from wilt sick plots, sand and cow dung at the ratio of 2:1:1. One part of the soil
used was initially made sick by incorporating the bacterial ooze as well as the cut pieces of
wilted plants and three isolates were mcubated separately for two weeks. Further, to ensure
the enough population of the pathogen. 30 ml of bacterial ooze suspension of different
isolates were also poured separatety into cach pot. 30 day old scedlings were transplanted
alter adopting the ditferent treatments and various methods of application as mentioned
below. Observations were made on per cent disease incidence, days to wilt appearance and
biometric characters like shoot length, roor length , number of leaves, fresh weight, dry

weight, days to flowering, days to harvesting and fruit weight/plant.

‘The susceptible varieties such us Pusa Purple Long, Pusa Jwala, Pusa Ruby of
brinjal. chilli and tomato were used. The study was conducted in Completely Randomized
Block Design (CRD) with three rephivations and 12 plants were kept for cach treatment.
The antagonists which were found most ellective under in vitro studies were selected for
the experiment. The wuntagonists were applied adopting  different methods using

concentrations of 10° spores/ml (fungiy and 10" clu/m] {bacteria)

The miethods are
i) Seed treatment (My): Seeds of Pusa Purple Long Pusa Jwala and  Pusa Ruby
were treated with potential antagonists and sown in nursery.
i) Suil Drenching (Ma): 30 mil suspension of antagonists were prepared in sterile
distilled water and pourced into the pots 15 days before and 30 days after

transplanting.
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i) Sced wreatment + soil drenching (Ms): Combination of (i) and (i1) was followed.
iv) Root dipping (My): The scedlings were dipped in antagonistic suspensions for 2

h und then transplanted,

Details of treatments used in pot culture studies

Treatments | Antagonists used Sources

T Trichoderme vivide Ozhalapathy
T, T pscadokoningii Forest soil
Ty Toviride Vellanikkara
T, Tvirens Ozhalapathy
I's Aspergitius niger Eruthyampathy
T B Al ity Ozhalapathy
T Aspergiiug sp Ozhalapathy
Ty Muecor sp Eruthyamputhy
Ty indentified Vellanikkara
Ty -_}\-:\',w.rg:?hr.\'"f\'p Ozhalapathy
T Trechoderm sp Ozhalapathy
T Aspergilloy sp Ozhalapathy
T Aspervitius sp Vellanikkara
Ty Aspergillus sp Vellanikkara
Ts Trichoderma sp Forest Soil
Tie Psendomonas aeruginosa | Ozhalapathy
Tyq Bacitlus subiills Vellanikkara
Mg B cerens Vellanikkara
Ty B. polvmyvyy Ozhalapathy
Tay Unidentified Vellunikkara
Ty Avividem Rosolanacearnm | Vellanikkara
I'ss Musent of R sotanacearam | Vellanikkara
Ta; Toviride Commercial
I's, A u_f,;:f;- Commercial
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Tas P fluurescens Commerciul

‘ Tag control

3.10 EVALUATION OF PROMISING ANTAGONISTS AGAINST
R.sedanccecrim UNDLER FIELD CONDITION

In order (o ind out the effective antagonists in reducing the severity ol bacterial
wilty under nataral condition, a licld experiment was laid out in the wilt sick plots of

Department of Olericulture, Vellanikks,

Crop |[ Variety Spacing
W_ l"u._s"-."lnl’urple Long 60 x 75 cm
Chilli | Pusulwala 45 x 45 cm
Tomito L Pusu Ruby 60 x 60 cm

Design: RBD
Plot Size: 3 x3m
Replication : 2

Treatment : 11

‘the antagonists which were found elfective against all the three isolates of
K. solanigcearum in pot culture studies were selected for the field studies and the various

antagonists used are listed below,

Treatments Antegzonists used Source
T . 1oviride Ozhalapathy
T, '.-"',p:':f:rr!okanfngii Forest soil
Ty Foviride Vellanikkara
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L T Aiger Ecuthyampathy |]
s P aeriginosa Ozhalapathy
T B wibnilis Vellanikkara
l_:—_ C Tviride Commercial
Ty 1w niver Commercial
m__l_; S f".,;’.fﬂa.rm'{'.s':'vu.\ Commwrcial
Ty B, subtilis Commercial
T E.Ullll‘()l

The leld was prepared thoroughly and ridges and furrows were taken as per the spacing
nentioned above. 30 day old scedlings were ransplanted with 25 plants per teatment in
tomato, 20 in brinjal and 36 in chilli. "The crops received cultural and manurial practices as
recommended by puckage of practices, KAU (1996). The treaiments were followed as per
the detutls mentioned eurlier. Antagonists were applied by seed treatment + soil drenching
und root dipping methods, Observations on per cent wilt incidence was noted at fortnightly
intervals. Brometric observations of the secdlings, yield data and enumeration of

rhizosphere microtlora at 30, 60 and Y0 DAP were also recorded.

Similarly, another field experiment was also conducted using a moderately resistant
variety of tomato, Mukthi 1o study the inegrated effect in the management of bacterial
wilt pathogen: Observations on per cent wilt incidence, biometric characters of tI.le
seedlings and yiceld were recorded. Wilt severity was also recorded using 0-5 scale score
chart and the wilt index was calculared using the following formula. (Winstead and

Kelman ,]952)

Percent Bacterial Wilt Index = Sum of all reudings per plot |+ x 100 ‘

T——.
Nuwivher of plants per plot x §




Results
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4. RIESULTS

Investization on the effect ol various microbial antagonists against the bacterial
will pathogen, R. sofanacearnm of brinjal. chilli and tomato was caried out under

Liboratory and natural conditions and the results are presented below.
1.1, PATHOGENICITY TEST

[noculation of bacterial ooze obtained trom the infected plants of brinjal, chilli and
tamato on the respective hosts and other two solanaceous hosts produced wilt incidence
within seven days. The pathogen was reisolated {from all the wilted plants. Pathogenicity of

the pathogen was thus established.

4.2, ENUMERATION OF R. solunacvarwm POPULATION IN THE SOILS OF
DIFFERENT LOCATIONS

R, solanacearum populations in Vellunikkara and Ozhalapathy soils were estimated
and it 18 observed that, among the two locations, Vellanikkara (high wilt incidence area)
recorded for the maximum population with 1.8 — 63 x 107 cfufg soil whereas in
Ozhalapathy (low wilt incidence arew) the population was low ranging from 1.01 - 3.6 x

107 clu/g soil.

4.3.  DETERMINATION OF SOIL pH AND SOIL TEMPERATURE IN DIFFERENT
LOCATIONS

Variation in soil type was observed in two locations and also within locations based
on up land and low land. In Vellanikkara, the main soil type was laterite lown where as
low land had clayey type soil. Likewise, in Ozhalapathy, main soil type was black soil and

i lowland, it was black clayey soll.
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It iy also observed that, there is a wide variation in the soil pH ol the two locations.
Even within the location also, pH varied in upland and lowland soils with a range ol 0.5 —
6.9 and 6.0 - 64 respectively, indicating the acidic nature of soil. Whereas 1n
Ozhalapathy, soil pH was high and varied from 7.4-7.7 in upland showing near alkaline
nature of soil. However, the pH owas slighily less in low land recording 0.0 — 6.6. [t is also
worthwhile o mention that. the discase was observed only in these low lands of
Ozhalapathy.

With regard to the soil wmperature, wide variation was observed in the two
locations, The soil temperature was found 1o be high i Vellanikkara as compared to

Ozhalapathy recording 44.4 —45.6°C and - 26.0 - 27.7°C respectively.

4.4, ISOLATION OF MICROFLORA 'FROM THE RHIZOSPHERE SOILS OFF
DIFFERENENT LOCATIONS

The microorganisms viz lungi. hacteria and actinomycetes were isolated from
rhizosphere ol the three solunuccous hosts of the (wo locations and (he microbial
population was estimated and presented in Table 1. It 1s observed that, wmong the two
locations, the toial microbial population was high in Ozhalapathy (han Vellanikkira.
Among the different microflord, funel and actinomycetes were more predomimant o
Ozhalapathy recording 169 — 176 x 107 ¢lu/g and ?9—133.0xl()50[‘w’g soil respectively
whercas in Vellanikkara, bacterial population was high, ranging from 39-103 x10° cfu/e
soil. With respect o the crop, tonmilo crop harboured the maximum population of fungi
wherews maximum population of actinomyeetes was recorded in brinjal. With regard 1o
bucteril population, maximum population was observed with chilli crop (103 x 1y’ cfu/g
soll), that also o resistant variety. As e as the varietics ol the crops are considered. itis
worthwhile 1o mention that, resistant varieties ot the three crops recorded the better
association of microfiora thun the susceptible ones.  Additional collections of soil from

solarised beds showed good population of bucteria (10 x 10°clu/g soil) and wctinomycetes
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Table 1: Quantitative estimation of rhizosphere microflora isolated from
different hosts of Vellanikkara and Ozhalapathy areas

. Fungi Bacteria Actinomycetes
1 No. :
SI.No Soil Sampiles 10 cfu/g 105 chwg 10° ciw/g
| Vellanikkara
1. Brinjal
Pusa Purple Long (5V) 10 2 2
Swetha (RV} 8 24 2_1
Surya (RV) 19 16 2
Haritha (RV) i3 20 29
2. Chilli
Pusa Jwaln (SV) 4 7 3
CA 578 (SV) 1 39 90
Ujwala (RV) 9 25 18
CA 572 (RV) 8 103 8
3 Tomato
Pusa Ruby (5V) 14 7 15
Sakth i(RV) 11 10 18
Mukthi (RV) 36 11 29
LE 415 (RV) 13 17 37
I Ozhalapathy
IR Brinjal
Local varjety 92,6 13.6 133.6
Local variety 16 4 4
2, Chilli
Local variety 3 23 79
3 Tomato
Hybrid 169 32 16
Local varicty 176 \ 3
i Vellanikkara
Solariscd soil 6 10 22
IV | Nilambur
Forest soil 37 10 6

RV-Resistant variety

Mean of three replications

SV-Susceptible variety
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(22 % 107 clu/g ) soil whereas soil from forest area showed more fungal population (37 x

10 tu/e senl).Plate, 2

45 N VITRO EVALUATION OF ANTAGONISTS AGAINST THE ISOLATES OF

Rovolanacearim.

4.5.1. {n vitro evaluation of lungal antagonists against the isolates of

R.solanacearun.

Fangi isolated rom the rhizosphicre soils ol salanaceous hosts, solarised beds and
lorest areas were tested against ditferent isolates of R solanacearun: for their antagonistic

property {(Plute.3).

Among the 90 fungi screencd weainst the six isolates ol R.solanacearun, 23 fungi
were Tound o exhibit antagonistic reactions o one or more isolates of Ksolanacearm.
The result of the expertment s presented in Table 2. It is Found that, two fungal 1solates.
Trichoderma viride (F 30) isolated from chilli rhizosphere soil (Ozhalapathy} and 7.
psendokoningii (15 143) isolated from forest soil were most effective against all six
pathogens tested. They inhibited the pathogen completely, by the mechanisim of cither lysis
and over growth  or overgrowth alone recording the maximum Antagonism Index (Al

vihue of 6000.

Another Toviride (F 29) isoluted from chilli plants (Vellanikkara) and Tovirens (F 10}
rom tomato (Ozhalapathy) were also cqually effective, which showed lysis  and
overgrowth type ol reaction towards the pathogen and inhibited the growth of the pathogen
o the higher extent recording an Al viadue o 1300-6000. In additon to these, Thardiamon
(F140) isolated from omato plants  (Erathyampathy ) and Trichoderma sp. (F144)
Isolated rom forest soll also showed Al value of 1500-4300 and 1500-3000 respectively
and were found to suppress the pathogen’s growth by their lysis and overgrowth

anuizonistic activity.,
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Microflora from the rhizosphere soil o fdifferent hosts

Fungi
L2& 3.Brrinjal Vellanikkara (RV)
4. Chilli Vellanikkara (SV)
Solarised soil
Bacteria

f fir)

C v

I. Tomato Vellanikkara (SV)
2 & 3. Tomato Vellanikkara (RV)
4. Brinjal Ozhalapathy (LV)

. Solari il i
5. Solarised so Actinomyeetes

Chilli Vellanikkara (SV)
Solarised soil

Brinjal Vellanikkara (RV)
Brinjal Vellanikkara (RV)

5w N

SAE SRS SR

ok 0PN

g bk~ w DN

Brinjal Vellanikkara (SV)
Brinjal Ozhalapathv (LV)
Chilli Vellanikkara (SV)
Chilli Vellanikkara (RV)
Chilli Ozhalapathv (RV)

Brinjal Vellanikkara (SV)
Brinjal Ozhalapathy (LV)
Chilli Vellanikkara (SV)
Chilli Vellanikkara (RV)
Chi 1li ( Lzhalapathv (LV)

Brinjal Vellanikkara (SV)
Brinjal Ozhalapathy (LV)
Chilli Vellanikkara (SV)
Chilli Vellanikkara (RV)
Chilli Ozhalapathv (LV)



Plate. 3
In vitro evaluation of different fungal isolates
against R. solanacearum

1.F32 on chilli Ozhalapathv 2. F32
control 3. T virens on tomato

2. on tomato Ozhalapathy 3. on chilli Vellanikkara 4 .. T. virens on chilli
Ozhalapathy 4. on brinjal Ozhalapathy Vellanikkara 5. T. virens on
3. on tomato Vellanikkara 6. on chilli tomato Ozhalapathy 6. T Virens

Vellanikkara 7. on brinjal Vellanikkara control

B e
. Aspergilliis niger control

L Trichoderma viride control 1
2.T. viride on chilli Ozhalapathy 2. A nigeron chilli Ozhalapathv
3. T viride on tomato Ozhalapathy 3. A nigeron chilli Vellanikkara
4. T viride on chilli Vellanikkara 4. Trichoderma viride control
5. Aspergillus viridi-nulans control 5. T viride on chilli Ozhalapathv
6-4 viridi- nutans on tomato 6. T. virens control
Ozhalapathy 7. T. virenson chilli Vellanikkara
' ° °

>on chilli 1.1 Iirens on | F7 CoraoOITTcoiroBr
chilli 3. FI17 on brinjal 4.F2 on 3. F33control 4. F7 on chilli
chilli 5. F19 on chilli 6.F4 on Ozhalapathv 5. FI 3 on chilli
chilli I T Viride on chilli 8.F13 Vellanikkara

on chilli ( Vellanikkara isolates) 6. F33on chilli Vellanikkara



Table 2. In vitro evaluation of fungal antagonists against the isolates of
R. solanacearum
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S| lsolate : R, Solanacearum | Antagonism Mechanism Fungus
Locution Hosl S . of Sy
No. No. isolute index antagonism identified
. o e Vellanikkara Aspergillus
1 Fi2 Vellanikkara | Brinjal (8V) Crilli 1500 Overgrowth sp.
. I L e Vellanikkara Aspergillus
2 Fi3 Vellanikkara | Brinjul (8V) Chilli 1500 Oversrowth 5.
pelanikkara 1500 | Overgrowth
¢ 1500 Overgrowth
Chilli 1500 | Overgrowth
. - Tomato vergrow s
3 1747 Vellanikkara Brinjal {[RV} Ozhalapath Unidentitied
C l{illli‘ pathy 1300 Overgrowth
Vellunikkara
Chilli 1500 Overgrowth
Ovzhalapathy Aspersilins
4 I 58 Vellanikkara | Brinjal (RV) | Brinjal 1500 Overgrowth '“:‘{ f'r** :
Tomato 266.7 Overgrowth &
Vellanikkara Lysis and
Chilli 6000 overgrowth
Tomato 1500 Overgrowth
5 |F29 | Vellanikkara | Chilli(8V) | SoeiaPthy lazps | Overgrowth | [ Michoderma
Tomato 6000 Lysis and
overgrowth
Vellanikkara
6 e . NS Brinjal 1500 Overgrowth | Trichoderma
F 96 Yellanikkura [ Chilli (SV) Chilli 1500 Overarowth | sp.
Vellanikkara
Chilli 1500 Overgrowth
Ozhalapathy
7 Brinjal 3000 Lysis and
: Al i - overgrowth | Aspergiflus
11102 | Vellunikkara | Chilli (RV) Chilli 1500 Overgrowth | niger
Tomulo %00 Overprowth
Vellanikkara
Brinjal 800 Overgrowth | il
8 | F105 | Vellanikkara | Chilli (RV) | Chilli 755 Overgrowth | P8t
Tornato 711 Overgrowth flavus
Vellanikkara
Brinjal 264 Overgrowth A il
9 | F106 | Vellanikkara | Chilli (RV) | Chilli 999 Overgrowth | 7 PEr8HIS
Tomato 264 Overgrowth SP-
Vellanikkira
Brinjal 1500 Overgrowth
10 | F72 Vellanikkara | Tomato Chilli 1500 Overgrowth
_ RV) Tomato 1500 Overgrowth Rhi
{ Ozhalapathy tizopus sp.
Chilli 1500 Overgrowth
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B I Vellunikkara i
: i Brinjal 1500 Overgrowth
1 [F 40 Vellanikkura Solurized Chilh 1500 Qvergrowth | Aspergilius
soil Tomute 1500 Overgrowth | sp.
Ozhalapathy
i Chilly 1500 Overgrewlh
“Vellanikkara
{ Chilli 1504 Overgrowlh |
12 DSt Vellunikkara | Solarized Qzhalapathy ‘
| suil Brinjal 1500 Overgrowih | Aspergilins |
| Chilh 800 Overgrowth | sp.
| Tomii 800 Overgrowth
' Vellumkkara
Chilh 1500 Overgrowth
13 ¥ 51 Vellunikkara Solanzed Ozhalapathy Aspergifing
501 Brinju! 266.7 Overgrowth | sp.
Chilli 1500 Overgrowth
Toukuo 400 Overgrowlh
14 1133 | Mannuthy Brinjul YVellunikkaa Aspergifiug
(5Y) Tirimal 7002 Cvegrowth | sp.
’ Vellanikkara
Brmjal 6000 Lysis and
overgrowlh
| Chilli 6000 Lysis and
! ! vvergrowth
15 I 30 Ozhalapathy | . . Tonii 1500 Overgrowth | Trichodermu
P Chii (LV) Ozhalapathy - viride
Brinjul (000 Lysis and
overgrowth
Chilli 1500 Overgrowth
Tomale 6000 Lysis and
oversrowlh
| Vellamkkara
16 P2 Ozhulapathy Tomutu Chilli 1300 Overgrowth | Aspergiffuy
i (LV) Qvhulupathy sp.
Chill 1500 Overgrowlh
. Tomato Ozhalupath Lysis and | Trichoderma
7w Ochaluputhy @ | chilli ’ 6000 (wirgmwm viride
. - ] Tomutw Orzhalapath Lysis and | Aspergiliug
'8 H Oclialapathy (LVy - 'l"mnauf ’ 6000 ovt):rgruwth \-'f':fch'—uumn.s' |}
- . . Tomato Qzhalupath Lysis and | Aspergifing
W] Orhatapathy Ly | onill e 6000 ovzrgmwth .\p.! '
Velhmkkara ‘1
! Challi 1500 Overgrowth
! i Tomue G Lysis and | Trichoderna
- CTumato Oelialapath overgrowth | vireny
W PF0 | Ohatpahy 0 o Y 4000 v and ‘
. L overgrowlh
_ i [ Vellunikkara Aspergifus r
}ii UK Ozhulapathy (]LR‘JGW;IIU Chilli 1540 Overgrowth | sp, |
{ Vellunikkara
Brinjal 1500 Overgrowth
22 Fidy | Eruthyampathy | Tomate Chilli 1500 Overgrowth
; (Rv)y Ozlwlupathy Trichodorma
Brinjal 4500 Lysis and | farziannm
i overgrowth
i | Chilli 1500 Overgrowth
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Vellanikkara
Brinjal 1500 Overgrowth
Tomato 1500 Overgrowth
23 F14] Eruthyampathy | Tomate (RV) ](;:}l:lﬁipalhy 3000 Lysis and ﬁzg‘ie;m”m
overgrowth
Chilli 1500 Overgrowth
Tomalo 1500 Overgrowth
Vellanikkara
Brinjal 1500 Overgrowth
24 F 142 { Eruthyumpathy | Tomato (RV) | Czhalapathy Mucor sp.
Chilli 1300 Overgrowth
Tomalo 1500 Overgrowth
Vellanikkara
Brinjal 1500 Overgrowth
Chilli G000 Lysis und
25 I 143 | Nilambur Forest soil overgrowlh ,
Tomato 6000 Lysis and Trichoderma
overgrowth psetidoioningii
QOzhalapalhy
Brinjal 6000 Lysis and
overgrowth
Chilli 1500 Overgrowth
Tomaio 1500 Overgrowth
Vellanikkara
Chilli 1500 Overgrowth
26 17 144 MNileumbur Forest soil QOzhalapathy
Brinjal 3000 Lysis and Trichoderma
overgrowth 5p.
Chilli 1500 Overgrowth
Tomato 1500 Qvergrowth
Vellanikkara ]
Brinjal 1500 Overgrowth
Chilli 1500 Overgrowth
27 F 145 Varanasi solarised gzl}?:lg;amy 1500 Overgrowth Aspelrgih‘us
Brinjal 1500 | Overgrowth niger
Chilli 1500 Overgrowth
Tomato 1500 Qvergrowth
Vellanikkara
[Brinjal 1500 Overgrowth
Chilli 1500 Overgrowth
[omalo 1500 Overgrowth Lspereill
28 T 146 IARI Commercial Czhalapathy ASpergring
N.Delhi Brinjal 1500 Overgrowth | '8¢
IChilli 1500 Overgrowth
Tomalo 3000 Lysis and
Overgrowth
Vellanikkara
rinjal 1500 Overgrowth
hilli 6000 Lysis and
Overgrowth
. ISR ' Tomato 6000 Lysis and Trichoderma
29 147 Calicut Commercial Overgrowth | harziamen
Ozhalapathy
Tomato 3000 Lysisfnd
Overgrowth
Chilli 3000 Lysis and
Overgrowth
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Vellanikkara
Brinjal 1500 Overgrowth | Trichoderma
Chilli 6000 Lysisand | viride
Overgrowth
30 1148 Biocontrol commercial Tomato 6000 LYSiS and
Lab, Overgrowth
Thrissur (Ozhalapathy
Tomato 4500 Lysis and
QOvergrowth
Trichoderma viride Vellanikkara
- & Interspecific Brinjal 1500 a
3 Fl49 Trichoderma hvbrid species | Ozhalapathy Overgrowth
pseudokoningii Brinjal 1500 Overgrowth
Vellanikkara
32 FL50 | Trichoderma vivide mutant Brinjal 6000 Lysis and -
{1 30) overgrowth
Chilli 6000 Lysis and
overgrowth
T psendokoningii mutant Vellanikkara -
33 FF151 A id3) Chilli 6000 Lysis and
overgrowth
T. harzignum Vellanikkura -
34 I'152 | (commercial) mutant Chilli 1500 Overgrawth
Interspecific hnbrid | Inter specific | Vellanikkara -
35 153 T viridex T. hybrid mutant Brinjal 1500 Overgrowth
pyeudokoningii Chilli 1500 Cvergrowilt

