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' 5 he c u lt iv a t io n  o f  b e t e l  v in e i s  a very p r o f ita b le  

p ro p o s it io n  as i t  g iv e s  a steady income throughout the 

year. The lea v es  o f  b e te l  v in e , commonly known as *V ottila *  

f in d  i t s  use among q u ite  a la rge  number o f  peop le  in  

Kerala State and in  other p a rts  o f  India as a chewing 

ingredient *

In K erala, b e te lv in e  i s  cu lt iv a te d  in  an area o f  

about 2592 h ecta res . The major area under t h is  crop 

com prising o f  about 1490 hectares i s  concentrated mainly 

in  the D is t r ic t s  o f  Trivandrum, Quilon and Malappuram. As
V

against the products o f  many cu lt iv a te d  crop p la n ts , i t  

i s  the lea v es  th at are used in  the case o f  b e te l  v in e , 

and hence, i t  i s  but natural that the v eg e ta tiv e  y ie ld  

and q u a lity  are the important fa c to r s  in  d ecid in g  the 

value o f  t h is  c ro p .

Of the severa l d isea ses  o f  b e te l  v in e , b a c te r ia l  

l e a f  spot caused by Xanthomonas b e t l io o la  i s  the most 

important and seriou s  one in  Kerala S tate . This d isease 

severe ly  a f f e c t s  the lea ves  and t o  a le s s e r  extent the 

stem, thereby reducing both the y ie ld  and q u a lity  o f  the 

leaves con sid era b ly . Quite o fte n  the d isease  i s  seen 

in  seriou s  p rop ortion  in  the b e te l  vine gardens as a 

fa o to r  lim it in g  produ ction  o f  q u a lity  le a v e s .
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The f i r s t  rep ort on the occurrence o f  th is  d isease  

in  India was from Bombay State (P a te l at a l . ,  1951).

The occurrence and s e v e r ity  o f  th is  d isease  in  Kerala was 

reported  by James r«lathew et a l .  (1978a).

This d isease  i s  found t o  be prevalen t in  the b e te l  

v ine growing areas o f  the State throughout the year, the 

se v e r ity ,b e in g  sore during ra in y  seasons. 2 he a g ro - 

c ltm atie  co n d it io n  o f  Kerala with more number o f  ra in y  

days, high humidity and low tem perature, i s  very conducive 

fo r  the d isea se  t o  f la r e  up in  severe p rop ortion  which 

r e s u lts  in  extensive crop lo s s e s .  Another alarming, 

observation  i s  that the very same pathogen can in fe c t

pepper v in e  ( P iper nigrum L. ) (James r-fethew e t  a l , ,
•>

1978b, 1979a) an important cash crop o f  K erala, which 

a lso  emphasises the importance o f  studying the various 

aspects o f  t h is  d isease in  d e t a i l .

Thus, in  view o f  the severe crop lo s s e s  due t o  th is  

d isease on b e te l  v in e , and the p o te n t ia l  damage and havoc 

that i t  can cause t o  pepper v in e , s tu d ies  were undertaken 

on. the symptomatology, varia tion s in  symptom .on in ocu la tion  

o f  d if fe r e n t  is o la te s  o f  the pathogen, ch a ra cte r isa tio n  

and id e n t i f ic a t io n  o f  the bacterium , host range and su rv iv a l 

o f the pathogen, screen ing o f  b e te l v in e  c u lt iv a r s  fo r  

host r e s is ta n ce  and both in  v i t r o  and in  v iv o  co n tro l o f  

the pathogen with a n t ib io t i c s .  The r e s u lt s  are presented 

in  th is  t h e s is .
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B a cteria l l e a f  spot d isease  o f  b e te l  v ine 

( P iper b e t le t )  i s  known t o  have been in  ex is ten ce  f o r  

over a century in  North Ind ia . In Ceylon the occurrence 

o f  a b a c te r ia l  d isease  was reported  by Raghunathan 

(1926, 1928). Asthana and Mahmud (1944* 1945) and Asthana 

(1947) described  b a c te r ia l  l e a f  spot d isease  on P iper
-s.

b e t le  I>. from  North India . P a te l et a l .  (1951* 1953) 

reported  the d isea se  from sev era l parts o f  Bombay S tate. 

Prom Jabalpur (Madhya Pradesh) b a o te r ia l  le a f  spot on 

b e te l  v ine was reported  by Singh and Ohand (1971 a ) .

James Mathew e t  a l .  (1973 a ) rep orted  the ocourrenoe o f 

b a c te r ia l  l e a f  spot d isease  o f  b e te l  v ine from K erala.

Considerable damage was f i r s t  noted in  Ceylon sinoe 

1921* though the d isea se  was recorded  in  1396 (Raghunathan, 

1926). Heavy annual lo s s e s  has been recorded  in  the 

Central Province o f  Berar, II. India in  1944 (Asthana and 

Mahmud, 1944). Considerable y ie ld  lo s s e s  has a ls o  been 

reported  from severa l p a rts  o f  Bombay State (P a te l et a l . .  

1953 ),from  Jabalpur (Singh and Chand, 1971 a ) and from 

Kerala (James Mathew e t  a l . ,  1978 a ) .

In India b a o te r ia l  l e a f  spot o f  b e te l  y in e  caused 

by, Xanthomonas b e t l io o la . P a te l et a l . was f i r s t  reported  

from Bombay State by P ate l et a l .  (1 9 5 1 ). Subsequently



the d ise a se " was reported  from Jabalpur (Singh and Chand,

1971 a)and from Kerala (James Mathew et a l . ,  1978 a ) ,

Singh and Chand (1971 b) rep orted  a fungus-bacterium  

complex d isease  due t o  O olletotrloham  c a p s ic i  and 

Xanthomonas b e t l lo o la  on pan ( P iper b e t le  L .) from Jabalpur,

SYMPT QMT OLQGrY

P a tel et a l .  (1953) described  the symptoms o f  the 

d isea se  in  d e t a i l .  The symptoms o f  the d isease  f i r s t  

appeared as minute water soaked spot on the lower s id e  o f  

the lea ves  between the v e in s . A fter  about 10 days, the 

sp ots  became v is ib le  on the upper su rfa ce  as dark, round 

to  angular areas, surrounded by y e llo w  zone or h a lo . The , 

y e llo w  zone on the upper surface corresponds to  the water 

soaked area on the lower su r fa ce . The spots  which in  the 

beginning measure 5 mm or less,w hen numerous, coa lesoe  

form ing brown t o  b lack  areas o f  h a lf to  one inch in  diam eter. 

Sometimes, the dead p o rt io n s  o f  the in fe c te d  lea v es  f a l l  

out leav in g  h o le s . The le s io n s  when marginal o fte n  r e s u lt s  

in  d e form ities  and craoklng o f  t is s u e s .  H eavily in fe c ted  

lea v es  were d is t in c t ly  y e llow . Under humid con d ition s  therm 

occurred an appreciab le  amount o f  b a c te r ia l  gummy ooze . 

In fe c t io n  sometimes occurred on p e t io le  and stem though 

l e a f  and le a f  edges form common p la ce  o f  in fe c t io n . 

D e fo lia t io n  occurred when in fe c t io n  became severe .
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Singh and Ohand (1971 a ) from Jabalpur reported  the 

symptoms o f  the d isea se . She symptom in  the beginning 

appeared in  th e  form o f  sm all specie, enlarged and formed 

almost c ir c u la r  dark brown spot surrounded by y e llow  l in in g . 

Often they coa lesced  to  form  patches invading la rg er  areas 

o f  the le a v e s . In the advanced stages the lea v es  surface 

were almost e n t ir e ly  covered w ith b igger sp o ts  and patches.

James ifethew et a l .  (1978 a ) had observed these 

ty p ic a l  symptoms as described  by P a te l e t  a l .  (1 9 5 3 ). They 

observed th at in  advance stages o f  in fe c t io n  d e fo l ia t io n  

in va ria b ly  occu rred . They had a ls o  noted that symptoms 

o f  the d isease varied  with v a r ie t ie s .

V ariations in  symptom^ production

There were no re levan t stu d ies  on the varia tion s in  

symptom,.: .production  due t o  d if fe r e n t  iso la te s  o f  the b a c te r ia l  

le a f  spot pathogen Xanthomonas b e t l i o o la * But in  other 

d isea ses c e r ta in  stu d ies  were made on the v a r ia t io n  in  

symptom produ ction  due t o  i s o la t e s .  Devadath and Padmanabhan 

(1969) studied  the r e a c t io n  o f  20 r i c e  v a r ie t ie s  t o  9 

is o la te s  o f  Xanthomonas orvsae and observed the d i f f e r e n t ia l  

r e a c t io n  o f  the v a r ie t ie s  w ith is o la te s ,  e s p e c ia lly  in  the 

seed lin g  sta ge , thus e s ta b lish in g  the ex is ten ce  o f  sp ecia 

l is a t io n  in  p a th og en ic ity . Devadath (1970) reported  that 

the v iru le n t  is o la te  * IP o f  a .  or.ysae produced the la rg e s t  

le s io n  and the l e s s  v iru le n t  *P* the sh ortest on the r i c e  

v a r ie ty  Taichung S a tiv e -1 . Maraite and ifeyer (1975)
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suggested th at stratu s o f  d if fe r e n t  p a th ogen ic ity  may 

e x is t  in  X. m anlhotio.  Valcili (1977) studied  about 

Xanthomonas s tra in  causing b a c te r ia l  b lig h t  and pustu les 

o f  e d ib le  legumes in  Pueto R ico  and reported  that a l l  

Xanthomonas I s o la te s  c o l le c t e d  from f i e ld s  o f  cow pea were 

pathogenic on both cow pea and bean (Phaseolus v u lg a r is ) 

as were most bean is o la te s *  A few bean is o la t e s  were 

pathogenic t o  bean a lon e . A v a ria b le  range o f  p a th ogen icity  

was found among is o la te s  from pustu les on bean, P. ooooin eas. 

P. lunatas and soyabean but no b a c te r ia l  pu stu les  were 

found on cow pea. A l l  i s o la te s  showed a v a r ia b le  range o f  

p a th og en ic ity .

PASHfXxM

She.causal bacterium  o f  the b a c te r ia l  l e a f  spot o f  

b e t e l  v in e (P iper b e t le  i . )  was named as Xanthomonas b e t l i c o la  

P ate l e t  a l .  (1 9 5 1 ) ,(Breed e t  a l . ,  1957 ).

I s o la t io n  and p ro p e r tie s  o f  the bacterium

P a te l et a l .  (1955) is o la te d  the pathogen by pour 

p la te  method.

P atel et a l*  (1951) studied  the m orphological and 

cu ltu r a l  ch aracters o f  the bacterium  and rep orted  that the 

pathogen i s  a slender rod , s in g le  o f  in  p a ir s , gram negative, 

m o tile , capsu lated , no spores or in v o lu tio n  form s, not a c id  

fa s t  and a e r o b ic . On Potato dextrose  Agar the o o lo n ie s  

o f  the bacterium were baryta y e llow  w ith lo b a te  margins 

and s tr ia t io n s  at periphery , measuring 11 mm a ft e r  7 days.
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On nutrient broth  good cloudy y e llow  growth was observed. 

Oopious growth was observed on p ota to  c y lin d e r s . Uhey 

reported  that the optimum temperature f o r  growth o f  the 

baoterium was 25 -  28 °0 .

P a te l et a l .  (1955) a ls o  reported  the same morpho

lo g i c a l  and c u ltu ra l ch aracters  which were described  in  

th e ir  e a r l ie r  s tu d ie s . (Ehey a ls o  observed th at the 

bacterium  is. m otile  b y 1  or 2 p o la r  f l a g e l l a .  On P otato 

Dextrose Agar the average dimensions o f  the b a cteria , 

varying in  age from 1 t o  2 weeks, were 1*6 x  0 .9  ya . I t  

r e a d ily  s ta in s  w ith common dyes* (Che growth o f  the 

bacterium in  Uatrient Agar p la te s  were p oor , f l a t ,  

g lis te n in g  and co lo n ie s  measure 4 mm in  4 days* In 

Nutrient Dextrose Agar P la tes , the c o lo n ie s  were round 

-w ith  e n tire  margins, umbonate, 7 mm in  fou r  days, co lou r  

Maples y e llow , s ir ia t io n s  s ta rt in g  from  the ce n tre . On 

p ota to  c y lin d e r s , the growth o f  the bacterium  was cop ious 

but s l ig h t ly  sh in in g , coverin g  the e n t ire  su rfa ce , co lou r  

was y e llow , cy lin d er  turning orange b u f f .  (Dhermal death 

p o in t a t  51°0 .

Breed e t  a l .  (1957) and James Mathew e t  a l . (1978 a) 

a ls o  reported  the s im ila r  m orphological and cu ltu ra l 

Characters o f  the bacterium which were d escribed  by P atel 

e t  a l .  (1951, 1953)* James Mathew e t  a l .  (1973 a ) a lso  

rep orted  that the temperature range o f  the bacterium  was 

26 -  30°0, with a temperature optimum 23°G.



P h y s io lo g ica l characters o f  the bacterium were 

studied  by P a te l et a l .  (1951) and rep orted  that the 

pathogen l iq u i f ie d  g e la t in , hydrolysed starch  and ca se in , 

reduced litm us, produced ammonia and hydrogen su lph ide. 

They noted that the bacterium  produced a c id  but no gas in  

d extrose , la c to s e  and sucrose but no growth in  s a l io in .

She pathogen d id  not reduced n itra te  and no in dole  was 

produced'. I© & VP t e s t  were n egative , no growth in  

syn th etic  asparagine medium and KaCJl-' to le ra n t upto 3 

per ce n t , fhey noted th at the bacterium  was ly p o ly t io  

and l iq u i f ie d  L o e f fe r 's  b lood  serum.
/

P a te l et a l ,  (1953) observed the same r e s u lt s  o f 

th e ir  e a r l ie r  s tu d ie s . 2hey a ls o  noted that the bacterium 

produced a c id  but no gas in  m altose. Rood growth o f  the 

bacterium was observed In Uschinsky*s s o lu t io n  but s lig h t  

growth in  P e r m it  and Oohnf s s o lu t io n . In syn th etic  

asparagine m edium .slight growth was observed and sodium 

ch lo r id e  to leran t*u pto  , 2 per cen t.

Breed e t  a l .  (1957) reported  that the bacterium 

l iq u i f ie d  g e la t in , in  milk litm us reduced, ca se in  d ig e s te d . 

L oe ffe r* s  blood serum l iq u i f ie d ,  Indole not produced, HgS 

produced, N itr ite  not produced from n it ra te , Methyl red  

n egative , a o e ty l methyl ca b ln o l not produced, No growth 

o f  the bacterium in  syn th etic  asparagine medium. I t  

produced acid  but no gas from g lu cose , la c to s e  and sucrose 

and s a l i c in  not a tta ck ed . Starch hydrolysed' and s a lt
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to le ra n t upto 3 per cen t ,

James Mathew e t .a l*  (1973a, 1973b» 1979a) reported  

that staroh  h ydrolysis  o f  the pathogen Xanthomonas b e t l i c o la  

was strong and p o s it iv e ,  ca ta la se  a c t iv it y  p o s it iv e  and 

X ovao's oxidase t e s t  n egative . It produoed but d id  not 

reduce n itra te  t o  n i t r i t e ,  She bacterium produced a c id  in  

la o to s e , su crose , x y lo se , g lu co se , fru c to s e  and not 

u t i l iz e d  a d o n ito l, d u lo i t o l ,  in u lin , s a l l c in  and in o s i t o l ,

HOST RAHSB

P atel et a l ,  (1953) reported  that Xanthomonaa b e t l io o la  

was pathogenic on P iper b e t le .  P iper long urn and P iper hqckexl. 

dreed e t  a l ,  (1957) notea that the pathogen X, b e t l i c o la  

attack  members o f  the fam ily  P iperaceae,  Buchanan and 

Gibbons (1974) reported  th at the host o f  X* b e t l io o la  

include P iper b e t le .  P iper Ionium and P iper hookeri,

James Mathew e j - a l .  (1973b, 1979a) reported  that b e t l io o la  

was pathogenic on Piper nigrum,

SURVIVAL OP TIPS PATHOGEN

P a tel et a l ,  (1953) observed that b a c te r ia l  l e a f  spot
i

o f  b e te l  v in e  i s  common throughout the year, but i t  became 

ser iou s  during the ra in y  weather (June t o  September) when 

there is  low temperature and high humidity. The su rv iv a l 

o f  the bacterium Xanthomonas b e t l i c o la  has not been studied 

in  d e ta i l  by e a r l ie r  workers, JBrinkerhoff and Pink (1964) 

studied  the su rv iv a l and in fe c t iv i t y  o f  Xanthomonas malvacearum 

in  co tto n  pliant d ebris  and s o i l  and reported  th at the
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aqueous suspensions o f  f in e ly  ground, overw intered carpels  

o f  co tton  b a l ls  from  standing s ta lk s  and the s o i l  surface 

induced b a c te r ia l  b lig h t  symptoms when used t o  in ocu la te  

seed lin gs  o f  su sce p tib le  v a r ie t ie s *  !Dhey noted that 

v ia b i l i t y  o f  the pathogen depond on the extent o f  the 

decom position o f  the d eb r is , being lo s t  a ft e r  the p lant 

tis su e s  were broken down* X. taalvaoearum survived  fo r  

3 days in  water suspension in  both moist and a i r  d ried  s o i l  

at 21 -  3G°G and could  thus probably be dissem inated in  duet. 

