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INTRODUCT I0N

- The cultivation of betel vine is a very profitable
proposition as it gives a steady income throughout the
year, Thelleaves of betel vine, commonly known as *Vettila!',
find its use among quite a large number of people in |
gerala State and in othér parts of Iniia as a chewing
ingredient,

In Kerala, betelvine is cultivated in an area of
about 2592 hectares. The major area under this crop
comprising of about 1480 hectares is concentrated mainly
in the Distriets of Trivandrum, Quilon and Malappuram. As
agalnst the products of many cultivated crop plants, i%
is the leaves that are used in the case of betel vine,
and hence, it is but natural that the vegetative yield
and quality are the.impartant factors in deciding the
value of this crop.

0f the several disecases of betel vine, baecterial
leaf spot caused by Xanthomonas betlicola 1s‘the most
important and serious one in Kerala State. This discase
severely affects the leaves and to a lesser oxtent the
stem, thereby reducing both the yield and quality of the
leaves considerably. Quite often the discase is seen
in serious proportion in the betel vine gardens as a

fagtor limiting production of quality leaves.



The first report on the occurrence o; this disease
in India was froam Bombay State (Patel gt al., 1951).

The occurrence and severity of this disease in Kerala was
reported by James Mathew gt al. (1978a).

This disease is found to be prevalent in the betel |
vine growing arecas of the State throughout the year, the
geverity being more during rainy seasons. The agro-
climatic condition of Kerala with acre nuaber of rainy
days, high humidit& and low temperature, is very conducive
for the disease to £lare ap in severe proportion which
results in extensive crop losses. Another alarming.
observation is that the very sams patho;gn can infeet
pepper vine {Piper nigrum L. ) (James Mathew et é;.,
1978b, 19792} en important cash crop of Keralas, whieh
also emphasises the importanece of studyinz the varlous
aspects of this disease in detail.

Thus, in view of the severe crop losses due to this
disease on betel vine, and the potential damage and havoe
that it can cause to pepper vine, studies were undertaken
on the symptomatology, variatiownsin symptom on inoculation
of different isolates of the pathogen, characterization
and identification of the bacterium, host range and survival
of the pathogen, screening of betel vine cecultivars for
host resistance and both in vitro and in yivg conirol of
tbe pathogen with antibioties. The results are presented
in this thesis;
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REVIEY OF LITERATURE

Baeterial leaf spot disease of betel vine
(Piner betlel) is known to have been in existence for
over a century in North India. In Ceylon the oceurrence
of a baeterial disease was reported by Raghunathan
(1926, 1928). Asthana and Mahmud (1944, 1945) and Asthana
(1947) described bacterial leaf spot disease on Riper
betle L. froa North\India. Patel et al. (1951, 1953)
reported the disease from several parts of Bombay State.
From Jabalpuar (Madhya Pradesh) bacteris) leaf spot on
betel vine was reported by Singh and Chand (1971 a).
James Mathew et al. (1973 a) reported the ocourrence of
bacterial leaf spot disease of bstel vine frpm Kerala.,

Considerable damage was first noted in Ceylon since
1921, though the disease was recorded in 1896 (Raghunathan,
1926). Heavy annual losses has been recorded in the
Central Provinece of Berar, H. India in 1944 (Asthana and
Mahmud, 9944). Considerable yleld losses has also been
reported from several parts of Bombay State (Patel et al.,
1953), from &abalpur (Singh and Chand, 1971 a) and from
Kerala (Jdames Mathew et al., 1978 a).

In India bacterial leaf spot of betel yine caused
by- Xanthomonas betlicola, Patel et al. was firat reported
from Bombay State by Patel et al. (1951). Subsequently



the disease was reported from Jabalpur (Singh and Chand,
1971a) and from Kerala (James Mathew et al., 1978 a).

Singh and Chand (1971 b) reported a fungus-bacterium
complex disease due to Colletotriohum capsici and
Xanthomonag betlioola on pan'(g;ggg betle L.) from Jabalpur.

SYMPT OMAT OLOGY

Patel et gl. (1953) described the symptoms of the
disease in detail. The symptoms of the discase first
appeared as minute water scaked spot on the lower side of
the leaves betweon the veins. After about 10 days, the
gpots beecame visible on the upper surface as dark, round
to angulai' areas, gurrounded by yellow zone or halo. The
yellow zone on the upper surface corresponis to the water
soaked areca on the lower surface. The spots which in the
beginning measure 5 mm or less,when numerous, coalesoe¢
forming brown to black sreas of half to one inch in diameter.
Sometimes, the dead portions of the infected leaves fall
out leaving holes, The lesions when marginal often results
in deformities and craoking of tissues. Heavily infected
-leaves were digstinetly yellow. Under humid oonditions there
occurred an appreciable amount of bacterial gummy ooze.
Infection somatimes occurred on petiole and stem thouzh
leaf and leaf edges form common place of infection.

Defoliation ocourred when in;eotion became severs,



Singh and Chard (1971 a) from Jabalpur reported the
symptoms of the disease. The symptom in the beginning
appeared in the form of small speck, enlarged and formed

 _almost eircular dark brown spot surrounded by yellow liming.

0f%ten they coalesced to form-patehes invading larger areas
of the leaves. In the advanced stages the leaves surface
were almostlentirely covered with bigger spots anid patches.
James Mathew et al. (1978 a) had obseryed these
typicél symptoms as described by Patel ¢t g;,'(1953). They
observed that in advance stages of infection defoliation
‘invariably occurred. They had also noted that symptoms
of the disease varied with varieties.

Yariationsin symptom - production

ngre were no relevant studies on the variationsin
sympton;: production due to different isolatesof the bacterial
ieaf spot pathogen Xanthoxzonas betlicola, But in other
diseases certailn studies were made on the variation in
symptom produaction due to isolates. Devadath anﬁledmanabhan
(1963) studied the reaction of 20 rice varieties to 9

igolates of Xanthomonag oryzae and observed the differential

reaction of the varieties with isolates, espeéially in the
seedling stage, thus establishing the existence of specia=-
lization in pathogeniéity. Devadath (1970) reported that
" the virulent isolate 'B' of X. oryzae produced the largest
lesion and the less virulent 'F' the shortest on the rice
variety Taichung Native~1. Haraite and Meyer (1975)



suzgested that strains of different pathogenicity may
’exist in X. pantihotias. Vakili (1977) studied about
Xanthomonas strain causing bacterial bligﬁt and pustules
of adible legumes in Pueto Rigo and reported that all

Xanthomonas isolates gollected fwom £ields of cow pea were

pathogenic on both cow pea and bean (Phaseolus vulgoris)

as were most bean isolates. A few bean isolatea were
pathogenie to bean alone. A variable range of pathogenicity
was found amonz isolates from pustules on bean, 2. goceincas,
£. lunatus and soyabean but no bacterial pustules were

found on cow pea. ALl isolates showed a variable range of

pathogenicity.

PATHOGEN

The causal bacterium of the bacterial leaf spot of
betel vine (Piper betle I.) was named as Xanthomonas betlicola
Patel et al. (1951),(Breed et al., 1957).

Igolation and nroperties of the bacterium

Patel et al. (1953) isolated the pathogen by pour
plate methoed,

Patel ot gl. (1951) studied the morphological and
cultural characters of the baater{gm and reported that the
pathogen is a slender rod, single of in pairs, gram negatlvs,
motile, capsulated, no spores or involution forms, not aeid
faat and serobic. On Potato Jextrose Agar the colonies ‘
of the bacterium were baryta yellow with lobate margina
and striations at periphery, measuring 11 mm after 7 days.



On natrient broth good cloudy yellow growth was observed.
Oopious growth was observed on potato cylinders. [They
reported that the optimum tempesrature for growth of the
baoterium was 25 - 23°C.

. Patel et al. {1953) also reported the same morpho=-
logical and cultural characters which were deseribed in
their earlier studies. They algo observed that the
bacterium is motile by 1 or 2 polar flagells. On fotato
Dextrose Agar the average dimensions of the bacteria,
varying in age from 1 to 2 weeks, were 1.6 x 0.9 P It
readlly stains with common dyes. The growth of the
bascterium in Rutrient Agzar plates were poor, flat,
glistening and colonies measure 4 mm in 4 days. In
Hutrient Dextrose Agar Plates, the golonies were round
'with entire margins, umbonate, 7 mm in four days, colour
laples yellow, striations starting from the centre., On
poiatéﬂoylinﬂers, the growth of the baeterium was copious
but slizhtly shining, covering the entire surface, colour
was yellow, cylinier tunning crange buff. Thermal death
point at 51°C.

Breed ot al. (1957) and James iathew et al. (1978 a)
alaso reported the similar morphological and cultural
¢harasters of the bacterium which were deseribed by Patel
et 21. (1951, 1953). James Mathew et al. (1978 a) also
reported that the teamperature range of the bacterium was
26 - 30°C, with a temperature optimum 23°C,



Physiologieal characters of the bacterium were
studied by Patel et al. (1951) and reported that the
pathogen liquified gelatin, hydrolysed starch and casein,
reduced litaus, produced ammonia and hydrogen sulphide.
They noted that the bacterium produced acid bdbuat no gas in
dextrose, lactose and sucrose but no growth in ealiocin.
The pathogen did not reduced nitrate and no indole was
produced, MR & VP test were negative, no growth in
synthetic asparagine medium and HaCl! tolerant upto 3
per cent. They noted that the bacterium was lypolytic
and liquified ILoeffer's blood serum,

Patel et al. (1953) observed the same results of
their earlier studies. They also noted that the bacterium
produced acid but no gas in maltose. Good growth of the
'bacterium was observed in Uschinsky's solution but slight
growth in Fermli's and Cohn's solution. In synthetic
asparagine medium. slight growth was observed and sadium
chloride toleramceupto . 2 per cent.

Breed et al. (1957) reported that the bacterium
liquified gelatin, in amillk litmus reduced, casein digested.

Loeffer's blood serum liquified, Indole not produced, H,S

2
produced, Nitrite not produced from nitrate, Methyl red
negative, acetyl methyl caﬁlnol not produced. Ro growth
of the bacterium in synthetic asparagine medium. It
produced acid buat no gas from glucose, lactose and sucrose

and salicin not attacked, Starch hydrolysed and salt



tolerant upto 3 per ceuat.
James Mathew et .gl. (1978a, 1978b, 1979a) reported
that stareh hydrolysis of the pathogen Xanthomonas betlicola

was strong and positive, catalase activity positive and
Xovag's oxidase tost negative. It produced st but did not
reduce nitrate to nitrite. The bacterium produced acid in
lactose, sucrose, xylose, glucose, fructose and not

utilized adonitol, duleitol, inulin, salicin and inositol.

HOST RARGE

Pate;lgg ale. (1953) reported that Xanthomonas ﬁetlicola
was pathogenic on Piper betle, Piper longum and Piper hoclkeii.
Breed gt é;s (1957) noted that the pathogen X. betlicols
attack members of the family Piperaceac. Bucharan and
Gibbons (1974) reported that the host of X. betlicola
include Piper betle, Piper longum and Piper hookeri.

James Mathew et -gl. (1978b, 1979a) reported that X. betlicola
was pathogenic on Piper nilgrum.

SURVIVAL COF THY PATHOGEN

Fatel st g;--({953) observed that bacterial leaf spot
of betel vine is commén throughout the year, but it beecams
seriéua duriﬁg the rainy weather (June to September) when
there is low tempemature and high huwidity. The survival
of the baetérium Xanthomonag betlicols has not been studied
in detail by carlier workers, Erinkerhoff and Pidmk (1964)
studied the ;arvival and infectivity of Xanthomonas mslvacearunm

in cotton plant debris and soil and reported that the
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équeous suspensions of finely ground, overwintered carpels
of cotton balls from standing stalks and the soil surface
induced bacterial blight symptoms when used to inoeulate
seedlings or‘susceptible varietiss. They noted that
viability of the pathogen decpond on the extent of the
decoaposition of the debris, being lost after the plant
‘tissues were broken down., X. malvacearuqg survived for
8 days in water suspension in both moist and air dried soil
at 21 = 30°0 and could thus probably be disseminated in dust.
Singh (1971) reported that X. oryzae did not survive in
unaterilized soil for a week or oﬁer sanaer in the field,
in manure or in compost, which are therefore unlikely
to be the source of infection for the next crop., Cho and
Yoo (1977) condueted studies on the diseass caused by
Paendomonas glycine and Xanthomonas phaseoli var. gojiense
on soyabean and observed that X. phaseoli var. gojense
survived for 4 days and 2. glyeine for 30 days in sterile
soil. Schuster (1977) reported that P. glyclpe ani X.
phaseoli var. gojense but not 2. tabaeci over winter in
pathogenic form in the field in Web. The survival of the
. pathogen was favoursd when plant debris were kept on the
soil surface rather than ingorporated in the soll. Survival
was also favoured when infected material was maluntanined
_ under dry condition. Pure culture of the bacteria did not
survive under dry or moist éondition in either sterilized

or nonsstarilized soil,

¥
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VARIETAL SCREENING FOR DISZASE RESISTANCE
Patel et al. (1951) reported that bacterial leaf

spot of betel vine was quite comaon in betel vine gariens
of Bombay State. Patel et al. (1953) also observed that
all varieties of betel vine namely Xali or Black, Pandhari
or White, Velchl or small were equally susceptible to the
disease to varying degrees of intensity. Breed et al.
(1957) ﬁoted that the pathogen was a habitant of Piper betle.
Singh and Chand (1971a) reported the wide spread prevalence
of the bacterial leaf spot disease in different betel vine
gardens on all varieties in Jabalpur. They also observed
that Bangla variety of betel vine was most suseeptible,

' There are no reporis of well conducted experiments
on the reasistance of betel vine varieties and ocultivars

against the leaf spot pathogen Xanthomonas betlicola. But

similar types of works were conducted for other bacterial
disease. Klement and Kapeller (1967) in f£ield inoculation

test with Xanthomonas vesicatoria on 4 vars and 10 strains

of Capsigum annum observed that none of them were resistant

" to the pathogzen, although a few were loss susceptible.
Strider (1976) noted that all the capsicum ovs testad for
resistance to X. vesioatoria were susceptible. Das (1977)
obgerved that of the 286 rice cultivars tested for resistance
to bacterial leaf asireak disease, none of them were proved

to be resistant to X, translucens f. sp. oryzicola but some
were moderately so. Sundaresh et al. (1973) noted that
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none of the varicties tested for resistance to bacterial
pustules diseases of soyabean were coupletely resistant ‘to

-, phaseoli var, sojense but several showed some resistance.