RV - Resistant variety
Mean of three replications

SV - Susceptible variety LV - Local variety
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Apart [rom Trichoderma spp.. many Aspergilius spp. were found effective against
different isolates ol R.selunacearim,  Majority of them showed overgrowth type ol
antagonism and a few with lysis and overgrowth mechanismuAmong the Aspergiling spp.,
Aaiger (15 141 dsolaed from the womao plants (Eruthyampathy) was most effective
against all isolates ol Rosofanaccaring except chilli isolate of Vellanikkara.  its main
mechanism on the pathogen was complete overgrowth and however lysis and overgrowth
tepe was observed on hringal isolte of Ozhalapathy. ICis alse observed that, vartous other
species ol Aspergillos (140, F 50 and 1-5 1 isolated from the solarised beds and Acniger(ls
S8 and F102) from solanaceous hosts also showed antagonistic property against various
Isolies ol the est organism. Aoviridi-nany isolated lvom emato plants (Ozhalapathy)
showed both lysts and overgrowth reaction upainst the omato isoliate of Ozhalapathy with
e Al value ol 6000, 1t is clear from the above facts that, fungi isolated from low wilt

incidence area showed better antagonism with Al value ranging from 1500 - 6000,

On comparison with commercial antagonists, both Tviride and T.harzicnum were
lound etfective against four to five isolates of R.solanacearim with a good antagonistic
property of both Iysis and overgrowth and recording an AL value of 3000-6000. A. niger
(AN-27) and Aniger (Varanasi) were whso cqually effective and showed overgrowth on all
six isolates of the puthogen. On comparison with the above lour commercial antagonists
Frichoderma sp.. were more elfective than A.niger as it exhibited better antagonistic

property with highest At value (6000).

'rom the test conducted with an interspecific hybrid of Toviride x T.pseudokoningii it
was ubso observed that, even though the interspecitic hybrid inhibited two isolales of R.
sofaracearinr Wit s overgrowih mechanism, but were not elfective than the individual
orguanisims s antagonistic property as evident from the Al value of 1500 against the Al
vilue of 6000, Likewise, the mutants of these Tovivide, Topseudokoningii, T.harzianwn and
interspecitic hybrids also showed good antagonism against bacterial wilt pathogen, but

were pot superior than the original ones.
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4.5.2. In vitro evaluation of bacterial antagonists against (he isolates of

R.solanaceartiin

Bucteria isolated from different rhivosphere solls were evaluated against three

Velunikkara isolaies of K sofanacearon (Phate, 4a).

Out of 87 bactertal isolates evaluated. nine isolates showed antagonistic reaction by
exhibiting the lysts of the test pathogen (Table 3). Itis found thal, maximum Al valuc
(133.3) was rccorded wilth P.aerieginosa (B3 4) isolated from tomato plants collected from
Ozhalapathy.  B.subtilis (B 124) isolated (rom resistant brinjal genotypes (Vellanikkara)
showed an Al value of 88.8 and 53.2 Al value on brinjal and chilli isolates respectively. In
wddition, B.eereay (B3 125) and P fooreveenstd 30} were also Tound (0 exhibil Lytic activity
on brinjal and chilli isolates of Roaolanacearen.  Other bacterial organisins were less
cllective as evident front their Al value (19.8 1o 4.4). [t s also noted that, bucteria wsolated
from the resistant varicty of brinjul of Vellimikkara showed better antagonistic reaction as
compared to other hosts. However, connnercial antagonist. P fluorescens, was also
ciually effective as isolided Busanilis and inhibited the growth of the pathogens to the
highest extent, recording an Al value of 1111 against chilli isolate only. Commercial
cilture of Bosubtifiy also Indicated good antugonistic property against all test isolates of
Rosolanacearnm as evident by the Al value of 54.4 and 40.0 on brinjal and chilli isolates

respectively.

The data aiso showed that, an avirulent form of R.solanacearwn isolated from
tomadto was also elfective agatnst chilli by recording an Al vaiue of 34.4. Whereas, mutant
ol Rsolanacearin was found 10 be less effective on the pathogen as evident from the Al
vadue of 17.7 on tomato and 1.11 on brinjal isolaies, [tis also observed thal, the attenuated

theat killed) Rosolunaecaram showed no antagonistie property against the test pathogens.



Plate. 4a
In vitro evaluation of bacteria & actinomycetes
against R. solanacearum

Bacteria :Cross streaking method

$>-

1.B14.2.B13.3. 1.B2,2. B4.3. B7. 4. B8.
4. B9, 5. B8.6.B7, 7. 5. B9.6.B12, 7. BI3,

8. B5 on Ozhalapathy 8. B 14 on Vellanikkara
brinjal. chilli & tomato brinjal, chilli & tomato
isolates isolates

Point Inoculation method
Bacteria Actinomycete

I. B19 on ch|II|. 2 B4 on chilli A 25 against chilli
3. BI25 on brinjal

BI240n 4. brinjal 5. chilli isolate

Plate. 4b
In vitro evaluation of culture filtrates against
R. solanacearum isolates

Bacillus subtilis on 1. Tomato Ozhalapathy 2. Chilli T.viride on
Ozhalapathy 1.2&3. Tomato Ozhalapathy
B124 on 3. Chilli Ozhalapathy 4. Tomato Ozhalapathy 4. Brinjal Ozhalapathy

Pseudomonas fluorescens on 5. Chilli Vellanikkara 6.
lomato Ozhalapathy 7. Tomato Vellanikkara
8.134 on Tomato Ozhalapathy
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Table 3. In vitro evaluation of bacterial antagonists against the isolates of
R solanacearum

Sl | Isolate] Location Host R Antagonism | Mechanism
No. | No. solanacearum Index of
isolate antagonisni
1 [B29 | Vellanikkara | Brinjal (RV) Vellanikkara 8.8 Lysis
Chilli
Vellanikkara
2 B 30 | Vellanikkara | Brinjal (RV) Brinjal 19.8 Lysis
| Chilli 26.4 Lysis
Vellanikkara
3 B 32 | Vellanikkara [ Brinjal (RV) Chilli 8.8 Lysis |
Vellanikkara
4 B124 | Vellanikkara | Brinjal (RV) Brinjal 332 Lysis
Chilli 88.8 Lvsis
Vellanikkara
5 B125 | Vellanikkara | Brinjal (RV) Brinjal 44 4 Lyvsis
Chilli 33.3 Lysis
. . Vel anikkara
6 |B69 | Vellanikkara | Chilli (RV) Lot 8.8 Lysis
7 |B28 | Vellanikkara | Solarized soil Vc%?lﬂ*;m 108 Lysis
s Vellanikkara
8 B 19 [ Ozhalapathy | Chilli (LV) Chilli 28,8 Lysis
9 |B4 | Ozhalapathy | Tomato(LV) V""éﬁ‘i’l‘lli‘a’a 1333 Lysis
gil;)control commercial Vcllanikklara |
, Brinja 1.11 Lysis !
10| B126 | 1 fisour Feudomonas Chilli 1111 Lysis |
Juorescens Tomato 44 | Lysis |
: Vellanikkara
0 1B127 | oy cormmercial Brinjal 544 Lysis |
oimbatore Bacillus Chilli . l
subtilis illi 40.0 Lys_ls _
Tomato 1.1} Lysis
, Tomato Ve“m.ﬁlfkara :
12 | B128 | Vellanikkara | oo b Brinjal 1.11 Lysis
Tomato 17.7 Lysis
Tomato Vellanikkara _
13 | B129 | Vellanikkara (Avirulent) Chilli 544 Lysis |
J Tomato 4.44 Lysis

RV - Resistant variety; SV - Susceptibile variety; LV - Local variety

Mean of three replications
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4,5.3. I vitro evaluation of actinomycete antagonists against Vellanikkara isolates

of R.selanaceariun

From a total ol 37 actincimveetes sereened, only four isolates of actinomycetes
were found to show antagonistic activity suainst Roolanacearunr. From the data presented
i Table 9ty found that, maxinmiune AL value (283) was observed with the actinomycete
solated from brinjal rhizosphere soil of Ozhalapathy followed by the actunomycele
solated Trom chilli plants of Vellanikkara which showed an Al value of 66.0 on the same
solate. The actinomyecte (A 34 isolaed Trom solarised soil akso showed ihibition of the
pathogzen with Al value of 39.6. 1t is also noted that, all these three actinonmycetes showed
antagonistic reaction only on the ¢hilli isolate of the pathogen wnd exhibited Iytic tvpe of

antagonism (Plate.<a).

4.5.4. Invitro evaluation of culture filtrates of antagonists against the isolates of

R.solanacearum

Ettect of culture filtrates of the antagonists against six ditferent isolates of
Rosolunacearun was also studied and the results are furnished in Table 5.Front the table. it
is clear that, culture filtrates obtained frum all the antagonists showed inhibition on one or
more isolates ol Rusolunacearwn.  Among the bacterial filtrates tested, commercial
Bovubrdiy showed muximum inhibivon zone of 11.5 and 9.5 mm on tomato isolates of the
pathogen collected Trom Vellanikkara and Ozhalapathy. B.subtilis (3 124) isolated from a
resistant variety of brinjal {Vellanikkara) recorded 8 mm and  4.25 muim inhibition zone on
womato and chilli solates of Ozhalapathy pathogen.Filates of Pseudomonads exhibited
less mdubitory clleet as compared (o Beacidlns sp. Commercial 2 fluorescens showed o
maximum inhibition zone of 375 mm on omato isolate of Vellanikkara while

P.aeruginosa recorded only 2.25 mm imhibition on tomato isolate of Ozhalapathy.



Table 4. In vitro evaluation of actinomycetes against the isolates of
R. solanacearum

33

SI. | Isolate : R. solanacearum Antagonism Mechanism
N N Location Host <olat index of
0. 0. 150fale antagonism
- Tl . Vellanikkara
1 A 38 | Vellanikkara | Chilli (RV) Chilli 66.6 Lysis
Vellanikkara
2 A 40 | Vellanikkara | Chilli (RV) | Chilli 17.6 Lysis
. T w1 1| Vellanikkara
3 A 34 | Vellanikkara Solarized soil Chilli 396 Lysis
. " Vellanikkara
4 A 25 | Ozhalapathy Brinjal(LV) Chill 783 Lysis

RV - Resistam varicty
Mean of three replications

SV - Susceptible varicty LV - Local varicty
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Table 5. In vitro evaluation of culture filtrates of selected antagonists aganst the
isolates of K. solunucearuim

Inhibition zone {mm)

Isolate . -
No. Antagonists Used Vellanikkara isolates Ozhalapathy isolates
Brinjal | Chilli | Tomato | Brinjal | Chilli | Tomato
Bacteria
B4 Pseudomonas 0.25 0 0.25 0 0 2.25
aeruginosa.
Bl124 Bacillus sublilis. 0.75 0 0 0.75 425 8.00
Corpme Pseudomonas 0 0.25 375 0 0 750
rcial Sluorescens
Cfé?ar;‘e Bacillus subtilis 0 1.5 11.5 025 | 025 | 9.50
Fungi
F10 Trichoderma virens 0 0 5.25 0 0 2
F29 Trichoderma viride 0.5 0 0 0 1.25 1.75
F 30 Trichoderma viride 0 0.5 1.25 3.25 1.0 3
F 140 Trichoderma sp. 0 0 0.5 0 1.0 1.0
F 143 [richoderma 1.5 0 4.25 0 1.0 1.25
pseudokoningii :
Con"xmcr Tr:c‘}zgdcrnra 0 0 10 0 15 10
cial harzianium ,
Cogla:;‘mer Trichoderma viride 0 0 0.25 0 0 4.75
Commer | Aspergitius niger
cial (AN 27) 0 Q 1.25 0 1.0 2.25
Control 0 0 0 0 0 0

Mcan of three replications
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Among  the  dilterent fungal culiures tested,  culture filiates of Tovirens.
Lpseudokoningii and Toviride (Ozhatapathy) showed good inhibitory effect on both
Vellmikkara and Ozhalapathy isolates ol the pathogen. Eventhough, the maximum
inhibition zone of 325 mm and 425 mm were observed with Tvirens and
Topseidokoningii, ey were found efective only against the tomato pathogen. Whereas,
Toviride was Tound o inhibit all the isolutes of Rusolanacearun except the brinjul isolate of
Vellunikkara, but showed poor inhibition zone, ranging from 0.5 to 3.25 mm. It 15 also
noted that, the filtrates of commercial cultures ol 1. viride, Tharziamnn and Aniger also
showed some inhibitory effect on the bacteria mainly on tomato isolate of the pathogen.
However, the culwre filtrates of the isolated fungi were more elfective than the

commuercial ones (Plate -1b).
4.0, IDENTIFICATION OF ANTAGONISTS
4.6.1  Identification of fungal antagonists

Nine fungal antgonists which where tound effective against Rosolanacearum were
ientificd based on the Tollowing culturul and morphological characters which are listed

below,

1. Isolite No. F30, 129, 1 3

Culrural characters

Colonies Dl growing, smooth surluce, become hairy and colour change
from whitish green to dark green,

Morphological characters

Mycelium : [yaline, smooth, septate, branched and of 2-4 gm wide.

Conidiophores : Long and slender without sterile hyphac |, side branches long,
ainse in compuct it and all branches stand at wide angle.

Phialides s Stender, not crowded, 8-12 pm long, arise in- groups of more
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than 2-3 number. Vhey are curved, pin shaped, narrower al the
base widening above the middle and attenuated into long neck.

Phialospores ' Globose, rough walied and of the size 2-4 gm.

Bused on the above churucters the isolates are identified as Trichoderma viride (Plute 3d &

lig. 2)

2. Isolate No. 19-143

Cultural characters

Culenies :Grow Tairly rapidly with very poor aerial growth. Conidial areas
change in colour itom while to greenish white to bright green.
Pigments were seereted into the medium so that, the reverse of
the medium was yellowish, |

Morphological charactery

Mycelium : Septate, simooth, colourless and 2-3 pm wide.
Conidiophores : Long slender, without sterile hyphae. side branches

long.branching more conmplicated, loosely tatt and appear hairy
ar maturity.

Phialides : Pin shaped. narrower at base than middle witenuated distinetly,
spindle shiaped S-10 pm in size, talse whorals,

Phialospores : Short, smoath, mostly oblong or ellipsoidal with a size of 2.8-

4.8pm.

Bosed oo the above characters the Tunguos s identified as T, psendokoningii (Plate.5¢

& Fig. 3)

3. Isolute No. IF-140
Cultural characters

Colonies c Grow rapidly, white green o bright green and dull green.
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Maorphological characters

Myeelinm - Hyaline. sepuite. simooth of 2-3pm wide.

Conidiophores - Loose i, main branch produced numerous side branches
specially lower portion.

Phialides - Arise in false verticils upto five shortskittle shaped, narrow al
the base, atlenuated abruptly, sharp pointed neck, 10-12 pm long

Phialospores saccwnulated at the tip of phialides, subglobose, short
obovoid.olten with broad truncate base,smooth, pale green, much

darker in mass 3- i in size.,

Based on the above chavacters the fungus s idenulied as Trichoderma harzianum

( I'TCC No. 3493.03 Plue.da & bie. 4

4. Isotate No.F-1D
Cultural characters
Coloniex IFust growing and green coloured .

Morphological characters

Mycehum sseplate, smooth, colourless and 2-dpm wide.
Conidiophores : Long, slender, without sterile hyphae, side branches are long.
Phialides £ 0-12pm lonyg,pin shaped , narrow at the base, atlenuated into long

neck. Bear a targe drop of green conidia on each whorl.
Phialospores : Short- cllipsoidal. smooth walled. rather large and of the size

3-3 pm.

Basced on the above characters the fungus is identified as 7. virens) (Plate.5b& Fig. 3)
5, Isolate No. F-141
Cultural characters
Colonies : Fast growing with white mycelinm and heavily sporulating in

61
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Fig]. & Twichodevma viyens
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deep brownish black colour, conidial heads are large. globose
and the  reverse s colourless .

Morphological characters

Conidiophores : Colourless, witlls smooth, thick and of 240-320 x 16 gm size.
Vesicle - Globose (diameter 48 @) sterigimata biseriate, primary  branches

24-32 x 5.2-5.8 o secondaries — 7.2-10 x 3-3.2 pm.

Conidia cGlobose - 3-3.0 g brown, irregularly roughened.

Buased on the above characters the fungus is identified as Aspergillus niger (Plate. 5[ 5g &

Fie. 6).

6. Isolate No.4

Cultural characters

Colonies : Colonies we sage preen to poir green coloured, Reverse is
colourless. Become 3.5 (0 4 cm in diameter within 14 days at
25°C with  centres raised,

Morphological chiuracters

Mycelium : Seplate. smooth . 6-8 gm wide
Comdiophore 108 pm long.
Vesicle : Plask shaped (dimmeters 20pm), green pigmented. typically fertile

over the upper 3/4™" part.
Sterignla : Single series, borne on the uppermost surface of the vesicle only,
comparatively few i number and of the size 6-7 x 2-2.2pm.
Conidia » Globose, smooth but delicately roughened, pale green and of 2.0-

24pum  diameter.

Based on the above characters the tungus is identilied as Aspergillus viridi-nutans

(Platedh & Fig. 7).
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Plate 5
Identification of fungal antagonists

c. Trichoderma
pseudokoningii

h. Aspergillus viridi-
nutans
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7. Isolate No. 142
Cultural characters
Colonies - Fast growing and white coloured .

Morphological characters

Mycelia ; Aseptate

Sporangiophores : Tall and short. branched in monopodial fashion
Sporangiu : lyaline and round. columelia is globose
Sporangiospores - Smooth, hyaline and globose.

Based on the above characters the fungas is identiticd as Mucor sp (Plae.5e & Fig.8).
4.0.2.  Characterisation of hacterial antasonists

Cultural, morphological and biochemical characters of isolates are presented in the

Tuble 6,7 and 8 (Plale. 6)
+4.0.2.1 Bivchemical tests for gram negative bucteria
(i) KOI1 tesl

The bacterial antagonistic organisms B 4 and 8 30 showed positive reactions by

[orming thick thread which is the Turther contirmation of gram negative bacteria.
(1) Pigiment production
Isolute B 4 produced piakish brown pigment on King's A medivm. On

King’s B medium, 8 30 was tfound 1o produce (greenish yellow) fluorescence when

ubserved under UV light,
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Table 6. Tests for the identification of bacteria

SI.No. | Bacter | Gram | Solubility Form Elevation Margin Growth in liquid media Agar stroke
ial staining | in 3%
isolate KOH
S
| B4 - + Circular Flat Entire At bottom Effuse
2 B 19 + - Circular Convex Entire At bottom Echinulate
3 B 28 + - Punctiform Flat Entire At bottom Filiform
4 B 29 + - Circular Convex Entire At bottom Filiform
3 B 30 - + Circular Convex Entire At bottom Beaded
6 B32 + - Circular Flat Entire On top and Filiform
membranous '
7 B 56 + - Circular Flat Entire At bottom Echinulate
8 B 124 + - Circular Flat Curled At bottom and Echinulate
flocculent
9 B 125 + - Circular Convex Entire On top and Echinulate
membranous

LT .
+ positive, - negative

6L



Plate 6
Biochemical tests for identification ofbacteria

1 Lipase activity B4 A Arginine dihydrolase reaction
2. Lipase activ ity B30 B. Denitrification reaction

3. Levan production B4 1. Control

4. Levan production B30 2. B4

3. B30
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(1) Anacrohic growth

Both B 4 and B 30 showed positive reuaction by changing colour of the

micchivoni, blue to yellow.,
(v Oxiduse test
The test was performed using oxidase disc. On touching with the culiure of
the isolates B 4 and B 30, the dise changed its colour to deep purple blue which revealed as
oxidase positive reactionn.