Singh (1971) reported  that X. oryzae d id  not survive in  

u n ste r ilise d  s o i l  f o r  a week or over summer in  the f i e l d ,  

in  manure or in  compost, whioh are th ere fo re  u n lik e ly  

to  be the source o f  in fe c t io n  f o r  the next c ro p . Gho and 

Too (1977) conducted stu d ies  on the d isease  caused by 

Pseudomonas g ly c in e  and Xanthomonas p h a seo ll var. so.iense 

on soyabean and observed that X, p h a seo ll v a r . so.iense 

survived f o r  4 days and P. g ly c in e  f o r  30 days in  s t e r i le  

s o i l*  Schuster (1977) reported  that P* g ly c in e  and X# 

ph a seo ll v a r . solenae but not P. ta b a c i over w inter in  

pathogenic form in  the f i e l d  in  Hteb. 3?he su rv iv a l o f  the 

pathogen was favoured  when p lant d eb r is  were kept on the 

s o i l  surface ra th er  than incorporated, in  the s o i l*  Survival 

was a lso  favoured when in fe c te d  m ateria l was maintained 

under dry con d ition *  Pure cu ltu re  o f  the b a cte r ia  did  not 

survive under dry or moist c o n d it io n  in  e ith e r  s t e r i l i s e d  

or n o n -s te r i lis e d  s o i l .
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P a te l e t a l*  (1951) reported  that b a o te r ia l  l e a f  

spot o f  b e te l  v ine was qu ite  ooramon in  b e t e l  v ine gardens 

o f  Bombay S ta te . P ate l e t a l .  (1953) a ls o  observed that 

a l l  v a r ie t ie s  o f b e te l  v in e  namely iCali or Black, Pandhari 

or White, Y elohi or sm all were equ a lly  su scep tib le  t o  the 

d isease  t o  varying degrees o f  in te n s ity . Breed e t  a l .

(1957) noted that the pathogen was a habitant o f  P iper b e t le . 

Singh and Ohand (1971a) reported  the wide spread prevalence 

o f  the b a c te r ia l  l e a f  spot d isease  in  d if fe r e n t  b e te l  v in e  

gardens bn a l l  v a r ie t ie s  in  Jabalpur. Ehey a lso  observed 

that Bangla v a r ie ty  o f  b e te l  v ine was most su sce p t ib le .

Shere are no rep orts  o f  w e ll conducted experiments 

on the re s is ta n ce  o f  b e te l  v ine v a r ie t ie s  and c u lt iv a r s  

aga inst the le a f  spot pathogen Xanthomonas b e t l i o o la .  But 

s im ila r  types o f  works were conducted f o r  other b a c te r ia l  

d ise a se . Klement and K apeller (1967) in  f i e l d  in ocu la tion  

t e s t  with Xanthomonas v e s ica to r la  on 4 vars and 10 s tra in s  

o f  Qansidum annum observed that none o f  them were r e s is ta n t  

to  the pathogen, although a few  were„le s s  s u sce p t ib le .

S trider  ( 1976) noted that a l l  the capsicum ovs te s te d  f o r  

res is ta n ce  t o  X, v e s io a to r ia  were su sce p t ib le . Pas (1977) 

observed that o f  the 236 r i c e  c u lt iv a r s  tested  f o r  re s is ta n ce  

t o  b a c te r ia l  l e a f  streak d ise a se , none o f them were proved 

to  be r e s is ta n t  t o  X, tran slucens f .  sp . o ry g jo o la  but some 

were moderately s o . Sundaresh e t a l .  (1973) noted th at
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none o f  the v a r ie t ie s  tested  fo r  re s is ta n ce  t o  b a c te r ia l  

p u stu les  d iseases o f  soyabean were com pletely  r e s is ta n t  to  

X. phase o i l  var* so.1 ense but severa l showed some r e s is ta n c e .

AHPIBIOIIGS SORBENIflS ASAIN5P TUB PATHOOEH

Shirumalachar et a l .  ( 1956) te sted  the in  v it r o  

e f fe c t  o f  Terratnycin and Chlorom ycetin (Chloram phenicol) 

at 60 yu gm per ml, sodium p e n ic i l l in  G 50 u n its  and 

dihydrostreptom ycin  (20 yugm) by the cup assay method 

against 32 spp. o f  Xanthomonas occu rrin g  in  Ind ia . $hey 

reported  th at a l l  the a n t tb io t lo s  except p e n i c i l l in  were 

more or le s s  e f f e c t iv e  aga inst every one o f  the pathogen 

which included X. a l f a l f a  on lu ce r fn , X . b e t l io o la  on 

Finer b e t le . X, ca.lani on P igeon pea, X. cam pestris on 

cabbage, X, oaasiae on Qassla to r a . X. o l t r l  on lim e,

X. malvaoearum on co tto n , X. p h a seo ll v a r . soJense on 

soyabean. X. r e o in ic o la  on Hioinus communis. X. v e s ic a to r ia  

on c h i l l i  and v lg n ico la  on cow pea.

James Mathew e t a l .  (1979a, 1979b) reported  that o f  

the 6 a n t ib io t ic s  tested  f o r  the s e n s it iv ity  t o  Xanthomonas 

b e t l i c o la  by the standard f i l t e r  paper d is c  method, 

chloram phenicol at 500 ppm con cen tra tion  exerted  maximum 

in h ib it io n  o f  the growth. Amp i c  i l l  in  was not at a l l  

e f f e c t iv e  aga in st the bacterium .

2 here are no adequate e a r l ie r  work on the co n tro l 

o f  th is  d isea se  by a n t ib io t ic s .  Yamamoto and Kusaka (1965)
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reported  th at the 3 s tra in s  o f  X. orygae varied  in  su scep ti

b i l i t y  t o  streptom ycin  but showed l i t t l e  d if fe r e n c e  in  

r e a c t io n  t o  p e n i c i l l in ,  c e l lo c id ln ,  ch loron ^ h en icol and 7 

other a n t ib io t ic s ,  Vernaa et a l .(1 9 7 5 )  reported  th at in  

lab  t e s t  busan, streptom ycin sulphate and s tre p to o y c lin e  

In h ib ited  growth o f  X. malvacearum a t 2 .5  ppm.. They a ls o  

observed that the is o la te s  could  not be grouped in to  w e ll 

d iffe ren cifcted  types on the b a s is  o f  th e ir  r e la t iv e  

s e n s it iv i t y  to  chem icals.

Arene (1977) studied  the e f fe c t iv e n e s s  o f  A gri aye in -  

500 f o r  the co n tro l o f  cassava b a c te r ia l  b lig h t  in  the 

f i e l d  and reported  that lnoidence and s e v e r ity  o f  the 

d isease  was con siderab ly  reduced by f o l i a r  a p p lica t io n  at 

BOO g/1.00 l i t .  water,

Dhanvantari et a l .  (1973) studied  the e ffe c t iv e n e s s  

o f  a n t ib io t ic s  f o r  co n tro l o f  b a o te r ia l spot o f  peach in  

South Western Ontario and noted that f i e l d  experiment 

showed that both o x y te tra cy c lin  hydroch loride (OTQ) and 

streptom ycin sulphate s ig n i f ic a n t ly  reduced d e fo l ia t io n  

and le a f  in fe c t io n  due t o  Xanthomonas nr u n i, ^ ru it 

in fe c t io n  was s im ila r ly  reduced by 020 but data f o r  

streptom ycin were lim ited  by low incidence o f  b a c te r ia l
I

spot in  the dry summer.



IfJfJateriafd and W U U L



MATERIALS AND METHODS

ISOLATION A HP PATHOGENICITY OF DIFFERENT BACTERIAL ISOLATES

In fected  B etelv ine leaves were c o l le c t e d  from severe ly  

disease, a ffe c te d  gardens o f  Trivandrum and Alleppey D is t r ic t  

o f  Kerala S ta te . These leaves were suh3eoted t o  ooze t e s t  

t o  f in d  out the presence o f  b a o te r ia . The d iseased  lea ves  

with p rofu se  ooze were se le c te d , the in feo ted  areas were 

cut in to  b i t s ,  surface s t e r i l i z e d  s e r ia l ly  w ith r e c t i f i e d  

s p ir i t  and in  0.1 per oent m ercuric ch lo r id e  so lu t io n .

These b i t s  were then washed in  three changes o f  s t e r i l i z e d  

d i s t i l l e d  water. These were then p laced  in  a s t e r i l i z e d  

g la ss  s l id e  in  a drop o f  s t e r i le  d i s t i l l e d  water and teased  

apart in  order to  get a b a c te r ia l  suspension. The suspension 

was streaked on Potato Sucrose Peptone Agar (PSPA) medium 

to  g e t w ell iso la te d  c o lo n ie s  o f  baoterium.

Composition o f  PSPA medium

KHgF04

IfegHPO^

Ca(N03) 2

PeSO^

KOI

0 .2  g

0 .5  g 

0 .5  g 

0 .05 g 

0 .05 g

2 .0  g 

20 .0  g

Peptone

Sucrose
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Potato 300 g

Agar agar 

D is t i l le d  water 1000 ml

20.0 g

pH 7 .0

The p la te s  were Instigated f o r  43 h a t room 

tem perature. C h a ra cte r is tic  s in g le  c o lo n ie s  were s e le c te d  

on the Oasis o f  th e ir  c o lo u r , f lu id i t y  and slim e and 

p u r ifie d  by repeated streak ing on PSPA medium, These were 

then tested  f o r  th e ir  p a th og en ic ity . A th ick  suspension 

o f 24 h old  cu ltu res  o f  d if fe r e n t  is o la t e s  were inoou lated  

on b e te lv in e  p lan ts by g iv in g  p in  p r ick s  on leaves and then 

smearing the cu ltu re  on both the su rface  o f the lea v es  by
i 4

means o f  a co tton  dipped in  the b a c te r ia l  suspension. The 

Inocu lated  p lan ts were covered with polythene covers and 

kept under shade. Stock cu ltu res  were maintained in  lea a t 

Glucose Chalk Agar (YGCA) medium.

The pathogen was r e is o l t e d  from a r t i f i c i a l l y  inoou lated  

p la n ts  by using the above method. S ingle c o lo n ie s  o f  such 

is o la te s  were a ls o  compared w ith that o f  the o r ig in a l  

is o la te s  f o r  th e ir  ty p ic a l  m orphological c h a r a c t e r is t ic s .

The d e ta ils  o f  the b a o te r ia l is o la te s  used in  the study are 

g iven  below.
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Is o la te  L o ca lity  from where 0a lt iv a r  o f  Year o f
Humber the d iseased  b e te lv in e  is o la t io n

specimen was c o l le c te d  from which
is o la t io n  
was made

Xb-1 V eliayan i, Trivandrum 
D is t r ic t

C h slan th ivella 1977

Xb-2 K allara , do K a rila n oh i-
Karpuran 1977

Xb-J I&nnamthala do Pramuttan 1977

Xb-4 Maveliklcara, A lleppey 
D is t r ic t

Pramuttan 1977

Xb-5 Aruvikkara, Trivandrum 
D is t r ic t

Chelanthi 
Karpuran

1978

Xb-6 Vandithadam, do Pannivella 1973

.Xb-7 Palappur, do iMalamkodi 1978

Xb-9 Fluttakadu do Chelanthi
Xarpuran 1973

Xb-9 Hear V eliayani Kayal, 
Trivandrum D is t r ic t

T u la s iv e t t i la 1973

Xb-10 A g r icu ltu ra l C ollege G helanth ivella 1978
Campus, Trivandrum 
D is t r ic t

smpgQMTOLQSY

Symptoms o f  the d isease were studied under natural 

co n d it io n s . D eta iled  stu d ies  were a ls o  conducted under 

con tro lled  c o n d it io n s . V ariations in  symptoms o f the d isease 

on in ocu la tion  o f  the d if fe r e n t  is o la te s  o f  the bacterium were 

studied  under a r t i f i c i a l  co n d it io n s . C h elan th ive lla , a lo c a l
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b ete lv in e  c u lt iv a r  in  Trivandrum d is t r i c t  was used f o r  the 

study* A th ick  suspension o f  the 24 -  43 h o ld  ou lture o f  

the d if fe r e n t  is o la te s  o f the bacterium was inocu lated  on 

three months o ld  b e te lv in e  p lant by smearing the inoculum 

on both su rfa ce  o f  the l e a f  lamina by a co tto n  dipped in  the 

suspension a f t e r  g iv in g  p in  p r ick s  on leaves* The Inoculated 

p la n ts  were kept under shade and s u f f ic ie n t  humidity was 

maintained* Observations on th e  v a r ia t io n  o f  symptoms o f  

the d isease were taken f o r  a period  o f  one month a ft e r  

inocu lation*

CHARACTER12AT IPS AND IDENT IF 10AT ION OF THE PATHQG.BN
I

C h aracterization  and id e n t i f ic a t io n  o f  the d if fe r e n t  

Is o la te s  o f  the pathogen were performed accord ing  to  the 

methods recommended in  the Manual o f  M ic ro b io lo g ica l Methods* 

published by th e  S ociety  o f  American B a cte r io lo g is ts  (Anon* 

1957) and the methods p rescrib ed  by Bye ( 1962)*

A. C ultural ch a ra cte rs ,

(1 )  Morphology

The co lon y  morphology was stud ied  from 24 -  48 h old  

cu ltu re  o f  the bacterium  grown on PSPA medium* The c e l l s  

were sta ined  f o r  gram re a c t io n  o f  the organism.