AN IBIOT ICS SCREENING AGAINST THE PATHOGER
Thirumalachar gt al. (1956) tested the in yitro
effecot of Terramycin and Chloromycetin (Ghloramphenicol)
at 60 S & per ml, sodium penicillin G S0 units and
dihydrostreptomyein (20 /1gm) by the cup assay method
against 32 spp. of Xanthomonas occurring in India. They
reported that all the antibiotlics except penicillin were
more or less effective against every onc of the pathogen
which included X. glfalfa on lucerin, X. betligola on

Piper betle, X. eajani on Pigeon pea, X. gcampestris on

cabbage, X. cassiae on Oassia tora, X. gitri on lime,

X. malvaeearum on cotton, X. phaseoli var. sojenge on

soyabean, X, _recinicola on Ricinus gommunis, X. vesicatoria

on chilli and X. vignicola on cow pea.

Jamea Mathew st é;. (1979a, 1979b) reported that of
the 6 antibiotics tested for the sensitivity to Xanthowmonas
betlicola by the standard filter paper disc method,
chloramphenicol at 500 ppm concentration exerted maximum
inhibition of the growth. Ampliecillin was not at all
effective against the bacterium.

There are no adequate carlier work on the control

of this disease by antibiotics. Yamamoto and Kusaka (1965)
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roported that the 8 strains of X. orygae varied in suscepti-
bility to streptomyein but showed 1ittle difference in
reaction to penicillin, cellocidin, ehloram§h3n1c01 and 7
other antibiotics. Verma gt al.(1975) reported that in

lab test busgﬁ, streptomycin sulphate and streptocycline
inhibited growth of X, malvacearunm at 2.5 ppm. They-also
observed that the isolates couald not be grouped into well
differenciuted typeg on the basis of their relative
gensitivity to_ehemicals.

Arene (1977) studied the effectiveness of Agrim&cinp
500 for the control of cassava bacterial blight in the
field and reported tﬁat incidence and severity of the
disease waa_eops;éerably reduced by foliar application at
800 g/100 1lit. water. -

Dhanvantari et al. (1973) studied the effectiveness
of antibiotics for control of bacterial spot of peaoch in
South Western Ontario and noted that field experiment
showed that both oxytetfacyclin hydrdehloride {0TC) and
streptomyein sulppate siénifican%ly reduced defoliation

and leaf infection due to-Zanthomonas pruni. JIrait

- infection was similarly reduced by 0LC but data for
streptomycin were limited by low incidence of bacterial
gpot in the dry éummer.
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MATERIALS AND METHODS

ISOLATION AND PATHOIENICITY OF DIFFERERT BACTERIAL ISOLAT.IS

Infected Betelvine leaves were collected from severely
discease affected gardens of Trivandrum and Alleppey District
of Keralas State. These leaves were subjected to ooze test
to £ind out the presence of bacteria. The diseased leaves
- with profuse ooze were selected, the infeoted arcas were
cut 1n£o bits, surface sterilized serially with rectified
spirit and in 0.1 per cent merouric chloride solution.

These bits were then washed in three changes of sterilized
distilled water. These were then placed in a sterilized
glass slide in a drop of sterile distilled water and teased
apart in order to get a bacterial suspension. The suspension
was streaked on Potato Sucrose Peptone Agar.(PSPA)'medium

to get well ilsolated colonies of bascterium.

Composition of PSPA medium

KH,P0, - 0.2g°
. HaHPO, - 0.5¢g
Ga(N03)2 - 0.5 ¢
FeS0, - = 0405 g
KCl - 0.05 g
Peptone - 2.0 g

Suerose - 20.0 2
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Pdtato . - 300 g
Ager agar ’ - 20.0 g
Distilled water - 1000 ml
pH - 7.0

The plates were inscubated for 48 h at room
temperature. Characteristic single ocolonles were selected
on the basia.of fheir eolour, fluidity and slime and
purified by repeated strgaking on PSPA medium. These were
then tested for their pathoéenicity. A thick suspension
of 24 h old cultures of éifrerent isolates were inooulated
on betelvine:plants by g}ving pin pricks on leaves and then
smearing the cualture on poth the surface of the leaves by
aeans of a cotton dipped in fhe bacterial suspension. The
inoculated plants were cpvered with polythene covers and
kept under shade. Stock calfures were malntained in Yeast
glucoge Chalk Agar (YGCA) medium.

The pathogen was reisolted from artificially inooulated
plants by using the above method. Single colonies of such
isolates were also compared with that of the original
isolates for their typical morphological characteristies.
The details of the bacterial isolates used im the study are

given below.




16

Isolate Tocality from where

Campus, ITrivandrum
Distriot

Chelanthivella

Cultivar of Year of
Hunber the diseased betelviune isolation
specimen was collected from which
isolation
was made
Xb=1 Vellayani, Trivandrua Chelanthivella 1977
_ District
Xb~2 Kallara, do Karilanchi-
‘ Karpuran 1977
Xb-3 Mannamthals do Pramattan 1977
IXb-4 Vavelikicara, Alleppey Pramatten 1977
District
Xbe5 Aruvikkara, Trivandrum Cheolanthi 1978
District Karpuran
Xbed Vandithadam, do Pannivella 1973
XbeT Palappur, do Malamicodi 1978
Xb=8 Muttakada do Chelanthi
' Karpuran 1978
Xb=9 Hear Vellayani Kayal, Tulasivettila 1978
Trivandrun Distriet :
Xb=10 Agricultural College 1978

SYMPT OMAT OLOGY

Symptoas of the disease were studled under natural

conditions. Detailed studies were also conducted under

controlled conditions. Variationsin symptoms of the disease

on inoculation of the different isolates of the bacterium were

studied under artificial conditions. Chclanthivella, a local
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1 bételvine eultivar in Trivandrum district was used for #%he
study. A thick suspension of the 24 - 48 h old oulture of

. the differcnt isolates of the bacterium was inogulated on
three months old betelvine plant by smearing the inoculum

on both surface of the leafqlamtna by a cotton dipped in the
suagpension after giving pin pricks on leaves. The inoculated
plants were kept under ghade and sufficient humidity was
maintained.“ Obgervationson the variation of syuptoms of

the dilsease were taken for a period of one month after

inoculation.

CHARACTERIZATION AND IDENTIFIQATION OF THE PATHOGSHN

Ghéracterization and identification of the different
isolates oflthe pathogen were performeé according to the
methods recommended in the Manuel of Microbiological lethods,
published by the Socliety of American Bacteriologists (Anon,
1957) and the methods prescribed by Dye (1962).

Ae Gultéggl gharacters.

(1) Morpholosy

The colony morphology was studied from 24 = 48 h old
culture of fhe bacterium grown on PSPA medium. The eells

were stained for gram reaction of the organism.

(2) Growth of the bagteriun on different solid media

Rature of growth, colour, size, shape, counsistency,

extent of growth, type of margin, slime production anid
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"-finidity of the bacterial colonies of isolate Xb-% were
studied on eight solid media. Observations Qere taken after
24 hy 48 hy 72 h and 96 h. The following media were used.

1. Potato Sucroge Peptone Agar (PSPA)

2. Hutrient Agar (WA)

3 Basal medium for Xanthomonads (BK)

4., Tetrazolium chloride medium (withouat tetrazolium
chloride (T4C)

5e Potato Dextrose Agar (PDA)

" 6. Yeast Glucose Cﬁalk Ager (YGCA)
7. Glucose Azar (GA)
8, Glucose Yecast Ixtract Agar (GYsA)

Composition of the'med;gg

1. Potato Sucrose Peptone Agar

2« Rutrient Agaer

Peptone - 10.0 g
Beef extract - 5.0 g
Agar égar - 20.0 g

' Oistilled water - 1000 ml
pH i - 648

3« Basel medium for Xanthomonads
NH4H2£04 = 0.5g
KZHPQ4 - 0.5 g
1gS0, e TH,O - 0.2g
NaCl - 5.0 g

Yeast‘extract - 1.0 g




Ae

5e

Agar agar
Diatilled water
pUd

Petrazolium chloride

Peptone
Casamino acid
Glucose

Agar agar
Distilled water
pil

Potato Dextross Agar

Dextrose
Potato

Agar agar
Diatilled water
pi

6. Yeast ¢lugose Chalk Agar

Te

Yeaot extract
Glucose
Chalk (GaGOB)
Agar agar

Distilled water

Gluacose Azar
Beef oxtract

Peptone

19

20.0 g
1000 ml
648

10.0 g
1.0 g
5.0 g

20.0 g

1000 ml

6.3

20.0 2

200.0 g
20,0 g

1000 ml
6.8

10.0 g
10.0 g
20.0 g
20,0 g
1000 ml

5.0 g
5.0 24
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Glucose - 10.0 g
Agar ager - 20.0 g
Distilled water - 1000 @l
pH * - 648

8.. Glucose Yeast extraect Agzar

Yeast extract - 50 g
Peptone T - 5.0 2
Glucose - 10.0 g
Agar agar - 2040 g
Digtilled water - 1000 ml
pH : - 6.3

A loopful’ of the dilute suspeunsion of the bacterium
was streaked on different media in triplioate and incubated
at room temporatire, Observations were talkien at intervale

of 24 h, 48 h, 72 h and 96 h,

3. Growth of .different isolates of the bacterium on solid
medium (PSPA medinm)

I I

The 1isolates were compared for their colony growth,
colour, shepe, size, type of margin, consistency, extent of
growth, slime prodaction and f£luldity on 2SPA medium. A
loopful of the dilute suspension of the isolates of the
baoterium was streaked over the medium in petri plates.
Three plates were maintained for each isolates and they wore
incubated at room temperature., Observations were taken at

intervals of 24 h, 48 h, 72 h and 96 h.
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4. Growth of different isolatds of bacterium fn liquid
mediun (PSP DEoth)

For studying the growth of different isolates of

bagcterium in liguid mediu@,Potato Suaerose Peptone broth was
used, TForty ml of sterilized broth in 100 ml pyrex conical
flask was inoculated with one ml of 24 h old bacterial
culture grown in PSPA slant using & oterilized pipette.
Uninogulated controls were also maintained. The 1nqculated
medium were shaken daily. Optiecal density of the broth
culture was measured at 24 h intervals for 5 successive days
uging a gpectrophotomecter at 510 wave length and uninoeculated
. broth as blauk, |

5. figment production
Prodaction of non-water soluble pigment .by different

isolates of the bacterium was tested on Yeast Glucoase Chalk
Agar (YGCA) medium. Forty eight hour old slant culture

on the above medium was used for this DUrpose.,

6 ean requirement

Rutrient Agar (containing 0.005#% bromoeresol purple)
columns in tubes were inoeculated in duplicate by stabbing
with different culture of the bacterium using a stralght
inooulatibn needle. The agar surface in onc tube was
covered with sterile 1liquid paraffin oil to a depth of one
cent imeter, The tubes were incubated at room temperature

and observations wsre recorded.



3. Physiological characters,

All the isolates of the bacterium were compared for

thair physiological properties.

Testa vwere perforamed in

22

triplicate and the observations were recorded in comparison

with uninogulated control.

1. Mode of autilization of zluoosse

To determine whether the isolates of the bacteriun

utilize glucose only under acrobic condition or both undex

aerobic and anaerobic condition the following modifieations

of Hugh and ieifson's {1953) method by Hayward (1964) was

followed.
Basal medium

Peptone -
HH4H2PQ4 | -
KCl . -
HgSO4. 7H20 -
Bromothymol blue -
‘Agar agaer ‘ -
Distilled water -
pil -

1.0 g
1.0 g
02 g
0.2 g
0403 g
3.0 2

1000 m_l

7.0

To the above medium one per cent glucose was added.