{v) [evan [rom sucrose

Both the isolates failed to produce white domed and mucold colonies

indicating negative tor levan production.
(viy  Starch hydrolysis
None of the isolates were able o hydrolyse starch,
(vit}  Lipuase test

White dense precipitate could be seen around the isolates streaked on

Tween 80 agar, indicating positive reaction by both the isolates.
vill)  Growth ut 4" and 4 1°C

B3 4 streaked on NA medium failed to grow under 4°C but growth was seen

at 4 1"C whereas, B 30 was able o arone at both 4 and 41°C.
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ax)y  Denrihication

[solate B 4, changed the colour ol the media 1o pink and showed positive
reaction for gas production. B 30 did nut change the colour ol the media and also did not
produce gis.

(x) Arginine dihydroluse

The isolales gave pink colourisation to the medium indicating their ability

w hydrolyse arginine.

(1} Catalase st

The three isolutes B 19, B 124 and B 125 produced effervescens when

hydrogen peroxide was added Lo the culwure indicaling Lhe presence of catalase.
(11) Anacrobic growlh

Isolate B 19 and B 125 indicated posilive by changing colour of the

medium blue into yellow, But B 124 isoiate did not show any colour chinge.
() Voges  Proskacur test

All diree solates were able w change the colour of the medium to crimson

colour indicating positive for VP esl.
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{iv)  Acid and gas from glucose
All the isolates changed the colour of the medium indicating positive

reaction tor acid from ulucose. Gas bubbles below the sealed agar indicating positive

reaction tor gas production was noticed i isolate 3 19
V) Hydrolysis of starch
The ability of all the three isolates to hydrolyse starch was evidenced from
the appearance of a colourless zone in contrast to the blue background of the medium
around the bacternal growth on addition of ledine solution.

(V1) Nitrute reduced to nitrite

Colour change of the medium to red indicated positive reaction for nitrite

producton by all the isolates B 19,13 124 and B 125.
(vit)  Growth in NaCl
I[solate B 124 and B 125 were able to grow at 3% and 5% NaCl but lailed (o

grow al 7% NaCl. However, isolate B 19 was unable to grow at any of the three

concenurations.

(viil)  Growth at 4% and 40°C

Isolate 3 19 showed growth both at 4 and 40°C but isolates B 124 and B

.

125 were uable 1o grow only at 40°C
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Buclerial antagonists were identiticd bascd on above cultural, morphological and

biochemical characters

1. Isolute No. : B4d

Cultieral eharacters

Morphological characters

Biochemmical characters

2. Isolate No.B30

Cultural characters

Morphological characters

Biochemical characters

3. Isolate No. : B124

Cultivral characters

Maorphological characters

Biochemical characters

: Colonies were circular, flat with entire margin and the

growlh was effuse in agar stroke and wus at the bottom n
nuitrent broth,

s Buacterium was shortrods and Grom negative

s Based on e biochemical characters given in Table 7 the

bacterivim is adentilied as Pseudomonas aereginosa

: Colonies are punctiform, convex with entire margin.
Growth was beaded in agar stroke and was at (the botiom
13 nutricnt broth .

: Bucteria were short rods and Gram negative.

Buscd on the biochemical characters given in Tuble 7 the

bucterivim is identitied as Pseudomonas fluorescens

: Colonies wre cireular, flat with curled margin and the
cchinulute v agar stroke. The growth was  flocculent
and wus at the bottomein nutrient broth.

: Baeterium wus short rods und Gram positive

: Bused on the biochemical characters given in Table 8 the

bacterivan is identilied as Bactlluy subtilis



Table 7. Biochemical tests for identification of Gram negative bacteria
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Characteristics B 4 B 30
King’s A + -
Pigmentation
King’s B + +
Anaerobic growth + +
Oxidase + +
Levan formation from sucrose - -
Starch hydrolysis - -
Lipase (Tween 80 hydrolysis) + ++
Erowth at 4°C - +
Growth at 41°C + +
Denitrification ++ -
Arginine dihydrolase ++ it

+ positive ; - negative, ++ moderate; +++ good
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Table 8. Biochemical tests for identification of Gram positive bacteria

Characteristics B 19 B 124 B 125
Catalase + + +
Anaerobic growth + - +
Voges- proskauer test + + +
Acid from D-glucose +4+ +++ +++
Gas from glucose + - -
Hydrolysis of starch + + +
Nitrate reduced to nitrite + + +

3% ) . X

17% - - .

4°C + - i
Growth at

40°C + + +

+ positive ; - negative; ++ moderate; +++ good
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4. Isobate No.B125

Culdtural characters - Colonies are cireular, convex wilh entire margin. Growth
was echinulute in agar stroke and membranous and was at

the bottom in nutrient broth .

Morphological characters @ Bacteria were short rods and were Gram positive.
Biochemical characters : Based on the biochemical characters given in Table 8 the

bacterium is wdentified as Bacilluy cereus

5. Isolate No. B1Y

Cultural characters : Colonies are circular, convex with entire
margin. Growth was echinulale in agar stroke and was at

the bottom in Nutrient broth .

Morphological characters Bacteria were short rods and were Gram  positive,
Biochemical characters : Based on the biochemical characters given in Table 8 the

bucterium is identified as Bacillis polymyxa

7. POT CULTURL STUDIES FOR THE EVALUATION OF POTENTIAL
ANTAGONISTS AGAINST VELLANIKKARA ISOLATES OF

R.solanacearti

A pot cullure experiment was conducted for the evaluation of selected antagonists
(rom the {n vitro studies against bucterial wilt disease. The susceptible varieties of brinjal,
chilli and tomato were used lor the study. Observations on the per cent will incidence, days
o wilt appearance and biometric churacters were recorded and the results wre given in

Tuble Y 1o 16,
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4.7.1. Effect of antagonists on per cent wilt incidence

The data on per cent wilt incidence with different treatments on brinjal, chilli and

tomato are furnished in wble 9,10 und 11, {Plue 7).

The data revealed that, all weatimients were superior to control in reducing bacterial
wilt inciclenee. However, some treatments were {found 1o be more cifective than others. [n
the cuse of brinjal {Table 9), weatmwent with 10 wiride (T1) and Topscudokoningii (12)
showed Teast incidence ol 16.63 and 18.73 respectively, which were on par with the
treatments (T3, T16. 123, T2S, T17 and T5) which showed incidence ranged from 20.81to
26,36 per cent,

[n the case of chilli (Table 10} also, same trend was observed in which the
weatments with Toviride (T1), T.psetdokoningii (T2), P.aeruginosa (T16) and commercial
P fliorescens (125) recorded no wilt incidence and thereby gave complete protection
against the discase in chilli. However, they were found o be on par with other treatments
(Y2313, T1I7 and T3) in which wilt incidence was low and ranged {rom 10.41 10 17.34
only.

The per cent disease incidence in womato {(Table 11) showed that, wilt
mcidence were more v tomao as compared to other two crops as the minimum wilt
incidence recorded was 24.28 per cent, that also with 7. viride (T1). T.pseudokoningii (T2)
and commerciul P fluorescens (T25) . However, they showed on par eflect, with the
veatments {T16, T3, TH7.T23, T24 and T3) in which, incidence were {rom 26.36 o 37.46

P eent.

As Laroas the three crops are considered, the treatments  wivide (T,
1 psendokoningii {12), Tviride (13)., Asiger (V3), Paeruginosa (T10), B.subiilis (T17)
commercial Toviride (T23) and commerciul P fluorescens (125) were more ctfective in
reducing the wilt incidence of brinjal, chilli and tomato. However, T.viride (T1) and

L pseudokoningii (T2) were most elfective ugainst the three pathogen. It is also noted that,



Plate 7

Effect of Trichoderma spp on bacterial
wilt o fbrinjal

. Trichoderma viride (Ozh)
Trichoderma pseudokoningii
Trichoderma viride (com)
control

AW N

Effect o f Trichoiiermaspp on bacterial wilt

ofchilli
1 Trichoderma viride (Ozh)
2 Trichodermapseudokonmgu
3 Trichoderma viride (com)
4 control
Effect of Trichodermaspp. on bacterial
wilt o ftomato
1 control
2 Trichoderma viride (Ozh)
3 Trichodermapseudokoningii
4 Trichoderma viride (com)

Effect o fdifferent antagoneists on bacterial
wilt o ftomato variety mukthi under field
condition



Table 9: Effect of different antagonists and methods of application on per cent wilt incidence in brinjal

Per cent wilt incidence

Tl 2 T3 T4 Ts Te T T T T ™m Tiz T Ti4 TiS T14 i Tis 19 T T2 T2z T3 T24 T 126 Mean
'I .
! ]
M1 1487 497 197 a7 1607 255 1® 100 100 7495 36,07 100 T4.95 5334 555 .75 97 100 100 ] 160 100 1457 3133 2497 160 59,50
(0.508) | (0-508) | (0.508) | (0.734) | (0621 | {0.841) | (1.278) | (L™ | (127%) | {(1.062) | (0.621) | (1.27%) | (1062 | (1170 | (D.B51) | (@513 | (0508 {1278y | {1.278) | 27 | €n2vEy | 61278y | (05031 | (0.615) | (0.508) | (1.27%) 0,903
M2 97 1487 3407 555 3607 66.6 100 100 100 7 3607 1M 5131 188 1495 307 333 160 100 180 i 100 24.97 113 1607 160 6376 L
(0.508) | (0.508) | (D621} | (0.4} | (0621} [ (0.955) | (3.278) | (r.27m) | (L27my | (e0ST) | (0.621) | (1278 | (e | 02t | o6 | 2 | we1s | 0278 | o | ooz | ogaem | (L2 | (0508 | (06)S) | (0.621) | [L27E) | (0.49)
I
M3 o o 16.65 2497 16.65 £5.5 oo 100 100 s175 444 100 £1.35 6355 55 1665 16.65 1o 100 L0 100 L] 16.63 24.97 16.65 1] ‘“‘si
(0.203) | {0293 | (e400) | (0.508) | (0.400) | Q841 | |E27H} | (LITE] | (1278 { (0.836) | (0.718) [ (1.27%) | (nva9) | ¢osde) | 0841y | (04003 | w000y | clzTey | ooizmsy | cevm | Ozsy | quzsy | qeaodd | oq0usem) §ogpaomy | (1278) | (0.83F) J
M4 o 16.65 LEAS 36.07 16,65 585 100 100 1% 6385 2497 100 357 7495 555 F6.ES 16.65 100 100 100 100 Hitl 16.65 2497 16.65 Lo 5161
{0.293) | (0.400; | (0.400) | (0621) | @400y | (0.841) | (LITBY | (1.2 | (1278} | {094 | 0508} | (1278} | (D.ad49) | (L062) | (0841} | (0.400) | (D400} | (127H | (1278 | (1278} | (1278) [ (1.1TH {0.4) {0.508) | (h400; | (1.17E) § (B3I
Ave 16.65 18713 21.59 a3 | e 5272 100.0 109.0 190t 6594 a5 ey | Tiae 14 | coss A | o 1000 100.0 100.0 1000 1005 2081 .13 2359 Loe.0 5115
VEARE | t0.a00y | (0427 | a8 | (0678 | o) | sy | g2 | g2me | o | o6 | @rom | gam | mosw | aim | oaem | st | o | 02 | a2 ) aars | aame | a27s | @4s4) § 0S6l) | 0.4 | (1.278) | (0879)

M1-Seed treatment

M2-Soil drenching M3-Seed treatment + soil drenching M4-Root dipping
Mean of three replications Figures in parenthesis are transformed values

CD for comparison of treatments between methods of application — NS

CD for comparison of treatments averaged over four methods — 0.1441

CD for comparison of methods of application averaged over 26 treatments NS

I8



Table 10: Effect of different antagonists and methods of application on per cent wilt incidence in chilli

Per cent wilt incidence
reatments

T T2 T3 T4 TS TS 7 T 9 T ™ T2 Ti3 T4 T 6 T Ti8 e T Tl T2 Tis T4 T2% T2§ Mran

Metho
ML 0.0 0.0 1668 36.07 s 66.6 77173 100 100 e LrR] .73 36.07 55.5 LW a 16.65 333 444 100 100 100 16.65 2497 o 00 4388
’ (0.29%) | {0.293} (0.4) D621 | 051N | [0S (1.16) (1.278) | (.27 | (0.728) | 07281 | {LieD) | (0e21V | (D841} | (G.728) | (0.193) (0.4) 0.615 0.7 | (2% | (LITAY (1278 | 0.400) | (0.50E) | I9E ) (1278 | (0T}
M2 ] 0.0 24.97 36,07 497 T4.95 7498 100 100 668 HA 4.95 §5.5 66.6 855 o 18 i 855 100 100 10 0 36.07 0 100 49658
! (0.293) | (0.293) | 0s0m) | (o621) | t0.50m) | (1.062) | (1062} | (0.278) | (278} | {0955 | (0.752) | (1.062) | 03y | (0955 | 0840 | 0193 | sty | o7 | sy | a2 | (.28 1 (278 | (0.293) | (620 | (0193 | {1.278) | {0.TT)
M3 0o 0.0 0.0 1665 0.0 Add L 100 100 333 24.97 554 2497 1497 333 ] [} 24.97 36.07 454 100 100 0 ] L} Loa 3481
: 0295 | (a1ey | (hasyy ! (oe00y | (1278 | qoms)y | oy | qrzme | 0.2 | s1s | cososp | t0841y | ososy | (0.508) | (peis) | (o293 | ¢ozewm | osed) |o(Dezn | {127 | (1278) | (12TH) | 40293 | (09 | (029% | (R278) ) (0.61D)
M4 [} 0 [} 1665 o 555 £55 100 o “d 2497 558 24.97 2497 | 333 o [} 14.97 .07 100 100 100 o 0 0 100 5o
0293) | (0295 | (0.293) | (040) | (0295 | om0 | (0341 | (127H) | (278 | 028 | (osem | qosen | cos08) | (0308) |T@els) | @ | (0293 | 0S04) | (062 | (2Ta) | (127R) | (121E) | @293 | (0293) | (0183 | (1278) | (0624)
Avernge @ :9-1) L3 1475 2634 1T 6036 6592 0.0 0.0 407 R T ] 6592 3538 asol 4162 Y] 1526 3191 430 100.0 100.0 100.0 10.41 19.42 5] 100.0 41.63
& - 0.293 | @375 | 051 | 4o | @027 | 0976 | .z | 1218 | @rsn | @sis | (0976 | w0sw | @ | @00 | @239 | 09 | ©mn | o050y | 020 | (2 | (0278 | (03200 | 0429 | (€293) ] (L27) | (0682)

| 1 |
M1-Seed treatment M2-Soil drenching  M3-Seed treatment + soil drenching M4-Root dipping

Mean of three replications

Figures in parenthesis are transformed values
CD for comparison of treatments between methods of application -~ NS
CD for comparison of treatments averaged over four methods — 0.1180
CD for comparison of methods of application averaged over 26 treatments 0.1196

¢8
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Table 11: Effect of different antagonists and methods of application on per cent wilt incidence in tomato

Per cent wilt incidence

atments [ T T T 7 ! '
] ¢
|' TI LH l T Te ™ k| ™ Tio T e ™ T4 Tis 16 TI? TS 19 Tz0 ™ Lyi} T2} TH 125 T16 Mean
# Methods’ l L ]
[
MI 2738 1178 .07 17 o 100 100 10oa k1 ] 668 1221 LA R | i T4.95 2447 3607 100 100 100 il 1m 35 Ha 2497 100 6494
! OSTH | s1M | a2l | T | 030 | (L3TEY | (2T | (02T ] GL2TEY | (1057 | (0SSt [ (0.08TY f (LAT0} ¢ 00.170% ¢ {1LD&Z) | (D.R0SY ¢ (0621} | (117} | (0.XT8) | (LITH) | (1.27% ) (Lpmm | (0813 | (02my | insDay | (3.37RY | (096D
L | 4 R
w2 LU 3607 Ha 4717 1] 100 100 100 100 7495 100 111 T2 pLES ) 307 4717 (L] 100 100 100 160 3507 444 4.07 o £8.39
D621V | (Da2l} | (@.728) W | 13w | (2% | (.2 | oty | 0278 | (e | 6278 | (1087 { (105 | (1070 | w0sz5y | (06TM) [ (1278 J 0% ] phzad | oquzemy | LT ] foezn | e TIS) | @s2 | (1LETW 1.008}
3 16,45 1645 718 533 100 100 100 10 SL7S 7495 115 HY LTS 1495 ) 638 555 00 100 100 ] 100 497 2497 16.65 100 56.60
(0.409) ¢ (0.400) | (0513} | (D.615) (1.278) | 2R | (2T | 0z | eads) | dsed) | eads) | (osod) | a6} | (1062 | 0400 | (0813 | (.28 | {1.27m) | (L2 | 0.273) f (L2TEy | (D08 ¢ (0.50%) | (D400} | (1.ITH) DA6S
s 1865 1665 .75 100 L] 100 100 121 12U 031 334 666 2795 497 00 100 100 L] o0 3647 .01 1665 100 61,10
: (400 | 10400 | (0.513) 18 ;oo | orm | o o (.05 | (L170) | 411700 | (0858 | eS13y [ 0s0sy | (12 oz Lok | 0.2s | o | w2t | ool | ojesem | oLETH | 0520
A 24.28 H ] 0 o 100.0 100.0 1000 kx5 nn TAH 7551 70.0¢ 24.36 R1%] 100.0 £00.0 1000 100.0 10a.0 3746 3746 433 1000 6241
verate (0.48) | (@484 | (0.5M) 1.3y | 2T {1.278 LT | LGS (LT | (L% ) (1087 | (1007} | 8sED | (0594 | (1.2 ] (107 (1,278 {1178 (1278 | (D646 | (D646) | (D45H | {1.178) D958

M1-Seed treatment
Mean of three replications Figures in parcnthesis are transformed values
CD for comparison of treatments between methods of application — NS
CD for comparison of treatments averaged over four methods - 0.1674

CD for comparison of methods of application averaged over 26 treatments NS

-
M2-Soil drenching

M3-Seed treatment + soil drenching

M4-Root dipping

£8
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avirulent and mutant Torm of Rosolanacearam that were found etfective under in vitro

shiowed cent per cent wilt incidence.

It is also abserved from the dita that, effect of 26 weatments in reducing the wilt
incidence was found to be signilicanty superior under seed treatment and soit drenching

method as well as in root dipping method in the case of chilli,

4.7.2. Lifect of anlagonists on days to wilt appearance

The observations recorded on the effect of dilferent treatments on days to wilt

appearance in brinjal, chilli and tomato are presented in Tuble 12,13 and 14,

The data on brinjal (Table 12) indicated that, weatments 7oviride (T1) and
commercial Toviride delayed the sympom to 11416 and 112.58 days respectively.
However, the other ueatments (120 'I'1o. T25, TS, T3) were on par with the above

treatments as the duys W wilt appearance recorded were from 110.08 to 107.41 duys.

From the Table 13 it is evident that, Twviride (T1), Tpseudokoningii (T2),
Pernginosa (T16) and commercial 2 fluorescens (T25) could delay the wilt appearance
in chilli o a maximum of 120 days foltowed by the treatments T 23, T3, T17, TS, and T24
which were also found effective in deluying the wilt appearance where the days ranged

from HI833 10 112.5.

The data {(Table 14) showed that, treatments with Toviride (109.75 days) and
commercial Toviridde (109.58 days) recorded late wilt appearance in tomato. However. they
were also found to be on par with the teatments (T2, T3, T16, T3, T25) where 106 1o

F02.4 days were taken Tor the wilt appearance.

From the overall view, it is found that, the weaments with Foviride (T)).