(2 )  Growth o f  the baotorium on d if fe r e n t  s o l id  media

Nature o f growth, colour* siae* shape, con sisten cy , 

extent o f  growth, type o f  margin* slim e produ ction  and
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f lu id i t y  o f  the b a c te r ia l c o lo n ie s  o f  i s o la t e  Xb-1 were 

studied on e igh t s o l id  media. Observations were taken a ft e r  

24 h# 48 h, 72 h and 96 h. (Ehe fo llo w in g  media were used*

1* P otato Sucrose peptone Agar (PSPA)

2. % tr io n t  Agar (HA)
\

3. Basal medium f o r  Xanthomonada (3X)

4 . (Eetrasolium oh lor id e  medium (w ithout tetrazoliu m  
ch lo r id e  (130)

5* Potato Bextrose Agar (PDA)

6 . Yeast Glucose Chalk Agar (YGCA)

7* Glucose Agar (GA)

8 , Glucose Yeast Extract Agar (GYEA)

Com position o f  the medium 

1• P otato Sucrose Peptone Agar 

2% nutrien t Agar

Peptone -  10 .0  g

Beef ex tra ct -  5 .0  g

Agar agar -  20.0 g

B is t i l le d  water -  1000 ml

pH 6 .8

3 . Basal medium f o r  Xanthomonada

UH4H2K >4 -  0 .5  g

fC2HP04 -  0 .5  g

r^gso4 . 7H20 -  0 .2  g

NaCl -  5 .0  g

Yeast ex tra ct -  1 .0  g
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Agar agar -  20.0 g

■D istilled water -  1000 nil

pH -  6 .8

4 . Tetrazollm n ch lo r id e  Agar

Peptone -  10 .0  g

Casamino a c id  -  1 .0  g

Grluoose -  5 .0  g

Agar agar -  20 .0  g

-D istilled  water —  1000 ml

pH -  6 .8

5 . Potato Dextrose Agar

Dextrose -  20.0 g

P otato -  200.0 g

Agar agar -  20.0 g

D is t i l le d  water -  1000 ml

pH -  6 .3

6 . Yeaat Gluoose Ohalk Agar

Yeast ex tra ct -  10 .0  g

Gluoose -  10 .0  g

Ohalk ( CaGOj) -  20 .0  g

Agar agar -  20.0 g

D is t i l le d  water -  1000 ml

7 . G1‘loose  Agar

Beef ex tra ct -  5 .0  g

Peptone -  5 .0  g
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Glucose -  10 .0  g

Agar agar -  20.0 g

D is t i l le d  water -  1000 ml

pH * -  6 .3

3 . .  Glucose Yeaat ex tra ct Agar

Yeast ex tra ct -  5 .0  g

Peptone -  5*0 g

Glucose -  10 .0  g

Agar agar -  20.0 g

P is t i l l e d  water -  1000 ml

pH -  6 .3

A lo o p fu l ' o f  ttie d ilu te  suspension o f  the bacterium 

was streaked on d if fe r e n t  media in  t r ip l io a t e  and incubated 

at room tem perature. Observations were taken a t in te rv a ls  

o f  24 h, 48 h, 72 h and 96 h.

3. Growth o f  d if fe r e n t  is o la te s  o f  the bacterium  on s o l id  
med ium1, fp SPA _ med iua V

2 he is o la te s  were compared f o r  th e ir  colony  growth, 

c o lo u r , shape, s iz e ,  type o f  margin, con s is ten cy , extent of. 

growth, slim e produ ction  and f lu id i t y  on PSPA medium. A 

lo o p fu l  o f  the d ilu te  suspension o f  the is o la te s  o f  the 

baoterlum was streaked over the medium in  p e t r i  p la te s .

Shree p la te s  were maintained f o r  each is o la te s  and they wore 

incubated a t  room tem perature. O bservations were taken at 

in te rv a ls  o f  24 h, 43 h, 72 h and 96 h.
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4* growth o f  d if fe r e n t  I s o la te s  o f  bacterium la  liq u id  
medium (psl* b r o t h l ' '

For studying the growth o f  d if fe r e n t  is o la te s  o f  

bacterium in  liq u id  medium^Potato Sucrose Peptone broth  was 

used* Forty ml o f  s t e r i l i z e d  broth  in  100 ml pyres c o n ica l 

f la s k  was inoculated  w ith one a l  o f  24 h o ld  b a c te r ia l  

cu ltu re  grown in  PSPA slan t using a s t e r i l i z e d  p ip e tte*  

Uninoculated, c o n tro ls  were a ls o  maintained* i’he in ocu lated  

medium were shaken d a i ly .  O ptica l den sity  o f  the broth  

ou lture  was measured at 24 h in te rv a ls  f o r  3 su ccess ive  days 

using a spectrophotom eter at 310 wave length  and uninoculated 

broth  as blank*

5* Pigment production

Production  o f  non-water so lu b le  pigment by d if fe r e n t  

is o la te s  o f  the bacterium was tested  on Yeast g lu cose  Chalk 

Agar (YOGA) medium* Forty e igh t hour o ld  s lan t cu ltu re  

on the above medium was used f o r  t h is  purpose*

6 . Oxygen requirement

Nutrient Agar (con ta in in g  0*005/5 brom ooresol p u rp le ) 

columns in  tubes were in ocu la ted  in  d u p lica te  by stabbing 

with d if fe r e n t  cu ltu re  o f  the bacterium using a s tra ig h t 

in ocu la tion  n eed le . 2he agar su rfa ce  in  one tube was 

covered w ith s t e r i le  l iq u id  p a r a ff in  o i l  t o  a depth o f  one 

cen tim eter, -Phe tubes were incubated a t room temperature 

and observations were recorded*



B. P h y s io lo g ica l ch a ra cters .

A l l  the is o la te s  o f  the bacterium were compared f o r  

th e ir  p h y s io lo g ic a l  p r o p e r t ie s , T ests  were performed in  

t r ip l i c a t e  and th e  observations were recorded  in  comparison 

with uninoculated c o n tro l.

1 . Mode o f  u t i l i z a t io n  o f  g laoose

To determine whether the is o la t e s  o f  the bacterium  

u t i l i s e  g lu cose  only under a erob ic  c o n d it io n  or both under 

a e ro b ic  and anaerobic con d ition  the fo llo w in g  m od ifica tion s
i

o f  Hugh and I«e i f  e o n 's  (1953) method by Hayward (1964) was 

fo llo w e d .

Basal medium

Peptone - 1*0 g

?W ° 4 - 1 . 0 g

KOI - 0 .2  g

MgSO ,̂ 7HgO - 0 .2  g

Broaothymol blue 0 .05  g

Agar agar 3 .0  g

D is t i l le d  water - 1000 ml

pi! .. 7 .0

To the above medium one per cent g lu cose  was added. 

The medium was dispensed in  tubes upto 4 cm and s t e r i l i z e d  

by tyndaH isation and in ocu lated  in  d u p lica te  by stabbing 

w ith a s tra ig h t in ocu la tion  needle charged with b a c te r ia l 

growth. In one o f  the tube5the medium was sealed with 1 cm
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layer  o f  s t e r i l i s e d  l iq u id  p a r a ff in , She tubes were 

incubated a t  room temperature and observations were taken 

a t regu lar  in te rv a ls  upto 15 days.

2 . U t il is a t io n  o f  Organic A cids

Sodium s a lt s  o f  three organic a c id s , sodium a ce ta te , 

sodium benzoate and sodium c it r a t e ,  were used f o r  the study. 

One per cent o f  the sodium s a lt  o f  organ ic a c id s  was added 

to  the basa l medium f o r  Xanthoaonads w ith  bromothymol blue 

as in d ica to r . D ifferen t is o la te s  o f  the bacterium were 

inocu lated  in  s la n ts  in  t r ip l i c a t e  and incubated a t  room 

tem peratu re ., Uninooulated c o n tro ls  were a lso  m aintained. 

Observations were recorded  at regu la r  in te rv a ls .

5 . Starch h yd ro lysis

She a b i l i t y  o f  the bacterium t o  hydrolyse starch  

was tested  using sta rch  medium contain ing  0 .2  per cent 

so lu b le  s ta rch .

Com position o f  the medium ;

Peptone 10 .0  g

Beef ex tra ct 5 .0  s.
Starch (s o lu b le ) 2 .0  g

Agar agar 20.0 g

D is t i l le d  water 1000 ml

pH -  7 .0

The is o la te s  o f  the bacterium were spot inocu lated  

on the medium in  p la te s . A fter  fo u r  dsys o f  incubation ,
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h yd ro lysis  was te s ted  by pouring Iiugol*s Iodine over the 

p la te . A c o lo u r le s s  zone around the b a c te r ia l  growth 

in d ica ted  p o s it iv e  sta rch  h y d ro ly s is , compared t o  the blue 

back ground o f  the medium.

4* Produotion  o f  Hydrogen sulphide

The a b i l i t y  o f  the bacterium t o  l ib e r a te  hydrogen 

sulphide was te s te d  using peptone water medium.

Composition o f  the medium

Peptone -  10 .0  g

N ad -  5 .0  g

B io t i l le d  water -  1000 ml

pH -  7 .0

P ive ml q u a n tit ie s  o f  the medium was dispensed in  

t e s t  tubes and autoclaved* Lead a ce ta te  paper s t r ip s  o f
j

5 x  50 mm s iz e  ware prepared by soaking them in  super 

saturated so lu tion s  o f  lead  a ce ta te . She s t r ip s  were d r ied , 

autoclaved and again  d r ie d . The tubes were inocu lated  in

t r ip l i c a t e s  w ith d if fe r e n t  Is o la te s  o f  the baoterium and 

the lead  a ce ta te  s tr ip s  were in serted  a s e p t ic a l ly  by the 

s ide  o f  the p lug  in  the tu be . The tubes were incubated a t  

.room temperature and observation s were recorded  at regu lar  

in te rv a ls  upto 14 days. Blaokening o f  t e s t  s tr ip  in d ica te  

l ib e r a t io n  o f  hydrogen su lph ide.

5 . Methyl Red and Voges -  Praskauer t e s t s  (MR & VP t e s t s )  

Methyl red  broth was used f o r  both t e s t s .
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Composition o f  methyl red broth  

Proteose peptone -

Grltiooae

5 .0  g 

-  5 .0  g

t  5 .0  g

P is t i l le d  water 1000 ml

pH -  7 .0

Five ml q u a n tit ie s  o f  the medium was dispensed in  

tubes and s t e r i l iz e d  by steaming f o r  30 minutes f o r  3 

su ccessive  days. Two s e ts  o f  tubes were inoou lated  with 

43 h o ld  cu ltu res  o f  the is o la te s  o f  the bacterium fo r  

I© & VP t e s t s  sep arate ly . The tubes were incubated f o r  

7 days at room tem perature.

For MR te s t  few  drops o f  0 .02  per cent methyl red  

in  30 per cent a lc o h o l was added t o  the cu ltu re  tubes.

A d is t in c t  red  co lou r  in d ica ted  p o s it iv e  methyl red  r e a c t io n .

For VP te s t  0 .6  ml o f  alpha-naphthol so lu t io n  

(5 per oent in  95 per cent a lc o h o l)  and 0 .2  ml o f  40 per cent 

aqueous so lu t io n  o f  KOH was added t o  1 ml o f  the cu ltu re .

The mixture was shaken f o r  few minutes and allowed t o  stand 

f o r  2 h. A crim son or ruby co lou r  in d ica ted  p o s it iv e  VP 

t e s t .

6 . O ola tln  l iq u e fa c t io n

Stab method was employed f o r  th is  t e s t ,  nutrient 

g e la t in  medium was used f o r  the purpose.
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Com position o f  Nutrient g e la t in  medlam

Peptone 

Beef ex tract

10*0 g

5*0 g

B is t i l le d  water

G elatin -  120.0 g

-  1000 ml

pH 7 .0

G elatin  was mixed togeth er  w ith the other in gred ien ts 

by heating ov©.p a water bath, the medium was dispensed in  

t e s t  tubes to  a depth o f 4 cm and s t e r i l i z e d  a t 10 lb s  

pressure f o r  20 minutes. She s t e r i l i t y  o f  the medium was 

cheolced by observing i t  f o r  2 days. Forty e igh t hour 

o ld  cu ltu re  o f  the is o la te s  o f  the bacterium was stab 

inocu lated  in  the property  s t e r i l i z e d  g e la t in  column. She 

tubes were incubated and observed f o r  the l iq u e fa c t io n  

o f  the g e l  column at regu lar in te rv a ls  upto one month.

7 . Production  o f  Indole

tryptophan broth  medium was used f o r  th is  t e s t .  

Com position o f  the medium

tryptophan or ca se in  d ig e s t  -  10 .0  g

the medium was d ispersed  in  tubes and autoclaved . 

Gnezda o x a lic  a c id  t e s t  s t r ip s  were used f o r  d e tectin g  

in dole  p rod u ction . F i l t e r  paper s t r ip s  o f  s iz e  5 x  50 mm

HaCl

B is t i l le d  water 1000 ml

5 .0  g

7 .0
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were soaked in  warm saturated so lu t io n  o f  o x a lic  a cid  and 

co o le d . When the s tr ip s  got covered w ith o x a lic  a c id  c r y s ta ls ,  

they were d ried  at room temperature and used without s t e r i l i s in g .

The tubes were inooulated w ith is o la te s  o f  the 

bacterium in  t r ip l i c a t e  and o x a lic  a c id  s t r ip s  were inserted  

in to  the tube by the side o f  the p lu g , incubated and 

observed re g u la r ly  f o r  14 days. Change in  co lou r  o f  the 

o x a lic  a c id  c ry s ta ls  on te s t  3 tr ip  t o  pink or red  in d ica tes  

indole  p rodu ction .

3* t i t r a t e  red u otion  te s t

For studying the a b i l i t y  o f  the bacterium to  reduce 

n it r a te , n itra te  broth  medium was used.

Com position o f n itra te  broth

0 0 ,  (H it r ite  f r e e )  1 .0  gD
Peptone -  10 .0  g

b ee f ex tra ct -  5 .0  g

D is t il le d  water -  1000 ml

The medium was dispensed in  tu bes, autoclaved and 

inocu lated  with d if fe r e n t  is o la te s  o f  bacterium , incubated 

and tested  f o r  the red u ction  o f  n itra te  at regu lar in te rv a ls  

upto 15 days. The te s t s  was performed by adding few drops 

o f  su lp h a n ilic  a c id  (0 .3  per cent in  one molar a c e t ic  a c id ) 

and dim ethyl alpha-naphthyl 3mino (0 .5  per cent in  5 molar 

a c e t ic  a c id ) ,  t o  the n itra te  broth cu ltu re . I f  no pink or 

red co lou r  developed i t , in d ic a t e s  that n itra te  was present
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as such or reduced t o  ammonia and fr e e  n itrog en . Few z in c  

c r y s ta ls  were added t o  ensure whether the negative r e a c t io n  

was due t o  the red u ction  o f  n itra te  beyond the n i t r i t e  le v e l*  

I f  the broth  become pink or red  i t  in d ica te s  that the n itra te  

was present without reduction*

9 * Oatalase te s t

So assess  the produ ction  o f  eatalaOe enzyme by the 

bacterium , a lo o p fu l  o f  24 h o ld  cu ltu re  o f  d if fe r e n t  

is o la te s  o f  bacterium was smeared on the g la39  s l id e  and 

covered w ith  a few drops o f  20 volume Hydrogen p erox id e .

The p rod u ction  o f  gas bubbles was in d ica t iv e  o f  ca ta la so  

p o s it iv e  reaotion *

10. A ction  on milk

A ction  o f  the bacterium on milk was d etected  in  

brom ocresol purple m ilk.

Skimmed milk -  750 a l

D is t i l le d  water -  250 ml

Brom ocresol purple -  0 .02  g

Milk medium m s  dispensed in  5 ml q u a n tity  in  tubes 

and s t e r i l i s e d  by steaming f o r  30 minutes f o r  3 su ccessive  

days. The medium was inocu lated  with 43 h o ld  is o la te s  o f  

the bacterium and incubated a t  room temperature and observed 

at regu lar in te rv a ls  upto 30 days. I f  the m ilk changed 

from blue t o  y e llo w  ythe r e a c t io n  was a c id ic  and i t  was 

a lk a lin e  i f  i t  changed t o  v i o l e t .  P epton ization  was 

in d ica ted  by c le a r in g  o f  milk s lo w ly .
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11. G t il is a t io n  o f  asparagine as s o le  source o f  carbon 
and n itrogen

The te s t  was performed in  the fo llo w in g  medium 

(Ifcre, 1966).

S o lu tion  1 K2HP04 -  3 .0  g , m z20A "  2#0 s *
d is t i l l e d  water -  100 ml

S o lu tion  2 SlgSO .̂THgO -  2*0 g , i’eSO  ̂ -  0 .5  g , HaOl -

1 .0  g , MnSÔ  -  0 .0 2  g , HgSO  ̂ -  1 drop, 

D is t i l le d  water -  100 ml

S olu tion  3 IfetgFlo 0^ -  0*02 3t D is t i l le d  water -  100 ml

S o lu tion  4 CuSO  ̂ saturated so lu t io n  in  d i s t i l l e d  w ater.

Tea ml o f  each so lu t io n  was mixed w ith each other in  

the order 3* 4# 2, 1 f i l t e r e d  and added 960 ml o f  d i s t i l l e d  

water and 2 g  o f  L -asparagine. The medium was dispensed 

in  5 tal q u a n tit ie s  in  tubes and au toclaved . The tubes were 

in ocu lated  with d i f fe r e n t  is o la te s  o f  the bacterium , 

incubated and examined f o r  growth. Growth o f  the bacterium 

in  the medium was in d ica tiv e  o f  the u t i l i z a t io n  o f  asparagine,

12. Growth at s ix  per cent sodium ch lo r id e

Peptone water w ith 6 per cent sodium ch lo r id e  was 

used f o r  the t e s t .