The medium was dispensed in tubes upto 4 em and sterilized

by tyndallization ani inoculated in duplicate by stabbing

with a straight inoculation needle charged with bacterial

growth. In one of the tube,the medium was =mealed with 1 om
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leyer of sterilised liquid paraffin. The tubes were
inoubated at room temperature and obaervatione were taken

at regular intervalse upto 15 days.

2. Utilization of Organiec Acids

dodium salts of three organic acids, soiium acctate,
podium benzoate and sodium oitrate, were used for the study.
One per cent of the sodium salt of organic acids was added
to the basal medium for Xanthomonads with bromothymol blue
as indicator. Different isolates of the bacterium were
inoculated in slants in triplicate and incubated at room
-temperature. . Uninooulated controls were also maintained.
Observations were recorded at regular intervals,
3. Starch hydrolysis -
| The ability of the bacterium to hydrolyse starch

was tested usinz starch medium containing 0.2 per cent
soluble starch,

Qomposition of the medium ;

_ Peptoqe ' - 10.0 g
Beef exﬁract - 5,0 24
Starch tsoluble) - 2:0 8
Agar agar - 20.0g
Distilled water - 1000 ml
pH = 7.0

The isolates of the bacterium were spot inoculated
on the medium in plates. After four days of incubation,
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hydrolysis was tested by pouring Lugolt's Jodine ovexr the
plate. A colourless zone around the bacterial growth-'
indicated positive starch hydrolysis, cbmpargd to the blue
back ground of the medium.

4. Produotion of Hydrosen sulphide
Phe ability of the bacterium to liberate hydrogen

sulphide was tested using peptone water medium.

Composition of the medium

Peptone - 10,0 g

FaCl - 5.0 g

Digtilled water - 1000 ml
pH - T.0

Five ml quantities of the medium was dispensed in
test tubea and autoclaved. Lead aoetate paper atripgior
5 x 50 mm size wafe prepared by soaking them in super
saturated soluéions of lead acetate., The strips were dried,
autoolaved and again dried. The tubes were inoculated in
triplicates with different isolates of the baoteriun and
the lead acetate strips wore inserted aseptically by the
side of fhe plugz in the tube, The tubes were incubated at
.room temperature and observations were regorded at regular
intervals upto 14 days. Blackening of test strip indicate
liberation of hydrogen sulphide.

- 5« Methyl Red and Voges ~ Praskauer tests (MR & VP tests)

Methyl red broth was used for both tests.
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Composition of methyl red broth

Proteose peptone - 5.0g
Gluoose - 5H5.028
KZHPO4 *+ 5.0¢g
Distilled water - 1000 ml
'_DH - T.0

Five ml quantities of the medium was dispensed in
tubes and sterilized by steaming for 30 minutes for 3
successive days. Two sets of tubes were inooulated with
48 h old cultures of the isolates of the bacterium for
MR & VP tests separately. The tubes were incubated for
7 days at room temperature,
FPor ¥R test few droﬁs of 0.02 per cent methyl red
in 50 per cent aloochol was added to the culture tubes.
A distinet red colour indicated positive methyl red reaction.
For VP test 0.6 ml of alpha=-naphthol solution
(5 per cent in 95 per cent alcohol) and 0.2 ml of 40 per cent
aqueous solution of KOH was added to 1 al of the culture.
The mixture was shaken for fow minutes and allowed to stand
for 2 he A erimson or ruby colour indicated positive VP
test.
6. Gelatin liquefaction

Stab method was employed for this test. Hutrient
gelatin medium was used for the purpose.



Compooition of Wutrient gelatin medium

Peptone - 10,0 g
Beef extract - 5.0 g
Gelatin - 120.0 g
Distilled water - 1000 aml
pil - 7.0
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Gelatin was mixed together with the other ingredients

by heatinz over a water bath. fThe medium was dispensed in

test tubes to a depth of 4 cm and sterilized at 10 1lbs

pressure for 20 minuteg. The sterility of the medium was

checked by observing it for 2 days. Forty eight hour
old eulture of the isolates of the bacterium was stab
inoculated in the properly sterilized gelatin column.
tubes were incubated and obsefved £or the liguefaction
of the gol column at regular intervals upto one month,

———a—

7. DProdugtion of Indole

Tryptophan broth medium was uscd for this test.

Compogition of the medium
Tryptophan or casein digest = 10.0 gz

¥all = 5.0 g
- Digtilled water - 1000 ml
pH - 7 . 0

The

The medium was dispersed in tubes and autoclaved.

Gnezda oxaiio acld test strips were used for detecting

indole produetion. Filter paper strips of size 5 x 50 mm
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were soaked in wara saturated solution of oxalie acid and

cooled. VUhen the strips got covered with oxalic acild crystala,

they were dried at room temperature and used without sterilizing.
The tubes were inooulated with isolates of the

bacterium in tripliecate and oxalic acld strips were inserted

into the tube by the side of the pluz, incubated and

obgerved regularly for 14 days. OChange in colour of the

oxalic acid crystals on test strip to pink or red indicates

indole production.

8. Nitrate reduction test

For studying the ability of the bacterium to reduce
nitrate, nitrate broth medium was usged.

Composition of nitrate broth

KI-IO3 (Hitrite free) - 1.0 2

Peptone = 10.0 g
Beef extract - 5.0¢g
Distilled water - 1000 ml

The medium was dispensed in tubes, autoclaved and
inoculated with different isolates of bacterium, incubated
and tested for the reduction of nitrate at regular intervals
upto 15 days. The tests was performed by adding few drops
of sulphanilic acid (0.3 per cont in one molar acetic acid)
and dimethyl alpha-naphthyl zauine (0.5 per cent in 5 molar
agetic aecid), to the nitrate broth culture. If no pink or

red colour developed it,indicates that nitrate was present



as such or reduced to amnonia and free nitrogen. Few zine
erystals were added to ensure whether the negative reaction
was due to the reduction of nitrate beyoni the nitrite level.
If the broth become pink or red it indicates that the nitrate
was present without reduction.
9. Catalage test o

- To assess the production of catalade enzymc Dy the
bacterium, a loopful of 24 h old culture of diffement
isolates of bacterium was smeared on the glass.sliﬁe and
covered with a few drops of 20 volume Hydrogén peroxide,
The proiuction of zas bubbles was indicative of catalase
positive reaction.
10. Aection on milk

Action of the bacterium on milk was detected in

brozocresol purple milk.

Skimmed milk - 750 ml

Distilled water = 250 ml

Bromocreaoi purple - 0.02 g
| Mill mediun was dispensed in 5 ml gquantitié in tubes
an§~sterilized nyfsteaming for 30 minutes for 3 successive
days. The medium was inoculated with 43 h old isolates of
the bacterium énﬂ incubated at room temperature and obgerved
at regular intervals upto 30 days. If the milk changed
from blue to yellow,the reagtion was aeidiec and it was
alkaline if it changed to violet. ﬁeptonization wan
indicated . by clearing of milk slowly.

~
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12, Growth at six per cent sodiua ghloride
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11. Utilization of asparazine as sole source of carbon
and nitroren

Phe test was performed in the followlng medium

(Dye, 1966).

Solution 1

Solution 2

Solution 3

Solution 4

K2HPQ4 = 3.0 gy KH,PO, = 2.0 g,

2 74
Distilled water - 100 mld

Mgsq4.7H20 - 2.0 8, FeSQ4 « 0.5 g, NaCl =
1.0 g, Mn304 - 0,02 g, H2894 = 1 drop,
Distilled water - 100 ml

HaZMo oh = 0.02 2, Diotilled water - 100 nl

.CuSQ4 saturated solution in distilled water,

Ten ml of each solution was mixed with each other in

the -order 3, 4, 2, 1 filtered and added 960 ml of distilled

water and 2 g of I~asparagine. Thc mediun was dispensed

in 5 ml quantities in tubes and antoclaved. The tubes were

inoculated with different isolates of the baeterium,

incubated and examined for growth: Growth of the bacterium

in the medium was indicative of the uatilization of asparégine.

Peptone water with 6 per cent sodlium ¢hloride was

used for the test.

Peptone

RaCl

- 1.0 g
- 6.0 g

Distilled water - 100 ml
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The medium was dispensed in tubes, autoclaved and
inoculated with different isolates of the bacterium,

incubated and observatiorsrecorded.

13. Lipolytic activity
The mediun of Sierra (1957) was employed for this
test,

Composgition of the medium

Peptone - 10.0 2

Hall - 5.032

Ca012.1H20 - 0Ddl g

Agar agar ‘ - 20.0 g

Distilled water -~ 1000 nl
pH -« T.0

The medium was dispensed in 99 ml quantities in
£lasks, autocléved and ' cooled to 45°C. One ml of Tween=30
(Oleic acid esﬁer)'was added to the medium and thoroughly
mixed. Thg mediun was poured'in sterile petridishes and
test Dbacterium was spot inoculated on the medium. The
plates were ingubated and observed at regular intervals for
15 days., Opaque zone around the bacterial growth was

indicative of positive Lipase production.

14. Tyrosinase activity e

The following medium (Dye, 1962) was employed for
the test.
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Composgition of thae medium

HH,H,20, =05 8
K2ﬁ904 . ~ 05 g
MgS0, +TH,0 - 0.2 8
NaCl -5.08
Yeaat‘extract = 5,08
Tyrosine | © =05 g
Agar agar : - 20,0 g
Distilled water = 1000 ml
pH - 6.3 = 740

The medlium was dispensed in tubes, autoclaved and
slants were prepared, The slants were inoculated with
different 1solates of the bacterium and incubated. Browning
of the mediun indicated tyrosinase activity. |

15. Arginine hydrolase test
' Phe followlng medium was used for the purpose
(Thornley, 19260).

Composition of the medium

Peptone - 1.08

' NaGl - 5.0¢g "
KGHPO, - 0.3 2

Agax agan . = 3.0 g
Phenol red - 0.01 g
Imarginine - 1.0 g
Distilled Later - 1000 ml

pH - 702
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The medium was dispensed in 5 ml -quantities in test
tubes and autoclaved. The tubes were stab inoculated with
43 h old culture of isolates of the bacterium and covered
with sterile liguid paraffin to a depth of one centimeter.
Incubated for 7 days and observed dally. A change of the
colour of the medium to red indieated arginine hydrolase
activity. |

16. Utilization of carbon sources

The following 15 carbon compounds were tested
individually for utilization by the isolates of the bacteriuam
as indicated by acid production (Dye, 1962). Galactose,
flannoge, Xylose, inositol, J'J:zlcﬂ:ol, Anygdalin, Fruactose,
Ribose, Glucose, maitose, Lactose, Saliein, Sucrose,
Raffinose, Dextrose. The production of acld was observed
by using agar slants of the basal medium for Xanthomonadg
(bye, 1962). ‘The carbon comound to be tested was added to
the medium at one per cent concentration’ and 0.7 al of
5 per cent alcoholic solution of bromoeresol purple to get
a reddish violet colour. The medium was sterilized by
tyndallization and the slants were inoculated with isolates
of the bactorium in triplicates and incubated at room
temerature, Periodic observations were recorded upto
23 days. The change in colour of the medlua from reddish

violet to yellow indicated the production of acid.
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HOST RANGE

Plants with similar taxonomie affinity and the weeds
that are commonly pressnt in betelvine gardens were inoculated
for studying the host range of the pathogen.

Piper nigrum L., Piper longum L., ﬁeperom;g peilucida

WB. and K, belonging the family Piperaceae,Ageratun
conyzoides L., Bupatorium odoratum L. belonging the family

Compositae and Brachiaria ramosa (Griseb) Stapf. belonging
the family Graminae were used for the study. '

The plants were collected and planted in pots. The
plants were inoculated after giving pin pricks on the leaves
and then smearing on both the surface of leaves with cotion
dipped in a suspension of 24 h old bacterial culture of
isolate Xb-1.

SURVIVAL OF THE PATHOZEN

Survival of the pathogen in the infected vines and
leaves were studied by periolie isolation using the special
media for Xanthomonas (Kado and Heskett, 1970).

Compogltion of the medium

Cellobiose - 10.0 2
KEHPO4 - 3.0z
Naf,P0, - 10¢g
MgSU4.7H20 - 0.3 g
Agar egar - 15.0 g

Distilled water - 1000 ul
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Infected leaves and vine were collected and placed in
pots filled with soill., After ten days, the samples of
infected leaves and vines weéa weighed and homogenized in
normal saline. Three 1 ml samples of homogenised material
were diluted in normal saline and 0.1 ml samples were spread
on the media. in petridishes, incubated and observed for the
developﬁent of typical bacterial colbnies. In vitro
survival of the pathogen in soil was also studied using
special medianm for Xanthomonas. Unsterilized fresh soil
was mixed with the bacterium as follows, 10 g of eoil was
added to 1.0.ml of dilute suspension of the bacterium., The
goil slurry was diluted with 9.0 ml of normal saline then
mixed mechanically for 10 minutes. After 10 days the
suspension Qas diluted 1:10 in saline and 0.1 ml portion
vas plated on the med Lum 1n'petridishes, incubated and

observed for the development of typical bacterial colonics.