Tpscudokoningii (F2). Twiride (13), Auiger (T5), P.aeruginosg (T16), commercial



Table : 12 Effect of different antagonists and methods of application on wilt appearance in brinjal

Days after sowing

-

TI T2 T3 T4 TS T6 7 T8 T9 TiQ TIl T12 TEd Ti4 T15 TES TI? T18 TI9 T20 T21 Ry 14 T3 T24 T35 T26 Mean

M (o | 10333 | 105 | 9133 | 10333 | 88 55 | s366 | 5033 | 6533 9 69.66 | 6 | 5933 | 60 1z | 10433 | 5633 | 5133 | se33 | S0 | 5133 ] 111 92 10733 | 5033 | 77.64
M2 106.66 | 10166 | o9.66 | 8266 | 10165 | B433 | s3 | 5206 | 53 60 E 63.66 | 57.66 | 5633 | 5966 | 100 | 9346 | 53 50 57 54 | 5533 | F07.66 | 88.33 | 10533 | 45.67 | 74
M3 120 i20 11333 106 11666 | 97.66 | 5633 5466 | 5033 | 7033 10666 | 7266 | 6633 65 Té 115 FI2.66 | 5833 5233 58 55 56 116.67 104.66 114.66 ) 53.66 3;1.!9
M4 120 | 14533 | 11566 | 9856 | 110 95 | 5633 | s233 | 49 [ 6666 | 9833 | 72 | 6566 | 64 | 7666 | 11333 | 11066 | sB 51 50 54 52 1 .l5 10333 | 112.66 | 51 81.64
Average | 11436 | 110,08 | 10741 | 9466 | 107.91 | 9125 { 55,06 | 5335 | 5066 | 6558 | 97.25 | 69.5 | 62.91 | 6146 | 7033 | 11083 | 10533 | 5641 | $1.16 | 5408 | 5335 | 5366 | 11253 | 97.09 10 | 5118 | 9747

Mi-Seed treatment
Mean of three replications
CD for comparison of treatments between methods of application NS

CD for comparison of treatments averaged over four method 7.436

M2-Soil drenching

M3-Seed treatment + soil drenching M4-Root dipping

CD for comparison of methods of application averaged over 26 treatments 6.213

c8



Table : 13 Effect of different antagonists and methods of application on wilt appearance in chilli

I —
Days after sowing
T3 T4 TS Té T7 T8 ™ TI10 TII T2 T13 T4 TIS Ti6 T17 Ti8 Ti1% T0 T21 T2 T23 T24 TS IT26 Mean|
! ] 1
-
M1 1200 | 1200 | 11333 | 9766 1133 (11 1733 55 5133 79 106.66 | 9166 | 8567 3 81 1200 | 10333 5% 90 65.66 | 5666 | 5733 120 106,66 | 1200 | $3.33 | 89.91
S
-
M2 1200 ; 1204 108.33 97.66 10666 | 62.66 | 68.66 54 55,66 | 6433 44 T3 466 6£5.66 2 7533 | 1200 | 10833 83,66 83 66 E3 ) 5366 | 11233 | 10333 | 12000 | 52.66 ! 84.91
4+
1 |
M3 120.0 120.0 120 114 20 30 9133 56,33 | 5467 | 5633 110.66 107.13 93,66 L) 9233 120.0 120 103.33 101 6933 55 55.66 120 120 1200 | 55 97.18
—
M4 1200 1 1200 120 113.33 120 .66 bl 5333 | 5466 | 8133 111 1233 94 94.67 89 i20.0 120 106.66 29 88.33 | 57466 M 120 120 1200 | 533} | 96.39
|
Average 1200 | 1200 | 11541 [ 10567 | 11475 | 7608 | SLO8 | 54.66 ) 5408 § 7078 | 10588 | 9375 | 8475 | 8391 | 8441 | 1200 | 11540 9541 r93.5 79.83 ) 5543 | 55,16 | 11433 | 1118 1200 | 53,58 | .13
) i
:d treatment M2-Soil drenching  M3-Seed treatment + soil drenching M4-Root dipping
f three replications
o . ¥ s. . . Fa
comparison of treatments between methods of application — NS

comparison of treatments averaged over four methods 8.749
somparison of methods of application averaged over 26 treatments 5.671
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Table : 14 Effect of different antagonists and methods of application on wilt appearance in tomato

Days after sowing

reatments . ! |

T1 T2 T3 T4 5 T T7 T8 ™ T4 | T T2 | T13 Ti4 | Tis T16 17 TIE | TI19 { T20 | TN T22 123 T24 TS5 | Ti6 | Mean

Methaods |

i
ML 1Ls7 | 100 101.66 | 90.65 100 5566 | $3.66 | 5266 | 49.66 | 5933 | 80 | 61.66 | 6066 | 59.66 [ 6533 | 9833 39 5633 | 5433 53 53 50.67 | 11333 | 91.67 | 10233 | 52 7460

H
M2 10833 | 9833 | 91.66 | 8033 | 9833 53 $1 50 5133 | 5633 | 7783 57 5865 | 5633 | 6233 L] 94,33 | 5466 | 5266 | 56 1433 o 10333 | 86.66 o8 4933 [ 7052
M3 1s 11433 1118 100 | 10733 58 5533 | 5566 | 49.49 | 70.33 97 6833 65 6633 75 107.66 | 110,66 57 5333 | $7.66 | 553 | 54.33 | 11166 135 102,33 | 54.66 | 80.03
M4 114 11333 | 11166 | 9766 | 10333 | 58.66 | sd.66 | 5233 | s0 | 5933 | 95 | 66.66 | 6466 62 766 | 107.33 99 56.6 | 5266 | 5066 | 51 82 Lo 101.66 197 48.65 | T77.60
Averape 109.70 | 1065 104 19216 | 10220 | 5633 | 53.66 | 5266 | 5095 | 6133 | 8733 | 63.41 | 6235 | 6108 | 7053 | 10358 | 10075 | 5616 | s325 | 5558 | 5066 | 5025 | 1962 | 9sas | 10241 | S| 7570
| [
M1-Seed treatment M2-Soil drenching  M3-Seed treatment + soil drenching M4-Root dipping

Mean of three replications

CD for comparisqn of treatments between methods of application NS

CD for comparison of treatments averaged over four method 8.367

CD for comparison of methods of application averaged over 26 treatments 4.260

L8
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Toviride (1723) and P fluorescens (1T23) were the best antagonistic organisms in delaying

the wilt appearance 11 solanaceous vegetables.

From the data. it appears that, the seed treatment and soil drenching (M3) and root
dipping method (M) were signilicantly superior in delaying the wilt appearance in brinjal.

chill and wmato as Far as mean ellect ol 26 treatments were concerned.

Sununing up the findings i por culture swadies, it is noted that, Tiviride
(Ozhalupathy),  Topsewdokoningii. Foviride (Vellanikkara),  A.niger  (Eruthyampathy).
Poaeriginosa, commercial T viride and commercial P fluorescens were (he promising
antagonists inoredecimg e wilt incidence and delaying the wilt appearance. It is also
observed that, pot culture studies have nnparted better control of bacterial will pathogen

using microbial antagonists.

[t also indicates that, all methods of application were equally effective and were
statistically on par. However, either root dipping or seed treatment and soil drenching
methods gave maximum treatments in reducing the wilt incidence as well as Tor recording

maxinnn days W wile appearance. Flenee. these two methods were adopted for leld wrial.
4.7.3. Effect of antagonists on bionelric characters

In order 1o Tind out the effeet ol antagonists on inerease in plant vigouwr and yield

the various biomietrie characters were recorded and presented in Table 135 to 20.

Among various biomeltric charactors, fresh weight, days o harvesting and fruit
wueight were Found o be influenced by the method of application in brinjal (Table 15). It is
evident that, in seed wreatment method, (reaument with commercial Toviride (T16) recorded
for the maximum fresh weight, fruit weight and early harvesting.  In soil drenching
method, both commercial Toviride und conimercial P fluorescens showed maximum fresh

welght First harvesting was recorded by treatments with commercial 7 .viride (T16).



Table [5: Effect of different antagonists on biometric characters of brinjal under different methods of application

T Shoot length | Root length No. of Fresh weight Dry weight * Days to * Days to Fruit wt/pt
reatments . )

{cm) (cm) leaves (g) (2) flowering harvesting (2)
M;T; 2917 14.33 28.67 19.07 7.6 61.67 104 67 29.0
M\ T, 29.37 14.63 29.0 18.7 7.07 60.67 105.33 28.3
M, T; 28.93 12.53 27.0 18.7 7.27 63.67 105.67 28.23
M,T, 22.23 7.03 17.33 17.33 6.73 64.33 109.33 23.67
M, T; 25.17 10.73 23.0 17.47 677 63.33 105 .33 283
M,Ts 245 10.8 23.0 17.77 6.63 63.0 107.0 25.13
M, T, 14.6 5.8 5.33 2.53 1.17 0 0 0
M,T; 13.63 577 4.33 2.30 1.03 0 0 0
M;T, 27.67 12.17 26.67 18.0 7.03 62.0 104.33 26.3
MT, 273 12 .40 230 17.67 6.67 62.0 105.67 27.0
M\ T} 15.06 5.67 4.67 2.6 1.17 0 0 0
M Ty, 15.56 5.567 6.0 2.667 1.067 0 0 0
M,T), 14.23 527 5.3 6.37 1,13 0 0 0
M T, 13.63 4.87 433 1,93 1.13 0 0 0
M;Ts 12.37 7.87 5.67 1.87 0.90 0 0 0
M, Ty 29.83 14,7 30.0 20.13 7.87 61.0 102.67 313
M, Ty, 25.47 10.27 22.33 17.67 6.43 62.33 105.0 27.43
M Ty 28.17 12.6 27.0 18.67 7.67 63.0 104.67 29.83
M,;Ts 13.87 6.23 10.33 1.63 1.17 0 0 v
M, T, 30.0 14.83 28.67 17.97 7.17 62.33 104.67 28.7
M, T, 27.97 13.3 28.67 17.53 6.57 61.0 105.33 28.0
M,T; 29.17 12.1 26.0 18.47 7.6 64.0 105.33 28.0
M,T, 22.63 9.33 17.33 17.37 6.6 64.67 108.67 24 4
M,T; 2643 11.7 24.0 17.87 6.57 61.0 105.33 28.0
M, Ts 24.5 11.77 23.33 17.17 6.63 63.33 108.0 2473
M, T, 14.77 5.57 4.67 16 1.03 0 0 0

68




M,T, 13.63 5.5 4.33 2.23 1.07 0 0 0
M.Ts 27.33 11.93 2533 17.83 6.8 61.67 104.0 26.17
M;Tyo 26.67 12.33 24.67 17.9 6.7 63.33 105.67 26.87
M, T, 14.97 5.7 4.33 1.8 0.93 0 0 0
M.T,; 14.97 5.27 5.67 1.8 1.07 0 0 0
M,T;; 14.27 4.1 3.0 1.9 1.20 0 0 0
M,T, 14.03 4.8 50 1.77 1.03 0 0 4
M,Ts 12.67 4.93 5.0 1.57 1.03 0 0 0
M, T 30.5 15.17 30.67 19.13 7.93 61.67 104.0 29.5
M, T, 26.3 12.27 25.3 17.17 6.3 64.3 105.0 2713
M,T s 29.5 13.1 28.67 18.83 7.13 62.33 104.0 2933
M.Ty 12.13 427 5.0 147 1.0 0 0 0
M;T, 30.17 14.57 333 18.03 7.03 62.33 104.33 29.0
M;T, 295 13.6 2933 17.17 6.47 61.67 104.33 28.83
M;T; 28.83 13.03 26.33 17.8 7.4 64.67 104.67 26.97
M, T, 253 12.1 25.0 17.67 6.63 64.0 106.67 24.33
M,T; 28.1 13.57 24.67 173 6.63 64.67 104.67 26.63
M;T; 26.7 11.53 25.0 17.4 6.3 62.67 106.0 24.67
M,T; 15.36 3.73 5.0 2.17 1.03 62.0 0 0
M;Ty 13.13 5.6 533 2.23 1.27 0 0 Y
M;T, 27.13 124 27.0 17.8 6.8 0 104.67 27.33
M;T 28.70 13.5 26.0 17.57 623 62.0 105.0 27.37
M;Ty, 15.03 5.33 5.33 2.2 0.967 0 0 0
M;T; 14.57 4.97 6.0 2.03 0.93 0 0 0
M;T; 14.43 4.5 5.33 2.13 1.07 0 0 0
MsTq 1347 507 5.0 2.03 0.97 0 0 0
M;Ts 12.63 4.83 5.33 1.8 1.13 0 0 0
M;T;s 31.1 14.13 30.0 19.23 7.77 61.33 105.67 3117
M;T,, 27.03 13.37 24.67 17.3 6.7 63.33 105.0 257
M;Tyy 29.93 13.43 29.33 189 72 62.67 104.0 31.07
M;Tyo 11.67 39 5.0 1.6 0.9 0 0 0
M, T, 28.93 13.37 29.0 17.83 72 62.33 104.33 28.87
M,T; 29.03 13.5 28.33 17.6 7.0 61.67 104.3 28.97
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M.T; 28.0 12.8 26.0 17.7 72 640 | 10633 29.5
M.T4 273 12.6 26 .0 16.87 6.4 64.33 108.67 23.43
M.Ts 27.03 12.43 25.67 16.7 6.77 63.33 104.67 28.43

L M.Ts 2553 11.93 26.0 17.17 6.7 62.0 106.07 24.50
M.T; 18.53 7.97 11.67 223 1.0 0 0 0
M.Tx 13.8 5.63 5.33 1.83 1.17 0 0 0
M, T, 28 1 12.77 26.0 17.43 7.1 61.67 104.0 27.37
M,Ty 2467 12,53 22.33 17.4 7.13 63,33 105.0 25.37
M.T,, 15.07 15.6 5.0 223 1 0 0 0
MTy2 15.13 50 5.67 227 1.03 0 {0 0
MaTys 14.13 5.0 4.67 2.1 0.93 0 0 0

[ My 13.2 5.1 4.67 1.93 0.77 0 0 0
M.T5 12.67 5.3 5.33 1.9 0.87 0 0 0
MsTis 2827 11.07 27.67 19.03 $.03 6133 104 67 30.5
M,Tys 25.33 12.4 21.67 16.87 7.03 63.67 105.33 27.97
M,Ts 29.1 13.17 29.0 18.43 7.87 61.67 104.67 30.33
M, T, 11.77 3.93 4.67 1.43 0.63 0 0 0

| CD(P=0.05) NS NS NS | 0.6095 NS NS 1.2846 1.5197

* Days counted from the day of sowing from days to flowering and harvesting

Value *0° represents absence of observation due to wilting of plants.

M -seed treatment; Ms-soil drenching; M;-Seed treatment + soil drenching and My-Root dipping

T1-Trichoderma viride T5-A.niger T9-P.aeruginosa T13-umdentified T17-4.niger (com}

T2-T pseudokoningii

T3-T viride
T4-T virens

T6-A.viridi-nutans
- T7-Aspergilius sp.
T8-Mucor sp.

T10-B. subrtilis
T11-B.cereus

T14-mutant of R solanacearum T18-P.fluorescens (com)
T15-avirulent of R solanacearum T19- control
T12-B.polymyxa T16-T.viride(com)
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commercial Asiger (L7 and  muxomam friit weight was shown by treatments
commercial 2. fluorescens (TIR), Tpsendokoningii (12), Toviride (T3) and A.niger (T5).

o seed treatment + soil drenching micthod, maximum fresh weight and fruit weight was
recorded by treatiments T16 and T1X wd carly harvesting was given by all treatments
except treatments T4, T12, T16. In root dipping method, maximum fresh weight was
shown by treatments T16 and T18 while [ruit weight was increased 10 the maximum by
treatments THO, TS and ‘13, First harvesting was given by all treatments, except 13, 14

and 13

From the data presented in Table 16 i s observed thut. treatment with commereial
Foviride (T16) showed signilicantly superior effect on all biometric characters. It recorded
the maximum shoot length of 29,18 e root length of 13.77 cim; 28.0 number of leaves:
fresh weight of 19.38 g0 dey weight 7.9 o and fruit weight of 30.625 g. Days 1o [lowering

and harvesting was 1,33 and 104,25 duys respectively.

From Table 17, it s clear that, only the days (o flowering was affected by method
ol application and other characters were tound to be non-significant in the case of chilli. In
seed  reatment method.  treawments foviride (T1) and commercial — Tviride
CU16) recorded first flowering. Iy sl drenching method, T1 showed the (irst flowering. In
sced treaument + soil drenching method, Toviride {T1) and commercial Toviride dillered
significantly from other treatments by recording first tlowering. In root dipping. treatment

with commercial Toviride showed [irst flowering.

Among the treatments influencing growth parameters of chilli (Table [8) it is
found that, treatment Fovivide (T1) and commercial Toviride (T16) significantly increased
Wl characters by recording maximum shoot length of 35.18, 34.73 c¢m; rout length of
14.27, 1429 em: number ol Teaves ol 112,50 114.0; fresh weight of 16,65, 16.37 g: dry
weight of 8,98, 9. 13u; days o [Towering as 60.83, 60.58;days to harvesting as 99.75, 98.33

and trant weight of 27,48, 26,16y respeciively,



Table 16: Effect of different antagonists on biometric characters of brinjal (mean of four methods})

Treatments Shoot length Root length No. of Fresh weight Drv weight * Days to * Days to Fruit wt/pt
{cm) (cm) leaves (g) (z) flowering harvesting (2)
T, 29.57 14.4 20.17 18.22 7.25 62.17 104,5 28.89
T, 2897 13.76 2883 1775 6.78 61.25 104.83 28.58
T 28.93 12.62 26.33 18.17 7.37 63.92 105.5 28.28
T, 2436 10.27 2142 17.31] 6.60 " 645 108.33 23.96
Ts 26.68 11.86 24.33 17.38 6.68 63,17 105.0 27.08
| — Te 25331 11.5] 6.67 17.51 6.62 62.38 106.92 24,76
T, 15.82 6.27 4 33 2.13 1.06 0 0 0 .
T; 13.55 5.63 2625 2.15 1.13 0 0 0
T, 27.56 12.32 24.0 17.77 6.93 61.83 104,25 ]
| Ty 26.84 12 44 4383 17.63 6.68 63.08 105.33 26.7
T 15.03 5.58 5.83 2.21 1.02 0 0 0
Tz 15.06 5.2 5.08 2.09 1.03 0 0 0
T3 14 .27 472 4.75 2.13 1.08 0 0 0
Ty, 13.58 4.96 5.33 1.92 0.98 0 0 0
Tis 12.58 573 28.0 1.78 0.98 0 0 0
Tis 29.18 13.77 250 19.38 7.9 61.33 104.25 30.63
Ty 26.78 12.08 28.5 17.25 6.67 63.67 105.08 27.08
T Tz 29.2 13.08 28.5 18.71 7.47 62.42 104.42 30.13
Tis 13.1 4.59 6.25 1.53 0.93 0 0 0
CD(0.05) 1.678 1.08 2.4062 0.3048 0.2388 0.6522 0.6423 0.7599

* Days counted from the day of sowing for days to flowering and harvesting

T1-Trichoderma viride T5-A.niger
T2-T pseudokoningii

T3-T.viride
T4-T virens

T6-A. viridi-nutans
T7-Aspergillus sp.

T8-Mucor sp.

T9-P.aeruginosa T13-unidentified
T10-B.subtilis  Tl4-mutant of R.solanacearum TI18-P fluorescens (com)
T11-B.cereus  T15-avirulent of R.solanacearum T19- control
T12-B.polymyxa T16-T.viride(com)

T17-A.niger (com)

- Eb



Table 17: Effect of different antagonists on biometric characters of chilli under different methods of application

| Shoot T . . . . o]
Treatments length Root length No. of Fresh weight | Dry weight Days: to Days_to Fruit wt/pt
(cm) (cm) leaves {g) (e) flowering | harvesting (g)

M;T; 350 | 14.03 103.67 16.53 9.03 60.67 99.67 25.0
M, T, 3563 | 14.0 106.33 16.1 8.97 61.67 104.0 25.63
M T, 33.37 12.3 100.33 16.23 8.8 63.33 99.33 25.0
M, T4 31.27 7.1 84.33 10.33 7.17 61.33 109.33 19.1
M, Ts 30.87 12.67 99.0 14 .87 8.6 63.67 105.67 22.7
M Ts 29.57 7.73 92.33 11.4 6.93 67.0 106.0 20.3
M, T, 29.1 8.6 87.3 10.13 6.37 64.0 106.0 22.17
MTy 7| 1577 5.8 10.67 1.47 0.8 0 0 0
M; T, 30.77 12.43 103.0 15.3 7.03 62.33 101.33 257 |
MiTie 325 12.8 92.67 15.63 7.03 63.0 102.33 235 |
M Ty, 29.87 8.47 86.0 10.77 6.77 64.0 107.0 18.7
M, T, 28.0 8.13 82.33 10.93 6.63 64.67 106.0 18.5
MiTis 18.6 6.7 26.0 2.37 1.2 0 0 0
M; T4 15.1 5.97 12.67 1.83 0.90 0 0 0
M;T;s 14.5 53 11.67 2.1 0.93 0 0 0
M Ty 34.5 14.1 116.67 16.43 9.17 60.67 98.0 25.27
M Ti7 302 11.2 96.67 14.23 7.77 63.67 105.67 227
MiTis 3443 12.77 101.67 16.37 8.43 62.33 100.0 27.1
M Ty 14.4 4.47 10.0 1.3 0.73 0 0 0
M, T, 34.77 13.93 113.0 16.57 9.03 61.0 101.0 25.9
M, T, 35.1 14.1 108.33 16.43 8.97 62.0 99.67 25.7
M,T; 33.3 12.17 99.33 16.47 8.8 63.67 99.67 23.3
MpTy 39.33 15.9 84.67 12.17 7.3 62.0 108.0 18.0
M,Ts 30.67 12.3 91.67 14.87 8.6 64.67 104.67 21.67
M T 28.67 73 80.33 11.6 7.0 63.67 102.0 22.83
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M, T 39.17 5.7 82.0 11.77 47 64.33 10867 | 2173
M,Ts 15.8 5.53 10.67 1.5 08 0 0 0
M, T, 29.93 12.57 96.67 15.23 6.9 62.67 104.0 24.43
M,To 31.67 12.2 98.67 15.50 6.9 63.0 103.3 23.1
M, Ty, 22.77 7.27 84.67 11.67 6.53 64.67 105.67 19.53
M, T, 22.5 7.2 91.67 10.67 7.13 64.0 107.0 18.33
M,T)3 15.2 6.3 14.33 1.03 0.7 0 0 0
| M;Tys 14.87 6.07 11.0 1.87 0.9 0 0 0
M;T;s 15.0 5.63 12.33 2.03 0.93 0 0 0
M,Ts 34.47 14.33 111.67 16.8 9.17 61.67 99 67 24.23
M;T;+ 26.5 10.97 103.33 13.33 7.1 64.67 104.67 21.67
M, T 34.0 12.87 110.33 16.0 8.43 62.67 99,33 25.5
M,T}o 14.3 4.6 1133 1.27 0.73 0 0 0
L MiT, 35.5 14.47 113.33 16.6 9.07 60.33 99.0 28.43
M;T, 35.33 14.33 10433 16.63 9.13 61.67 100.0 26.53
M;T; 33.43 12.4 104.0 16.3 .83 62.67 99.33 24.5
MaTs 29.17 8.07 77.67 11.3 6.4 63.0 108.0 18.0
M3T5 30.77 12.9 9933 15.17 8.7 63.67 103.33 23.87
M;Tg 28.4 8.87 89.67 11.1 7.13 64.67 113.33 229
MaT, 29.17 10.57 84.67 11.43 6.63 63.67 112.67 21.83
M;Ts 16.4 5.1 11.67 1.37 1.07 0 0 0
MaTs 32.0 12.53 103.33 15.57 6.77 61.67 105.33 26.93
M;T1o 31.83 12.6 88.67 15.27 6.97 62.33 105.0 24.1
MsT); 28.43 10.17 81.67 11.4 6.73 63.67 106.6 24.1
M;T ), 28.93 8.87 89.0 11.03 6.53 64.0 106.67 19.78
M;T;3 18.83 5.07 2433 11.93 1.0 0 0 0
. MTy 15.33 5.47 13.0 1.5 0.9 0 0 0
M;3T;s 14.87 55 13.67 2.03 0.93 0 0 0 -
M;T;6 35.1 14.53 115.0 16.57 933 5933 98.67 27.37
| MTy; 286 11.83 101.33 13.77 747 64.33 104.67 212.97
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M;T s 34.53 12.83 114.33 16.47 7.93 61.67 100.0 27.37
MiT)s 148 4.4 13.0 1.27 0.7 0 0 0
M., T; 35.47 14.63 120.0 16.9 9.0 61.33 99.33 2833
M,T 35.43 14.57 105.0 16.53 8.97 62.0 99.67 28.2
M.T, 33.9 12.27 105.33 15.97 8.6 63.0 100.67 24.47
M,T, 29.5 7.27 86.0 11.6 7.4 63.33 105.33 21.13
M,Ts 30.37 12.3 103.0 14.63 8.73 64.33 105.0 23.17
M4Ts 28.57 7.73 88.33 11.5 6.43 60.0 112.0 21.5
M4T7 29.17 8.97 85.67 11.23 6.17 64.33 112.0 21.33
M, Ty 16.43 4.73 12.33 1.53 0.80 0 0 0 -
MqTy 34.2 12.63 105.0 14.97 7.0 62.67 105.33 26.83
MyTho 31.67 12.63 88.67 15.37 6.9 62.33 10533 23.1
M,Ty, 28.43 8.5 87.67 11.9 6.4 63.67 106.67 19.3
M,yT2 27.5 9.03 86.67 11.27 6.23 64.33 106.0 17.47
M,T13 18.03 5.33 24.67 2.03 0.8 0.0 0.0 0.0
MyT 4 15.1 5.37 13.67 1.83 0.9 0.0 0.0 0.0
MyT;s 14.77 5.47 13.33 1.90 0.9 0.0 0.0 0.0
M.T s 34.87 14.2 112.67 16.47 9.07 60.67 99.0 27.77
| MTy7 28.43 12.43 100.0 13.5 7.47 64.67 104.67 223
M,Ts 3433 13.0 108.33 16.23 7.8 61.67 101.0 27.53
M,Tyo 14.9 43 12.0 1.3 0.7 0 0 0
CD (P=0.05) NS NS NS NS NS 1.955 NS NS

* Days counted from the day of sowing from days to flowering and harvesting

Value ‘0’ represents absence of observation due to wilting of plants.
M;-seed treatment; M»-soil drenching; Ms-Seed treatment + soil drenching and My-Root dipping
T1-Trichoderma viride T5-A.niger

T2-7 pseudokoningii

T3-T viride
T4-T virens

T7-Aspergillus sp. T11-B.cereus

T8-Mucor sp.