Peptone -  1 .0  g

BaCl -  6 .0  g

D is t i l le d  water -  100 ml
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The medium was dispensed in  tu bes , autoclaved and 

inocu lated  with d if fe r e n t  is o la te s  o f the bacterium, 

incubated and observationsrecorded .

13 . L ip o ly t ic  a c t iv it y

The medium o f S ierra  (1957) was employed f o r  th is

t e s t ;

Composition o f  the medium

P ep ton e -  1 0 ,0 &u

H a d — 5*0 oro

C aO lg .lH gO -  0 .1 ffo

A ga r  a g a r -  2 0 .0 fto

D i s t i l l e d  w a te r -  1000 m l

PS -  7 .0

The medium was dispensed in  99 ml q u a n tit ies  in  

f la b k s , autoclaved a n d 'coo led  t o  45°G. One ml o f Tween-30 

(O le ic  a c id  e s te r )  was added t o  the medium and thoroughly 

mixed. The medium was poured in  s t e r i l e  p e tr id ish e s  and 

te s t  bacterium was spot inocu lated  on the medium. The 

p la te s  were incubated and observed a t regu lar in te rv a ls  f o r  

15 days. Opaque zone around the b a c te r ia l  growth was 

in d ica tiv e  o f  p o s it iv e  lip a s e  p rodu ction .

14. Tyrosinase a c t iv i t y

The fo llo w in g  medium (Dye, 1962) m s  employed fo r  

the t e s t .
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Composition o f  the medium

m 4h2i?o4 -  0 ,5  g

k2H?o4 -  0 ,5  g

t'%S04 *7H20 -  0 ,2  g

B a d -  5*0 g

Yeast ex tra ct -  5*0 g

fy ro s in e -  0 ,5  g

Agar agar -  20 ,0  g

D is t i l le d  water -  1000 ml

pH -- 6 ,3  -  7

Q?he medium was dispensed in  tu bes, au toclaved  and 

s la n ts  were prepared, She s la n ts  were in ocu lated  with 

d if fe r e n t  is o la te s  o f  the baoterium and incubated. Browning 

o f  the medium in d ica ted  ty rosin a se  a c t iv i t y ,

15. Arginine hydrolase te s t

She fo llo w in g  medium was used f o r  the purpose 

(Thornley, 1960)*

Com position o f  the medium

Peptone - 1*0 g

BaCI - 5 ,0  g

Katn>04 . , - 0 ,3  g

Agar agar - 3 ,0  g

Phenol red ,0.01 g

L -argin ine 1 ,0  g

D is t i l le d  & t e r - 1000 ml

pH - 7 .2
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The medium was dispensed in  5 ml q u a n tit ies  in  te s t  

tubes and au toclaved . The tubes were stab inocu lated  w ith 

49 h old  cu ltu re  o f  is o la te s  o f  the bacterium and covered 

with s t e r i le  liq u id  p a r a ff in  t o  a depth o f  one centim eter. 

Incubated f o r  7 days and observed d a ily .  A change o f the 

co lou r  o f the medium to  red  in d ica ted  arg in in e  hydrolase 

a c t iv i t y .

16, U t il iz a t io n  o f  carbon sources

The fo llo w in g  15 carbon compounds wore te s ted  

in d iv id u a lly  f o r  u t i l i z a t io n  by the is o la te s  o f  the bacterium 

as ind icated  by a c id  production  (.Dye, 1962}- G alactose, 

ftonnose, X ylose, I n o s i t o l ,  -D ulcitol, Aaygdalin, P ructose, 

R ibose, G lucose, M altose, L actose, S a lic in , Sucrose, 

R a ffln oae , D extrose. The produ ction  o f aoid  was observed 

by using agar s la n ts  o f  the basa l medium fo r  Xanthomonada 

(Dye, 1962). The carbon compound to  be tested  was added to  

the medium at one per cent con cen tra tion 8 and 0 .7  ml o f  

5 per cent a lc o h o l ic  s o lu t io n  o f  brom ocresol purple to  get 

a redd ish  v io le t  c o lo u r . The medium was s te r i l iz e d  by 

tyndaH ization and the s lan ts  were inocu lated  with is o la te s  

o f  the bacterium in  t r ip l i c a t e s  and incubated at room 

tem perature. P eriod ic  observations were recorded  upto 

23 days. The change in  co lou r  o f the medium from redd ish  

v io l e t  t o  ye llow  ind ioated  the produ ction  o f  a c id .
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HOST RAMSE

Plants w ith sim ilar taxonomic a f f i n i t y  and the weeds 

that are commonly present in  b e te lv in e  gardens wore inocu lated  

f o r  studying the host range o f  the pathogen.

P iper nigrum L ., P iper longum 1 . ,  Peperomia pe H ue Ida 

MB. and K* belonging the fam ily  P ip er aoeae«Ager at urn 

convzoides L ., Sanatorium odoratum L. belonging the fam ily  

Compositae and Braohiaria ramosa (Grrlseb) Stapf. belonging 

the fam ily  Graminae were used fo r  the study.

She p la n ts  were c o l le c te d  and planted in  p o ts . She 

p la n ts  were inocu lated  a ft e r  g iv in g  p in  p rid es  on the leaves 

and then smearing on both the su rface  o f  lea ves  with co tton  

dipped in  a suspension o f 24 h old  b a c te r ia l  cu ltu re  o f  

is o la te  X b-1.

SBRVIYAIi OF SHE BASHQ3-SU

Survival o f  the pathogen in  the in fe c te d  v in es and 

leaves were studied by p e r io d ic  is o la t io n  using the s p e c ia l 

media fo r  Xanthomonas (Kado and H eskett, 1970).

Pomp os i t  ion  o f  the medium

O ellob iose i —v o • o ffo

s 2hpo4 -  3 .0 g
EfaH2P04 1.0 s

MgS04 .7H20 0 .5 tro
Agar agar -  15 .0 g
D is t i l le d  water -  1000 ml
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In fected  leaves and v in e wene o o l le c te d  and p laced  in  

p o ts  f i l l e d  with s o i l*  A fter  te n  days, the samples o f  

in fe c te d  lea ves  and v in es  were weighed and homogenized in  

normal sa lin e*  Three 1 ml samples o f  homogenised m ateria l 

were d ilu te d  in  normal sa lin e  and 0*1 ml samples were spread 

on the media in  p e tr id ish es ,in cu b a ted  and observed f o r  the 

development o f  ty p ic a l  b a c te r ia l  c o lo n ie s . *n v i t r o  

su rv iv a l o f  the pathogen in  s o i l  was a ls o  studied using 

s p e c ia l  medium f o r  Xanthomonas* U n sterilised  fre s h  s o i l  

was mixed w ith the bacterium as fo llo w s*  10 g o f  s o i l  was 

added t o  1 .0  ml o f  d ilu te  suspension o f  the bacterium* The 

s o i l  s lu rry  was d ilu te d  w ith 9 .0  ml o f  normal sa lin e  then 

mixed m echanically f o r  10 minutes* A fte r  10 days the 

suspension was d ilu te d  1 :1 0  in  sa lin e  and 0*1 ml p o r t io n  

was p la ted  on the medium in  p e tr id ish e s , incubated and 

observed f o r  the development o f  t y p ic a l  b a c te r ia l  co lon ies*

SORESHIHS OF BETALVINS QUIff IVARS gQR HOST R5SISTAHQ33 
AGAINST TilE PATHOGEN

Seven lo c a l ly  recogn ised  c u lt iv a r s  o f  b ete lv in e  

wore screened f o r  host r e s is ta n ce  against the pathogen.

They were O helanth ivella  (T ^ ), Pramuttan (T ^ ), Malamkodi 

( T j ) ,  P ann ivella  (2 ^ ), Ghelanthikarpuran (T ^ ), T u la s iv e t t i la  

(Tg) and Karilanchikarpttran (T ^ ). The experiment was
r

la id  oat in  com pletely  randomised design  (ORB) w ith 5 

re p lica t io n *
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Two month old  p la n ts  were inocu lated  w ith a mixed 

cu ltu re  o f  a l l  is o la te s  o f  the bacterium . The teohnique 

adopted was t o  smear a s t e r i le  water suspension o f  the mixed 

cu ltu re  o f  pathogen on both the su rfa ces o f  p in  pricked  

le a v e s . The p la n ts  were kept under shade and were w ell 

ir r ig a te d  t o  ensure high humidity in  the m icro-environm ent 

o f  the p la n t . Observations on d isease development was taken 

f o r  a p eriod  o f  30 days. Grading o f  the In ten s ity  o f  the 

d isease  was ca rried  out on a sca le  s p e c ia l ly  prepared.

Rate o f  d e fo l ia t io n  was a ls o  included as a c r i t e r io n  f o r  

evaluating the in te n s ity  o f  the d isea se .

Preparation  o f  d isea se  s ca le

Per a ssessin g  the d isease  in te n s ity , a s ca le  was 

devised  a f t e r  c a r e fu l  study o f  the d isease  and d isea se  

development. The d isease  was studied  in  d e ta il  both under 

natural and a r t i f i c i a l  con d ition s  o f  d isea se  developm ent.

The extent o f  in fe c t io n  was estim ated based on the p rop ortion

o f  the area e f fe c te d  by the' l e a f  s p o t . The number o f  sp ots ,
\

marginal in fe c t io n  and shot hole type symptoms were a ls o  

taken in to  account f o r  dev isin g  the s o a le . Based on th is ,  

the soa le  has been devised  from 0-5  (3?ig.1 t o  6) .

D isease soa le  Percentage o f  l e a f  area in feoted

0 0

1 12

2 1 3 - 2 5

3 26 -  50



D I S E A S E  S C A L E  OP B A C T E R I A L  L E A F  S P O T  O F  B E T E L  VINE

FIG  .1 FIG-2

0  MO INFECTION 12 %  LEAF AREA AFFECTED
CONTD.



D IS E A S E  SCAV.E OF B A C T E R IA L  LEAF" SPOT OP B E T E L VINE

FIG.3 PIG4-

2 6 %  T O  50%  l e a f  a r e a  a f f e c t e d

CONTD.
13 %  TO 2 5  %  L E A F  a r e a  a f f e c t e d



D I S E A S E  S C A L E  o r  B A C T E R I A L .  L E A E S P O T  o r  B E T E L V I N E
F I G . 5 FIC5-6

4  ) 5 1 %  TO  7 C %  L E A F  A R E A  A F F E C T E D ® >  7 6 %  L E A F  A R E A  IN FEC TED
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4 51 -  75

5 7 6  a n d  a b o v e

2 a o  i n  v i t r o  s e n s i t i v i t y  o f  t h e  b a c t e r iu m  t o  d i f f e r e n t  

a n t i b i o t i c s  w e ro  t e s t e d ,  T h e  f o l l o w i n g  a n t i b i o t i c s  w e r e  

u s e d  f o r  t h e  s t u d y .

S olu tion s o f  the a n t ib io t ic s  were prepared a t  

concentrations o f  100, 250  and 500 ppm, S te r i le  f i l t e r  

paper d is c  o f  10 an diameter wore dipped in  the so lu tion s  

and placed over PSPA medium seeded with 24 -  43 h old  

cu ltu re  o f  the b a c te r ia l is o la te  (Kb~1 ) ,  The to s t  waa 

conducted w ith three r e p lica t io n s *  Observations on the sono 

o f  in h ib ition , were recorded a f t e r  24 b and 4 3  b,

s - ' jn s r g x y ig jf  op m i s  D i g g i n g  o f  t a h  a A g f ^ i i r i

AtHA-fedId Anti aT50d.A^E/H.;;asoh

The iui v it r o  s e n s it iv ity  o f  the d if fe r e n t  is o la t e s  

o f  tha bacterium to  T e r r a c o  in  and Chloramphenicol wore

2 .  A m p i c l l l i n  

5 ,  S t r e p t o c y o l i n e  

4 m Terrainycia 

5 *  S t r e p t o m y c i n

1 ,  A g r i t q y c i n - 1 0 0

G* C h l o r a m p h e n ic o l

P f i s c r  ( S t r e p t o % * c i n  1 5 4  a n d  

T e r r a m y c i n  1 , 5  j )

H o e c b e t  ( A l b c r c e l l i n  5 0 0 )  

.H in d u s t a n  A n t i b i o t i c s

P f i z e r  ( Q x y t e t r a c y c l i n )

G a r a b a  i  O pe m ic a  I s  ( A m b L s t r y n - G ,  

3 t ^ ’o p t o : ^ y c in  s u l p h a t o )

P i y a  O h o a io a l o  ( G b l o r o m y c o t i a )
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a ls o  stu d ied . 100, 250 and 500 ppm con cen tra tion s o f  the 

a n t ib io t ic s  were prepared and s t e r i l e  f i l t e r  paper d is c s  

o f  10 mm diameter were dipped in  the so lu t io n s  and p iaoed  

over I?SPA medium seeded with 24 -  43 h o ld  cu ltu re :: o f  the 

d i f fe r e n t  is o la te s  o f  the bacterium . Three r e p l ic a t io n s  

were maintained and observations on th e  sane o f  in h ib it io n  

were recorded  a ft e r  24h and 43 h.

S.arTSB?IVr.gY OP THE mixture of a m . te s  isolates op this
BAOTDRIIM TO AKTIBIQTIQS !

The aforem entioned a n t ib io t ic s  w ith the three e a r l ie r  

mentioned con cen tra tion s were used f o r  t h is  study a ls o .

The s t e r i l e  f i l t e r  paper d is c  o f  10 mm diam eter were dipped 

in  the so lu t io n  o f  the a n t ib io t ic s  and p iaoed  over PSPA medium 

seeded w ith a mixture o f  24 -  43 h o ld  cu ltu re  o f  the ten  

d if fe r e n t  is o la t e s  o f  the bacterium* Three r e p l ic a t io n s  were 

maintained and observation  o f  the zone o f  in h ib it io n , were 

recorded a f t e r  24 h and 43 h.
I

IK 7IV0 SORBBfllHS OF AMEIBICEI03 AQAIKSI THE PATHQ&EK

In order to  assess  the e f f ic a c y  o f  the a n t ib io t ic s  

against the d isease  and th e ir  f i e l d  perform ance, an experiment 

was la id  out in  com pletely randomised design  (CRD) w ith 7 

treatm ents and 4 r e p lica t io n s *  K aturally in fe c te d  p la n ts  

were used f o r  spraying the a n t ib io t ic s *  Two con cen tra tion s , 

250 ppm and 500 ppm o f  three a n t ib io t ic s  namely



Chloramphenicol, Terranycin and Agrim yoin-100 were used 

fo r  the purpose. D eta ils  o f  the treatm ents are g iven  below .

greatmeats

1 . *1 0 hioramphenic o l -  500 ppm

2. 2 Chloramphenicol -  250 ppfa

3* *3
Terramycin -  500 ppm

4 . T4 ferram ycin -  250 ppm

5. !p5 A griaycin -100 -  500 ppm

6. rp
x <$ Agrimycin-100 -  250 ppm

7 . T
L1

C ontrol

Two spraying were g iven  at an in te rv a l o f  one week. 

Observations on the d isease se v e r ity  and in te n s ity  were 

recorded on the day o f  each spraying and 7 days a ft e r  the 

second spraying.

STATIC? 10AL ANALYSIS
Data r e la t in g  to  d if fe r e n t  experiments were analysed 

s t a t i s t i c a l ly  fo llo w in g  the method o f  Snedecor and Oochro^ 

( 1967) .  *P' te s t  was ca rried  out by a n a ly s is  o f  variance

method and s ig n if ic a n t  re s u lts  were compared by working 

out the c r i t i c a l  d if fe r e n c e . The data on the percentage 

o f  leaves d e fo lia te d  and percentage o f  su rv iva l o f  lea ves  

were analysed a f t e r  angular transform ation  o f  the data .



I^eduti
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Rssurns

Is o la t io n  and pathogen ictty  o f  b a c te r ia l  i s o la t e s .