SCREENTRG OF BETSLVINS CULRIVARS FOR HOST RESISTANCE
AGAINSE THx PATHOGIN

Seven locally recognised cultivars of betelvine
wore screened for host resistance against the pathogen.
They were Chelanthivella (T1), Pramattan (TZ), Malamcodi
(TB)' Pannivella (T4), Chelanthikarpuran (TS)’ Tulasivettila
(TG) and Karilanchikarpuran (T7).' The experimeut was
-
laid out in completely randomised desizn (ORD) with 5

replication.
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Two month 0ld plants were inoculated with a mixed
culture of all isolatés of the bacterium. The technique
adopted was to smear a sterile water suspension of the mixed
culture of pathogen on both the surfaces of pin pricked
ieaves. The plants were kept under shade and were well
irrigated to ensure high humidity in the micro-environment
of the plant. Observations on disease development was taken
for a period of 30 days. Grading of the intensity of the
disease was carried out on a scale agpecially prepared.

Rate of defoliation was also included as a oriterion for

evaluating the intensity of the disease.

Preparation of disease scale
For assessing the diseage intensity, a scale was

devised after careful study of the disease and disease
development. The disease was studied in deteil both under
natural and artificial conditions of discase development.

The extent of infection wag estimated based on the proportion
of the area effected by the leaf gpot. The number of spots,
marginal infecfion and shot hole type symptoms were also
talten into account for devising the scale. Based on this,

the scale has been devised from 0-5 (Fig.1 to 6).

Disease soale Percentage of leaf area infected
0 0
1 12
2 ‘ 13 = 25
3 26 - 50



DISEASE SCALE OP BACTERIAL LEAF SPOT OF BETEL VINE

FIG .1 FIG-2

MO INFECTION 12 % LEAF AREA AFFECTED
CONTD.



DISEASE SCAV.E OF BACTERIAL LEAF" SPOT OP BETEL VINE

FIG.3 P1G4-

13 % TO 25 % LEAF area affected 26 % TO 50% leaf area affected
CONTD.
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FIG.5
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-fa

5% - 75
76 and above

W

L

SudSITIVINY of DH., BAGPR AT T ANE TIX0P ECH

Zae in vitro sensitivity of the bacterian to differont
antibloticos wera tegted, The followinz antlibiotics wore

used for the gtudy.

1. Agrinyeine10D 2Lizer {Streptomyein 15 and
Zerranyeln 1.559)

2. Aapielilin Hoechst (slboreeliin 500)

%. Streptoscyoline Hinduotan Antiblotics

4. Terramycin 2fizer {Qxytetracyclin)

S5« Streptoaycin Sarabai Cheaicals (Ambistrynes,

Stroptoayeln sulphato)

6. OChloramphenicol Piye Shezieals {Chloromycetin)

Solutiong of the antibiotios were prepared at
goncentrations of EDO, 250 and 500 ppa, GLtevile £ilter
paper dise of 10 2a dianeter wore dipped in the solutions
and placed over P3PA mediun soeded with 24 - 43 h old
culturs of the bacterial isolate (Xb-1)}. 7The tost wag
conducted with three replications. -Observations oa the sono

of inhibition were reccorded after 24 i and 43 h,

SAO3IRIVINE OF WL DIFRILTTE EO0LALLS O Tl BA0D Ry
PO RAWC LT AU CILORA TAH IGO0

The in vitro sensitivity of the differcat ioolntos

of tho baeteriuxn to Terramyein and Chlorazphenicol wore
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also studied. 100, 250 and 500 ppm concentrations of the

. antibiotics were prepared and sterile filter paper discs

of 10 an diameter were dipped in the solutions and piaced
over PSPA medium seeded with 24 - 48 h old culture: of the
different isolates of the baoterium. Three replications
were maintained and obgervations on the zone of inhibition..
were recorded after 24h and 43 h.

SENSITIVITY OF THE MIXTURE OF ALL THS T30LATKS OF THE
CLERIUM T0O AMPIBIOLICS | :

The aforementioned antibiotics with the three carlier
mentioned concentrations were used for this study alse.
The sterile filter paper diéc of 10 ma diameter were dipped
in tho solution of the antibioticsand placed over PSPA medium
seeded with a mixture of 24 - 43 h 0ld culture of the ten
different lsolates of the bacterium. Three replications were
maintained and observation of the zone of inhibition. were

recorded aftgr 24 h and 48 h.

YIVQ SCREBNING OF ANPIBIORICS AGAINST THE PATHOGEN

L ]

I

In order to assess the éffiaaqy of the antibiotics
‘against the disease and their f£ield performange, an experiment
was laid ogt in dompletely raniomiged design (CRR) with 7
treatments and 4 replications. Naturally infected plants
were used for spraying the antibiotics. ATwo concaptrations,
250 ppa and 500 ppm of three antiblotics namely



Chloramphenicol, Terramycln and Agrimycin-100 were used

for the purpose. Details of the treatments are given below.

Treatmenta

1. I Chloramphenicol = 500 ppn
24 Tz. Chloramphenicol - 250 ppa
S T3 Terramycin . = 500 ppn
4. T4 Terramnycin - 250 »pn
54 Ts Agrimyein=100 = 500 ppm
6. ¢ Agzrimycin=-100 - 250 ppm
Te T7 Control

Two spraying were given at an interval of one week.
Observations on the disease severity and intensity were
recorded on the day of each spraying and 7 days after the

second spraying.

STATISTICAL ANALYSIS

Data relating to different experiments were analysed
statistically following the method of Snedecor and Cochran
(1967). ‘P! test was carried out by analysis of variance
method and significant results were compared by working
out the eritical difference. The data on the percentage
of leaves defoliated and percentage of survival of leaves

ware analysed after angulaf transformation of the data.



Results
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RESUILS

Isolation and pathogenicity of bacterial igolates.

Isolation of the baecteria on Potato 3Sucrose Peptone
Agar ylelded yellow, ciroular and slimy colonies with entire
margin. . The betelvine plants artificially 1nocu1ated with
the bacterial isolates started developinz typical leaf spot
symptoms after five days. Reisolation £roam such infected
plants yielded colonies resembling the original isolates of
the baeterium.

Symptomatology.
Initial gyumptouns of the dlsease appeared as minate

water soaggd legions on the leaf lamina. The water soalked
loglons were scattered all over the leaf lamina or seen
orowded at certain portions. Therg was no uniformity in
the localization of the appearance of such lesionson the
leaf lamina. However at a later stage these lesions enlarged
and became angular and delimited by the veins (Plate=-I).
Sometimes the water soaked lesions were minute and in a
crowded manner, without any angularity (Flate II). The
water soaking was more pronounced at the lower surface cof
the leaf lamina compared to the upper surface and slight

_ chlorosis may be seen on the upper surface. Sometiames
bacterial oxudation could also be observed on the infected

lesions. As the lesions grew older, the water sgoaked spots
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turned dark brown in colouf with a distinct yellow halo.
Thase lesions later coalesced to form large patches.
Invariably margins of the leaves also got infected. Initially
on the margins of the leaf small water soaked lesiong were
formed, later they cOgleseed to form patehes all along the
margins with dark brown centre and yellow halo, ultimately
resulting in deformities (Plate III), At times as the
infaction progressed the centre of the dark brown spot broke
off leaving a shot hole tyée symptoa on the leaf lamina
(Plate IV). When the major portion of the leaf lamina got
iufeoted, defoliation occurred. iilddle aged and younger
leaves were usuaily more susceptible to infection compared
to older leaves in a vine,

Infection on the stem could also be noticed at timss,
On the stem,gmall spindle shaped dark brown lesions surrounded
by greenish yellow halo developed at first. ILater these
lesionsg coalesced to form large patches covering the catire

length of the internode of the stem (Plate V). Usually

lower and middle portion of the stem were infected, with'

govere infection on the middle nodes of the stems WWith such
infection the stem broke off at the middle portions leading

to severe damages of the vine. Sometimes petiole infection

was algo observed as dark brown lesion with greenish yellow
halo.






Plate 1V. Shot hole type of symptom on
betel vine leaves due to
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Variations in symptom on inoculation with different
isolates of the bacterjium on betelvine cultivar
Uhelanthivella. - ’

Under conditions of inoculation with different

igsolates - of Xanthomonas betlicola on betelvine cultivar

Chelanthivella, the variationsin symptoms were studied.

The different isolates of the bacterium showed differences
in the type symptoms such as the size of the initial water
goaked leslonms, angularity, bacterial exudation on the
diseased area, yellow halo around the spots, size of the
lesions devcloped, extent of marginal infection, development
of shot hole type symptom, susceptibility to the leaves,
defoliation and stem and petiole infection. The detalls

age given in table 1.

Characterization ani identification of the pathozen.
A. Qultural oharacters '

1. Horphology
The bacterium was a gram negative slendepbod with

rounded ends. The bacterium gave rise to yellow, cireular,
slimy, f£luldal, and convex colonica with entire margin-
on PSPA medium (Plate VI).

2. Growth of the bacterial isolate Xbe1 on differcnt
solid media

The growth of the bacterial isolate Xb=1 on eight
different solid medla were tested and the results are
presented in table 2. Of the eight s0lid media tested
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maximum growth was observed on Yeast Glucose Chalk Agar as
indicated by the dimmeter of the single colonies. The amount
of growthk, slime and fluidity was more on YGCA. After 43 h
the diameter of the colonies were 1.5 mm. The dlameter of
the colonies. increased to 4 um after 72 h. The colonies
weré circula?, yellow, slimy, £luidal, and convex with |
entire margin. The diameter increased to 6 ma after 26 h.

A non-water soluble yellow plgment appeared in the medium.
Potato Sucrose Peptone ngaf medium also supportied good
growth. The coloniea were yellow, slimy, fluidal, cirecular,
~and convex with entire margin. The sinzle colonies measured
3 mn after 72 h and 5 mm after 96 h, Growth of the bacterium
in Potato Uextrose Agar and Glucose Agar wﬁs not abundant
with less slime and £luidity. The colonies were yellow in
colour. The diameter of the colonies were 1.5 mm and 1.0 ma
in PDA and GA respectively after 96 h. In Glucose Ycast
Extract Agar, and Tetrazolium Chloride Agar (without
tetrazolium .chloride) there was absolutely no growth of the
bacterium even after 96 h., In the basal medium for -
Xanthdmonadé and Nutrient Agar very minute lnitials of the
bacterial growth could be observed after 72 h and no further
ircrease observed even after 96 h., The Tesults of the

study indicated that YGCA and PSPA were the best solid media
. for growth of this isolate of the bacterium.
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Table 2, OUomparison of growth characters of Xanthomonas betlicola
{isolate Xb=1) om different solid media

Tature of colony ~ Growth, Jlameter in mm efier
Medinm and colour plime an@ 24 h 48 h 72 h 96 h
fluidity
PSPA Yellow, cireular, Gre + + + - 1 3 S
convex with entire Sle + + +
Blal‘gin Fl- S
NK Very smail initials Gr. + - - - -
yallow, cirecular with Sl, -
entire amargin Fl. -
BY Very small initials Gr. + - - - -
yellow, circular S5l = :
with entire Fl. =
margin
YGOA Yellow, circular, Gre ++++ = 1.5 4 6
convex with entire Sle + + + +
wargin Fle + + + +
PDA Yellow, circular . Gxe .+ - - - 1.5
convex with entire SL. +
margin I'le +
Ga . Dight yellow, cireular, Gr..+ - = e
convex with entire Sle +
margin Fl, .+
GYmA . No .gfowth : ” - - - - -
Gr. =.Growth e 4 Excellent
+8le = Slime + + o+ Good
Fl, = Fluaidity + + Moderate
+ Slizht
- N1l
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3., Growth of diffement isolates of the bacterium on
golid medium , '

All tho isolates of the bacterium gave rise to yellow,
cireular, and convex colonles with entire margin on PSPA
medium. Isolates XG-1, Xb«7, Xb=9 and Xb«10 recorded maximua
growth, slime production and fluidity and the diamcter was
inoreased to 5 mm after 96 h (Table 3). Isolate Xb=4 and
Xb~6 were similar in terms of their growth, slime production
and Pluidity and their diameter inereased to 4 mm after 96 h.
Isolates Xb=2, Xb=3, Xbw5 and Xb=8, the diameter of the
colonies increased to 3 mm after 96 h and were similar with
respect to their slime production and fluidity. The colonics
of the isolate Xb=2, Xb-3, Xb-4, Xb=6, Xb~7, Xb=8 and Xb=10
were evenly yellow in colour with a light yellow region at
the margin, whers as the colonies of the isolates Zb=1,

Xb~5 and Xbed were deep yeliow at the centre than the margin.
There were slight variation in the amount of growth, slime
production and fluidity between the 1isolates of the pathogen.
Home of the 1solates showed growth within 24 h.