T9-P.aeruginosa T13-undentified
Té-A.viridi-nutans  T10-B.subtilis

T17-A.niger (com)

T14-mutant of R solanacearum T18-P. fluorescens {com)
T15-avirulent of R.solanacearum T19- control

T12-B.polymyxa T16-T.viride(com)
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Table 18: Effect of different antagonists on biometric characters of chilli (mean of four methads)

Shoot length Root length No. of Fresh weight Dryv weight * Days to * Days to .
Treatments (cm) {cm) leaves (2) e () ’ ﬂowgrmg hawc}sting Fruit wi/pt
T, 35.18 14.27 112.5 16 65 2.98 60 83 99.75 27.48
T, 3537 1425 106.0 16.42 9.01 61.83 100.83 26.36
T, 335 12.41 102,25 16.24 882 63.17 99.75 24.33
T, 29 81 7.1 83.66 11.35 7.07 62.42 107 .67 19.21
T 3067 12.54 98.25 14,88 8.63 64.08 104 67 22.85
T 28.8 7.9 87.67 11.4 6.86 63.83 108.33 21388
T, 29.8 8.48 83.92 11.14 597 64.08 102.17 21.77
Ty 29.15 5.29 11.33 1.47 09 0.0 0 0
T, 16.1 12.54 102.0 1527 6.92 6233 104.0 25.97
T 31.73 12.55 92.17 15.44 6.95 62.67 104.0 23 .45
Th 28.79 3.6 §5.0 10.43 6.61 64.0 106.0 19.35
T, 28.33 8.3 8741 10.97 6.63 645 106.33 18.28
T 18.33 5.9 19.3 1.09 85 0.0 0 0
T4 15.1 3.71 12.58 1.84 0.9 0.0 0 0
Tis 14.8 5.48 12,73 2.02 0.93 0.0 0 0
T 34.73 14.29 114.0 16.57 9.13 60.58 98.83 26.16
T, 29.27 11.6 100.33 13.70 78 64.33 104.58 22.84
Ty 3432 12.87 108.67 16.27 7.97 62.08 100.08 26 88
Tl, 14.6 4 .44 11.58 1.28 0.71 0 0 0
(Pg)r.)OS) 0.7941 0.7417 6.647 0.825 0.7258 09777 6.303 1.3613

* Days counted from the day of sowing from days to flowering and harvesting
T1-Trichoderma viride T5-A.niger
T2-T pseudokoningii

T3-T viride
T4-T virens

T6-A.viridi-nutans T10-B.subtilis
T7-Aspergillus sp.

T8-Mucor sp.

T9-P.aeruginosa T13-unidentified

T11-B.cereus

T12-B.polymyxa T16-T viride(com)

T17-A.niger (com)
T14-mutant of R solanacearum T18-P.fluorescens (com)
T15-avirulent of R sofanacearum T19- control
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The data {Table 19) indicales that, different treatments varied significantly with
regurd to specific method of application except in days o {lowering and fruit weight in
tomato. In seed weatment method. tremments Tovirvide {T'1) and commercial Toviride (T16}
showed highest shoot length and root length. Maximum number of leaves, fruit weight, dry
weight and tirst harvesting was recorded by TLHO, In soil drenching method, treatments
Toviride (T1), commercial Toviride (T16). commercial P fuorescens {T18) were equally
clfecuve i inereasing the root length. tn resvining all characters, commercial 7oviride was
found o be significantly superior lrom others, In seed treatment + soit drenching method,
commercial Tviride significantly influenced all biometric characters. In root dipping
method, maximunt shoot length as well as fruit weight was shown by treatments
commerviad Toviride and commercial £ leorescens, Maximum root length, dry weight and

carly harvesting were all given by T106.

Overall performance of dillerent treaunents in four methods of application is given
in Table 20. From the wble, it is clear that, the treatment  with commercial T.viride
influenced all the plant growth characters significantly by recording, shoot length ot 50.7
e, root kength of 152 em, number of Teaves as 29.0, fresh weight of 538.29 ¢, dry weight
ol 14.61g. days to llowering as 5538, days to harvesting as 96.08 days and fruit weight of

65.09 ¢.

4.8, LVALUATION OF PROMISING ANTAGONISTS AGAINST R solangcearm
UNDER FIELD CONDITION

A lield experiment was conducted 1w evaluate the performance of the promising
antagonists under natural conditions, The experiment was laid out as per the details given
in materials and methods and antagonists were applied by the root dipping as well as by
seed reatment + soil drenching, the best methods selecied from pot culture studies.
Observations were recorded on wilt incidence at 15 days interval and also on  biometric

characters of the plants. The results of the experiments are summarised in Table 21 to 31,



Table 19: Effect of different antagonists on biometric characters of tomato under different methods of application

1

T Shoot Root length No. of Fresh weight | Dry weight | * Daysto | *Daysto | Fruit wi/pt
reatments length . .
(cm) (cm) leaves (g (2) flowering | harvesting (g)

M;T, 49.16 14.8 26.33 52.1 14.33 56.66 93 33 60.4
M T, 48.16 14.1 26.33 48.33 14.0 57.33 98.66 60.16
M; T3 40.26 14.1 25.33 492 13.56 57.66 101.0 56.46
M T, 421 13.43 23.33 47.4 12.0 5733 102 53.4
M Ts 44,1 13.26 2433 4436 12.1 57.66 104 56.76
M; T 20.0 6.06 9.33 4.56 1.4 0 0 0
M; T 17.33 6.0 9.0 33 136 0 0 0
M;Ts 17.7 5.66 8.66 4433 1.16 0 0 0
M Ty 44 43 13.26 24.66 448 12.7 57.6 102 53.33
MiTo 44.40 13.1 25.33 43.56 11.66 58.0 102 53.70
M T 15.96 5.8 7.66 4.1 1.1 0 0 0
M T2 16.23 5.9 8.66 4,13 1.1 0 0 0
M; T3 18.0 5.33 7.66 4.5 1.06 0 0 0
M; T4 14.93 5.03 5.66 3.7 1.26 0 0 0
M;T;s 15.16 5.1 4.66 3.33 1.1 0 0 0
M T} 50.33 15.06 29.0 59.26 14.96 55.66 96.0 63.6
M Ty, 44.1 13.26 24.33 44.36 12.1 57.66 104 56.76
M Ts 48.46 14.5 27.33 53.03 14,06 55.66 98 63.3
M;Tio 14,96 4.33 5.0 3.1 0.96 0 0 0

s M,T, 47.16 14.6 27.33 51.76 13.0 5733 98.66 60.3
M, T, 44,23 14.03 26.66 48.4 12.46 58.33 98.66 60.0
M,Ts 46.3 14.26 27.33 45.73 12.33 57.33 100.66 56.4
M,T, 42.76 13.4 24.33 41.56 11.96 58.33 102.66 55.4

bb



M;Ts 44.23 13.16 24 66 46.4 11.76 59.0 103.33 56.5
M,Te 16.56 6.1 5.66 433 117 0 0 0
M, T 17.3 6.0 6.3 433 1.20 0 0 0
M;Ts 16.57 5.6 7.0 3.97 1.2 0 0 0
M, T, 44.23 13.67 24.67 46.6 12.17 58.67 102.0 55.0
M;T1 44.43 13.27 24.67 46.1 119 58.33 102.0 54.13
M,T), 15.63 6.27 5.67 313 1.06 0 0 0
M;Ty, 15.17 577 533 3.23 1.0 0 0 0
M,T13 15.23 6.03 5.67 3.77 1.17 0 0 0
M;T 14 14.3 537 5.67 3.06 0.93 0 0 0
M, T 14.77 5.0 5.33 3.27 1.13 0 0 0
M;, T 50.9 15.06 28.67 59.27 14.27 55.67 96.67 63.16
M, T, 44.36 13.26 25.0 459 11.77 58.67 103.67 56.0
M,T1s 4847 14.57 27.67 437 13.7 56.3 o8 63.0
M;T1y 14.5 437 467 3.1 0.93 0 0 0
M;T, 48.93 14.6 2733 54.7 13.77 5733 98 60.37
M;T, 47.76 14.07 26.67 49.17 13.23 57.33 08 60.16
M;T; 45.96 13.6 2633 475 12.27 58.0 100.33 57.47
MaT4 42.6 13.03 24.33 46.8 11.93 5833 101.0 52.67
M3T; 43.86 12.93 25.0 46.17 1223 58 .67 102.0 56.67
M:Ts 18.0 6.13 6.33 3.97 0.97 0 0 0
M;T, 18.6 5.73 6.0 423 1.07 0 0 0
M3Ts 15.9 5.7 6.33 3.53 0.97 0 0 0
M;To 44.97 13.23 2533 483 12.37 58.67 102.0 54.73
M;T o 75.27 13.23 25.67 473 12.0 58.67 102.0 53.33
MTy 16.53 5.93 6.33 3,57 1.1 0 0 0
M,T1; 16.63 5.77 5.33 3.93 1.17 0 0 0
M,T1s 17.5 573 467 4.03 1.1 0 0 0
MaT 14 15.43 5.07 5.0 3.77 1.03 0 0 0
M,T s 15.53 4.97 433 34 0.8 0 0 0
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MaTg 51.13 15.13 2933 59.77 14.67 5533 | 95.67 66.4
M;Ty; 44 .0 12.8 2533 4733 13.23 58.67 | 102.0 56.67
M3T g 49.4 14.57 28.33 55.63 13.97 56.0 98 63.67
M;Ts 14.63 4.267 4.0 3.53 1.03 0 0 0
M, T, 48.10 13.97 23.33 53.4 13.77 56.67 98.33 59.97
My T, 47.83 13.57 26.67 48.47 1327 57.67 68.33 59.5
M4T, 45.87 13.63 26.0 49.3 1237 57.67 100.67 54.97
M,T, 42.8 12.77 24.67 473 12.23 59.0 101.0 53.06

_ M,T; 44.03 12.57 25.33 44.83 12.47 59.33 102.33 57.5
M, T, 17.43 5.73 5.33 4.23 1.13 0 0 0
M,T5 17.07 5.8 4.67 42 1.23 0 0 0
M,Ty 16.4 5.13 5.67 38 1.03 0 0 0
MyTs 45.06 13.77 2533 48.0 12.17 58.33 101.33
M,Tyo 44.93 13.3 25.67 44 87 12.33 58..33 102.0
M;Ty; 16.53 4.97 533 3.87 1.17 0 0
MyT1o 16.17 5.43 433 3.6 0.97 0 0
M,yTiy 16.9 4.83 4.67 3.23 0.93 0 0
M,Ty, 14.8 4.1 4.33 3.5 1.13 0 0
MyTs 15.23 4.2 433 3.63 1.03 0 0
M;T; 50.43 15.57 29.0 54.87 14.57 55.67 56.0
M,Ty, 44.17 12.73 25.67 43.57 12.57 58.67 102.3
M,Ts 49.8 14.7 28.33 55.07 13.9 56.68 93.0
MsTyo 14.0 3.93 4.0 3.37 0.93 0 0

CD(P=0.05) 1.276 0.5438 0.9975 2.7356 0.4900 NS 0.7404

* Days counted from the day of sowing for days to flowering and harvesting

Value ‘0’ represents absence of observation due to wilting of plants.
M;-seed treatment; M,-soil drenching; M;-Seed treatment + soil drenching and M4-Root dipping
T9-P.aeruginosa

T1-Trichoderma viride
T2-T pseudokoningii

T3-T viride
T4-T virens

T5-A.niger

T6-A.viridi-nutans
T7-Aspergillus sp.

T8-Mucor sp.

T10-B.subtilis
T11-B.cereus
T12-8B.polymyxa

T13-unidentified
T14-mutant of R solanacearum T18-P fluorescens (com)
T15-avirulent of R solanacearum T19- control

T16-T.viride{com)

T17-A.niger {com)

10121



163

From the Table 21 and 22. it is observed that, in the case of bnnjal. no treatments
could provide a better management of bacterial wilt disease as evident by the highest wilt
incidence recorded at 60 days of planting. k is also noted that, a better management was
noticed only up to 30 days in which T1 (T viride) recorded 37.5 per cent against cent per
cent in the check plot. The treatments T1, T2 and T5 which showed some performance

till 30 days, have also recorded 97.5 per cent wilt incidence at 60 DAP.

From the Table 23 it appears that. the treatments differed significantly over
control in the case of chilli.. Control plots showed cent per cent wilt incidence at 30
DAP, where as in treated plots, the maximum wilt incidence noticed was 47.15 per cent
that was in plot treated with commercial A.niger (T8) by seed treatment + soil drenching
method and 54.2 per cent incidence with commercial B. subftilis treatment (T 10) by root
dipping method. At the same time, minimum wilt incidence 29.15 and 38.85 per cent
were observed with T.viride (T1) and P.aeruginosa (TS) in seed treatment and soil
drenching method and root dipping methods respectively. The wilt incidence was found

to increase subsequently as the days progressed.

From the data presented in Table 24 it is also evident that, as far as the wilt
incidence is considered with different treatments, owest wilt incidence noticed in chilli
was 52.75 per cent with T. viride (T1) per cent which cannot”l;:considered as a very
effective control. However, when compared to the check plot where cent per cent wilt
incidence was noticed , it can be considered as a promising treatment in the management
of bacterial wilt. Other treatments found effective was with T.pseudokoningii (T2) and
P.aeruginosa (T5) which recorded 55.5 per cent wilt incidence. As far as the methods of

application are considered, these lowest wilt incidence were recorded in seed + soil

drenching method.

In the case of tomato (Table 25 and 26)also. same trend as in brinjal was noticed

as the treatments did not have an impact on control of bacterial wilt. Eventhough. the



Table:21 Effect of different treatments and methods of application on per cent wilt

incidence in brinjal at 15 — 45 days after planting

Per cent wilt incidence
Treatments | Days after transplanting (DAP)
15 [ 30 45
M, T, 225 375 72.5
M;T» 27.5 425 725
M T; 325 50,0 T7.5
M; T, 425 62,5 82.5
M, Ts 225 37.8 70.0
M, Tg 325 525 75.0
M;T, 275 475 85.0
M Ty 37.5 72.5 92.5
M, Ty 22.5 42.5 90.0
M Typ 30.0 52.5 8715
M, Ty, 715 | 1000 100.0
M-T} 250 725 97.5
M,T; 300 | 775 100.0
M.T; 50.0 71.5 95.0
M,T, 325 B2.5 100.0
M,Ts 375 75.0 97.5
M,Tg 50.0 82.5 100,0
M,T; 50.0 77.5 97.5
M, Ty 375 85.0 100.0
M,T, 450 75.0 100.0
M,To 52.5 85.0 100.0
M,Ty, 87.5 100.0 100.0
(P=%F)0 5 | 9994 | 9005 | 12159

M- Seed treatment + soil drenching
Mz- Root dipping
Mean of two replications
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Table:22 Effect of different treatments and methods of application on per cent wilt incidence in
brinjal under field condition at 60 days after planting

Treatments | o
reatments Per cent wilt incidence
|
|
Methods ‘ T T, Tz T, Ts Te T Tg T Tho Ty
|
]
M, 97.5 87.5 100.0 100.0 97.5 100.0 100.0 1000 100.0 100.0 100.0
M, 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

CD(P=0.05) 4.527

M. Seed treatment and soil drenching
M; _ Root dipping method
Mean of two replications

GOl



Table :23 Effect of different treatments and methods of application
on per cent wilt incidence in chilli at 15-75 days after planting

Per cent wilt incidence
Treatments Days afier transplanting (DAP)

15 30 45 60 75

M, T, 222 29.15 | 3605 43.0 52.75
M, T> 236 | 3192 | 432 5275 55.55
M, Ts 26.1 319 402 48.6 55.55

M; T, 33.3 41.6 54.15 59.7 61.1
M, Ts 194 | 3193 { 416 | 514 55.5
M; Te 33.3 45.8 56.95 61.1 62.45
- M, T, 2775 | 388 44.4 52,75 56.9
M, Ty 34.7 | 47.15 55.5 62.45 66.6
- M, Ty 2495 | 36.05 458 51.40 56.9
—Mle 30.5 | 4145 | 5415 59.7 70.8
—MIT.. 583 | 100.0 100.0 1000 100.0
- M,T, 29.51 | 43.0 | 54.15 62.45 65.2
M,T; 347 43.0 55.5 62.7 66.6
M,T; 3745 | 472 59.7 62.215 72.2
- M, T, 3745 | 539 65.25 72.2 722
- M,T; 29.15 | 38.85 | 48.55' 58.3 63.85
M. T 458 | 5275 | 63.85 722 76.35
MT, 3025 | 486 58.3 65.25 65.25
M, Ty 458 | 5275 | 62.45 66.6 73.55
MaT, 29.15 | 41.65 50.0 59,7 65.25
M, Ty 3885 | 54.2 59.75 72.2 72.2
M.T), 694 | 1000 | 100.0 100.0 100.0
_ﬁ,ﬁﬁ) 5 | NS | Ns | 7266 | 60776 NS

MI- Seed treatment + soil drenching M2- Root dipping

Mean of two replications

106



Table24. Effect of different treatments and methods of applicatien on per cent wilt incidence in chilli underField
condition at 90 days after planting

Treatments

Per cent wilt incidence

Tl T‘Z T3 T4 T5 T(, T‘,r Tx T9 Tl() T1]
M, 5275 55.55 99.7 | 60.6 55.5 62.45 56.9 694 569 70.8 100.0
M; 65.2 66.6 722 1 752 | 66.6 71.7 68.0 74.95 70.8 76.35 100.0

CD(P=0.05) 4.527

M;. Seed treatment and soil drenching

M _ Root dipping method
Mean of two replications

LUY
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Table :25 Effect of different treatments and methods of application on per
cent wilt incidence in tomato at 15 — 30 days after planting

Per cent wilt incidence
Treatments | Days after transplanting (DAP)
15 30
M T, 27.06 77.08
M;T, 33.33 77.08
M;T, 39.56 87.48
M T, 39.55 93.74
M, Ts 2706 72.88
M;Tq 354 83.3
M, T5 27.16 75.68
M; Ty 43.75 05.74
M, Ty 27.08 75.68
MiTio 4371 854
M TH 1060.0 100.0
M,T, 4375 01.66
M.T; 4371 093.74
M,T; 458 97.91
M;T, 56.24 100
M,Ts 43.75 9]1.66
M, T 54.16 9791
M,T> 41.6 95.83
M, Ty 583 100
M,Ty 45.8 93.71
M,Tg 50.0 958
M,Tyy 100.0 100.0
CD
(P=0.05) NS 6.66

M -Seed treatment + soil drenching
M;-Root dipping



Table: 26 Effect of different treatments and methods of application on per cent wilt incidence in tomato under

field condition at 45 days after planting

Treatments

Per cent wilt incidence

Methods T, T, T3 Ta Ts Ts T7 Tg T Tho T
M, 93.75 g5.83 100.0 100.0 91.65 100.0 97915 100.0 97,915 100.0 100.0
M, 100.0 100.0 100.0 100.0 100.0 | 100.0 100.0 100.0 100.0 100.0 100.0

CD(P=0.05) 4.527

M. Seed treatment and soil drenching
M: - Root dipping method
Mean of two replications

601



110

rreatments T3 and T1 which showed some effectiveness at 15 DAP recording 27.06 per
cent wilt incidence against cent per cent in control plots but recorded, 91,635 and 93.75 per
cent wilt incidence at 45 DAP. Cent per cent wilt incidence was noticed in all treatments al
6 DAP. From the above findings, it is evident, that treauments with apy antagonist in
susceptible varicties, especially. Pusa Purple Long and Pusa Ruby cannot provide a control

ol bactertal wilt pathogen.