I s o la t io n  o f  the b a cte r ia  on Potato Sucrose Peptone 

Agar y ie ld e d  yellow# o ir o a la r  and slim y o o lo n io s  w ith e n tire  

margin. . The b e te lv in e  p la n ts  a r t i f i c i a l l y  inocu lated  with 

the b a c te r ia l  is o la te s  sta rted  developing t y p ic a l  le a f  spot 

symptoms a f t e r  f i v e  days. R e is o la tio n  from  such in fe c te d  

p la n ts  y ie ld ed  c o lo n ie s  resem bling the o r ig in a l  is o la te s  o f  

the bacterium .

Svanatoaat o lo g y .

I n i t ia l  symptoms o f  the d isea se  appeared as minute
*

water soaked le s io n s  on the le a f  lam ina. She water soaked 

le s io n s  were sca ttered  a l l  over the le a f  lamina or seen 

orowded a t  c e r ta in  p o rt io n s . There was no uniform ity in  

the lo c a l is a t io n  o f  the appearance o f  such les ion s  on the 

le a f  lamina. However a t a la te r  stage these le s io n s  enlarged 

and became angular and delim ited  by the vein s (P la t e - I ) .  

Sometimes the water soaked le s io n s  were minute and In  a 

crowded manner, without any an gu larity  (P la te  I I ) .  The 

water soaking was more pronounced at the lower su rfa ce  o f  

the le a f  lamina compared t o  the upper su rface  and s l ig h t  

c h lo r o s is  may be seen on the upper su rfa ce . Sometimes 

b a c te r ia l  exudation  could  a lso  be observed on the in fe c te d  

le s io n s .  As the le s io n s  grew o ld e r , the water soaked spots

1 •
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turned dark brown in  co lou r  with a d is t in c t  y e llow  h a lo .

These le s io n s  la t e r  coa lesced  t o  form la rge  patch es.

Invariab ly  margins o f  the leaves a ls o  got in fe c te d . I n i t ia l ly  

on the margins o f  the le a f  sm all water soaked le s io n s  were 

form ed, la te r  they coa lesced  t o  form  patches a l l  along the 

margins w ith dark brown centre  and y e llow  h alo , u ltim ately  

r e s u lt in g  in  d e fo rm itie s  (P la te  I I I ) ,  At tim es as the 

in fe c t io n  progressed  the cen tre  o f  the dark brown spot broke 

o f f  leav ing  a shot hole  type symptom on the le a f  lamina 

(P la te  IV ). When the major p o rt io n  o f  the le a f  lamina got 

in fe o te d , d e fo l ia t io n  occurred . Middle aged and younger 

lea v es  were usually  more su scep tib le  t o  in fe c t io n  compared 

to  o ld er  leaves in  a v in e .

In fe c t io n  on the stem could  a ls o  be n oticed  at tim es. 

On the stem ,sm all sp ind le  shaped dark brown le s io n s  surrounded 

by green ish  y e llow  halo developed at f i r s t .  iLater those 

le s io n s  coa lesced  t o  form la rge  patches coverin g  the e n tire  

length o f  the Internode o f  the stem (P la te  V ). Usually 

lower and middle p o r t io n  o f  th e  stem were in fe c te d , w i t h ' 

severe in fe c t io n  on the middle nodes o f  the stem. With such 

in fe c t io n  the stem broke o f f  a t the middle p o rtio n s  lead in g  

t o  severe damages o f  the v in e . Sometimes p e t io le  in fe o t io n  

was a ls o  observed as dark brown le s io n  with green ish  ye llow  

halo *





P la te  IV. Shot hole type o f  symptom on 
b e te l  v ine leaves due t o
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V ariation s In symptom oh in ocu la tion  w ith d if fe r e n t  
is o la t e s  o f  the bacterium  on b e te lv in e  o u lt iv a r  
C h elan th ive lla . ‘

Under con d ition s  o f  in ocu la tion  w ith d if fe r e n t  

is o la t e s -o f  Xanthomonaa b e t l i c o la  on b e te lv in e  c u lt iv a r  

C h elan th ive lla , the v a r ia tion s  in  symptoms were studied .

The d if fe r e n t  is o la te s  o f  the bacterium showed d iffe re n c e s  

in  the typo symptoms such as the s iz e  o f  the i n i t i a l  water 

soaked le s io n s , an gu la rity , b a c te r ia l  exudation on the 

d iseased  area , y e llow  halo around the sp o ts , s iz e  o f  the 

le s io n s  developed, extent o f  marginal in fe c t io n , development 

o f  shot hole type symptom, s u s c e p t ib il it y  t o  the lea ves , 

d e fo l ia t io n  and stem and p e t io le  in fe c t io n . The d e ta ils  

are g iven  in  ta b le  1 •

C h aracterization  and id e n t i f ic a t io n  o f  the pathogen.

A. C u ltura l characters 

1 • Morphology

The bacterium was a gram negative slendeijtod w ith 

rounded ends. The bacterium  gave r i s e  t o  y e llow , c ir c u la r ,  

slim y, f lu id a l ,  and convex c o lo n ie s  w ith en tire  margin*: 

on PSPA medium (P la te  VI ) .

2 . Growth, o f  the b a c te r ia l  is o la te  Xb-1 on d if fe r e n t  
B olid  media

The growth o f  the b a c te r ia l  is o la t e  Xb-1 on eight 

d if fe r e n t  s o l id  media were te s te d  and the r e s u lt s  are 

presented in  ta b le  2 . Of the e igh t s o l id  media te sted



maximum growth was observed on Yeast Glucose Challc Agar as 

Indicated by the diameter o f  the s in g le  c o lo n ie s .  The amount 

o f  growth, slim e and f lu id i t y  was more on XGOA, A fte r  48 h 

the diameter o f  the co lo n ie s  were 1 ,5  mm. The diameter o f  

the c o lo n ie s  increased t o  4 mm a ft e r  72 h. The co lo n ie s  

were c ir c u la r ,  y e llow , slim y, f lu id a l ,  and convex w ith
i

e n tire  margin. The diameter increased t o  6 mm a ft e r  96 h.

A non-water so lu b le  y e llow  pigment appeared in  the medium. 

Potato Sucrose Peptone Agar medium a ls o  supported good 

growth. The c o lo n ie s  were y e llo w , slim y, f lu id a l ,  c ir c u la r , 

and convex with en tire  margin. The s in g le  c o lo n ie s  measured 

3 mm a ft e r  72 h and 5 mm a f t e r  96 b . Growth o f  the bacterium 

in  Potato D extrose Agar and G lucose Agar was not abundant 

with le s s  slim e and f l u i d i t y .  The c o lo n ie s  were y e llo w  in  

c o lo u r . The diameter o f  the c o lo n ie s  were 1 .5  mm and 1 *0 mm 

in  PDA and GA r e s p e c t iv e ly  a f t e r  96 h. In G lucose Yeast 

Extract Agar, and Tetrasolium  Chloride Agar (w ithout 

tetrasoilurn  ch lo r id e ) th ere  was a b so lu te ly  no growth o f  the 

bacterium even a f t e r  96 h. In the basal medium f o r  

Xhnthomonads and Uutrient Agar very minute i n i t i a l s  o f  the 

b a c te r ia l  growth could  be observed a f t e r  72 h and no fu rth er  

increase observed even a f t e r  96 h. The r e s u lt s  o f  the 

study in d ica ted  that YGCA and PSPA were the best s o l id  media 

f o r  growth o f  t h is  is o la t e  o f  the bacterium .



Table 2 . Comparison o f  growth ch aracters  o f  Xanthomonas b e t l io o la  
( i s o la t e  Xb-1) on d if fe r e n t  s o l id  media

Medium
Nature o f co lon y  
and co lou r

Growth, 
slim e and 
f lu id i t y

Diameter in  mm a ft e r  
24 h 43 h 72 h 96 h

PSPA Yellow , c ir c u la r , Gr. + + + 1 3 5
convex w ith en tire S I. + + +
margin P I. + *

HA Very sm all in i t ia l s Gr. * «  mm —
y e llow , c ir cu la r  w ith SI. -
e n tire  margin P I. -

BX Very sm all i n i t i a l s Gr. _ «» -m* «
y e llo w , c ir c u la r S I. -
with en tire P I. -
margin

T2 No growth - -

YOGA Y ellow , c ir c u la r . Gr. + + 1 .5  4 6
convex with e n tire SI. + + +
margin EL. ♦ + + +

PDA Yellow , c ir c u la r Gr. , + -  1 .5
convex w ith e n tire 31. +
margin P I. +

GA Bight y e llow , c ir c u la r , Gr. .+ 1
convex w ith en tire S I. +
margin F I. .+

GYBA - No growth - , - -

Or. -  Growth 
31. -  Slime 
FI. -  F lu id ity

+ +. + + 
+ + + 

+ + 
+

lire c l ie n t  
Good
Moderate
S ligh t
N il



45

3 * Growt h o f  d if fe r e n t  is o la te s  o f  the bacterium  on. 
s o l id  medium (PSPA medium^

A ll  the I s o la te s  o f  the bacterium  gave r i s e  t o  yellow* 

o ir o u la r , and convex c o lo n ie s  w ith  e n tire  margin on PSPA 

medium. Is o la te s  XB-1, Xb-7, Xb-9 and Xb-10 recorded  maximum 

growth* slim e produ ction  and f l u i d i t y  and the diam eter was 

increased  to , 5 mm a ft e r  96 h (Sable 3)* I s o la te  Xb-4 and 

Xb-6  were s im ilar in  terms o f  th e ir  growth* slim e produ ction  

and f lu id i t y  and th e ir  diameter increased  t o  4 mm a ft e r  96 h. 

I s o la te s  Xb-2, Xb-3* Xb-5 and Xb-3* the diameter o f  the 

c o lo n ie s  increased t o  3 mm a fte r  96 h and were s im ila r  w ith 

resp ect t o  th e ir  slim e production  and f l u i d i t y ,  She c o lo n ie s  

o f  the is o la te  Xb-2* Xb-3* Xb-4* Xb-6, Xb-7* Xb-3 and Xb-10 

were evenly y e llow  in  co lou r  w ith a l ig h t  y e llow  re g io n  a t 

the margin* where as the c o lo n ie s  o f  the is o la t e s  Xb-1*

Xb-5  and Xb-9  were deep y e llo w  at the cen tre  than the margin, 

‘There were s l ig h t  v a r ia t io n  in  the amount o f  growth* slim e 

produ ction  and f l u i d i t y  between th e  is o la t e s  o f  the pathogen, 

None o f  the is o la t e s  showed growth w ith in  24 h,

4* Growth o f  d if fe r e n t  is o la te s  o f  the bacterium  on 
P otato Sucrose peptone brotbi

Growth was measured as the change In  the o p t ic a l  

density  o f  the medium in  comparison with uninoculated c o n t r o l .  

Ihe r e s u lt s  are presented in  ta b le  4 , Observations a ft e r  

24 h showed that there was not much growth in  any o f  the
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Sable 3. Growth characters o f  d if fe r e n t  is o la t e s  o f  Xanthomonas b e t lio b la  
on PSPA medium

Iso
la te

Hature o f  colon y  
and co lou r

Growth, 
slim e and 
f lu id i t y

Diameter 
24 h 48

in  mm a fte r  
h 72 h 96 h

Xb-1 Deep y e llo w  at cen tre , 
l ig h t  y e llow  a t margin, 
c ir c u la r , convex with 
e n tire  margin

Gr + + + 
Si + + + 
PI + + +

1 3 5

Xb-2 Evenly ye llow , c ir c u la r ,  
convex with en tire  
margin

Gr + + 
SI + +, 
PI +

2 3

Xb-3 Evenly y e llo w , c ir c u la r , 
convex with en tire  margin

Gr + + 
SI + + 
P i + +>

2 3

Xb-4 Evenly y e llow , c ir c u la r , 
convex, with en tire  
margin

Gr + +■ + 
SI + +‘ 
PI + +

2 4

Xb-5 Deep y e llow  a t cen tre , 
l ig h t  y e llo w  a t margin, 
c ir c u la r , convex with 
en tire  margin

Gr +
SI + +. 
FI + +

1 3

Xb-6 Evenly y e llo w , c ir c u la r ,  
convex with en tire  
margin

Gr + + + 
SI + + 
PI + +

1 3

i

4

Xb-7 Evenly y e llow , c ircu lar^  
convex w ith en tire  
margin

Gr + +, + 
SI + ■(•. + 
PI + + +

1 2 5

Xb-8 Evenly yellow * c ir c u la r ,  
convex with e n tire  
margin

Gr + +' 
SI + +' 
PI + + ‘

w «• 1 3 ’

Xb-9 Deep y e llo w  a t cen tre , 
l ig h t  y e llow  a t  margin, 
c ir c u la r , convex with 
e n tire  margin

Gr + +,+ 
SI + +' + 
PI + +.+

2 4 5

Xb-10 Evenly y e llow , c ir c u la r , 
oonvex with e n tire  
margin

Gr + + + 
31 + + + 
FI + •*■ +

1 3 5

Gr -  Growth + + + +
SI -  Slime + + +
PI -  F lu id ity  + +

-  lixoe llen t
-  Good
-  Moderate
-  S ligh t
-  H il
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Sable 4* Growth o f  d if fe r e n t  is o la te s  o f  Xanthomonas 
b e t l i c o la  on PSP broth

Iso la te  Ho.

O ptica l d en s ity  a ft e r

24 h 43 h 72 h 96 h

Xb-1 0.041 0.071 0.119 . 0,149

Xb-2 0*009 0.046 0.125 0.103

Xb-3 0,022 0.051 0.036 0.125

Xb-4 0.009 0.041 0.181 0.161

Xb-5 0.013 0,051 0.125 0.155

Xb-6 0.041 0,092 0.203 0.119

Xb-7 0.022 0.036 0.161 0.155

Xb-3 0.022 0,066 0.201 0.163

Xb-9 0.032 0.092 0.155 0.125

Xb-10 , 0.022 0.071 0.137 0.036

is o la t e s .  Among the is o la te s  Xb-1 and Xb-6  showed maximum 

growth, fo llow ed  by Xb-9 , Xb-3, Xb-7 , xb-9 and Xb-10. i ’or 

is o la t e s  Xb-2, Xb-4 and Xb-5 the growth was very n e g l ig ib le .  

A fte r  43 h maximum growth was observed f o r  is o la te  Xb-6  and 

Xb-9* 3?or is o la te  Xb-1 a id  Xb-10 the growth was same.

Among the other is o la t e s  more growth was seen w ith I s o la te  

Xfa-3, fo llow ed  by Xb-3, Xb-5, Xb-2,  Xb-4 and Xb-7*

Observation a f t e r  72 h showed maximum growth f o r  is o la te  

Xb-6  and Xb-3, fo llow ed  by is o la te s  Xb-4, Xb-7, Xb-9, Xb-10,
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Xb-2, Xb-5 and Xb-1• Iso la te  Xb-3  showed very  l i t t l e  

growth* A fte r  96 h a l l  i s o la t e s  except Xb-1, Xb-3 and Xb-5 

showed le s s  amount o f  growth compared t o  72 h growth.

5* figm ent produ ction

A non-water so lu b le  y e llow  pigment on Yeast Glucose 

Chalk Agar medium was produced by a l l  the is o la te s  o f  the 

bacterium .

6 . Oxygen requirement

A l l  is o la te s  o f  the bacterium were found t o  be 

a erob ic  s in ce  the growth and change o f  blue co lo u r  o f  the 

N utrient dextrose agar medium (con ta in in g  0.0055$ brom ocresol 

p u rp le ) to  y e llow  was observed only in  case o f  tubes 

con ta in in g  no l iq u id  p a r a ff in  in d ica tin g  the a erob ic  nature 

o f  the organism.

B. PHYSIOLOGICAL CHARACTERS

1 . Mode o f  u t i l i s a t io n  o f  g lu co se .

A l l  is o la te s  o f  the bacterium were found t o  u t i l i s e  

g lu cose  o x id a t iv e ly  (a e r o b ic a l ly )  s in ce  the medium ia  the 

open tubes turns y e llow  from the to p .

2 . U t i l is a t io n  o f  organic a c id s .