4; growth of different isolates of the bacterium on
Potato Suerose Peptone brot

growth was measured as the changs in the optical
denolty of the medium in comparison with uninoeulated control.
The results are presented in table 4. Obgervations after

24 h showed that there was not much growth in any of the
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Table 3, Growth characters of different isolates of Xanthomaonas betlioala
on PSPA medium

Is0- Nature of colony Growth, Diameter in ma after
1late and colour slime and
£lnidity 24 h 48h 72 h 9 h
Xb=-1 Deep yellow at centre, G + + + - 1 3 5
light yellow at margin, SL ++ + .
circular, convex with PL +4+ +
entire margin
Xb=2 Lvenly yellow, cireular, Gr + + - - 2 3
convex with entire Sl + +
margin FL + +
Xb=3 fvenly yellow, clircualar, Gr + + - - 2 5
convex with entire margin Sl + +
Pl ¢+
Xb=4 Evenly yellow, circular, Gr + + + - - 2 4
convex, with entire S1 + +
nargin F1 + +
Xb=5 Deep yellow at ceuatre, G + + - - 1 3
light yellow at margin, Sl + +,
eircular, convex with FlL + +
entire margin .
Xbe6 Evenly yellow, circular, Gr + + + - 1 3 4
convex with entire S1 + +
margin Fl + +
Ib=7  avenly yellow, circular, 6L + +. 4+ - 1 2 5
convex with entire SL + +. ¢
margin PL + + +
Xb=8  Evenly yellow, circular, Gr + + - - 1 3
econvex with entire Sl + +
margin L+
Xb=9 Deep yellow at centre, G + +.+ - 2 4 5
light yellow at margin, Sl + +.+
ecireular, convex with FlL + +.+
entire margin ~
Xb=-10 Evenly yellow, ciroular, G + + + - 1 3 5
convex with entire Sl + + +
margin FL + + +
. Gr = Growth + + + + = Excellent
S51 ~ Slime + + + = Good
Fl = Fluidity + + =~ Hoderate
+ = Slight
- - HNil
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Table 4. Growth of different isolates of Xanthomonas
betlicolas on PSP broth

Optical density after

Isolate No. . 24 h 48 h 72 h . 96 h
Xb=1 0.041 = 0.074 0.119 04149
Xbe2 0,009 10,046 0.125 0.103
Xbe3 0,022 0+05% 0.086 0.125
Xbw4 0.003  0.041  0.481  0.161
Xb=5 0.013 0.051% " 0.125 0.155
Xbe6 0,041 04092 0.208 0.119
Xb=T 0,022 0.036 0.161 0.155
Xb=3 0.022  0.066 04201 0.168
Xb=9 04032 0.092 0.155 0.125
Xb=10 0.022 0.071 0.137 0.086

isolates. Among the isolates Xb~1 and Xb=6 showed maximun
growth, f£ollowed by Xbe9, Xbe3, Xb=7, Xb=8 and Xb=10. For
isolates Xb=2, Xb=4 and Xb-5 the growth was very mnegligible.
After 48 h maximum growth was observed for isolate Xb-6 and
Xb=2, Tor isolate Xb=1 and Xb-10 the growth was same,

Among ‘the other isolates more growth was seen with isolate
Xb-3, followad by Xb=3, Xbe5, Xb-2, Xb=4 and Xb-7,
Obgervation after 72 h showed maximum growth for isolate
Xb-6 and Xb-8, followed by isolates Xb=4, Xb=7, Xb=3, Xb=10,




Xb=2, Xb-5 and Xb-1, Imolate Xb=3 showed very 1little
growth. After 96 h all isolates except Xb~1, Xbe3 and Zb-5

showed less amount of growth compared to 72 h growth.

5. Pigment production
A noneyater soluble yellow pigment on Yeast Glucose

Ghalk’Agar medium was pro&ﬁoed by all the isolates of the
bacterium, | | | |
6. Oxyzen reguiﬁement

All isolates of the'baoterium'were found to be
aerobic sinece the growth anﬂ change of blue colour of the
Nutrient dextrose agar medium (containina 0.0055 bromocresol
purple) to yellow was obaerveﬂ only 1n case of tubes
containing no liquid paraffin indicating the aerobic nature

of the organism,

B, PHYSIOLOGICAL CHARAGYT GRS

1. HMode of atilization of glucoge.
A1) isolates of the bacterium were found to utilize

glucose oxidatively (aerobically) since the medium iﬁ the
open tubes turns yellow from the tope |
2. Utilization of organig agids. _

Of the three sodlum salts of organic acids tested, all
the isolates utilized sodiuam citrate and sodiun acetate as
the source of carbon as evidenced by the change of colour
of the slants from greem to blue. Sodium benzoate was not.
utilized as the source of carbon by'any of the isolates of the

bacterium,.
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3« Starch hydrolysia.

All the bacterial isolates were found to hydrolyss
starch as indicated by colourless zone around the bacterial
growth in contrast to the outer blue bJack ground of the
medium.

4., EProduction of hydrogen sulphide.

Liberation of H,S within 14 days was observed for

all the isolates of bactezium. The isolates Xb-2 and Xb-6

liberated Has in less intensity as evidenced by less
blackening‘of the lead acetate strip compared to other
isolates.
5. MR and VP Tests
All isolates of the bacterium gave negative MR test
as evidenced by the abaence of development of distinet red
- eolour in the culture tube wihen fow drops of 0,02 per cent
" methyl red in 50 per eent aleohol was added.

- Similarly the VP test was also negative for all
isolates as indicated by the absence of a erimson or ruby
colour on addition of 0.6 ml alpha-naphthol (5 per cent in
95 per cent aleohol) and 0.2 ml of 40 per cent agqueous
golution of KOH in the culture tube,.

6. Gelatin liguefaction

There was liquefaction of gel column in the tubes
which were inoculated with isolates of the bacterium within
one month, which indicated that all isolates of the bacteriun
liquified gelatin.
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7.' Production of 1Indole.

The oxalic aeid crystals on the test strip did not
turn pink or red which indicated that none of the isolates
produongndole.

8. HNitrate reduction.

Nitrate was not reduaced by any of the bacterial V
isolates as evidenced by development of pink colour after
addition of zine. | ’

9. Catalage test.

thalaae positive reaction was shown by the different
isolates of the bacterium with slight variationsin their
intensity.

10. Action on milk.

All isolates of the bacterium turned the milk alkaline

as evidenced by the oolour change from blue to violet.

11. Utilization of asparagine as sole source of Carbon and
and Niﬁfogen

None of the isolates utilized asparagine as sole
gopree of C and N as indioated by the absence of growth of
isolates of the bacterium in the organic salt solution
containing 0.2 per cent asparagine,

12. _Growth in 6 peﬁ cent NaCl.

There was no growth of ghe isolates of the bacterium

when inoculated on a media containing 6 per cent NaOl.

13. Lipolytio activity
Opaque zone around the bacterial growth indicated
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1lipase production ani so all the isolates of the bacteriuam

produced lipases.

14. ZIyrosinase activity.
Abgsence of dark brown pigment in the medla inoculated

with isolates of bacterium indicated that all isolates were
tyrosinase nagative.

15. Arzinine hydrclase activity.
All isolates of the bacterium were argininc hydrolase

positive as indicated by the change in eolour of the medium
.to red,

16, Utilization of carbon sources.

of the 15 carboﬁ compounds tested all isolafes of the
bacterium proﬂucedraoid in Galactose, Maﬁnose, Zylose,
Pructose, Glucose, Maltose, Iactose, Sucrose, Dextrose as
indicated by the change of colour of the medium from reddish
violet to yellow. In Xylose acid production was noticed
only from the 4th day of inoculation. In Lactose isolates
Xb-1, Xb-3, Xb-4, Xb=53, Xb-7, Xb-3 and Xb-10 showed aoid
production frbm the second day of inoculation while others
showed acid production on third day of inoculation. There
was no change in the colour of tﬁe medium from reddish
violet to yellow im tubes containing Inositol, Buleitol,
Amygdalin, Ribose, Salicin and Raffinose which indlcated

negative utilization of the above suzars.(Table.s)



Table 5.

of Xanthononag betlicolas

Summary of mieroscopical, bioehamical and physiological characters of the isolates

8l. Characters studied Isolates _
No. Xb~1 XD=2 XD-3 X0~4 XD=5 Xb=b Xb=7 XZb~8 Xb=9 Xb=10
1. Gram reaction “P8 @Y U@ ey «¥@ =¥ ~Ve =y =y -ve
2. Pigaent production )
(a) HNon water soluble + + + + + + +* + + +
(b) Water Sﬂluble - - - - - - - - - -
3. Oxygen requirement + + + + + + + + + +
4, lode of utilization
of gzlucose
(a) Aerodbio + + ¥ + + + + + + +
(b) Anaero.bio - - - - - - - - - -
5. Utilization of organic
acids _
{(a) Sodium ecitrate + + + & + + + + + +
gb; Sodium acetate * + + + + + + + + +
6. Starch hydrolysis + + + + + + + + + +
T. ZProduction of hydrozen
ulphide + * + ¥ + + + + + +
8. MR % VP tests (Methyl
red and Voges Praskauor
Test) - - - - - - - - - -
9. Gelatin liquefaction + + + + + * + + + +
10. Production of Indole - - - - - - - - - -

0



Table 5- contd,..

Sl. Characters studied Isolates
HO. Xbei XD=2 Xb=3 Xb=4 Xb=5 3 XD=7 XD=8 Xb=9  XbD=10
11. NHitrate reduction - - - - - - - - - -
12. Catalage test + » + + + + + + + +*
13. Action on milk |
{Acid or alwaline AL AL AL AL AL AL AL AL AL AL
14. Utilization of asgparagine
ap sole source of C & I - - - - - - - - - -
5. Growth in 6% NAOL _ - - - - - - - - - -
16. IDipolytic activity + + + + + + + + + +
17. Iyrosinzse activity - - - - - - - - - -
18. Arginine hydrolase test + + + + + + + + + *
. 19. Utilization of carbon
. compounds with acid
production
1. Galactose + + + +
2. llannose + * r +
3¢« Xylose +2 +* o 8 4% +8 +* +% + e
4. Fractose + * + + + + + + +
5. ‘Glucose + + + + + + + + +
6. ialtose + + * + + + + +
7. Iactose + 3 + + + 4+ + + 2 +
3, Suecrose + + + + + + + + + o+

continued en

)
Qa2



Table 5 contd...

Sl. Characters studied

Isolates

No. Xb=1  Xb=2 Xb=3 XAD=4 XDb=5 XD=6 XD=7 Zb=3 X0=9 XD=~10
9. Dextrose + + + + + + + + + +
10. Inositol - - - - - - - - - -
11. Duleitol - - - - - - - - - -
12. Amygdalin - - - - - - - - - -
13. Ribose - - - - - - - - - -
14. Salicin - - - - - - - - - -
15. Raffinose - - - - - - - - - -
-ve Gram negative
AL Alkaline reaction
+ Positive reaction
+% Delayed positive reaction

Negative reaction

12
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Host range of the pathogen

Plants with similar taxonomic affinity to betelvine
ag well as woeds comaonly present in betelvine gardens were
artificially inoculated with the bacterium for studying the
host range of the pathogen. The following plants - Delonging
to the family Piperaceac, Piper aigrum L. (Plate VII),

Piper lonzum L., and Peperomia pellucida WB & XK. were found

to develop symptoms of leaf spot discase after 1 - 2 weeks

of inoculation. The dlsease affected portion of these
plants were subjected to ooze test and confirmed the presence
of bacteria. None of the weeds tested showsd any visible
symptous of:diaease even after three weeks of inoculation,
The inoculated portions of these plants were subjeoted to

ooze tost which gave negatlive results,.

Sucvival of the pathogen
The survival of the pathogen in the infected vines

and 1eaves'éere studied by periodic isolation using épecial
-mediﬁ for xénthomonas. Isolation of the pathogen after ten
days from iﬁfected vines and leaves gave negative results
similarly in ‘fgiggg survival of the pathogén iﬁ soll was

" also aasesséd. 'Plaﬂting a diiute suspension of the
inoculated soil slarry in normal saline aftcer ten days for
selective igolation of the bacterium in the special mgedium
for Xanthomonas yielded some yellow colounies. But these
colonies failed to gave any symptoms of the disease on

betelvine piants upon inoculation.



Plate VII* Symptoms of bacterial leaf spot
on pep er due to Xant-ioaonafl-
bctllcola



Screening of betelvine cultivars for host resistance
againgt the pathozen

Of the seven oultivars of betelvine plants sereened
for hog‘; resistance against the pathogen, none of them was
found to be resistant to the disease. In all cultivars the
symptom"-‘idevelopment were initiated from 5 to 7 days after

inoculation, The resulta are presented in table 6.