Ax the results obtaimed rom the above veatments could not provide any beneficial
cffect. another experiment was Laid out using a moderately resistant variety of tomate
CMukthi o improve the resistance mechanism with antagonist treatments. The results are

presented in Table 27 (Plate 7).

FFrony the data (Tuble 273 00 is ubserved that, the geatment Toviride (T1) followed
by treaments psceudokoningii (T2) and P.aeruginosa (T5) were effective in controlling
the disease o minimum extent recording 50, 58.3, 58.3 per cent respectively at 75 DAP.
OF these, Toviride was Tound o give the lowest will incidence at all intervals and recorded
the minimum of 30 per cent discase incidence at 75 DAP uagainst cent per cent wilt
incidence in control plots, From the table it 1s also noted that, eventhough wilt incidence
were 30 and 538.3 per cent in Tviride (1) and Poaeruginosa (T3) treatments, wilt index
recorded were only 33.3 per cent showing a good elfect of the antagonists. So. it ¢cun be
concluded that a combined effect of host resisiance and antagonist are necessary to uchieve

better munagement ol hacterial wilt in nataral condlition.

The effect of ditterent treatments in influencing biomeuric characters and yield in
bringad 1s presenied i Tuble 28 From the wble icis clear that, at 30 DAP, wmony the

weubments, Toviride CULy showed the maxinwm plant height of 18 em.

In the case of chilli (Table 29y all wreatments were ¢lfective in enhancing the
growth characters when compared to control at 30 DAP. Of these, the maximum height of

17.25 em was recorded in treatment with commercial Toviride (T7). As far as the treated



Table:27 Effect of different treatment on per cent wilt incidence in tomato var. Mukthi under field condition

Per cent wilt incidence
Days after transplanting (DAP) Per cent

Treatments wilt
15 30 45 60 75 index

T, 0.0 (0.206) 83 (0313) | 24.95(0.517) | 41.65(0.700) | 50.0(0.785) 333

T, 0.0(0.206) 16.6 (0.420) | 41.65(0.700) | 58.3(0.870) 58.3(0.870) | 36.65

Ty 16.65 (0.410) | 33.3(0.615) | 50.0(0.785) | 83.3(1.150) 83.3(1.150) 533

Ta 16.6 (0.420) | 41.65(0.700) | 58.3(0.870) | 74.95(1.052) | 91.65(1.257) | 65.0

Ts 0.0(0206) | 2495 (5.517) | 41.65(0.700) | 50.0(0.785) | 583(0.870) | 333
Ts 0.0(0.206) 83(0.313) | 24.95(0.517) | 50.0(0.785) 66.6(0.955) | 34.95
T, 83 (0.313) | 33.3(0.615) | 41.65(0.700) | 58.3(0.870) | 74.95(1.052) | 61.65

Ty 83 (0313) | 24.95(0.517) | 33.3(0.615) | $8.3(0.870) | 74.95(1.052) | 533

T 83 (0313) | 41.65(0.700) | 58.3(0.870) | 74.95(1.052) | 91.65(1.257) | 48.3
Tio 8.3 (0.313) 41.65 (0.700) 50.0(0.785) 74.95(1.052) 83.3(1.150) 59.95

Ty 16.6 (0.420) 41.65 (0.700) 74.95(1.052) 91.65(1.257) 100.0(1.365) 78.3
CD{(P=0.05) NS 0.245 NS 0.246 0.244 20.99

Mean of two replications
Figures in parenthesis are transformed values

I



Table:28 Effect of different treatments on biometric characters of brinjal under field condition

Plant hejcht Number of .
Treatments (cm) leaves Days to Days to Number of F!ﬂ.llt
30DAP | 60DAP | 30DAP | 60DAP flowering harvesting fruits/plant wt/pt(g)

T, 18.0 38.4 9.5 38 53 85 3 100

T 17.0 37.0 9.0 35 54 85 3 100
T, 16.85 - 9.0 - 55 - - -
T, 16.1 - 9.0 - 57 - - -

Ts 17.05 37.5 8.5 36 52 - - 100
Ts 16.6 - 8.5 - 53 - - -
T 17.95 - 10.0 - 53 - - -
Ty 15.95 - 8.5 - 57 - - -
T 17.65 - 9.5 - 52 - - -
Ty 16.5 - 8.5 - 56 - - -
Tn 16.0 - 8 - - - - -

[

Mean of two replications

represents no observations due to wilting of plants

¢ll



Table: 29 Effect of different treatments on biometric characters of chilli under field condition

Treatments Plant height (cm) Number of leaves Days to Days to Nufrrnul;fsﬂ of | kit
30DAP | 60DAP | 90DAP | 30DAP | 60DAP [ o0DAp | flowering | harvesting | | wiUpt(e)
M, T, 170 | 2963 | 3783 | 195 | 5925 | 12075 | 5425 8525 20.0 29.15
M,T. | 1785 | 20.08 | 37.53 | 1925 | 9.0 | 11225| 550 850 27.5 27.95
MT; 170 | 2623 | 363 | 180 | 590 | 1195 | 5475 8525 25.75 372
M, T, 159 | 251 | 354 | 1675 | 5525 | 107.0 | 5525 855 235 2408
MTs | 1778 | 2886 | 37.8 | 195 | 590 | 1200 | 5475 8525 26.75 28 88
MTs | 1602 | 259 | 3425 | 1725 | 555 | 109.75 | 5575 88 25 230 2503
MT, | 1822 | 300 | 381 | 200 | 61.0 | 12435 | 5425 84.25 27.75 2838
M, Tg 159 | 2495 | 339 | 1725 | 545 | 10425 | 555 8475 23.25 2513
M(Ts | 17.35 | 2965 | 369 | 180 | 575 | 12175 | 540 84.5 27.75 2938
MTi, | 165 | 2783 | 3608 | 175 | 365 | 1025 | 5625 85.5 245 26.68
MTy, 15.1 ] - 14.0 - - - i i -
(P:%")OS) 06572 | 0.6183 | 13219 | 0.9903 | 2346 | 5919 | 1153 NS 21951 | 3332

‘-* represents no observations due to wilting of plants
Mean of two replications

Eil



plots are concernied, commercial Towride recorded the maximum plant height (38.1em),
number of leaves (124.23) and conmercial Pfluorescens showed early flowering (54.0
days) and maximunt number of fruits (29,05, Both commercial T viride and commercial

I fluorescens recorded highest [ruit weight 129.38g).

In tonuito (Fable 303 amony the treated plots. maximum plant height (28.6 ¢m)
was recorded in treatment comercial Popfnorescens while maximum number ol leaves

CELOY sas noticed i Foviride (T at 30 DAL,

[n the case of moderately resistant variety Mukthi (Table 31) ueatment Tl
(7 viriddey was Tound to enhance all the biometric characters and yield as compared 10
control as well as other treated plots. [ recorded for the maximum height (37.3cm) of the

plant, number of leaves (43.5) and also the highest yield (1705.0g).

Study on rhizosphere microflora population was conducted in chilli, brinjul and

tomato ai 30. 60 and 90 days ol planting and the results are presented n Fable 32 and 34.

From the Table 32 1t is evident that. the microbial population varied among the
teatments. However, no considerable elfeet was noticed on population with ditferent
nethods ol applications in brinjal. An icrcase in total microbial population were noticed
wilh days after plaming whereas i the case of K. sofanacearum the population was found

Lo nerease upto 60 dayvs of planting wnd found to decrease towards the fug end of the crop.

[t 1s obscrved from Table 33 that, microbial population varied with ditterent
treatments and was also found mereasing with days after planting in chilli. Maximum
population of the micrellora was observed at 90 DAP in commercial P fluorescens treated
plots (19). And in the cuse of methods of application, considerable difference was noticed
only 1n case of bacterial population. in which root dipping was found (o enhance (he
population, In the case ol Rusolanacearnn also, o tremendous increase in population was

noticed with increase in days after planting.



Table:30 Effect of different treatments on biometric characters of tomato under field condition

Treatments Plantslaeri)g:;, (em) NumgBrD(iIl)eaves Days to flowering
T, 28.5 11 52
T2 56.2 10 54
Ts 24.1 9 54
T4 26.5 9 56
Ts 24.0 9 56
Ts 22,6 8 57
T4 28.5 9 53
Ts 28.0 9 57
Ts 28.6 10 49
Tho 235 8 53
Tll = - -
CD(P=0.05) 2.459 1.545 3.708
L |

‘-* represents no observations due to wilting of plants

SLI



Table:31 Effect of different treatments on biometric characters in tomato var. Mukthi under field condition

Treatments Pfalzta};;lght Number of leaves | Days of flowering | Days of harvest | No. of fruits/pt Fruit (}:; ld/pt
T, 57.3 43.5 49.0 82.5 53.150 1705.0
Ty 55.1 42.5 50.5 81.5 55.350 1671.0
T5 48.1 32.0 53.0 84.0 45.55 1305.0
T, 46.9 17.0 56.0 86.5 29.85 911.5
Ts 529 41.5 52.5 81.0 50.16 1557.5
Ts 53.35 42.5 52.0 82.5 49.3 1543.5
T4 55.35 43.5 49.5 81.0 52.6 1695.0
Ty 49.65 30.5 33.0 84.5 39.55 1014.5
Ty _ 43.75 25.0 54.5 87.5 24.35 918.5
Tio 40.25 16.5 58.5 83.5 31.45 983.5
Ty 34.35 15.0 57.5 84.5 6.0 270.0
CD 6.478 4.00 NS NS 7.05 126.5

Mean of two replications

T'o o bommvertherigrregoe il mmad b

—_
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Table:32 Effect of different treatments on microbial population in brinjal rhizosphere soil under Neld condition

Days after transplanting (IDAP)

- Fungi Bucteria Actinomyeeies R.solanacearum
I'rcatments (10" cfule) (10" cfu/g) (107 clufg) (10" cfu/e)
30 60 90 30 60 90 30 60 90 30 60 90
. 35 4.5 9.5 14 24 17 23 I 23 18
MT, (0.540) | i0.651) {977 | (1.145)  (1.380) BLCLATH) 182300 sy | 1.3617 | «1.04u) | (1.398) (1.27%)
LT 65 1 63 13 3.5 13 25 3.3 10 It ] 17 20.5
e (.812) L ansI2y | 1060 L 0540) 0 1.1 (1.39%) {0.540) (0998 | wowsy 1 o0998) L U.230) {1.312)
MU 3 12 7.3 11 27 a4 4.5 HES R} 10 21 21
s (0.477) (L1501 0.874) | (1.04y 1 (1431 (1.531) (0.631) (LO60) | (1.322) L o0998) | (1.322) (1.322)
M.T 4.5 5.5 6.5 16 27 37.5 1.5 6.5 9.5 4.5 24.5 215
e 0.651) | (0.739) | (0.812) | (1.203) | (1.431) (1.574) Q.45 0812y | 0977 | 0.651) | (1.389) {1.332)
M.T 2.5 5.5 7.5 20 19 39 215 2 10 4 36.5 19
s (0.389) | 0.739) | (0.874) | (1.300) | (1.278) {1.591) (1.332) (1.078) | w998 | .602) | ¢1.550) (1.278)
35 35 11 8 18 28 45 11 7 5.5 25
M, T, 23¢1.361)
(0.540) | (0.540) | (1.040) | (0.900) | (1.255) (1.447) (0.651) (1.040) | @0.841) | 0.732) | {1.398)
MLT 1 3 8 7.5 27 36 2 7.5 11 3.5 33.5 38
v (0.000; | 0.477) | 0.900) | (0.874) { (143D (1.556) (0.301) (0.874) | (1.040) | (0.540) | (1.525) (1.580)
M.T 3 4.5 8 10 33 345 11 10 6 8.5 34.5 22
1h# (0477 | (0.651) | (0.903) | (0.998) | (1.518) (1.537) (1.040) (0.998) | (0.778) | (0.929) | (1.538) (1.342)
M.T 1.5 35 9 12 32 43,5 1 9 15.5 9 i7 18 -
1o (0.151) | (0.540) | (0.952) 1 (1.078%) | (1.505) | (1.638) (0.000) 0952) | .19 | (0.952) | (1.230) {1.25%)
M.T i 3 8 14.5 34 25.5 3 [ 1 y 27.5 19
e (0.000) | (0477) | (0.900) | (L.161) | (1.531) (1.406) (.452) (1L.040) | .oy | (0.954) | (1.439) (1.278)
M.T 3.5 4.5 10 19 19 44.5 20.5 i3 1.5 15 24.5 24
e (0.540) | (0.650) | (0.998) | (1.278)  ().278) (1.648) (1317 (1.175) | (1.06(y | (1.380) | (1.538) {1.322)

Ll
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E

19

-

M| S0 19 44.3 205 15 TE 24 M5 ]
s CL 03880 | (0.651) C (1L060) | (1040} © (1398 b (1537 (L0300 | (0.998) | (0812) | 0778y | (1979 | (1.290) ]
M.T. 4.5 2.5 12 12 27 37 5.5 125 |33 8.5 10.5 19.5
S Lwwaesny | 0380 o7y | (1078) | a3 Log1sesy L0739 1 097 | (0739 | (0.929) | (L021) | (1.290)
M-T. 3.5 1.5 L5 8.5 18.5 3% 1 65 16.5 (0.5 1.5 225 29.5
- (0.540) | (0151) | (0.929) | 0.929) | (1.266) | (1.591) 0.812) | (1.217) | (L.021) | ¢1.060) | (1.352) | (1.469)
MLT, 3 5.5 L1 to 185 . 28 8 8.5 7.5 9 19 1y
o | (0.477) | (0.739) 1 (1.040) | (0.998) | (1.267) | (1447 (0.903) | (0.929) | (0.874) | (0.952) | (1.278) | (1.278)
M. 45 | 75 14 14 205 32 2.5 13 21 10.5 8.5 2
o CWL63L) 5 0874 | (1L145) | (L14S) b (312 | (dS08) | (0389 | w3y | (1.322) | (1021 | (U929) | (1.322)
M.T, 35 | 85 13.5 13 233 ¥ as 9 13 8.5 17.5 21
A {0540y | (0739) ¢ (1.130) | (1.113) | (.37 | (153D (0.650) | 0.954) | (L1130 | (0.929) | (1.243) | (1.322)
LT, 1.5 7.5 10 1.5 18 38.5 19 7.5 16 7.5 31 IR
| @15y | U.874) | (0.998) | (1.oGtH | (1.255) | (1.767) (0278) | (0.874) | (1.203) | (0.874) | (1.491) | (1.255)
VT 2 6.5 8.5 10 27 47 13 20 15 14 205 17.5
S L 0.301) | (0.812) 1 (0929) | (0.998) | (14313 | (0672 (LU3) 4 (L300) (1173 | (1L145) | (1.312)  (1.243)
Mo, |49 7.5 6 13 30 40 2.3 2] 28.5 125 | 285 20.5
i : D631 0874 | (0772 1 (L113) | (14770 1 (L602) 1 (1.389) 1 (13223 | (1455 | (097 o (1455 | 1312
| T 35 ] 55 9 15 35.5 44 I (7 Al 25 225 19.5
|t (0.540) (0739 ¢ (0.952) | (1.175) | (i.350) (1.643) (000) | (1.230) | (1491 | (1.398) | (1.352) | 1290y |
MLT,, 25 | 85 14 t7 29 59 17 20.5 30.5 23.5 20.5 I8
S (0.389) f (0.929) | (1.145) § (1.230) | (1.462) 1 (L771) (12230) | (1.312) } (1484 | (1.371) | (1.312) | {1.255) |
(pii.r{))s) 0.2062 | 0.1846 | 0.0480 |0.0342 |0.0274 |0.0250 0.1445 0.0607 | 00672 100637 |0035 | 0.0300

Mean of two replications
MI Seed (reatment + soil drenching method
M2 Roaot dipping method
Figures in parenthesis arc transformed values
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Table:33  Effect of different treatments on microbial population in chilli rhizosphere soil under {ield condition

~ - Days after transplanting (DAP) ) s
B Fungi Bucteria ' Aclinomycetes R.solanacearum :'
Treutments m(i)-‘cfu;g) {107 cfu/g) (10" cfufg) (L0 cfu/u)
| 30 | 60 90 30 60 90 0 | 60 90 00| o0 90 1
- s T45 I 16 205 31 25 | 6 R TS 15 25 ]
S L0451 | {0.651) J.040y | 203y | (L312) b (L4917 (0389 | (0.972)  (L18) ) 18.203) | (luem o 1337
T 35 065 12 l B 28 12 19 225 | 17 8.5 35
o D 0.340) @081 L7804y D (1283) ) (1447 L L078) | (L278) 1 (LASD) D a1230) | w99y o d1d06)
AT 3 4.5 10 ' 17 32 3.5 125 1 205 85 i 9.5
L 04770 (0.651) | ©998) | AaHm | (1.230) | (1505 | 0san 1 (L097) | (31 L 0929) | Loy | dagn |
T 45 6.5 L 1S 24 33 5.5 75 17 215 29 25 |
S .05 | @812) | (.040) | 1.060) | (1.380) | (1.518) ! (0.73%) | (0.874) | (1.230) | (1.332) | (1.462) | (1.39%) |
M T 5 8 15 25 24 38 1.5 10 17.5 12 65 29|
: (0.690) | (0.900) | (1.175) | (1.398) | (1.380) | (1.580) | (0.151) | (0.998) | (1.243) | (1.078) | (0.812) | «1.462) |
LT 5 8 8 9.5 15 27 5 13 21 15 I 2]
e (0.699) 1 (0.903) | (0.900) | (0.977) | (1.175) | (1.43%) | ©.690) | (1.113) | (1.322y | (1.175) | (1.040) | (1.322)
M T 5 1t.5 9.5 12 14 26 9 7 27 17 19 23.5
o (0.389) | (1.o6y | (0.977) | (1.078) | (1.145) | (1.415) | ©952) | (0.841) | (1.431) | (1.23%) | (1.278) | (1.371)
MT 8 9.5 115 17 17.5 35 115 125 30.5 135 30 TR
E (0.500) 1 (0.977) | (LOGOY | (1.230)y | (£.243) | (i.544) | 1.060) | (1.097) | (148%) [ (L1130 | (1471 | (1.322) |
M a5 1.5 g 12 21 25.5 2.5 21.5 25 9 12 345
1Y (0.650) | (LO60) | (0.900) | (1.078) | (1.322) | (1.406) (0389) | (1.322) | (1.398) | (0.952) | (1.078) | (1.537)
MT 2.5 10 9 12 23.5 41 21 17.5 21 1.5 13 28.5
e (0389 1 (0.998) | 0.954) | (1.079) | (1371 | (1.613) | 11.322) | (1.24%) | (1.322y | 1060y | (L.113) | (1.455)
MLF 6.5 1 14 17 27 38 1.5 21 18.5 21 25 245
e C(0.812) | (1.040) { (1.145) | (1.230)  (1.431) | (i.580) | (015D | ¢1.322) } (1.266) | (1,322) | (1.398) | (1.388) |

bil



I v 15 55 9 T S R TR R R b E R A A VI -
T L I00S) L 0739 | (0952) | (1332) | (1.230) | (1.023) | 0RI2) c (L097) | (12300 | (0.952) | i1.060) | (1.352) |
Mt 37 8.5 T 205 | 37 ERERE ‘ 20 8 | T 95 |
T AATT 084 L (0.929) | (1.040) | (1.312) | ¢d.568) L (09000 4 ¢1.203) | (1.300) | (0.9000 | (1.040) | (1.289) |
M1 s 75 b 1o 17 23 26 70 9 | 7s 55 s 235
6w 0874 | ©998) | (L2301 (1301) | (4l | @M | 097D | ©8T) | 0739 | (L175) | (1371
MLT, a5 3 10.5 14.5 135 35 S 205 T 10 35 1 w7 o
T L eSh § (0.452) | (1021 | (161 | (L175) | (1544) | (1.060) 1 (1.312) § (0.998) | (1130} | (1.230) | (1.462)
M.T. 5.5 8 1.5 19 27 3 I oas s ] ow 9 9 ] 25
U @73 | w900y |06 | (1.278) | (1430 | (159 L 0389 1 (097) 1 0903) | (0.952) | (0952) | (1.39%) |
M, 35 ¢ 111258 I8 25 36.5 4 143 65 95 | 205 8
©530) | 0010 1 0097 | 0255 | 4w | sen | osss | aaen | o8y | 9 | s12) | (1.253)
M., 25 12 11.5 B 103 27.5 5.5 25 s PLs s s
(0.389) | (1.078) | (1.057) | (1.900) | (1.02D) | (£.439) | (0.739) | (3.398) | (1.060) | (1.060) | (1.175) | (].080) |
M 55 1 85 85 20 16 285 T T B T Y 16
- (0.739) § (0929) | (0.929) | (0300) | (1203) | 145y | (1030) | (1L32Y)  1L078) | (099%) § (1.230) | (1.203) |
M1, E 9.5 14 285 5w s 27 i 125 R
: | 0.772) © (JO78) § (0.977) | (1.143) ¢ (1435 L boan) [ o090 | (1332 1 1A3) G (L0400 L (1.097) | b i3
MU 3.3 95 1 115 16.5 18 34 1.5 185 | 20 {2 i5.3 T
2 05400 | 0977) | (.060) | (1217) | (1.25%) | (1531 § 1043y § (1207) | (1.300) ) (1.078) | el 19 g (1145 |
M.T,, 55 1 14.5 19 28 a6 255 | 255 21 | 185 32
- (0.739) | (1.040) | (0.161) | (1.278) | (1447) | (1.063) | 0.957) | (1406) ; (L406p | (1.322) | (1.267) | (1.505)
CD
0.05) NS 0.138 | 00976 | 00708 | 00209 | 0.0268 | 02185 | 00870 | 00669 | 0.0958 | 00702 | 0.055

Mean of two replications .