Of the three sodium s a lt s  o f  organ ic a c id s  te s te d , a l l  

the is o la te s  u t i l is e d  sodium c i t r a t e  and sodium a ce ta te  as 

th e  source o f  carbon as evidenced by the change o f  co lou r  

o f  the s la n ts  from green t o  b lu e . Sodium benzoate was not 

u t i l iz e d  as the source o f  carbon by any o f  the is o la te s  o f  the 

bacterium .
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3« Starch h y d ro ly s is .

A l l  the b a c te r ia l  is o la te s  wore found t o  hydrolyse 

sta r  oh a s  in d ica ted  by c o lo u r le s s  zone around the b a c te r ia l  

growth in  con trast t o  the outer blue b~ack ground o f  the 

medium.

4* Production  o f  hydrogen su lph ide.

l ib e r a t io n  o f  H^S w ith in  14 days was observed fa r  

a l l  the is o la te s  o f  bacterium . The is o la te s  Xb-2 and Xb-6

lib e ra te d  HgS in  le s s  in te n s ity  as evidenced by l e s s

blackening o f  the lead aootate  s t r ip  compared t o  other 

i s o la t e s .

5 . HR and VP ^eats

A l l  is o la te s  o f  the bacterium gave negative MR te s t  

as evidenced by the absence o f  development o f  d is t in c t  red  

co lo u r  in  the cu ltu re  tube when few  drops o f  0 .02  per cent

□eth yl red  In 30 per cent a lc o h o l was added.
i

S im ila rly  the Vi* t e s t  was a ls o  negative f o r  a l l  

is o la te s  as  in d ica ted  by the absence o f  a crim son or ruby 

co lou r  on a d d it io n  o f  0 .6  ml alpha-naphthol (5  per cent in  

95 per cent a lc o h o l)  and 0 .2  ml o f  40 per cen t aqueous 

so lu t io n  o f  KOH in  the cu ltu re  tube.

6 . O elatin  l iq u e fa c t io n

There was l iq u e fa c t io n  o f  g e l  column in  the tubes 

which were inocu lated  w ith Is o la te s  o f  the bacterium w ith in  

one month, which Ind icated  that a l l  i s o la t e s  o f  the bacterium 

l iq u i f ie d  g e la t in .



50

7* ProductIon o f  In d o le .

3?he o x a lic  a c id  crysta ls  on the te s t  s t r ip  d id  not 

tarn  pink or red  which ind ioated  that none o f  the is o la te s  

produced In dole .

Q. H itrate re d u ctio n .

H itrate was not reduced by any o f  th e  b a c te r ia l  

is o la te s  as evidenced by development o f  p ink co lou r  a f t e r  

a d d ition  o f  sine*

9* Catalase t e s t .

Oatalase p o s it iv e  r e a c t io n  was shown by the d if fe r e n t  

is o la te s  o f  th e  bacterium  with s l ig h t  va ria tion s  in  th e ir  

in ten sity*

10. A ction  on m ilk.

A l l  is o la te s  o f  the bacterium turned the milk a lk a lin e  

as evidenced by the oo lou r  change from  blue to  v i o l e t .

11. U t il is a t io n  o f  asparagine as s o le  source o f  Carbon and 
and Ili1a?ogen

None o f  the Is o la te s  u t i l is e d  asparagine as so le  

source o f  0 and N as ind ioated  by the absence o f  growth o f  

I s o la te s  o f  the bacterium in  the organ ic s a lt  s o lu t io n  

con tain ing  0*2 per cent asparagine.

12. Growth in  6 per cent KaOl.

$here was no growth o f  the I s o la te s  o f  the bacterium  

when inocu lated  on a media con tain ing  6 per cent KaCl.

13. L ic o lv t io  a c t iv i t y

Opaque zone around the b a c te r ia l  growth ind icated
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l ip a s e  p rod u ction  and so a l l  the is o la te s  o f  the bacterium 

produced l ip a s e s .

14. g.yrosinaae a c t iv i t y .

Absence o f  dark brown pigment in  the media inocu lated  

w ith is o la te s  o f  bacterium  in d ica ted  that a l l  is o la t e s  were 

ty ros in a se  n egative .

15 . A rginine hydrolase a c t iv i t y .

A l l  is o la t e s  o f  the bacterium  were a rg in in e  hydrolase 

p o s it iv e  as in d ica ted  by the change in  co lou r  o f  the medium 

t o  r e d .

10 . U t iliz a t io n  o f  carbon sou rces .

Of the 15 carbon compounds te s te d  a l l  i s o la te s  o f  the 

bacterium  produced a c id  in  G alactose, Mannose, X ylose, 

F ructose, G lucose, M altose, L actose, Sucrose, Dextrose as 

in d ica ted  by the change o f  co lou r  o f  the medium from  redd ish  

v io le t  t o  y e llo w . In X ylose a c id  p rod u ction  was n oticed  

only from the 4th  day o f  in o cu la t io n . In  Lactose is o la t e s  

Xb-1, Xb-3, Xb-4 , Xb-5, Xb-7, Xb-3 and Xb-10 showed a c id  

produ ction  from the second day o f  In ocu la tion  w hile others 

showed acid  produ ction  on th ird  day o f  in o cu la t io n . 'There 

was no change in  the co lo u r  o f  the medium from redd ish  

v io le t  t o  ye llow  in  tubes con tain ing  I n o s i t o l ,  D u lc ito l ,  

Amygdalin, R ibose, S a lic in  and R a ffin ose  which in d ica ted  

negative u t i l i z a t io n  o f  the above sugar s .  (Table, s)



Table 5* Summary o f  m icro sco p ica l, b iochem ical and p h y s io lo g ic a l  ch a ra cters  o f  the I s o la te s  
o f  Xantboaonas b e t l i c o la

S i. Characters studied Is o la te s
NO. X b - 1 X b - 2 X b - 3 X b - 4 X b - 3 X b - b xb-7 X b - 3 X b - 9 X b - 1 0

1 . Gram r e a c t i o n - v e - v e - v e -V Q - v e - v e - v e - v e - v e - v e

2 . P igm ent p r o d u c t io n  

( a )  Non w a te r  s o l u b l e + + + -4 + + + + + 4-
( b )  W ater s o lu b le - - * * - - - - —

3 . O xygen r e q u ir e m e n t +

■t

+ * + + + 4* + 4" 4

4 . Mode o f  u t i l i s a t i o n  
o f  g lu c o s e

( a )  A e r o b io + + 4- + + + 4*
( b )  A n a e r o b ic - - - - - - - — — “

5 . U t i l i s a t i o n  o f  o r g a n ic  
a c i d s

( a )  Sodium  c i t r a t e 4* ♦ + * 4- + + 4" + +
( b )  Sodium  a c e t a t e 4 + + + + + + + +
( c )  Sodium  b e n z o a te . - - - - - - - — —

6 . S ta r c h  h y d r o ly s i s + + + + + + * •4 4-

7. P r o d u c t io n  o f  h yd rogen  
s u lp h id e 4- + + + '  + + + 4- + +

8 . MR S VP t e s t s  (M e th y l  
r e d  and V oges P r a s ta u o r  
T e s t ) urn

IM am _ _ _

9 . G e la t i n  l i q u e f a c t i o n +■ + + + + * 4- 4- + 4

1 0 . P r o d u c t io n  o f  In d o le
/

• _ • — 4* — -  '
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Table 5 c o n t d . . .

SI* Charactors stud ied  Is o la te s
No. X t t  xb-2 Xb-3 Xb-4 X W  Xb-6 Xb-7 Xb-3 Xb-9 Xb-10

N itra te  red u ction - - - - - - - - - —
C atalase t e s t * + + + + + + + + +
A ction  on milk 
(A cid  or a lk a lin e AL AL AL AL AL AL AL AL AL AL

U tiliz a t io n  o f  asparagine 
as s o le  source o f  G & N _

Growth in, 6#  N&G1 - - - - - - - - •m -
L ip o ly t ic  a c t iv it y + + + + + + + 4■ +
Tyrosinase a c t iv i t y - - - - - - - - - -
A rgin ine  hydrolase t e s t + + + + + + + + +
U tiliz a t io n  o f  carbon 
conpounds with a c id  
produ ction

1 . G alactose ■f + + + + +
2. Mannose + + + + + + + + +
5. X ylose +♦ +* +* +* +* +#

4 . Fructose + + + + + + + + + +
5 . Glucose + + + + + + + + + +
6* Maltose + + + * + + + + +
7 . Lactose +* + + + +* +
8 . Sucrose + + + + + + + + +

cn
OO

c o n t in u e d .*
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S l. Characters stud ied    I s o la te s  _______ ___________
Ho. xtPt Xh=2 Xb-3 x5h [ Xb-5 25^5 Xb-7 ^b-3xb-9 Xb-To

9 . Dextrose + + + , + + + + +
10 . I n o s ito l — - - - - - - - - -
11. D u lo ito l - - - - - - - - -
12. ^tUPgdalin - - - - - - - - - -
13. Hibose - - - - - -  . - - - mm

14. S a lic in - - - - - *w - - - -
15 . R affin ose — - - - - - - - - -

-v e  -  Grata negative
AL -  A lk a lin e  r e a c t io n
+ -  P o s it iv e  r e a c t io n
+* -  Delayed p o s it iv e  r e a c t io n

-  N egative r e a c t io n
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Host range o f  the pathogen

Plants with s im ilar taxonomies a f f in i t y  t o  bete lv in e
i

as w e ll as weeds commonly present in  bete lv in e  gardens were 

a r t i f i c i a l l y  inocu lated  w ith the bacterium  f o r  studying the 

host range o f  th e  pathogen* She fo llo w in g  p la n ts  -- belonging 

t o  the fam ily  P iperaceae, P iper nigrara 1* (P la te  VIZ),

P iper longtam L* and Peperomia p e llu c id a  WB. & S. were found 

t o  develop symptoms o f  le a f  spot d isease  a f t e r  1 - 2  weeks 

o f  inocu lation * She d isea se  a ffe c te d  p o rt io n  o f  these 

p lan ts were su b jected  t o  ooze t e s t  and confirm ed the presence 

o f  bacteria* Hone o f  the weeds tested  showed any v is ib le  

symptoms o f  d isease  even a f t e r  th ree  weeks o f  inocu lation *

She inocu lated  p ortion s  o f  these p la n ts  were subjeoted  t o  

oose t e s t  which gave negative re su lts*

Survival o f  the pathogen

$he su rv iva l o f  the pathogen in  the in fe c ted  v in es 

and lea v es  were studied  by p e r io d ic  is o la t io n  using s p e c ia l  

■ media f o r  Xanthomonas* Is o la t io n  o f  the pathogen a f t e r  ten  

days frora in fe c ted  v in es and leaves gave negative r e s u lt s  

s im ila r ly  in  'v it r o  su rv iv a l o f  the pathogen in  s o i l  was 

a ls o  assessed . P lanting a d ila te  suspension o f  the 

in ocu lated  s o i l  s lu rry  in  normal sa lin e  a ft e r  ten  days f o r  

s e le c t iv e  is o la t io n  o f  the bacterium  in  the s p e c ia l  medium 

f o r  Xanthomonas y ie ld e d  some y e llow  c o lo n ie s . Bat these 

c o lo n ie s  fa i le d  t o  gave any symptoms o f  the d isease on 

b e te lv in e  p la n ts  upon in o cu la t io n .



Plate VII* Symptoms of bacterial leaf spot 
on pep er due to Xant-ioaonafl- 
b c t l l c o l a
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Screening o f  b e te lv in e  o u lt iv a rs  fo g  host re s is ta n ce  
aga inst the pathogen

Of the seven o u lt iv a rs  o f  b e te lv in e  p la n ts  screened 

f o r  host re s is ta n ce  against the pathogen, none o f  them was 

found t o  be r e s is ta n t  to  the d ise a se . In a l l  cu lt iv a r o  the' 

symptom ■ ' development were in it ia te d  from 5 t o  7 days a fte r  

in o cu la tio n . The r e s u lts  are  presented in  ta b le  6.

Table 6 . Screening o f  b e te lv in e  c u lt iv a r s  f o r  host 
r e s is ta n ce  aga inst Xanthomonas b e t l io o la

Treat
ments

Percentage o f  d e fo l ia t io n  
(In angles')

d isea se  
grade o f  
a l l  leaves 
in fe c te dWithin 10 

days a f t e r  
in ocu la 
t io n

Within 20 
days a f t e r  
inocu la 
t io n

Within 50 
days a ft e r  
inocu la
t io n

0 47.33 74.31 3.34

*2 0 43.55 57.05 2.96

2 3 0 55.94 75.00 3.14

*4 0 25.05 79.00 3.60

% 0 40.16 61.03 3.46

*6 0 20.75 43.34 2.10

T? 0 10.13 43.34 2.56

0 .3 ).(0 .0 5 ) 0 25.0074 17.9923 0.4605

I t  was observed that maximum d isea se  se v e r ity  occurred on 

c u lt iv a r  P annivella  (T^) and minimum on T u la s iv e t t i ia  (Tg) 

when oompared to  oth ers . There was a b so lu te ly  no d e fo l ia t io n
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w ith in  ten  days a f t e r  inocu lation * v/ithin  a p eriod  o f  20 days 

a f t e r  in ocu la tion  minimum d e fo l ia t io n  occurred on cu lt iv a rs  

K arilano hikarpuran (E^) and E u la s iv e tt i la  (Eg) and maximum 

on Malamkodi (E g ). Observations w ith in  30 days a f t e r  

in ocu la tion  showed le s s e r  d e fo l ia t io n  in  the case o f  cu lt iv a r s  

K arilanchikarpuran ( Tj )  and E u la s iv e tt ila  (Eg) and maximum 

on Pannivella (T ^ ).

V a lu a t io n  by d isease  sev er ity  s c a le  (d isea se  s ca le )  

showed that the cu lt iv a r  E u la s iv e tt i la  (Eg) was s ig n i f ic a n t ly  

b e tte r  than Malamkodi (E g ), O helanth ivella  (E ^), C helanthi- 

karpuran (Eg) and Pannivella  (E ^)* Ehe c u lt iv a r  P annivella  

(E^) was on par with Ohelanthikarpuran (Eg) and O helanthivella  

(E^) and s ig n i f ic a n t ly  in fe r io r  to  o th ers . S t a t is t ic a l  

an a lysis  on the percentage o f  d e fo l ia t io n  w ith in  20 days a ft e r  

in ocu la tion  showed s ig n i f ic a n t ly  le s s e r  d e fo l ia t io n  in  the 

case o f  c u lt iv a r  Karilanchikarpuran (T j)  than other c u lt iv a r s  

except E u la s lv e tt i la  (E g ). Ehe c u lt iv a r  E u la s iv e tt i la  (Eg) 

was a ls o  found t o  be on par with Pannivella  (E ^), C helanthi- 

karpuran (Eg) and Pramuttan (E g ). Further the c u lt iv a r  

ttolamkodi (Eg) was found t o  be on par w ith O helanth ivella  (E^), 

Pramut.tan (Eg) and Ohelant hikarp uran (Eg) and s ig n i f ic a n t ly  

in fe r io r  t o  other c u lt iv a r s .  ^valuation  by the percentage o f  

d e fo l ia t io n  w ith in  30 days a f t e r  in o cu la tio n  however revea led  

that the c u lt iv a r s  Kar ila n c  hikarpuran (E^) and E u la s iv e tt i la  

(Eg) were found t o  be on par with Pramuttan (Eg) and
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Chelanthilcarpuran (T^) and showed s ig n i f ic a n t ly  le s s e r  

d e fo l ia t io n  than other o u lt iv a rs , Further the c u lt iv a r  

P aan ivella  (T^) was on par with Malamlcodi ( T j ) ,  Ghelanthive 11a 

(3?^) and Gholanthikarpuran (d?5 ) and s ig n i f ic a n t ly  in fe r io r  

t o  a l l  other o u lt iv a r s .

In v i t r o  s e n s it iv ity  o f  the bacterium t o  a n t ib io t ic s

She in  v i t r o  s e n s it iv i t y  o f  the bacterium  t o  6 a n t i

b io t i c s  were tested  and the r e s u lts  are presented in  ta b le  7, 

P late  V III  and F lg*7. Among the a n t ib io t ic s  te sted  

Chloramphenicol was found t o  be s ig n i f ic a n t ly  su perior t o  a l l  

other a n t ib io t ic s ,  which was c lo s e ly  fo llow ed  by T erraoycin .