Table 6. Screening of betelvine cultivars for host
resistance against Ianthomonas betlioola

Treat- Percentage of defoliation Uigease
ments (in_angles) grade of

Within 10  Within 20  Within 30  Grgoreare®
days atter days after days after

thon . then T tlem
7, 0 47.33 74431 3434
z, 0 43.55  57.05 2.96
7, 0 550494 75400 3414
?, 0 25.05 78,00 3460
I 0 40.16 61.03 3446
T4 0 20,75  43.84 2,10
T, 0 10.13 43.84 2,56
0.D4(0,05) 0 25.0074  17.9923 0.4605

it was observed that waximum disease severity occurred on

cultivar Pannivella (T4) and minimum on Tulasivettila (TG)

when compared to others., There was absolutely no defoliation

?

56
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within fen days after inoculation. Uithin a period of 20 days
after inoculation minimum defolilation occurred on cultivars
Karilanchikarpuran (TT) and Tulasivettila (TG) and maximum

on iMalamkodi (TB)' Obgervations within 30 days after
inoculation showed lesser defoliation in the ease of cultivars
Karilanchikarpuran (T7) and Tulasivettila {Tﬁ) and maximum

on Pannivella (T4).

Zvaluation by disease severity scale (disease seale)
showed that the cultivar Talasivettila (TG) was significantly
better than Malamkodi (TB)’ Chelanthivella (T1), Chelanthi-
karpuran (Ts)’and Pannivella (T4). The cultivar Panaivella
(T4) was on par with Ghelanthikarpuran.(Ts) and .Chelanthivella
(T1) and significantly inferior to others. Statistical
analysis on the pgrcentage or‘deroliatidn within 20 days after
inocu}ation showe§ significanfly lesser defoliation in the
case of cultivar Karilanchika%puran (TT) than other cultivars
except Tulasivett;la (T6). The cultivar Tulasivettila (TG)
was also found to.be on par w%th Pannivella (T4), Chelanthi-
karpuran (T5)lanﬁIPramuttan (Tz). Further the eultivar
1f2lamkodi (TB) was found to bé on paf with Chelanthivella (T1),
Pramuttén (TEJ and Chelaﬁthikarpuran (Ts) ani significantly
inferior to other cultivars. Lvaluation by the percentage of
defoliation within 30 days after inoculation however revealed
that the cultivars Karilanchikerpuran (T7) and Tulasivettila |
(2g) were found to be on par with Pramuttan (T,) and
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_Chelanthikarpuran (TS) and showed significantly lesser

defoliation than other oultivars, Further the cultivar
 Panaivella (2,) vas on par with Malaukodi (T5), Chelanthivella
(T1) and Chelanthikarpuran (Ts) and significantly inferior

to all other cultivars,

In vitro sensitivity of the bacterium to antibiotics

The in vitro seneitivity of the bacterium to 6 anti-
biotics were tested and the results are presented in table 7,
Plé#a_VIII and Fiz.7. Among the antibiotics tested
Chloramphenicol was found to be significantly superior to all
-other antibiotigs, éhich was closely followed by Terramyein.

‘Pable 7. In vitro sensitivity of antibiotics at diffarent
conecentrationsto Xanthomonas betlicola

Inhibition zone in um

Antibiotics 100;ppm 250 ppm 500 ppm lean
Agrimycine100 19,33 25,33 @ 29,00 ©  24.55
Ampicillin 0.00 0.00 0.00 0.00
Chloramphenicol 28,00 30433 36.33 31.55
Streptonyein T 18,66 22,33 30433 23,77
Streptoeyeline 19.33 . 24.33 27466 23.77
Perrauyein 26.33  28.66 33,00  29.33

[

G.D. (0.05) for comparison between antibiotics = 1.573
C.De (0.05) for comparison between combination = 3,125

Agrimycin~100, Streptocycline and Streptomyein were on par
and significantly inferior to Ghlarampheniool and Zerramyein,
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Ampieillin was not effective agzainst the bacterium at the

- concentrations tested. Chloramphenicol at 500 ppm was signi=
ficantly superior to its lower concentrations and to all, other
antibiotics. Terramyéin at 500 ppm was found to be on par
with streptomyein 500 ppm and Chlorampheniecol 250 ppm but was
sigﬁificantly superior to its lower concentrations and to
other antibiotics except Chloramphenieol at 500 ppm. The
higher concenxratibns of Streptocyecline, Streptomyein and
Agrimyein=-100, were found to be significantly superiocr to
their lowsr coneentrations. Terramyecin and Chloramphenicol
at 250 ppm were on par with 100 ppm but was eignificantly
inferior to 500 ppm.

In vitro sensitivity of the different bacterial isolates to

W

ferramygin

Ten different isolates of the bacterium were tested
in the laboratory to find out whether any difference in the
in vitro sensitivity amoﬂg,the igolates to the various concen=-
trations of Terramyein. The results are presented in table 8,
Among the different isolates, isolate Xb~1 was most sensitive
to Terramycin followed by Ib-9 and\Xb-4. Isoléte Xh-B/;howed
the least sensitivity to Terramycin. iZvaluation by the zoae
of inhibition rovealed that isolate Xb-1 was significantly
more sensitive to Terramycin compared to other isolates.
Sensitivity of igolates Xb=9 and Xb=4 to Lerramyein were on

par and significantly better than other isolates except Xbei.

‘r
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Table 8. In vitro sensitivity of Terramyein to different
isolates of Xanthomonas betligola

Inhibition zone in mm

Isolates | 100 ppa 250 ppm 500 ppa Mean
Xb=1 33,00 41.67 48,67 42.78
Xba=2 23,00 29,00 32433 23.11
Xb=3 25,00 28,00 29,33 27.44
Xb=4 : 30.33 37.00 33.00 3544
Xbe5 24,00 - 29.33 33433 23,88
Xb=6 27.00 29433 34.67 30433
Xb=7 ‘ 27467 31.00 34.00 30.89
Xbe3 27.33 29,33 32433 29,66
Xb=9 34400 36,67 33,67 36.44
Xb=10 - 26.00 30433 31,00 29,11
C.0.(0.05) for comparison between isolates = 1445

0.D.(0.05) for comparison between gcombination = 2.52

Isclate Xb-3 was significantly iess gsensitive to Terranmyein
compared to all other isolates and did not differ siznificantly
with Xb~2 and Xb-5, For isolates Xb=3, Xb-4, Xb=0 and Xb=10
gensitivity at 250 ppu of Terramyein was found to be superior
to 100 ppm but was on par with 500 ppm. Sensitivity to
Terramycin at 250 ppm for isolates Xb=-6 and Xv=3 were on par
with 100 ppm but was inferior to 500 ppm. TFor isolates Xb-1;
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Xb=2, Xb-5 and Lb-7 higher concentrationsof Terramyein.

were slzniflcantly more sensitive than its 10@91: concentrations.

In vitro sensitivity of the differsnt bacterial isolates to
Chloramphenicol '

Sensitivity of the different isolates of the bacterium
to the various concentrationsof Chloramphenicol were tested

in the laboratory. ©The results are presented in tavle 9.

fable 9, In vitro sensitivity of Chlorauphenicol to
different Isolates of Xanthomonas bgtlicola

Innibition zZone in mm

Isolates 100 ppm 250 ppa 500 ppu iean
Xb=1 27433 32433 42.00 33488
Xb=2 25.00 32.67 45.67 34444
Xb-3 30.67 33400 40433 34.66
Xb=q 30.67 38.67 43.67 37.67
ib=5 ~ 30.00 35.00 42400 35.66
Xb-6 "’ 26.33 35433 40.33 33.99
Xb=7 23.00 33433 41.33 34.22
Xb=3 25.00 33467 41.00 33.22
Xb=9 22.00 31.00 43.00 | 32400
Xb-10 27.67 35.67 42400 35411

0.0.(0.05) for comparison between isolates = 3474
CD.(0.05) for comparison between combination = 6.48



Aaong the different'isolates tested, lsolate Xbe-4 was moat
sensitive to Ohloramphenicol and the isolate Xb-0 the least.
Evaluation by the zone of inhibition revealed that isolate
Xb=4 was significantly more sensitive to Chloramphenigol
conpared to isolates Xb-9, Xb-3, Xb-06 and Xb-1 and was on
par with other isolates. Chloramphenicol sensitivity of -
isolate Xb=9 was significantly less to isolate Xb=4 but'did
not differ significantly from other isolates. For isdlates
Xb=4, Xb=6 and Xb-10 sensitivity to Chloramphenicol at

250 ppm was found to be significantly superior to 100 ppn
but was on par with 500 ppme. Sensitivity of Chloramphenicol
at 250 ppmlto isclates Xb=1, Xb=3, Xb=5 and Ib-7 were found
to be on par with 100 ppm but differ significantly with
560 ppm. For igolates Ybh=2, Xb-8 and Xh-glsensitivity at
higher goneentrations of Chloramphenicol was found to be
superior to lower conoentratioﬁs. ‘

In vitro sensitivity of the mixture - of isolates of the
pacteriun to antibioties

In order to asgess the in vitro senéitivity of a
wixture of all the‘10 different isolates, éix antibiotiecs
were screened in the laboratory and the regults are preéented
in table 10. Among the antibiotics tested Chloramphenicol
vas significantly superior to all other antibiotics.
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Table 10. In vitro sensitivity of antibiotics to mixture
of ten isolates of Xanthomonas betligola

Inhibition Zone in mm

Antibioties 100 ppm 250 ppm 500 ppnm Mean
Agrimyein=100 18,33 22,00 23,33 21.22
Ampieillin  0.00 0.00 0.00 0.00
Chloramphenicol 25433 32.00 33.66 3192
Streptozyein 22,66 26,00 30,66 26.44
Streptooycline 22.33 25.66 51.00 26.353

Terranyein 22.00 29.66 34433 23.66

C.D.(0.05)for comparison between antibiotics = 0.823
C.D.{0.05) for coumparison between combination = 1.425

Ampioillin was not at all effective against the bapterium

at the concentrations tested. ITerramycin was found to be
significantly better than other antibiotlcs except
Uhloramphenicol. Streptomycin and Streptocycline wore

found to be on par and significantly better than Agrimyoin~100.
Chloramphenicol at 500 ppu was significantly superior to its
lower concentrations and to all other amtibiotics.
Terramyein at 500 ppm was significantly better than to 1its
lower concentrations and to all other antibioties oxcept
Chloramphenicol 500 ppm. Agriaycin=100 at 250 ppa was

found to be superior to 100 ppm but was on par with 500 ppu.
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For other: antibiotics higher concentrations were signi-

ficantly superior to their lower concentrations,

In vivo soreening of antibiotics against the pathogen

——

chloraﬁphenieol, Terranyein and Agrimyecin-100 at
500 ppm and 250 ppa congentrations were used for the in vivo
testing against the disease. HNone of these treatmentis gave
any absolute control to the disease. But there was signi-
ficant decrease in disease intemsity when compared with
control. Similerly there was significant difference in the
percentage of purvival of diseamsed leaves when treated plants
were compared with the control. There was no significant
difference in the percentage of defoliation between treated
plants and control ons week after first epraying and one week
after second spraying.

Statistical analysis on the percgntage of defoliation
one week after first spraying and one week after seoond
spraying showed that there was no significant difference
amnong treatments and control. There was considerable decreése
in the percentagze of defoliation on antibiotie treated plants
one week after fLirst spraying and one week after second
spraying. It was obgerved that the percentage of defoliation
one week after first gpraying was less on plants receiving
Berramyein spray. This was closely followed by those
receiving Chloramphenicol apray;a The coaparison of the

percentage of defoliation one week after .second spraying



65

showed less defoliation on Chloramphenicol sprayed plants,
followsd by plants receiving Terramycin spray.

The perecntage indox of diseasé status ‘one week after
first spraying revealed that the plant meceiving the
treatment TB (Terramyoln 500 ppm) showed less disease
intensity and treatment T7 (Control) showed maximum ;ntensity
(fable 11)., Similarly one week after the seecond spraying
of the antibiotics the pafcentage index of disease status was
less on all antibiotios treated piants when compared to the
control. |
| " Statistical analysis of the percentage index of
disease status one veek aftgr firet spraying showed that T3
(Texramyein 500 ppm) was significantly superior than the
- treatments T5 and T7 {Agrimyoin 500 ppm and Control).
Similarly evaluation of the percentage index of disease
status one week affer second spraying revealed that the
treatmont o (Control) was significantly inferior to all
other treatments which were all on par.