M1 Seed treaiment + soi! drenching method
M2 Root dipping method

Figures in parenthesis are transformed values

0¢I
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In case ol tomate, it is also noticed that (Table 34). total microflora population
varied with dilferent treatments. However, methods of application had no effect on
population. 1t is also observed that, microbial population was found increasing with days
alter planting. But, the Rosolanacearan population showed a trend of decreasing with days

alter planting.



Table:34  Lifect of different {reatinents on microbial population in tomata rhizosphere soil under field condition

Days after transplanting (DAP) ——
N FFungi Bacteria Actinomyeetes R_solanacearum
[rearments (o’ cluiy) { 1ot clu/g) L1 elute) (o’ clufa)
[ U R R 30 60 90 30 60 90 30 B0 90
M. T | 75 12 7 1t 14.5 11.5 125 8 15 12.5 12 22 135
B L (0.874) | {1.078) | (1.040) | (1.161) | (1.080) | (1.097) | (0.900) | (1.175) | {1.097) | {1.078) | (1.342) | (1.130)
M. 1 78 1 125 | 13 20 27 25 7 27 15 10.5 18.5 15.5 |
N (0874) L (1.084) 1 (1.113) | (1.300) | (1.431) | (1.398) | (0.841) | (1.431) | (1.175) ! (1.021) | (1.241) | (1.190)
| M1, 7 75 9 47 51 47 4.5 18.5 9 8 17.5 ‘ 14
Y1 {0.841) | (0.874) © (0.952) | (1.672) | (1.707) | (1.672) | (0.651) | {1.190) ! (0.954) | (0.900) | {1.243) | (1.145) .
ML | 35 | 55 ' 20 255 25 355 65 20 | 20 13 21 ] 13
Y2 {0.540) | (0.739) . (1.300) | (1.406) | (1.398) | {1.538) | {0.812) | (1.300} | (1.300) | (1.113) | (1.322) | 91.113)
M, T b4 3.5 8 17 32.5 42 11 23 29.5 14 156.5 ‘ 26
T (0.588) | (0.540) | (0.900) | (1.230} | (1.512) | (1.623) { (0.040) | (1.362) | (1.470) | {1.145) | (1.190) | (1.415)
MLT 2 35 6 23 30.5 34 8 13 15.5 8.5 13 12.5
e (0.301) | (0.540) | (0.772) | (1.361) | (1.484) | (1.531) | (1.900) | (1.113) | (1.190) | (0.929) | 91.113) | (1.097) |
M.T 45 3 35 15 21.5 28 9.5 17 14.5 11.5 19 125
- (0.651) | (0.477) | {0.540) | (1.175) | (1.332) | (3.447) | (0.977) | (1.230) | (1.161) | (1.060) | (1.278) | (1.097)
M.T 35 1.5 4 32 27 25 10 21.5 7.5 9 16.5 14.5
s {0.540) | {0.151) | {0.588) | (1.505) | {1.431) | (1.398) | (©.998) | (1.332) | (0.874) | (0.952) | (1.2170 | (1.161)
M.T. 4.5 2 5 27 35 41 5 27 8 6 13 14
v (0.651) | (0.301) | (0.690) | (1.431) | (1.544) | (1.613) | (0.690) | {1.431) | {0.900) ! (0.778)} | {(1.113) | (1.1486)
M.T 15 35 5 28 36 50 20.5 305 15 6.5 11 125
P (0.151) | (0.540) | (0.690) | (1.447) | (1.556) | {(1.699) | (1.312) | (1.484) | (1.176) | {0.812) | (1.040) | (1.097)
MT 10 8 19 28 34 47 15 30.5 22 125 22 28
t (0.998) | (0.900; | (1.278) | (1.447) (1531} | (1.672) | (1.175) | (1.484) { (1.342} { (1.097) | (1.342} | (1.447)
ML 45 7 10 15.5 17 20 10.5 215 17 95 215 20
L 0 1 (0651) | (0.841) | (0.998) | (1.190) | (1.230) | (1.300) | (1.021) | (1.332) | (1.230) | (0.977) | (1.332) | (1.300) J

¢cl



0.0433 0.0433 0.0327 01073

{ w7 5 1 12 [ 25 [ 258 T _éé__"T '%fé"}_“TEET'{_ 205 | 8 T 20
T U 0841} 0 (0.690) | (1.078) | (1.398) | (1.406) - (1.415) , (0.812) . (1.217) ' (1.312) | (0.900) 125Rl__ (1.300) |
| A 8 6 9 32 29 1 22 b3 |21 1 345 ] 17 27 | 19
Lo . 10900) (0772) | (0.952) | (1508) | (1. 4621 L a 342) |1 113 3(1 322y | (1.532) | (1230} | (1.431) ! E]ngg]J
M. |6 8 9 21 } I 24 | 125 15 156 | 30 !
l R g07723 {0.200) | {0.952) | (1.322) g1380)] Lﬁ_ﬂ? (1278 | {(1.380 1097 1175 !1190)}_11477Ld
M 7 6.5 28 36.5 ! 135 19 185 |
| % ynsg_lugi_a41) {0.812) | (1.447) | (1.562) T_Lﬂgggy | © 47?1_¥Jﬁ 130) | L_ﬁgo 1.278 jljggj L;_Fall
5 32 36 39.5 ‘: 12 20
l___:f I§06511 (0 ?72l__106901 | {(1.505) | {1.556) | (1597) 095%L g 0929 (1.078) 1267L__L_§0 |
. . 385 T 7 23 ! 7 11 17.5
| MY osag) o j0.841) (1.361) g1447)] © 77 L 151 L11361 (.841) | (1.342) | (1.243)
25 | 15 25 22,5 19 9 11 19
___fffs___lﬁ@lgggljm(0151) ) (1.398) _LL552 ] LljS LA_Q_LJELyQ?BI_ 0.952 mqggl__ljzvs)]
[ Mo | 35 T 35 37 37 ] 135 315 | 155 55 18 | 205 |
F_,;_'fl___L(QéﬂgL”_ELEEQL'_LL‘lEJ Jj_iﬁﬁl.r.ﬂ_ﬁ_)_A_LhﬁﬁBL._11130 (1498}_Llj;3¥2_;_ﬂl1§91ﬁ itzéélJ_(Lﬁl?L;
RV T . 1 28 38 \ 5.5 i 1y a7 7 14.5 23
P {0.952) ~ (0.690) | (0.977 (Oof?lﬂ_(1447) (1.531) | (1,580) | g07§ﬂL4 (1.040) ' (1.230) | (0.841) ; (1.161) ! (1. 5
| A P95 10 ] 855 28 1 87 | 225 2223
fﬁn.;;,iL,__L“ﬁ19721_;f0‘99§l__11-113) ‘ (1.550) | (1447} | (1.568) | 1.3
CD }
0.05 0.198% | 0.3407
L

Mean of two replications

M Seed treatment + seil drenching method
M2 Root dipping method

[foures in parenthesis are transformed values

i A

3
(1.352) | (1.352) | (1 22;{ (0.
0.0581 | 00820 : 00687 0595

A
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5. DISCUSSION

Bacterial wilt caused by R.solanacearion is a globally distributed disease, affecting
more than 200 plant specics including many economic important families, particularly
Solanaceae which includes tomato, brinjal and chillies. It has been ranked as most
important disease because of its destructive economic impact. The warm humid tropical
climate and acidic soils of Kerala are conducive for the development of bacterial wilt.
Crop loss upto 100 per cent have been reported in the susceplible varieties ol solanaceous
crops. The causal bucterium, Ralsronia solanacearwm, is soil borne and very difficult (o
control because of their multiplication, both phenotypic and genotypic diversity and
continual persistence in soil. Though chemicals offer certain degree of protection against
the pathogen, chemical control has its own constraints such as the cost factor, pollution etc.
Breeding for resistance was considered as best control strategy which are also found
fluctuating due to the extreme variability of the pathogen.  So, there is a considerable
interest in manipulating the soil conmunity 1o achieve the biocontrol of this soil borne
pathogen.  During recent years, plant pathologist all over the world give emphasis on
biocontrol methods in combating crop discases and it is also becoming an important

component of plant disease management.

A perusal of literature revealed that, much emphasis has not been given in Kerala
s0 far, for the biocontrol of bucterial wilt pathogen using microbial antagonists. In view of
the above facts and considering the timportance of bacterial wilt disease in Kerula, the
present investigation was carried oul o study the effect of biocontrol of bacterial wilt,
which will add 1o our knowledge especially about (he control of the pathogen with
microbial antagonists. Even though bacterial wilt disease is a serious problem all over
Kerala, the present study has been limited 1o only two locations viz. Vellanikkara (Thrissur
district) and Ozhalapathy (Palakkad district) representing high wilt incidence and low will

incidence arcus respectively. The awempt 1o estimate the population of R.solanacearunt in
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these areas revealed that Vellanikkara soil recorded highest population of the bacterium
ranging from 1.8 (@ 6.3 x 107 cfu/g soil whercas in Ozhalapathy soil | the R.solanacearum
population was only 1L.O1 - 3.0 x 107 ¢fufe soil which indicate the main reason for the high
and low incidence of bacterial wilt in (hese arcas, Further, the studies on soil type, soil pH
and soll emperatwe also provided cnough explanation 1o support this factor.  In
Vellanikkara, the main soil type was luterite loam with soil tlemperature of 44.4 (0 45.6°C
and soil pH ranged from 6.3-6.9 whereas, in Ozhalapathy, the main soil type was black soil
with o pl ol 7.4 =7.7 and temperature ranging from 26.6 = 27.7°C. Henee, itis clear that.
soil type as well as the acidic nature ol the soil and high soil temperature are the factors
which lavour the erowth of R.solancaccarwin population in Vellanikkara soil leading 10
high wilt incidence. This view is supported by the findings of Chupp and Sherf (1960)
who reported that, bacterial wilt inlection oceurs in dry soil and the diseasc 1s serious in
red laterite soil. Keshwal er al. (2000) also observed that, clay soil harboured maximum
population of bacterial wilt pathogen. Shekhawat et al. (1978) reported thal, the bacierial
will of potato was more widespreud in heavy and acidic soil {(pH 3.5 (0 6.9) than in light
and neatral {(pH 6.5 to 7.5) to alkaline (pH 7.5 to 8.5) soils. Hingorani ¢r af. (1956) noted
that, increase in soil temperature from 21 1o 35°C favoured the development of bacterial
will of poltato.  Acosta ef «f, (1964 had also noticed that, tomato bacterial wilt infection

wis Inore severe during the summer at liigh soil temperature.

Isolation of the pathogen from wilted plaﬁls of brinjal, chilli and tomato from these
two locations showed typiecal colonies of Roselanacearum with circular, smooth, raised.
creamy white with pink centre and with entive margin on TZC medium. The inoculation
with the bacterial suspensions of ditferent isolates of R.solanacearum on the respective
hosts established the pathogenicity of the organisms and the inoculation of (he isolates on
dilferent hosts indicated the cross inoculable nature of pathogen. As the main aim of the
present study was the management of bacterial wilt pathogen using microbial antagonists.
atempt was made to isolate the microorganisms from the rhizosphere soil ol healthy

solanaccous plants of Doth susceplible and resistant varieties. Rhizosphere is the zone
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where interactions between soil microorganisms and plants wkes place. It is a region of
intense microbial activity driven by root exudution (Bowen and Rovira, 1999). Benelicial
free fiving bacteria can be found among them. (Chanway et al.1991). Addiuonal care was
taken to isolate the organisms from solarised and forest soils also.

As lar as the locations were considered. maximum microbial population was found in
Ozbwapathy arca. The alkaline mature and Tow so1l temperature might be lavouring (he
microbial growth in this arga, With respect to the varieties. resistant variety ol ditferent
hosts showed high population than the susceptible ones. The |){)s$il)lc explanation for such
association of high microflora in the resistant genotype may be due o the high content of
polysaccharides in the root exudates which favour the microbial growth or has got a direct
action on the preferential colonization of microorganism. Paul (1998) also noticed
inereased population of microflora in the resistunt genotypes of chilli, brinjal and tomato

than the suseeptible varicties.

Rhizpsphere microorganisms isolated were then tested against difterent isolates of
R.solanacesaran tor (their antagonistic property under in virro condition. The potential
antagonisls under i vitro studies were sclected and screened for their performance in pot
culture,  Promising antagonists in (his study were further tested for the management of
bacteriul wilt pathogen under ficld condition. The antagonists performed well in the finul

evaluation were selected and identified.

Fungal wntagonists were 1dentified bused on cultural and morphological characters.
The tylormation on these characters were compared with the descriptions documented by
vartous workers. For the identification ol bacterial antagonists cultural and various
bivchenucal characters were wken into consideration and were identified based on the key
described by the carlier workers,  Basic characters of the fungal and bacterial antagonists
observed in the present studies were in agrecment with the description of various workers.

Accordingly. the potential fungal antagonists were identilied as Trichoderma viride (F 30,
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chilli [ Qzh ), Tipsendokoningii (I 143, Forest soil), Toviride (F 29, chilli, VRa ), Aspergiflus
viridi-nuians (F4, womalo, Ozh), Tovirens (IF 100omato.Ozh), Toviride (F3.tomato, Ozh}, 1.
harzicnnm (F 1400 omato. Ery) Auges (15 141, tomato, Ery), Mucor sp.(F 142, lomato,
Fry) and the promising bacterial antagonists were Pseadomonas aeruginosa (B 4, lomato.
Ozhy P fluorescens (B 6, brinjal, Vkay Bocilins subtitis (B 124, brinjul, Vka ) B.cerens (B

125, brinjal, VRa) and B pedvieyve (319, challi, Geh).

The organisms isolated from different rhizosphere soils were lirst screened for their
antagonistic activity against Rosolanacearum under in vitro condition. Out of 90 fungi
isolated, 23 fungr showed antagonistic activity against the different isolates of tesl
puthogens.  Most ol them were Tound belonged 10 the species of Trichoderma and
Aspergillus ol which Trichoderma sp. were more effective. Among Trichoderma spp..
Toviride (Ozh) and T.pseudokoningii were the promising ones by recording @ muaximum
Antagonism Index value of 6000 and showed complete inhibition of all the six isolates of
Roclanacearum by its lysis and overgrowth type ol antagonistic property. Sinular
phenomena like complete covering ot pathogen and lytic nature of Trichoderma were
observed by D Ercole er af. (1984). The possible reason lor the lysis of the pathogen by 7.
psendokoningii may be due 1o the production of certain inhibitory metabolites as evidenced
by the presence of deep yellow colour in the medium, There is report on the production of
non-volatile sequisterpenc like trichodermin. dermadin, trichoviridin and the production of
[3-(1-3) glucanase, chitinase and protease enzymes which are also capable of degrading the
cellwalls of Rosolunacearnm. The mechanism of antagonisms by antibiosis and by the
cellutur lytic enzymes ol Tipyendokoningi is alrcady reported by Gayathri and Murugesan
(1994).  Similar to the result obtained in the present study, Silveira et af. (1996} also
reported dn vitro inhibition of Rusolanacearum by Topsendokoningti. In some cases, only
the overgrowth of the fungus was observed without lysis. which indicate direct antagonism
on the pathogen.  Added o them. 7% virens and various other species of Trichoderma
meluding commercial ones also exhibited antagonism against the test organism. Das of «f.

{2000} reported the antagonistic activity ol Toviride, Tovirens, Tharzianum against
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R.solatgcearion under dual culture. 1L is ineresting to note that, most of the Trichoderma

solated (rom Ozhalapathy areas were more antagonistic than Vellanikkara .

The next polenfiai fungal antagonists were Aspergiflus spp which showed
antagonistic .[)I'O])Cl'l}’ against  Rosedanecearmm mainly by its overgrowth mode of
antagonism.  OF these, A, niger showed betier antagonism against live iselates of the
pathvgen. Das ¢r af. (2000) observed the ellect of Adterrens on Rosolanacearmm. A search
thyough the relevant literature did not give any information about antagonistic property of
the aloresaid organisms ugainst Rosolanaceartm. Tt is also worthwhile to mention that, the
fungal species showing effective antagonistic property were all isolated Hrom the wilt
suppressive region of Ozhalupathy and Eruthyampathy, ‘This is in accordance with the
findings of Weller (1988) who observed that. suppressive soils were the sources of useful

Mmicroorgunisms.

On comparison with commercially available fungal antagonists like Tlviride,
Tharziconon and Andger also yielded good results against Rosolanacearnnr. A study
conducted to improve the antagonistic elficiency of the promising antagonists obtained in
the present study by Interspecific hybridization did not provide a better result than the
individual cultre. This might be due (o the competition among the isolates and which
might have nullified theie individual effect. Likewise, mutants ol different Trichoderma
sp. did not show any superior clfect than the original ones.  However, it is a novel
experiment with regind o the fungal antagonism. as these type studies are not conducted

sofar against the bucterial wilt pathogen.

Among the dilTerent bacterial organisms tested, only nine showed antagonistic
activily by exhibiting the lysis of the wst pathogen. Of them, P.aeruginosa showed the
maximum inhibitory effect against K.solanacearun with an Al value of 133.3 followed by

the commercial Pflorescens (Al value UL Bosubiilis isolated from Vellanikkara also
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showed inhibitory effect on chilli and brinjal isolates giving an Al value of 88.8 und 53.2
respectively. The lytic activity exhibited by bucterial antagonist is mainly due to their Iytic
crizymes. Moreover, the luorescent Pyendomonads produce iron sequestering siderophore
which can also inhibit the growth of pathogen,  Siderophore like Pyochelin, Pyoverdine,
Pseudobacting ferribactin, ferrichrome and Terroxamine are secreted by Psendomonads.

Bosubiitin produce antagonistic protein whicl are strongly inhibitory 1o bacteria.

In addition 1o these, B.polviyya, B.cerens and P fluorescens were also {ound
exhibiting lysis of the test bacteriunm. The possibility ol using P.aeraginosa, B.subiiliy,
B.polymyya, B.eereus, Pfluorescens as bioagents was investigated with those results
reported by Furuya or af. (1997). Akbar (2002} also observed the antagonistic actuvity of
Pacruginosa against Rosolanacearmn under in vitro condition.  Sunaina e «f. (1997)
reported the antagonisi against Kosolvnaccarum of potate by Boebrilis and B.ceres.
Opina and Valder (1987) showed the existence ol antagonistic activity ol P.fluorescens
and Bopolvmvea against Royolanacearin,  Ciampl et al. (1996} obscerved that, the
siderophore like compound produced by P fleorescens was responsible for inhibition of
Rosoldanacearum and also reported its synthests is dependant on Fe™ levels in the culture
medium. Jeis also nteresting to note that, bacterial organisms isolated from the resistant

varieties ol brinjal (Vka) showed antagonistic reactions as compared to chilli and tomato.

The test conducted with an avirulent form of R.solanacearum exhibited beltter
antagonism by recording an Al value of 5344 on the virulent R.solunacearuin. The present
Mading is 10 agreement with Chun er «f. (1999) who also noticed that, avirulent strain of
Rosofanacearun is inhibitlory 1o viralent strain of tomato. The mutant ot” R.solandacearun
also showed its antagonistic property against two isolates of R.solanacearum supporting
the findings of Arwiyanto er af . (1994). However, Alice and Carlos (1996) observed no
mhibitory action of the mutant aguainst R.solacnacearmmn, In the present study, the attenuated

or heat kitled R.solanacearnm failed 1o show antagonistic property. But the inhibitory
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eifeet of heat killed cells of Rosofanacearnm on bucterial will pathogen was reported by

Singh (1997).

Studies on the antagonistic elfeet ol actinemycetes on R.solanacearun indicated
that.,out of 57 organisms tested. only four were inhibitory to the (est pathogen. Among
them. A 235 isolated fvom Ozhalapathy soil showed the highest Antagomsm Index value of
283, with bysis type ol antagonism, mwhich mechanism of antagonism worked will be the
samie s that ol bacterial antagonists,  Shanshoury er al. (1996) reported the i vitro
inhibition of P.solanacearim by Streptomvees mudabills. Moura er al. (1998) also

confirmed the antagonisiic activity ol acunomyceles against R.solanacearunt,

The results obtained so far from the above studies indicate that, the organisms
selated from Ozhalapathy soils are best antagonists which once again confirms that the
suppressive soils are the sources ol uselu! microorganisms for controlling the bacterial wilt
pathogen. It is interesting to note that, majority ol the antagonists were most effective
against chilli isolate of R.solanacearmn as compared to other isolates and the tomato
tsolate showed least response to the microbial antagonists. It may be due o the virulence
ol stratn variation among the difterent isolates and is beyond he scope of present study to

o much deeper into this aspect.