Table 7 , In v it r o  s e n s it iv ity  o f  a n t ib io t ic s  a t  d if fe r e n t  
concentrations t o  Xanthomonas b e t l io o la

In h ib it io n  sone in  atm

A n tib io t ic s 100 ppm 250 ppm 500 ppm Mean

A grinyoin -100 19.33 25.33 29.00 24.55
A m p ic illin 0 .00 0.00 0 .0 0 0 .00
Ohloramp henic o l 28.00 30.33 36.33 31.55
Streptom ycin 13.66 22.33 30*33 23.77
S trep tocyo lin e 19.33 24.33 27.66 23.77
Terraaycin 26.33 23.66 33.00 29.33

C.B, (0 ,0 5 ) f o r  comparison between a n t ib io t ic s  a 1,573 
0 ib , (0 .0 5 ) f o r  comparison between com bination «  3*125

A grinyoin -100, S trep tocy clin e  and S trep tooycin  were on p.ar 

and s ig n i f ic a n t ly  in fe r io r  t o  Chloramphenicol and ^erranycin .



P la to  V III . Comparison between zone o f  In h ib it io n  
o f  a n t ib io t ic s  te s te d .

1 . A ap icIU In
2.  AgrimycIn-100
3 .  S trep tocy c lln e
4 . S trept ^Tiycin
6 . Terramycin
3. Chloramphenicol
7 . C ontrol

-  5 ^ 0  ppm

-  500 ppm
-  500 ppm

-  500 ppm
-  500 ppm
-  500 ppm
-  D is t i l le d  wpt«



z
o

n
e
, 

o
f 

in
h

ib
it

io
n

 
in
 

m 
m

AGRIMyCIM - 100 
AM picillin 

IK:;:I cHloramphenicou

| STREPToMyaN 

i|j STREPfoCyeLlNE 

TEBRAMyciN

i o o  p p m      2 5 0  p p m    ■--------------------  5 o o  p p i \

 CONC E ST K  ATION Op- A N T IB IO T IC S -------------------------------------------------------------------------------------------------------------------------------

F|Q ■ 7 . v it h o  SENSITIVITV OF" X anthom onas BETUCOUA to ANTIBIOTICS.



A m p io illin  was not e f fe o t iv a  aga in st the bacterium  at the 

con cen tra tion s  t e s te d , Chloramphenicol a t 500 ppm was s ig n i

f i c a n t ly  su perior t o  i t s  lower con cen tra tion s and t o  a l l ,  other 

a n t ib io t ic s ,  Terramycin at 500 ppm was found t o  be on par 

with streptom ycin 500 ppm and Chloramphenicol 250 ppm but was 

s ig n i f ic a n t ly  su p erior  t o  i t s  lower con cen tra tion s and t o  

other a n t ib io t ic s  except Chloramphenicol a t 500 ppm, 2 he 

higher con cen tra tion s o f  S tre p to cy c lin e , Streptom ycin and 

Agrim ycin-100, were found t o  be s ig n i f ic a n t ly  su perior t o  

th e ir  lower con cen tra tion s , 2erram ycin and Chloramphenicol 

a t 250 ppm were on par with 100 ppm but was s ig n i f ic a n t ly  

in fe r io r  t o  500 ppm.

In v i t r o  s e n s it iv ity  o f  the d if fe r e n t  b a c te r ia l  is o la t e s  to  
Teggamvoin

Sen d if fe r e n t  I s o la te s  o f  the bacterium  were tested  

in  the la b ora tory  to  f in d  out whether any d iffe r e n c e  in  the 

in  v i t r o  s e n s it iv ity  among the is o la te s  t o  the various concen

tra t io n s  o f  lerram yoin* 2 ho r e s u lts  are presented  in  ta b le  8 ,

Among the d if fe r e n t  i s o la t e s ,  is o la te  2b- 1 was most se n s it iv e
/  ■

to  Serramycin fo llow ed  by Xb-9 and Xb-4 ,  I s o la te  Xb-3  showed 

the le a s t  s e n s it iv ity  t o  lerram ycin . ^valuation  by the soae 

o f  in h ib it io n  revea led  th at is o la te  Xb-1 was s ig n if ic a n t ly  

more s e n s it iv e  t o  20rramyoin compared to  other is o la t e s .  

S e n s it iv ity  o f  is o la te s  Xb-9 and Xb-4  t o  ferram yoin  were on 

par and s ig n i f ic a n t ly  b e tte r  than other is o la t e s  except X b-1,
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Sable 3* In v i t r o  s e n s it iv i t y  o f  'ferraaercin to  d if fe r e n t  
I s o la te s  oF" Xanthomonas b e t l io o la

In h ib it ion  aone in  cm

Is o la te s 100 ppm 250 ppm 500 ppm Mean

Xb-1 33*00 41.67 43.67 42.73

Xb-2 23.00 29.00 32.33 23.11

Xb-3 25.00 23.00 ' 29.33 27.44

Xb-4 50.35 57.00 39.00 35.44

Xb-5 24.00 ■ 29.53 33.33 23.33

Xb-6 27.00 29.53 34.67 30.33

Xb-7 27.67 31.00 34.00 30.39

Xb-3 27.55 29.33 32*33 29.66

Xb-9 54-00 36.67 33.67 36.44

Xb-10 26.00 30.53 31.00 29.11

C .D .(0*05) f o r  comparison between is o la t e s  a 1*45
0*3 .(0*0 5 ) f o r  comparison between com bination a 2*52

i
Is o la te  Xb-3 was s ig n i f ic a n t ly  le s s  s e n s it iv e  t o  Serranycin  

compared t o  a l l  other is o la t e s  and d id  not d i f f e r  s ig n i f ic a n t ly  

with Xb-2 and Xb-5. For is o la te s  Xb-3, Xb-4, Xb-9 and Xb-10 

s e n s it iv it y  a t  250 ppm o f  Serrarayoin was found to  be su perior  

to  100 ppm but was on par w ith  500 ppm. S e n s it iv ity  t o  

lerram ycin  a t  250 ppm f o r  is o la te s  Xb-6  and Xb-8  were on par 

with 100 ppm but was in fe r io r  t o  500 ppm* For is o la te s  Xb-1,
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Xb-2S Xb-5 and Xb-7  higher concentrations o f  Terrasyroinv

were o ig n if ic a n t ly  more se n s it iv e  than i t s  lower con cen tra tion s .

In v i t r o  s e n s it iv ity  o f  the d if fe r e n t  b a c te r ia l  is o la te s  to  
0 til or amofae n io  o l

S e n s it iv ity  o f  the d if fe r e n t  is o la te s  o f  the bacterium 

t o  the various concentrations o f  Chloramphenicol were tested  

in  the la b ora tory . The r e s u lts  are presented in  ta b le  9 .

Table 9 , In v i t r o  s e n s it iv ity  o f  Chloramphenicol to  
d if fe r e n t  I s o la te s  o f  Xanthomonas b o t l ie o la

Iso la te s

In h ib it io n  zone in  mm

100 ppm 250 ppm 500 ppm Efean

Xb-1 27.33 32.33 42.00 33.08

Xb-2 25.00 32.67 45.67 34 *44

Xb-3 30.67 33.00 40.33 34.66

Xb-4 30.67 33.67 43.67 37.67

Xb-5 . 30.00 35.00 42.00 35.66

Xb-6 26.33 35.33 40.33 33.99

Xb-7 23.00 33.33 41.33 34.22

Xb-3 25.00 33.67 41.00 33.22

Xb-9 22.00 31.00 43.00 32.00

Xb-10 27.67 35.67 42.00 35.11

0 .-0 .(0 .0 5 ) f o r  comparison between is o la te s  «  3.74
C .I).(0 .0 5 ) f o r  comparison betvjeen com bination »  6.43

1 1
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Among the d if fe r e n t  is o la te s  te s te d , is o la te  Xb-4 .was most 

s e n s it iv e  t o  Chloramphenicol and the is o la te  Xb-9 the lea st*  

E valuation by the sone o f  in h ib it io n  revea led  th at is o la te  

Xb-4 was s ig n i f ic a n t ly  more s e n s it iv e  to  Chloramphenicol 

compared t o  is o la te s  Xb-9, Xb-6 ,  Xb-6 and Xb-1 and was on 

par with other i s o la t e s .  Chloramphenicol s e n s it iv i t y  o f  * 

is o la te  xb-9 was s ig n i f ic a n t ly  le s s  t o  is o la te  Xb-4 but d id  

not d i f f e r  s ig n i f ic a n t ly  from other is o la te s *  For is o la te s  

Xb-4, Xb-6 and Xb-10 s e n s it iv ity  t o  Chloramphenicol a t 

250 ppm was found t o  be s ig n i f ic a n t ly  superior t o  100 ppm 

but was on par w ith  500 ppm. S e n s it iv ity  o f  Chloramphenicol 

a t 250 ppm t o  is o la t e s  Xb-1, Xb-3, Xb-5 and Xb-7 were found 

t o  be on par w ith 100 ppm but d i f f e r  s ig n i f ic a n t ly  with 

500 ppm* For is o la te s  Xb-2, Xb-8 and Xb-9 s e n s it iv i t y  at 

h igher con cen tra tion s o f  Chloramphenicol was found t o  be 

su p erior  t o  low er concentrations*

In v i t r o  s e n s it iv ity  o f  the m ixtu re '  o f  is o la te s  o f  the 
bacterium  to  a n t ib io t ic s

In order t o  a ssess  the in  v it r o  s e n s it iv i t y  o f  a 

mixture o f  a l l  the 10 d i f fe r e n t  I s o la te s , s ix  a n t ib io t ic s  

were screened in  the lab ora tory  and the r e s u lt s  are presented 

in  ta b le  10* Among the a n t ib io t ic s  te s ted  Ohlorampheniool 

was s ig n i f le a n t ly  su perior t o  a l l  other a n t ib io t i c s .



Table i o .  In v it r o  s e n s it iv i t y  o f  a n t ib io t ic s  to  mixture 
o f  ten  is o la t e s  o f  Xantbomonas b e t l i c o la

In h ib it io n  sone In mm

A n tib io t ic s 100 ppm 250 ppm 500 ppm Mean

Agrimycin-100 19.33 22.00 23.33 21.22

A m p io illin 0 .00 0 .0 0 0 .0 0 0 .0 0

0 hloramp henio o l 25.33 32.00 33.66 31.99

Streptom ycin 22,66 26.00 30.66 26.44

S trep tooyclin e 22.33 25.66 31.00 26.33

Terramycin 22.00 29.66 34.33 23.66

C .D .(0*05)fo r  com parison between a n t ib io t ic s  «  0*823 
C *D .(0 .05) f o r  comparison between com bination *  1*425

A tap io  i l l  in  was not a t  a l l  e f fe c t iv e  aga in st the bacterium  

a t  the con cen tra tion s tested* Terramycin was found to  be 

s ig n i f ic a n t ly  b e tte r  than other a n t ib io t ic s  except 

Chloram phenicol. Streptom ycin and S trep tooy clin e  were 

found t o  be on par and s ig n i f ic a n t ly  b e tte r  than Agrim ycin-100. 

Chloramphenicol a t 500 ppm was s ig n i f ic a n t ly  su perior  t o  i t s  

low er concentrations and to  a l l  other a n t ib io t ic s *

Eerramycin a t 500 ppm was s ig n i f ic a n t ly  b e tte r  than t o  i t s  

low er con cen tra tion s and t o  a l l  other a n t ib io t ic s  except 

Chloramphenicol 500 ppm* Agrimycin-100 at 250 ppm was 

found t o  be su perior t o  100 ppm bat was on par w ith 500 ppm*



For other', a n t ib io t ic s  higher con cen tra tion s were s ig n i

f i c a n t ly  su perior t o  th e ir  lower concentrations*

In v iv o  screen ing o f  a n t ib io t ic s  aga in st the pathogen

Chloramphenicol* Terramycin and A gria ycin -100 a t 

500 ppm and 250 ppm con cen tra tion s  were used f o r  the in  v iv o  

te s t in g  aga inst the d isea se . None o f  these treatm ents gave 

any absolu te  c o n tr o l  t o  the d is e a s e . Bat there was s ig n i

f ic a n t  decrease in  d isea se  in te n s ity  when compared w ith 

c o n t r o l .  S im ila rly  there was s ig n if ic a n t  d if fe r e n c e  in  the 

percentage o f  su rv iv a l o f  d iseased  lea v es  when trea ted  p la n ts  

were compared w ith  the c o n tr o l .  There was no s ig n if ic a n t  

d i f fe r e n c e . In th e  percentage o f  d e fo l ia t io n  between treated  

p la n ts  and c o n tr o l  one week a f t e r  f i r s t  spraying and one week 

a f t e r  seoond spraying.

S t a t is t ic a l  a n a ly s is  on the percentage o f  d e fo l ia t io n  

one week a f t e r  f i r s t  spraying and one week a f t e r  seoond 

spraying showed that there was no s ig n i f ic a n t  d if fe r e n c e  

among treatm ents and c o n tr o l .  There was con sid era b le  decrease 

in  the percentage o f  d e fo l ia t io n  on a n t ib io t ic  trea ted  p la n ts  

one week a f t e r  f i r s t  spraying and one week a f t e r  second 

spraying. I t  was observed that the percentage o f  d e fo l ia t io n  

one week a f t e r  f i r s t  spraying was le s s  on p la n ts  r e ce iv in g  

Sorramycin spray. T h is was c lo s e ly  fo llo w e d  by those
o

re ce iv in g  Chloramphenicol spray* The com parison o f  the 

percentage o f  d e fo l ia t io n  one week a ft e r  second spraying
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showed l e s s  d e fo l ia t io n  on Chloramphenicol sprayed p la n ts , 

fo llow ed  by p la n ts  re ce iv in g  S errasycin  spray*

2he percentage index o f  d isea se  s ta ta s  one week a fte r  

f i r s t  spraying revea led  that th e  p la n t r e ce iv in g  the 

treatm ent 2  ̂ (2 erramyoin 500 ppm) showed le s s  d isea se  

in te n s ity  and treatment 2^ (C on tro l) showed maximum in te n s ity  

(2 ab le  11)* S im ila rly  one week a ft e r  the second spraying 

o f  the a n t ib io t ic s  the percentage index o f  d isea se  sta tu s was 

l e s s  on a l l  a n t ib io t ic s  treated  p la n ts  when compared t o  the 

con tro l*

S t a t is t ic a l  a n a ly s is  o f  the percentage index o f  

d isease  sta tu s  one w e e k  a f t e r  f i r s t  spraying showed th at 2  ̂

(2 erranyoin  500 ppm) was s ig n i f ic a n t ly  su p erior  than the 

treatm ents 2^ and 2^ (A grisyo in  500 ppm and C o n tro l)• 

S im ilarly  eva lu ation  o f  the percentage index o f  d isease  

sta tu s one week a f t e r  second spraying revea led  th at the 

treatment 2 j  (C on tro l) was s ig n i f ic a n t ly  in fe r io r  to  a l l  

other treatm ents which were a l l  on par*

2 he percentage o f  su rv iva l o f  d iseased  lea v es  over 

two weeks was maximum on p la n ts  r e ce iv in g  2erra sycin  at 

500 ppm spray and minimum on con tro l*  S t a t is t ic a l  a n a ly s is  

showed that the treatment 2  ̂ (2 erra oycin  500 ppm) was s ig n i

f i c a n t ly  su perior t o  a l l  other treatm ents except treatment 

2tj (Agrim ycin 500 ppm), treatm ent 2^ (Agriiqycin 500 ppm) 

was on par with 2g (Chloram phenicol 250 ppm),
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Table 11 . In v iv o  screen ing o f  a n t ib io t ic s  a t d i f fe r e n t  
con cen tra tion s aga inst the pathogen

T reat-
ment

Percentage o f  
d e fo l ia t io n  ( in  a n sles )

percentage index 
o f  d isea se  sta tu s

Percentage 
o f  su rv iva l 
o f  d iseased  
lea ves  over 
two weeks 
( in  an g les)

One week 
a f t e r  1st 
spraying

One week 
a f t e r  2nd 
spraying

One week 
a f t e r  1st 
spraying

One week 
a f t e r  2nd 
spraying

20.69 14.41 19.37 21.87 35.03

®2 18.95 25.26 25.43 43.17 45.32

*5
4.86 18.85 15.81 32.63 67.37

*♦ 15.36 27.47 13.52 23.35 41.35

19.18 22.45 39.64 46.77 57.23

*6 24.00 30.03 28.14 33.95 33.31

*7 24.36 35.65 59.27 97.44 29.59

C.D. 0.00  0 .0 0  20.93 27.40 21.80
(0-05 level) (ooslevel) (0 0 1 level)



2^ (2erranyoin  250 ppm) and 2g (A grin ycin  250 ppm)» 

Treatment 2^ (O on tro l) and 2  ̂ (Chloram phenicol 500 ppm) 

were s ig n if ic a n t ly  in fe r io r  to  treatment 2  ̂ and 2  ̂

(2erran ycin  500 ppm and Agrinyoin  500 ppm)#
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D I S O 0 S S IO K

» \

The b e te l  v ine c u lt iv a t io n  in  Kerala i s  found t o  be 

Very severe ly  a f fe c te d  by the b a c te r ia l  le a f  spot d isease 

in c ited  by Xanthomonas b e t l i c o la  causing severe crop lo s s e s . 