The percentage of survival of disecased leéves over
two weeks was maximum on ﬁlants receiving Terramycin at
500 ppm spray ani minimum on control. Statistical analysis
showed that the treatment T3 (Terramycin 500 ppm) was signie
ficantly superior to all other treatments except treatment
TS (Agrimyelin 500 ppm). Treatment T5‘(Agrimycin 500 ppmf
was on par with Tg (Ghlorampheniaol 250 ppm),



Table 11. In vivo screening of antibiotico at different
concentrations against the pathogen

Percentage of

Percentage index
defoliation (in ansles) of disease status

Percentage
of survival
of diseased

' One wack One week One weeolk One week leaves over
Treat= after 1ist after 2nd after 1st after 2nd two weelks
ment spraying spraying spraying - spraying (in angles)
T, 20.69 14441 19.37 21.87 35.08
Ta 18.95 25,26 25,43 48.17 45432
TS 4.86 18.85 15.81 32.683 67.37
T4 15.36 27.47 18.52 28.35 41.35
TS 19.18 22.45 39.64 46.77 5723
e 24.00 30.03 - 28.14 33.95 38 34
T7 24.36 35465 59.27 97.44 29,59
CeD, 0.00 0.00 20,83 27.40 21.80

(ooslevel) (o-oslevel) (o o1 tevel)
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P 2 (Ter?amvoin 250 ppm) and Tg (Agrimyein 250 ppm)w
Treatmeut T7 (Control) and 2, (Chlorazphenicol 500 ppm)
were gilgnificantly inferior to treatment TB and T5
(Terramyein 500 ppm and Agrimycin 500 ppm)e
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DISQUSSION

The betel vine cnltivation in Kerala is found to be
very severely affected by the bacterial leaf spot disease

incited by Xanthomonag betlicola causing severe crop losses.

In other regions of India also this disease is known to
cause extensive damage and was first reported from Bombay
State during the year 1951 (Patel gt al., 1951). Except
for a few prel@minary-reports there has beén no sjstematic
work on the various aspects of this disease.

The aspeots taken up for the pfeseht study were,
symptomatology, variationSin sympton: on inoculation of
different isolates of the bacterium, characterizationkand
identification, host range, and survival of the pathogen,
screening betel vine cultivars for host resistance and both
in yitro and in vivo screening of antibiotics against the
pathogen.

Symptomatology of the disease under matural and
artificial conditlons were studied in detail. HNaturally
infected plants showed a variety’of syaptons. The initial
symptomns of the disease‘gppeared'as minute water soaked
lesions on the leaf lamina delimited by veins., These
lesions may be either angular or without any angularity.
Bacterial exudations were invariably associated with the
water soaked lesions, lihen fhese losions grew older they

beecame dark brown with a distinet yellow halo surrouniing
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them, ILater such lesions coalesced to form large

patehes. At times shot hole type symptoms developed on the
leaf lamina. Harginal lnfection was obeervéa in most

cages ultlaately resulting in deformities. When major
portions of leaf lamina got infected defoliation occurred.
Stom and petiole infection was also observed. Both shot
hole type symptomsand marginal lesions considerably
decreasé the quality and thuas the maitettabiiity of the
leaves, |

On artificial inoculation all the éeneral symptons
of the dlsease observed in maturally infected plants
could be pro&uced: Manifestation of symptom commenced
from 5 to 7 days of inoculation. Further the symptoms
of the disease observed both under f£ield and inoculated
conditions were almost similar to those deascribed by
Patel et al. (1953), However, Singh and Chand (1971a)
in tneir studies reported froa Jabalpur, did not obsecrve
any marginal infection, bacterial exudatiom, shot hole
type  symptous and atem and potiole infection.

Minor variationsin the nature of sjmptomi‘preduced
on inoculation with different isolates of the bécterium
were critically observed. Th; isolates of the bacterium
were found to produce differences. in the nature of the
symptoms particularly, in the size of the initial water
soaked lesioﬁs, aﬁgularity, gum production, yellow halo,
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size of the spot developed, marginal infection, shot hole
type symptpm, gusceptibility of leaves, defoliation and sten
and petiole infection. Eventhodéh there is no previous

workk of this type on the symptoms of this disease, similar
variations in symptom” due to the difference in the

isolates of cther inoculated bacterial pathogen has been
reported, Devadath and Padmanabhan (1969) could observe
differential reaction in rice with differcnt isolates of
Xaenthomonas oryzae. Devadath (1970) also reported that

there was difference in the lesion development on Talchung
Native 1 with virulant and avirulant isolates of X. oryzac.
Maraite and Meyer (1975) observed similar type of symptom
variation with X. manihotis. Vakili (1977) reported the
agecurrence of variable range of pathogenieity with isolates
of Ianthomonas strains causing bacterial blight and pustule
disease of edible legumes. Thus in the present study the
observed variation in the extent, nature and severity of
the symptoms might be due to difference in the pathogenic
igolates of the bacterium. J

The growth of the bacterial isolate Xb=1 on
different sollid media showed some variations, Out of the
eight so0lid media used, maximum growth was observed in
Yeast Glucose dhaik Agar, followed by Potato Sucrose Peptone
Agar, Potato Dextrose Agar and Glucose Agar. The growth

of the bacterium in the basal mediun for xanthomonads and




Nutrient Agar was very meagre. There was no growth in
Gl&cosa Yeaagt Txtraet Agar and Tetrazoliuam Chloride
negative medium. YGCA and PSPA medium were found to be
the best media: for the growth of the bacterial 1sofgte
Xb-1, Patel et al. (1951, 1953) had recorded that DA
gsupported growth of the bacteriuam and growth was poor
in FA. In the present study only slight growth was
obgerved in PDA mnd in NA the growth was meagre. Dyg
{(1962) had noted that considerable variation could be
expected in colonles produced by Xanthomonads and this may
not be taken as the only differentiating charaecter.

The ‘growth of the ten different isolates of the
bacterium on PSPA mediuu showed some variations. Isolates
Xb-t, Xb=7, Xb=9 ani Xb-10 recorded maximum growth, slime
produetion, fluldity followed by isolates Xb~=4, and Xbe=6,
Tho growth, slime production and fluidity by isolates
Kb-2, Xb-3, Xb~5, and Xb-8 were poor. Similarly variation
in the growth of the different isolates of the bacteriuan
on Potato Sucrose Peptone broth was also recorded. Growth

of the different isolates of Xanthomonas betlicola on a

gingle s011id medium and its broth-has not been studied
80 far by carlier workers. Patel et al. (1951), Breed
et al. (1957) and Jemes athew et al. (1978a) reported
only a turbid yellow growth of the bacterium in nutrient
broth.,
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All isolates of the bacterium werc found to be
aerobic and produced a non-water soluble -yellow pigment
on Yeast Glucose Chalk Agar medium.

With respeet to the physiologleal and biocheazical
properties of the bacterial isolates, all isolates utilized
zlucose oxidatively, hydrolysed starch and arginine,
produced hydrogen sulphide and lipases. The different
isolates of *the bacterium utilized sodium eitrate, sodiunm
acetate but not sodium benzoate as tho sole source of
carbon. The isolates of the bacterium liquified gelatin,
d1d not reduce nitrates and falled to produce indole and
tyrosinase. Milk was turned alkaline in reaction. Ione
of the isolates atilized asparagine as the sole source of
carbon and nitrogen. All of them gave negative MR & VP
test. All isolates were found to be catalase positive
and growth was inhibited at 6 per cent sodium chloxide,

" Out of the 15 earbon compounds tested, all isolates
of the bacterium produced acid in Galactose, ilannose, Xylose,
Fructose, Glucose, Maltose, Lactose, Suerose and Dextrosc.
The bacterium did not produce acid in Inositol, Duleitol,
Amygdalin, Ribose, Salicin and Raffinose.

Similar results have been observed by Patel et al.
(1951, 1953) and James tathew et al. (19783, 1973b, 1979a).
The observations in the present study were in conforaity
with those reported by Breed et al. (1957) and Iye (1962).
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- Dye (1962) reported that phyeiblogical characters are
of little value in distinguishing species beecausc the
extent of intra species variability in physiological
charaetefs ié so great as inter specles variability.
| The presentlstuﬁieé on the morpholozical, cultural,
physiologieal and biochemical characters of the bacterial
isolates coupled with its pathogenicity confirm the
reports of Patel ot al. (1951, 1953%), Breed et al. (1957),
Singh and Chand (197%), Buchanan and Gibbons (1974) and -
James. Mathew et al. (19793, 1978b, 1979a) that the
| orgénfsm causing bacterial leaf spot of betel vine could
be identified as Xanthomonas betlicola, Patel et gl.l
Further in tho present study ten different pathogenic
1sélates of the bacterium were employed and there was no
indication of any physiological and biochemical variability
existing in the causal bacterium. But the isolates on
inooﬁlation produced variation in symptom.” exprossion
indicating difference among them. IHowever, detailed
studies with more number of isolates from different
geographical regions are required before arriving at a
definite conclusion on the variability of the pathogzen.
Plants with similar texonomic affinity to betel vine
and weeds that are gommnonly present in the betel vine
gardens were artificially inoculated to see if any of
these plants took up infection. The following plants
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Piper nigrum L, Piper lonzum I and Pepersais pellucida
wB & X belonging to the family Piperaceae were found to

be infected by the bacterium. Nome of the, /weeds tested
were suseeptible to the pathogen. Thome results wege in
agreement with the observations of Patel et al. (1953),
Broed et al. (1957), Buchanan and Gibbons (1974) and
Jaues Mathew ot al. (1978b, 1979a). The fact that the
pathbgen is able to infeet pepper (giggg nigrum T.) i
of concern to pepper cultivation end at this stage it is
desirable that betel vine gardens are not located near
pepper gardiens. a

Survival of the pathogen in the infected vines and
leéves were studled. Repeated 1solat16ns from diseéseﬂ
leaves and vines afiter ten days did not yield the bacterium.
Sigilarly isolations of the bacterium from soil after 10
days also gave negative regult. o previous work was
available on the survivél of this organism. 3ut there
were reports of survival studies on other élant pathozenie
Xanthomonads. Brinkerhoff and Fink (1964) reported that
- viability of X. malvacearum depend on the extent of |
deaompositioﬁ of the debris, and the viability being lost
after the plant tissues were broken down. Singh (1971)
noted that X, oryzae d4id not survive in unsterilized soil
for a week or over summer in the field. Gho?}and'Yoo
(1977) roported that X. phaseoli var. ao;ens; survived
for four days only in sterile aoil. Schuster (1977)
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recorded that puve cultures of Pseudomouas glyeing and

X. phaseoli var. sojense did not survive under dry or wet
conditions in either sterilized or non=-sterilized soil.

In the ahsence of any earlier work on the survival of

X+ betlicola and in the 1light of the above reports of
survival of other Xanthomonads, it is likely that the
baeterial leaf spot pathogen of betel vine may not survive
in leaf, vine or soil for long périods.

Further Patel gt al. (1953) roported the prevalence
of the disease throughout the year. However be had
observed that 1t occurred in serious proportions duiing
the rainy season characterised by low temperature and
high humiﬁit}. Betel vine being a perenial ecrop, is able
to continue the disease eycle transmitting the causative
organisa from diseased leaves to emerging leaves.

" 0f the seven cultivars of betel vine plants
screencd for host resistance agalnst the pathogen,none
of them were found to be absolutely resistant to the
diseass, Minlmunm @isease severity was observed on cultivar
Pulasivettila and maximum on cultivar Pannivella. Within

a pericd of 20 days after inoculation less defoliation

wag noticed on cultivars Kerilanchikerpuran and Tulasivettila

and maxinum on Malamkodi. Similarly within a perioed of
30 days after inoculation minimun defoliation occurred on
cultivars Xarilanchikerpuran and Pulasivetiila and

maximun on Pannivella. So it can be presumed that
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eventhough all eultivars of betel vine were.susceptible
to the disease, cultivars Tulgsivettila and Karilanehi=-
karpuran were less susceptible. Patel et al. (1953)
reported fro: Bombay-State that all varieties of betel vine
ware suscéptib;e to the disease with varying degrecs of
intengity. Singh ané Chand (1971a) observed that this
disease was widely prevalent in betel vine gardens om all
varieties in Jabalpur and the Bangla variety was the most
suseeptibles, But these inferences were based mainly on
field observation. Similar typee’of observations were
made by Xlement and Kapeller (1967) and Strider (1976}

on Capsicum annum against Xanthomonas vesicatoria. Ias

(1977) could not locate a single resistant caltivar out

of the 236 rice cultivars tested against bacterial leafl
streak disease. Sundaresh gt al. (1973) also could not get
source of reesistance against bacterfél pustule disease of
soyabean in their astudy. In general to get a cultivar
‘with genetic resistance azainst a bacterial disease is
considered to be diffieudt and the leaf spot disease of
betel vine sppears to be no exception to this.