The antagonistic property ol bacleria as well as actinomyceles  against
Rosolanacearum are well studied and documented by various workers. However, very few
atiempts have been reported on the fungal antagonistic activity against Rsolanacearunt.
The present study reveals thal, fungl are the most potential  antagonisls  against
Roselaonacearton than thut of the buacteria as reported by various other workers.  So, the
lindings of this study may open up u new approach for the management ol the bacterial

will by biological means.
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The next aspect of invesligation was 1o fid out the effect of culture filtrates ol the
putential bacterial and fungal antagonists o study the type ol mechanism, whether the
antibiosis or direct antagonism are working in these antagonists against Rosolanacearum.
Amone the bacterial cultare [iliates tested. Busubtilis (com) was {ound o be more
erfective Tollowed by isolated Bosuebelis trom Vellanikkara, It may be due o the production
of certuin antibiotics, 1t is interesting o note that. eventhough the bucterial intagonist did
not show good antagonistic reaction against tomato isolates in the bioassay studies. the
culture tiltrates of these antagonists showed maximum inhibition on tomato isolates ol the
pathogens indicating that, the main mechanisms of antagonism is by antibiosis. B.snbtilis
produces iturin. bacitycein and fengacin amibiotics which can inhibit various [ungal and
bacterial pathogens. Phae er al, (1992) ulso observed (he suppressiveness expressed, by
the culture Nlate of Baswbtitis avainst Roolanccearian, was by the exuacellular

production ol iturn,

With regard to Tungal culture filtrates, better mhibitory eflect on R.solanacearum
was observed with 7ivirens and Flpseadokoningil. 10 s also noted that, the colour of
cullire filuates of these antagonists were vellowish green and deep yellow respectively,
indicating that the inhibitory action of the culture filtrate might be due w the production of
inhibitory volatile metabolites, The calture Nluates of Tharzianmn had the least inhibiting
action indicating that it acts mainly by direct antagonism. On the other hand,
T psendokoningii probably produces untibiotics alone. hence exhibited the maximum
inhibition of the pathogen. One isolate ol Toviride (Ozh) also showed some inhibitory
action appended o huave acted both by direet purasitism and antibiosis.  Similar 1o this
fnding. Dennis and Webster (1986) also observed the inhibitory action of the culture
filirates of Trichoderma sp. against Mocroplomina phaseoling. But the inhibitory effect of

lungul culture Altrates on bacterial wilt pathogen s stadiced Tor the first time.

Fhe next point of consideration was 1o find out the performance of the promising

antagonists under pot culture condition. T pot culture studies. most ot the Trichoderma
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spp. Aspergiflus spp, Pseudomonas sp und Bacillus spp. were effective in reducing the wilt
incidence. In the case of chilli crop, Toivide (Ozh), T.psendokoningii, P.acruginosa
showed complete protection against the wilt pathogen as no wilt incidence were noticed till
the complete cropping period of 120 duys. In brinjal. Toviride (Ozh) and Fpsendokoningit
recorded the lowest wilt incidence of 10,63 and 18.73 per cent respectively in which 114
and 110 days were aken Tor (he will appearance. In tomato also. Toiride (Ozh),
T psewdokoningit, P flnorescens were st ellective in reducing the wilt ncidence 1o
24228 per cent. [tis also noted that. even thongh dilferenc bacterial untagonist were found
elfective in reducing the wilt incidence, mutant or the avirulent Poaolanacearum have
recorded cent per cent incidence showing its mellectiveness. As o whole, T viride (Ozh),
Tonendokoningii were the most elicetive antagonists for all the three crops, [n addition to
the wbove. Pacruginosa, Boubidis, Tovfende (VR Aafger (B, Tovivide (comy and
P fluarescens {(com) were also found o give better control of bacterial wilt ol chilli, brinjul
and onto. There are number of ways by which antagonists suppress the growth of
pathogen and control (he discase {Cook. 1990). Of which. production of antibiotics,
volatile compounds, lytic enzymes, induction of host resistance and antagonistic proteins
are important. Trichodenna species hus been proved to be potential (ools in the control of
many plant pathogenic fungt by various workers, However, the information on its efficacy
o bactertal pathogens especially in por or fleld conditions wre rather lacking. The
possibility ol using Bosubtilis and Poaernginese a8 bioagents was investigated with
promising results (Anuratha and Gananamanickam, 1990 Piexoto, 1995a; Abdally e af,,
1U99: Akbar, 2002). Thus. our {indings are in contirmity with the above results, As the pot
culture studies are concerned, it is worthy (o mention that, use of microbial antagonists 1s
cleelive nthe management ol bucterial wilt pathogen, R.selanaceariom. The possible
Luctors attributed for the low wilt incidence in pots may be due o less competition, less
roal yury, controlled irrigation, low moculum level. More over, the enhancement ol soil
temperature with irrigation in pot which is almost similar to that of solarised soil, and is
always be more than that of the normal soil, (>10°C) which may be unfavourable for the

multiplication and survival of pathogens that may also reduce the wilt incidence.
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Among the various methods of applications such as seed treatment, soil drenching,
seed treatment +soil drenching and root dipping adopted, all were found equally effective,
However, seed treatinent +soil drenching and root dipping alone provided the maximum
reduction of the wilt incidence as well as in delaying the wilt appearance. The present
linding is in agreement with Akbar (2002} who also reported the seed treatment + soil
drenching ol 2, qeruginosa was more ellective in reducing the wilt incidence than when it
was applicd wlone. In addition.eilective disease suppression by root dipping method was
vhserved by several workers. (Opina and Vialdez, 19870 Furuya e @l 19910 Furuya ef
al 1997 Karuna e of. (1997) observed that seed treatment and root dipping ot Pusa
Ruby scedling with £ flrvorescens was cliective in reducing the incidence ol wilt by 50 per
cent under field conditions. Sunaina ¢f «f. (1997) also noticed that, seed treatment with
B.cerens and Bosubtilis reduced will incidence., with increased yield in potate under field

cunditions.

For the better understanding ot the establishment of the antagenists under natural
condition, an investigation was conducted to study the efficacy of different antagonists
under field condition, which has not provided any valuable information on the control of
bactecial wilt pathogen. No satisfactory control was obtained with microbial treatiments in
susceeptible varieties of brinjal and wonwra except chilli, In case of chilli, even though the
lowest will incidence noticed was 532.75 per cent with Foviride {Ozh) treatiment, it cuan be
considercd as a good control compared 1o the cent per cent wilt incidence in control plot.
Another important factor noticed is thal. treatment with antagonists could deluy the wilt

appearanee i plants which can also provide some yield instead of complete Toss.

In reviewing the effeet of antagonist i foto showed the drop in inhibition on
puthogen when the study is gradually shifted from in vitro set up Lo field condition. There

has been little evidence that, these biocontrol agents are effective against bacterial will
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puthoeen in the field. Anuratha and Gouamanickam (1990) obtained 49 and 36 per cent
protection against bucteriab wilt i bringal aud tomato seedling using P fluorescens in field

canditton.

As compared 1o pot culture condition. bacterial wilt incidence is always high in
leld condinon. Root injury oceur daring the cultural practices tacilitate easy entry of the
pathogen, spread of the bacterium through trrigation water, high inoculum Jevel in the soll
are some of the factors that Tavour the wilt incidence in the field. With regard to the
metlectiveness of biological control using microbial antagonists, the main reason is that.,
under feld condition the establishment of the antagonists might have been affected by the
competition with othier soil pathogens, Biological control depends upon the establishment
and nuintenance of a threshold population of antagonist in the soil. So, more work is
needed to develop beter delivery teehinigues and (o understand more about the soil ecology

so that, antagonist uctivity can be enhaneed.

[0 s also understood that, munagement of bacterial wilt using biocontrol meuns in
highly susceptible varicties are not leasible for bacterial hot spot soils of Kerala, The
combipiation ol host resistance with additional specific management practices are the
cheapest strategies for Integrated manugement of this disecase and also one of the

sutishactory methods from an ecological point of view,

Mukthi, a tomato variety considered us resistant to bacterial wilt in Kerala is found
Huctuating due o the variability of the prithogen, So, an attempt was made 1o improve its
resistance by an integrated approach with biocontrol antagonists which not only inhibit the
puthogens but also induce systemic resistunce against the pathogen.  In the present
mvestigation, a combination of host resistance and biocontrol with antagonists revealed a
better vontral of - Rosolanacearun by reducing the wilt incidence. The will severity was

dlsa reduced considerably which led wo ihe increase in the crop vield. This result confirm



135

the Tnding of Akbar (2002) that, biological control s cffective only when combined with
host resistance under Kerala condition. Furuya et af. (1997) noliced increase in survival of
wmato seedling with P.aernginosa in wilt sick soil and also observed that, mechanism of

induced resistance and infection sites competition were involved in suppression of disease,

Apart from suppresion of the pathogens, certain biocontrol agents may contribute
o the enhancement ol crop vigour und thereby increase the crop yield.  Among the
promising {ungal and bacterial antagonists, Trichoderma spp. were found (0 be most
elicctive to enhance the biometrie characters of the solanaceous crop in pots as well us m
Held conditions. Among the Trichoderma spp.. Tovivide was found 1o be the best in
iereasing the crop vigour and yield. Mechanism involved tn this phenomenon might be
due o the climination of pathogens in the rhizosphere and production of growth promoting
substatce. The above resutts are o agreement with the tindings of Krishnamoorthy (1987)
and Neelamegam and Govindarajan (2002) who reported increased seedling vigour in
tomuato with Foviride,  Early germination and enhanced growth of the plants 1 the
presence of Fharsiamion has been reported by Chang er al. (1986). Munomohandas and
Stvaprakasam (1993} also observed enhanced growth vigour in chilli with Trichoderma sp.
and seed treatment + soil applicaton ot frichoderma was found to be the best one,
Sivaprasad (1999) also reported the growth stimulatory elfects of Psendonionads isolated
from Kerala soil and observed that, the orgamsms produce secondary metabolites and plant

growth stimulatory hormaones like TAA.

Fhe next aspect (o he discussed s the effeet of antagonistic treatment on total
populatien o soil microflora and 1t s noticed that, microbial population was found
invreasing subsequentty with days alter planting. in case of chilli and brinjal, an increase in
tal microbiul population wus noticed up 1o 90 days whereas in case of tomato, microbial
populatien was found to decrcase alicy 60 days of planting.  With regard o0
R.solanacearim, an increase in population was noticed with days after planting in the case

of chilli, whereas in the case of brinjal und tomato no noticeable change in population was
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observed after 60 days of planting. Devi (1978) observed an increasing trend in bacteria
and tungi but the actinomycetes population did not show any definite trend of increase or

Jducrease when soil smuendments were lded o soils planted with tomato.

Summing up the lindings ~o e, it was observed that, biocontrol agents were
clfective in inhibiting the pathogen tn in virre as well as in pot culture conditions.
Howgever, they were less elfective under lickd condition.  Hence, extensive rescarch on
ceologicul studies on both target pathogen and the biocontrol agent is needed to obtain

ceonomical control of discase.

Recalling buck the results observed in the present study so far, it s also evident
that, fungal antagonists especially Tovivide (Ozh)y and Topsendokoningii played a vital role
1 the inhibition of buacterial wilt pathogen, Kosolanacearwn. Therefore, the exploitation of

these hivagents for the management of bacterial wilt is highly promising.
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Bacterial wilt caused by R. solanacearum is one of the major constraint in
cultivation of brinjal, chilli and tomato in Kerala It accounts for nearly 100 per cent of
crop loss in the case of susceptible vaneties. Soil borne nature, wide host range,
variation in strains, make control measures less effective. In the light of hazards caused
by the chemicals and economic threat posed on farmers, biological control especially
with microbial antagonist is gaining importance. In this view, present investigation was
carried out to evaluate the effect of microbial antagonists against the bacterial wilt

pathogen R. solanacearum. The salient findings of the present study are summarized

here.

1. Rsolanacearum were isolated and the pathogenicity of organism was
established on respective host as well as on other two solanaceous crops.

2. Maximum population of R. solanacearum (1.8-6.3 £ 107 ¢fu/g) was recorded in
Vellanikkara than Ozhalapathy (1.71-3.06'x 107 cfu/g).

3. Soil pH and soil temperature vaned with the two locations, in which soil pH
were 6.1-6.9 and 6.0-7.7 and soil temperature was 44.4-45.6°C and
26.6-27.7°C in Vellanikkara and Ozhalapathy respectively.

4. Among the two locations, the total microflora population was high in
Ozhalapathy than Vellanikkara. Among the different microflora, fungi and
actinomycetes were more predominant in Orzhalapathy while bacterial
population was more in Vellanikkara soil. The resistant varieties of these crops
recorded better association of microflora than the susceptible ones.

5. Organisms isolated from low wilt incidence area (Ozhalapathy) showed better
antagonism than those isolated from high wilt incidence area (Vellanikkara).

6. Fungi were found more effective than bacterial and actinomycete antagonist,

7. The major fungal antagonists effective against R. solanacearum belonged to
Trichoderma spp. and Aspergillus spp. |

8. T virtde (Ozhalapathy),T. pseudokoningii (forest soil), A.niger (Eruthyampathy)

were the most effective antagonists against R.solanacearum under in vitro

condition.
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Mutants and interspecific hybrid of Trichoderma spp. were also found effective.
Bacterial organisms isolated from KAU resistant genotypes of brinjal exhibited
more antagonistic property and the isolates B4 (P.aeruginosa) and Bl24

(B.suebiiliy) were the most eflfective ones.

. Avirulent and mutant strains ol 8. solanacearum also showed antagonistic

property whereas, heat killed cells of R, solanacearmm wese ineffective.

CThe commercial antagonists viz.. 7. viride, A, niger (Varanasi), A niger {AN-

20T harzianum, B, subtilis and P. fluorescens were found effective against R.

solanaeeartiing

. Actinomycetes  isolated  from brinjal - (Ozhalapathy) showed  maximum

antagonisim against R solanacearim

I general, the antagonists were found most elfective against chilli 1solates of

R.solanacearn rather than brinjal and tomato isolates.

CAmong  the different culture filiates tested, 7. vireny and B. subtilis

{commercial) showed the maximum inhibition of the pathogen.

The most of the antagonists which were found cffective in laboratory condition
performed well under pot culture studies also. Among the fungi, Toviride
(Ozhalapathy) Tpseudokoningii {Torest soil), A. niger (Eruthyampathy) and
bacterial antagonists P.aeruginosa (Ozhalapathy) and B. subtilis {Vellanikkara)
were the promising antagonists against the bacterial wilt pathogens of chilli,

brinjal and tomato.

- All commercial antagonists were lound equally effective as that of the isolated

ones 1n pot culture studics also.
The mutant and avirulent surains of K. solanacearwn which showed inhibition
ol R. solunacearwm in laboratory conditions did not show antagonism in pot

culture study.

- Among different methods ol application of antagonists, either sced treatment +

soil drenching or root dipping method were effective in reducing the wilt
incidence and in delaying the wilt appearance.
Under field conditions, the treatiments with antagonist in highly susceptible

varieties did not give a promising control of bacterial wilt, However, ircatments
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with Toviride (Ozhalapathyy und 17 psendokoningii, P. aernginesa showed some

cllectiveness i chilli crop.

. Combined elfcet of host resistance and anagonists were necessary (o achieve

better nuanagement of bacteriul wilt in natural condition.

- Field trial conducted with o moderately resistant variety ol tomato, Mukthi,

showed beller control of bacterial wilt with various antagonists by increasing

host resistance and  Toviride (Ozhalapathy) was found to be the most effective.

. With respect to the performance ol antagonists in different studies, same trend

was observed under iz vitro, pot culture and field conditions.

CThe plunt vigour and crop yicld were enhanced by the application of antagonists

und Toviride was best among them.

CTotal microbial population was found 10 increase with days afler planting,

However no noticeable chanee v population was observed after 60 days of

plunting in case ol brinjal and tomato.

712 10
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APPENDIX 1
Composition of different media used for various studies

Triphenyl Tetrazolium Chloride (TTC) medium

Peptone : 100 g

Casein hydrolysate | ; 10g

Glucose 50¢g

Agar agar 200¢g

Distilied water 1000 ml

pH 6.8

TIC 1%
APPENDIX 11

Martin Rose Bengal Streptomycin Agar (MRBA)

Agar agar
KH2PO,
MgS04.7TH0
Peptone
Dextrose
Rosebengal
Distilled water
Streptomycin

2008
10g
05¢g
50¢g
10.0 g
003g
1000 ml
30.0 mg



Thornton’s Agar medium (TAM)

Mannitol
Asparagine
KH;PO4
KNO;

MgSO,

CaCl,

NaCl
Ferricchloride
Agar agar
Distilled water

H
P

10g
05g
1.0g
05g
02y
0lg
0.1g
0.002g
200¢g
1000 ml

7.4

Kenknight’s Agar medium (KAM)

Glucose
KH,PO4
NaNQ3

KCl
MgS04.7H20
Agar agar
Distilled water
pH

1.0g
0lg
0.1 .
0lg
0lg
200¢g
1000 ml
7.0



Sierra’s Medium

Peptone : 10.0g
NaCl : 5.0g
CaCl,. TH,0 : 0.1g
Agar agar : 20.0g
Distilled water : 1000ml
pH : 7.0

Van den Mooter Succinate (VMS) medium

KzHPO, : 05g
KH2PQ4 : 0.5g
K280, TH.0 : 02g
Sodium succinate ; 20¢g
KNO; : 30¢g
Yeast Extract ; 50g
Distilled water ; 1000 m|
pH X 6-7
Agar-agar '. 30g

Thornley’s medium

Peptone : 200¢g
2HPO4 : 03g
NaCl ; 50g
Agar apar : 15.0g
Phenol red : 001g

L-arginine mono hydro
Chloride : 10.0g



APPENDIX 1l

Nutrient Agar Medium (NA)

Beef extract ; 1.0g
Peptone : 50¢g
Sodium Chloride X 50g
Agar agar : 150¢g
Distilled water : 1000 ml
pH : 7.2-7.4
King’s A medium

Peptone ; 200g
Glycerol : 10.0 ml
K380, : 100¢g
MgCl, ; 14
Agar agar : 150¢g
Distilled water ; 1000 ml
pH ; 7.2

King’s B medium

Peptone : 200¢g
Glycerol ; 10.0 ml
K,HPO4 : 100g
MgS04.7H,0 : 15g
Agar agar : 200¢g

Distilled water : 1000 ml



Sierra’s Medium

Peptone : 10.0g
NaCl : 5.0g
CaCl.. 7TH0 ; 0.1g
Agar agar : 20.0g
Distilled water : 1000ml
pH : 7.0

Van den Mooter Succinate (VMS) medium

KzHPO4 : 05g
KH;PO, : 0.5g
K280,.7H,0 : 02g
Sodium succinate : 20¢g
KNO, ; 3.0g
Yeast Extract : 50g
Distilled water ; 1000 ml
pH : 6-7
Agar-agar : 30g

Thornley’s medium

Peptone : 200¢g
2HPQ, : 03g
NaCl : 50g
Agar agar : 150¢g
Phenol red ; 0.01g

L-arginine mono hydro
Chloride : 10.0g



Distilled water : 1000ml
pH . 7.2

Hayward’s semi-solid medium

NH,H;PO4 ; 1.0g
KCl : 02g
MgS04.7H,0 : 02g
Bacto peptone : log
Bromothymol blue : 008 g
Distilled water : 1000 mi
pH : 7.0-7.1
Agar-agar ; 30g

Nutrient Glucose Agar medium ( with Bromocresol purple)

Glucose : 50g
Peptone : 10 g
Agar-agar : 150¢g
Distilled water : 1000 mi

Bromocresol purple : 0.005 %
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ABSTRACT

Studies on ‘Management of bacterial wilt of solanaceous vegetables using microbial
antagonists’ was conducted at the College of Horticulture, Vellanikkara during 2000-

2002.The major objective was to find out effective microbial antagonists against bacteral

wilt of brinjal, chilli and tomato.

Estimation of population of R. solanacearum showed the maximum in Vellanikkara
than Ozhalapathy. The total microflora was higher in Ozhalapathy than Vellanikkara and

resistant varieties of the three crops recorded better association of microflora than

susceptible ones.

In in vitro evaluation , rhizosphere organisms isolated from the low wilt incidence
area (Ozhalapathy) exhibited better antagoﬂism against R. solanacearum than those isolated
from Vellanikkara. Among them, fungi were more effective than bacterial and actinomycete
antagonists. The major fungal antagonists belonged to Trichoderma spp. and Aspergillus
spp. T.viride (Ozhalapathy), 7. psendokoningii (forest soil) and Aspergillus niger
{(Eruthyampathy) were the most effective ones against R. solanacearum. Among the
bacterial antagonists, P, aeruginosa and B. subtilis (Vellanikkara) were promising one. All
commercial antagonists viz. T. viride, A. niger (Varanast), A. niger (AN 27) T. harzianum, B.
subtilis and P. fluorescens were also effective against R solanaecarum. Of the culture
filtrates tested, 7. virens and B. subtilis (commercial) showed the maximum inhibition of the
pathogen. The antagonists which were found most effective in laboratory condition
performed well in pot culture studies also. Among the different methods of application of
antagonists adopted, either seed treatment + soil drenching or root dipping were effective in
reducing the wilt incidence and in delaying the wilt appearance. Use of antagonists in highly
susceptible varieties did not give a promising control of bacterial wilt under field condition.
In field trial, using a moderately resistant variety Mukthi, antagonists showed some effect in
controlling bacterial wilt indicating that, an integrated effect by combined use of host

resistance and microbial antagonists can provide a better control of bacterial wilt pathogen

in the field.