OQut of the six antibioties sereened for the ip vitro
senaitivity of the bacterinm, it was found that Chlorame
phenicol and Terramyéin had better inhibitory effect over
Agrimyein-100, Streptooyeline, Streptomycin. Ampleillin
was found to be iﬁéffective upto 500 ppm. Chloramphenicol
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at 500 ppm had befter inhibitory effect than its lower
concentrations and to all other antibioties. Similar
results were also obtained when the mixture of ten isoiatea
of the bacteriun was tested for the in vitro semsitivity
against the six antibioties. Thirumalachar et al. (1956)
reported that Terramyecin, Chloromycetin (Chloramphenicol}
and Streptomycin had got inhibitory effeot'to X, betlicola
on Piper betle., James Mathew et al. (1979a, 1979b) noted
that of the six antibiotics tested in yitro against
X. betlioola on Piper nigrum, Chloramphenicol at 500 ppam
exerted maximun inhibition to growth and Ampieillin was not
at all effective agrinst the bacterium. Thus the present
study’ " indicates that Chloramphenicol at 300 ppm exerted
maximun inhibition to growth of the bacterium in vitro.
The ten different lgolates of the bacterium were
tested in vitro to assess the difference in sensitivity to
various concentrations of Terramycin and Chloramphenicol.
It was found that the isolate Xb-t was most sensitive to
Terranyein and the isolate Xbe3 the least. Haximum
gsensitivity to Chloraaphenicol was shown by ismolate Xb=4
ani the minimum by isolate Xb-9, The other isolates of
the baoterium showed varying degrees of sengitivity to
dizferent concentrations of Terramyecin and_chloramphenicol.
Sensitivity of the different isolates of this bacterium
against antibiotics were not stuiied so far. But sinilar

typee of results have been reported with other baecterial
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pathogens. Yamamoto and Kusaka (1965) reported that the

3 strains of X. oryzae varied in suspeptibility to Streptomycin

but showed 1ittle difference in reaction fo Penielllin,

Celloeidin, Chloramphenicol and 7 other antibiotics.

Verma et al. (1975) observed that the isolates of X.

malvagearum could not be grouped into well differentiated

types on the basis of their relativefsensitivit&. In the
present ptudy also the isolates of the bacterium showed

| variation in sensitivity to antiblotiecs.

Of the three antibiotics at two concentrations used

for the in yivo sereening, it was found that none of the

treatments gave complete control of the disease. It was
observed that one week after first gpraying the percentage
index of disease status was minimam on plants receiving

Terramyein 500 ppa spray and maximum on control plants.

Similarly the percentage index of disease status one week .

after seccond spraying was minimua on all antiblotices
treated plants and maximum on control. It was also noted
that those plants receivinz Terramyein at 500 ppa spray,
the percentage of survival of diseased;leaves over two
weeks after spraying was moximum waile the survival of
such leaves was a minimum on control plantse.

In vivo control of bacterial leaf spot disease of
betel vine by antibioties bas not been studied so far by

earlier workersa, In the ¢ase of other bacterial disease
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oimilar studles were conducted. Arene (1977) noted that
the incidence and severity of cassava bactefial blight in
the £ield was significantlyrreduced by foliar applicafion
of Agrimyein=500. Dhanvantari ¢t al. (1978) reported that
both Oxytetracyelin hydroehloride (0TQ) and Streptonmyein
sulphate sigﬁifieantly reduced defoliation and leaf infection
of bacterial spot of peach due to X. pruni in éouth Western
Ontaria. Frait infection was.simiiarly reéuceﬂ by OTQC.

In the present study the result of in yitro
sensitivity of antibioties égainst the bacteriun showed
that Chloramphenicol at 500 ppm vae having maximum senaltivity,
Buat in the f£1eld trial Terramyein 500 ppm gave the ﬁaximum
offect against the disease., In the absence of resistant . -
oultivars of betel vine, Terraayecin at 500 ppn could bo
used for reducing the severity of‘the disease incidence

in the betel vine gardens.
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STTARY

The bacterial leaf spot incited by Kanthomonag
betligcola Patel et al. is one of the most serious diseases
on betel vine. This disease cauges consideraole reduction

'in the yield and éuality of the leaves. In India,this leaf
‘spot diseage was f£irst reported from Bombay State in the
Year 1951.

In view of the gevere crop losses due to this
discase in the State, stuldies were uniertaken on the
symptomnatology, variétions in symptom: produetion with
different isolates of the pathogen, characterisation
and identification of the bacterium, host range ani
survival of the pathogen, sgreening of betel vine cultivars
for host resistance..and both in vitro and in vive
sensitivity of the pathogen to antibiaticé.

* The ecausal bacteriun was isolated from severoly
disease affected betel vine leaves. Ten pathogenic
ipolates of the bacterium from different localities were
used in the present study.

Symptoms of the disease both under natural and
artificial conditions were studied. The typical symptoms
of the disease such as initial water soalked lesions,
bacterial exuda?iona, developument of dark boown patches
with yellow halo, shot hole type symptous, defoiiation,

stom and petiole infection were observed.



dinor variations in the above gymptom expression
were observed on inoculation with the different isolates
of the bacteriua.
| Growth of the bacterial isolate Xbel on eight solid
media showed that Yeast Glucose Chalk Agar and Potato
Sucrose Peptone Agar were the best solié media for routine
laboratory studies. The different isolates of the
bacterium showed some differences in growth on PSPA mediua
and its broth. /

iorpnological, physiological and biochemical
characters of the diffcrent isolates studied were similar.
Baged on the above characters of the pathogen coupled
with pathogenicity and symptom expression suggecsted the
identity of the pathogen as Xanthomonas betlicola
(Patel et._al., 1951),

Plants belonging to the family Piperaceae such
as Piper ﬁgggggibggggg lonzum L and Pegperomia pellucida
W3 & K were found to take up infeefion upon artificial
inocualation of the pathogen and the weeds tested did not
talze up infection. The fact that the pathogen attack
Piper nigrum L is of economie conecera to pepper cultivation
in the State,. |

Repeated isolations of the bacterium from infected
leaves, stem and s9il did not yield any bacterial coloniess
indicating that the pathogen may not survive for long

periods in the above source$.
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Out of the seven cultivars of betel vine tested
for’hbst resistance, none of them was found to be resistant
to the disecase.,. But Tulasivettils and Karilanchikarpuran
were found to be less susceptible to the pathogen.

The bacterium was found to be sensitive to
Chloramphenicel, Terramyein, Agrimyein=100, Streptooyeline,
and Streptomycin. Amplcillin was not at all effective
againat the bacterium, Chlorampheniébl gave the maxiﬁum
zone of inhibition followed by Terramycin. Similar results
were also obtained when the mixture of ten isolates were
teasted for the sensitivity to, the above six antiblotics..

Variations in sensitivity among the ten different
isolates of the bacterium to Ghloramphenicol ani Terramyein
were also noticed.

The in vivo screening of three antibiotics at two
concentrations did not give any absolute control of the
discase, But based on the'percentage index of disease
statas and fhe percentage of survival of diseased leaves
over two weekqf;after spéaying, it was found that Terraamyecin
at 500 ppn gaﬁe maxinua effect in reducinz the disease

intensity.'
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APPENDIX Ia
Ainelysis of veriance table

Screening of bebel vine culbivars for hoot resistence against
¥anthomonas betlicoln

Dipeases grade of all leaves infechted

Source Sum of daf Fean » ab thether

sqQuare squere .05 slgnificont
level or not
Total | 12.187 34
Treatment 8,647 6 1 441 11,399  Significent
Brrop 54540 28 0.126

ATPERDIX IDb
Annlysis of veriance table

pereening of betel vine oultivars for host reslstance agsinst
Zanthomonas betlicolse

Percentage of defoliation within 20 doys efter inoculasion
(ofter angular trensformation)

Source Sun of - ag Hean P et Whether

gquare aquare 0.05 slgnificant
| lovel or not
Total 184838.761 >4
Treatment 8051.727 6 1341.954 3.60 Significent

Brror 10437.03% 28 5724751




APPENDIX e

Anglydis of veriance table

Sereening of betel vine cultivars for host resistonce sgeinat
Xanthonones betlicola

Percentage of defoliation within 30 days efter inoculation
(after ongulor trensformation)

Source Sum of af Hean ? at tHhether
sguare square 0,05 pignificant
level or nod

Total 11707.874 54
Treatment 6304.862 o 1050.81 5.44 dignificant
Exrror 5403.012 28 192,96

APTYIIIDIX 1T

Annlysig of varience toble

In vitro sensitivity of entibiotics at different comcenbrations to
' Xonthomonas betlicola

Source Sum of af  Mean P at  thether
square square 0.05 slgnlficant
level oxr not
Total 0545 .5 53
Treatnent 6A17.5 17 377.5 106.171 Significond

Exror 128,0 36 %.5




AYPENDIX III
Analysis of variance table -

In vitro sensitivity of Terranyein %o different imolates of
Zanthomonag betlicola

Source ' Sim of ‘ at Mean 7 at thether
fquare sguare 0,05 slgnificant
;eval . or not
Tosal . 23805,20 - 89
Treatoent 2762462 29 05 .26 40,03 Significant
mryoy 142,67 60 2.38
APPENDIX IV

Malysis of verlance foble

In vitro senpitivity of Chloramphenicol to different isolntes
of Xanthomonas boblicola

Source Sum of af Mean F ok Whother

squere gquare 0.05 pignificant
. | _level or not
Tobal 4680 ,49 89
Treatmont 3755.16 29 128.73 8.15 Sigificant

Error 94753 60 15.79




APFENDIX ¥V

Anolysip of varionce table

In vitro cencitivity of antiblotles to mixbure of ten isolates

of Zenthomonas betlicoln

Source Sum of af lean P ot khether
sguare sguare 0.05 gignificend
level 0% not
Totel 0775 .34 53
Treatment 6748.67 17 306,98  536.45 Significont
Bepon 26.57 {5)

074

Anolyslis of variance table

APPENDIX Via

- In vivo screening of antibiotice at different concentrations agningt

the pathogen

Percentage index of disease stabtus one weel after firat spraying

d£

Source Sum of Yican P at Whether
square sguaTe 0.05 pignificant
' ' level oy no%
Total 9927.25 27
Preatnent 5675.73 6 945,65 4.66 Significent
Txgor 425%,52 21 202.54




APPENDIX VIb
Anglysie of wvaviance bteble

In vivo screening of antiblotics at differenb concentmtions
against the pathogen :

Percentage J.ndex oi‘ diseese status one week after second spraying

Source Sum of ag lean P ab ilhether
square squere 0,05 significant
| . | level - or not
Total 22344445 _2’? , ’ :
Treatnent, 15053.12 6 2508,85 7.22 Bignificant
APPEIDIX VIe

Anglysis of verliance table

In vivo screening of anbtibloties at different concentrations
egainst the pathogen

Pementage of defolinmtion one week after first spraying
(After enguler transformation) \

Source " Sum of ag Mean P at vhether

square gquare 0,05 significant
| | ' level or not
Total 6294.85 27
Treatnent 1060497 6  176.82 0.709  Not

significant
Exrmor 5253.88 21 248.23




APPENDIX VId
Analysis of veriance teble

In viyo screeoning of antibiotics at different concentrations
against the pathogen

‘Percentoge of defoliation one week afier seeond sproying
(efter angular transformation)

Source Sum of | (The Heen F ab vhethex

square ~ Bauare C.05 signifiocant
level or not
Total 7509.40 27
Treptnont 1206.69 (3] 201.12 0.63 Vot
) olgnificent
. Eryor 6702.71 21 319.18
APPENDIX Vie .

Analysis of variance table

In vivo sorcening of catiblotlics at different concentrations
' egainst the pathogen

Percentoge of ourvivel of disezacd leaves over two weskeo
(after anguler trangformation)

Souree Sum of af Mean P at vhetheyr
_Bauare ) squAare 0,01 significant
level or aot
Total 10929,99 29

Treatment 4175.12 6 - 695,85 2,16 53 emificant
Error 6754 .87 21 321,60
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ABSTRACT

The bacterial leaf spot of betel vine incited by

Xanthomonas betligola Patel gt al. is one of the most serious

digeases regorded on the plant and was first reported in the
year 1951, The ocourrence and severity of the disease'in
Eerala was xeported from 1978 onwards. The symptoms of the
disease 15 eharacterised by water soaked lesions, baofefial
exudations, dark brown patches with yellow hald, marginal -
infeotion, shot hole type symptoms, defoliation, stem and
petiocle infection. Minor variations in the above symptous
were observed with different isolates of the pathogen.

Yeast Glucose Chalk Agar ani Potato Sucrose Peptone
Agar were found to be the best solid media for the growth
of the bacgterium. Slight variations in growth was observed
among isolates when grown on PSPA medium.

The pathogen was found to be Xanthomonas betlioola'

from its morphological, physiological and hiochemieal
echaracterg ooupled with pathogenieity. The pathogen infected
other meambers of the family Piperaceac such as Piper nigrum,
2iper lo ﬁm, Peperomia pellucida.

Repeated 1solations of the bacterium from infeoted
leaves, stem and soll did not give any positive results
indicating that the pathogen way not survive for long periods
in the above sources.

Non'e-or the cultivars sgereened were absolutely

reolstant to the disease but Tulasivettila and



EKarilanohikarpuran were less susceptible.

The bacterium was sensitive in vitro to Chloramphenicol,
Terramycin, Agrimycin-100, Streptoeycline and Streptomycin
and not to Ampieillin. Differences in gensitivity among
igolates to Chloramphenicol and Terramycin was also cbgerved.
Fileld trial of antibiotics against the disease did not give
any complete control. But it has been obsexyzd that '
Termanmyain at 500 ppm bad some effect in reducing the disease

séverity.