In other reg ion s o f  India a ls o  t h is  d isease  i s  known t o  

cause exten sive  damage and was f i r s t  rep orted  from Bombay 

State during the year 1951 (B a te l e t a l . , 1951). Bxoept 

f o r  a few prelim inary re p o r ts  there has been no system atic 

work on the various aspects  o f  th is  d isease#

The a sp ects  taken up f o r  the present study were, 

symptomatology, v a r ia tion S in  symptom-: on in o cu la t io n  o f 

d if fe r e n t  is o la t e s  o f  the bacterium , ch a ra cte r iza tio n  and 

id e n t i f ic a t io n ,  host range, and su rv iva l o f  the pathogen, 

screen ing b e te l  v in e o u lt iv a rs  f o r  host re s is ta n ce  and both 

in  v i t r o  and in  v iv o  screening o f  a n t ib io t ic s  aga in st the 

pathogen#

Symptomatology o f  the d isease  under natural and 

a r t i f i c i a l  con d ition s  were studied in  d e t a i l .  N aturally 

in fe c te d  p lan ts showed a  v a r ie ty  o f  symptoms# The i n i t i a l  

symptoms o f  the d isease  appeared as minute water soaked 

le s io n s  on the le a f  lamina delim ited  by veins# These 

le s io n s  may be e ith e r  angular or w ithout any a n g u la rity . 

B a cte r ia l exudations were in va riab ly  a ssocia ted  w ith the 

water soaked les ion s#  When those le s io n s  grew o ld er  they 

became dark brown with a d is t in c t  y e llow  halo surrounding
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them. Later such le s io n s  coa lesced  t o  fo r a  large 

p atch es . At times shot hole type symptoms developed on the 

le a f  lam ina. Marginal in fe c t io n  was observed in  most 

cases u ltim ately  r e s u lt in g  in  d e fo rm it ie s . When major 

p o rt io n s  o f  le a f  lamina got in fe c te d  d e fo l ia t io n  occu rred . 

Stem and p e t io le  in fe c t io n  was a lso  observed. Both shot 

hole type symptomsand marginal le s io n s  con siderab ly  

decrease the q u a lity  and thus the m a rk etta b ility  o f  the 

le a v e s .

On a r t i f i c i a l  in ocu la tion  a l l  the genera l symptoms 

o f  the d isease  observed in  n a tu ra lly  in fe c te d  p la n ts  

could be produced. M an ifestation  o f  symptom commenced 

from 5 t o  7 days o f in o cu la t io n , fu rth er  the. symptoms 

o f  the d isease  observed both under f i e l d  and inocu lated  

con d ition s  were almost s im ila r  t o  those described  by 

P atel et a l .  (1 9 5 3 ). However, Singh and Ohand (1971a) 

in  th e ir  stu d ies rep orted  from Jabalpur, d id  not observe 

any marginal In fe c t io n , b a c te r ia l exudation, shot hole 

type ^symptoms and stem and p o t io le  in fe c t io n .

Minor varia tion s  in  the nature o f  symptom7, produced
!r

on in ocu la tion  with d if fe r e n t  is o la te s  o f  the bacterium 

were c r i t i c a l l y  observed. 'J?he is o la te s  o f  the bacterium 

were found t o  produce d iffe re n ce s , in  the nature o f  the 

symptoms p a r t icu la r ly , in  the s is e  o f  the i n i t i a l  water 

soaked le s io n s , an gu la rity , gum produ ction , y e llow  halo,
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s iz e  o f  the spot developed, marginal in fe c t io n , shot hole 

typo symptom, s u s c e p t ib il it y  o f  lea v es , d e fo l ia t io n  and stem 

and p e t io le  in fe c t io n . Eventhough there i s  no previous 

work o f  th is  type on the symptoms o f  t h is  d isea se , sim ilar 

v a r ia tion s  in  symptom? due t o  the d if fe r e n c e  in  the 

is o la te s  o f other inocu lated  b a c te r ia l  pathogen has been 

rep orted , Devadath and Padmanabhan (1969) cou ld  observe 

d i f fe r e n t ia l  r e a c t io n  in  r i c e  with d if fe r e n t  is o la te s  o f  

Xanthomonas oryzae. Devadath (1970) a ls o  rep orted  that 

there was d if fe r e n c e  In the le s io n  development on Taichung 

Matlve 1 with v lru la n t and a v iru lan t is o la te s  o f  X, oryzao. 

Karaite and Meyer (1975) observed s im ila r  type o f  symptom 

v a r ia tio n  \*Lth X. m anihotis, V a k ili (1977) reported  the 

occurrence o f  v a r ia b le  range o f  p a th ogen ic ity  with is o la te s  

o f  Xanthomonas s tra in s  causing b a c te r ia l  b lig h t  and pustule 

d isease  o f  e d ib le  legumes. Thus in  the present study the 

observed v a r ia t io n  in  the exten t, nature and se v e r ity  o f  

the symptoms might be due t o  d iffe re n ce  in  the pathogenic 

Is o la te s  o f  the bacterium .

The growth o f  the b a c te r ia l  is o la t e  Xb-1 on 

d if fe r e n t  s o lid  media showed some v a r ia t io n s . Out o f  the 

e igh t s o l id  media used; maximum growth was observed in  

fe a s t  Glucose Ohalk Agar, fo llo w e d  by p ota to  Sucrose Peptone 

Agar, Potato Dextrose Agar and Glucose Agar. The growth 

o f  the bacterium In th e  basa l medium f o r  xanthomonads and
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Nutrient Agar was very meagre* There m s  no growth in  

Glucose Yeast Extract Agar and T etraso liim  C hloride

negative medium* YGGA and PSPA medium were found t o  be
0the beet medio.; f o r  the growth o f the b a c te r ia l  is o la te  

Xb-1, P ate l et a l .  (1951, 1955) had recorded  that PDA 

supported growth o f  the bacterium and growth was poor 

in  HA, In the present study only s l ig h t  growth was 

observed in  PDA and in  HA the growth was meagre. Dye 

( 1962) had noted th at con siderab le  v a r ia t io n  could  be 

expected in  c o lo n ie s  produced by Xanthomonads and t h is  may 

not be taken as the on ly d if fe r e n t ia t in g  ch a ra cter.

The growth o f  the te n  d if fe r e n t  is o la te s  o f the 

bacterium on PSPA medium showed some v a r ia t io n s . Is o la te s  

Xb-1, Xb-7, Xb-9  and Xb-10 recorded  maximum growth, slim e 

produ ction , f l u id i t y  fo llow ed  by is o la te s  Xb-4, and Xb-6 , 

The growth, slim e produ ction  and f lu id i t y  by is o la te s  

Xb-2, Xb-3, Xb-5, and Xb-Q were p oor . S im ilarly  v a r ia tion  

in  the growth o f  the d if fe r e n t  is o la te s  o f  the bacterium 

on Potato Sucrose Peptone broth  was a ls o  record ed , Growth 

o f the d if fe r e n t  is o la te s  o f  Xanthomonas b e t l i c o la  on a 

s in g le  s o l id  medium and i t s  broth  has not been studied 

bo fa r  by e a r l ie r  workers, P ate l et a l ,  (19 51 ), Breed 

e t  a l*  (1957) and James f&thew e t a l ,  (1978a) reported  

only a tu rb id  ye llow  growth o f  the bacterium in  nutrient 

broth .
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A ll  is o la te s  o f the bacterium  were found t o  be 

a e ro b ic  and produced a non-water so lu b le  ye llow  pigment 

on Yeast Glucose Chalk Agar medium.

ytth  resp ect  t o  the p h y s io lo g ica l and biochem ical 

p ro p e rtie s  o f the b a c te r ia l  is o la te s ,  a l l  is o la te s  u t i l iz e d  

g lu cose  o x id a tiv e ly , hydrolysed starch  and a rg in in e , 

produced hydrogen su lphide and l ip a s e s . She d if fe r e n t  

is o la te s  o f  the bacterium u t i l is e d  sodium c i t r a t e ,  sodium 

a ce ta te  but not sodium benzoate as the s o le  source o f  

carbon. She Is o la te s  o f the bacterium l iq u i f ie d  g e la t in , 

d id  not reduce n itra te s  and fa i le d  t o  produce indole  and 

ty ro s in a se . Milk was turned a lk a lin e  in  r e a c t io n . Hone 

o f  the is o la te s  u t i l iz e d  asparagine as the s o le  source o f  

carbon and n itrogen . A l l  o f  them gave negative MR & VP 

t e s t .  A l l  i s o la t e s  were found t o  be ca t a la s  e p o s it iv e  

and growth was in h ib ited  a t  6 per cent sodium ch lo r id e .

Out o f the 15 carbon compounds te s te d , a l l  is o la te s  

o f  the bacterium produced a c id  in  G alactose, Mannose, X ylose, 

P ructose, G lucose, M altose, L actose, Sucrose and D extrose. 

The bacterium did  not produce a c id  in  In o s it o l ,  D u lc ito l ,  

Amygdalin, R ibose, S a lic in  and R a ffin o se .

Sim ilar r e s u lts  have been observed by P a te l et a l .  

(1951, 1953) and James Mathew et a l .  (1979a, 1973b, 1979a). 

The observations in  tb e  present study were in  conform ity 

w ith those reported  by Breed e t  a l .  (1957) and Dye (1962 ).



Dye (1962) reported  that p h y s io lo g ic a l ch aracters  are 

o f  l i t t l e  value in  d istin gu ish in g  sp ecie s  because the 

extent o f  in tra  sp e c ie s  v a r ia b i l i t y  in  p h y s io lo g ic a l 

ch aracters i s  so grea t as in te r  sp e c ie s  v a r ia b i l i t y .

The present stu d ies  on the m orphological, cu ltu ra l, 

p h y s io lo g ic a l  and biochem ical characters o f  the b a c te r ia l  

is o la te s  coupled with i t s  p a th ogen ic ity  confirm  the 

re p o rts  o f  P atel e t  a l .  (1951, 1955), Breed et a l .  (1957), 

Singh and Chand (1971*0, Buchanan and Gibbons (1974) and 

James Ifethew et a l .  (1979a, 1979b, 1979a) that the 

organism causing b a c te r ia l  l e a f  spot o f  b e te l  vine could 

be Id e n t if ie d  as Xanthomonaa b e t l lo o la . P a te l et a l .

Further in  the present study ten  d if fe r e n t  pathogenic 

is o la te s  o f  the bacterium were employed and there ' was no

in d ica tio n  o f any p h y s io lo g ic a l and biochem ical v a r ia b i l i t y
*

e x is t in g  In the causal bacterium* But the is o la t e s  on 

in ocu la tion  produced v a r ia t io n  in  symptom.; expression  

in d ica tin g  d if fe r e n c e  among them. However, d e ta ile d  

stu d ies  w ith more number o f  i s o la te s  from d if fe r e n t  

geograph ica l reg ion s  are requ ired  be fore  a r r iv in g  at a 

d e f in ite  con c lu s ion  on the v a r ia b i l i t y  o f  the pathogen.

P lants with s im ila r  taxonomic a f f i n i t y  to  b e te l  v ine 

and weeds that are commonly present in  the b e te l  vine 

gardens were a r t i f i c i a l l y  inocu lated  t o  see i f  any o f  

these p la n ts  took  up in fe c t io n . The fo llo w in g  p lants



P iper ni.grum L, P iper longum L and Peperoiata p e llu c ia a  

HB & 2 belonging t o  the fam ily  P iperaceae were found to  

be in fe c te d  by the bacterium . Hone o f  t h e ,'-j weeds te s ted  

were su scep tib le  t o  the pathogen. These r e s u lts  were in  

agreement with the observation s o f  P a te l e t  a l .  (1953 ),

Breed e t  a l .  (1957 ), Buchanan and Gibbons (1974) and 

James Mathew et a l . (1979b, 1979a)* The fa c t  that the 

pathogen i s  ab le  t o  In fe c t  pepper ( P iper nigrum It.) i s  

o f  concern  t o  pepper c u lt iv a t io n  and at th is  stage i t  i s  

d e s ira b le  that b e te l  v ine gardens are not lo ca ted  near 

pepper gardens.

Survival o f  the pathogen in  the in fe c te d  v in es and 

leaves were stu d ied . Repeated Is o la t io n s  from  diseased 

leaves and v in es a f t e r  ten  days did not y ie ld  the bacterium . 

S im ilarly  is o la t io n s  o f  the bacterium from  s o i l  a f t e r  10 

days a ls o  gave negative r e s u l t .  Ho p rev iou s work was 

a v a ila b le  on the su rv iva l o f  t h is  organism. But there 

were re p o r ts  o f  su rv iva l stu d ies  on other p lant pathogenic 

XanthomonadB* B cinkerhoff and Pink (1964) reported  that 

v ia b i l i t y  o f  X, malvaoearum depend on the extent o f  

decom position  o f  the d e b r is , and the v ia b i l i t y  being lo s t  

a ft e r  the p lan t t is s u e s  were broken down. Singh (1971) 

noted th at X. orysae did  not survive in  u n s te r iliz e d  s o i l  

f o r  a week or over summer In the f i e l d .  Cho; /and Too 

(1977) reported  that X. p h a seo li v a r . so.-jenae survived 

f o r  fo u r  days only in  s t e r i l e  s o i l .  Schuster (1977)
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recorded that pure cultures of Pseudomonas glyoine and 
X. nhaseolt var* so.lense did not survive under dry or wet 
conditions in either sterilised or non-sterilised soil*
In the absence of any earlier work on the survival of 
X. betllcola and in the light of the above reports of 
survival of other Xanthomonads, It is  likely that the 
bacterial leaf spot pathogen of betel vine may not survive 
in leaf, vine or s o il  for long periods*

Parther P a te l et a l*  (1953) reported  the prevalence 

o f  the d isea se  throughout the year* However he had 

observed that i t  occurred in  seriou s p rop ortion s  during 

the ra in y  season ch a ra cterised  by low temperature and

high humidity* B etel v in e  being a p e re n ia l crop , I s  able
*

to  continue the d isea se  c y c le  transm itting  the causative 

organism from diseased lea v es  to  emerging leaves*

Of the seven c u lt iv a r s  o f  b e te l  v in e  p la n ts  

screened fo r  host re s is ta n ce  aga inst the pathogen,none 

o f  them were found to  be a b so lu te ly  r e s is ta n t  t o  the

disease* Minimum disease severity was observed on cultivar>

E u la s iv e tt ila  and maximum on c u lt iv a r  Pannivella* Within 

a p eriod  o f  20 days a ft e r  in o cu la tio n  le s s  d e fo l ia t io n  

was n oticed  on cu lt iv a r s  Karilanchikarpuran and E u la s iv e tt ila  

and maximum on Malamkodi* S im ila rly  w ith in  a period  o f  

30 days a ft e r  in o cu la tio n  minimum d e fo l ia t io n  occurred on 

c u lt iv a r s  K arilanc hikarp uran and E u la s iv e tt i la  and 

maximum on P an n ivella . So i t  can be presumed that



eventhough a l l  c u lt iv a r  a o f  b e te l  v ine were su scep tib le  

t o  the d isea se , c u lt iv a r s  E u la s iv e t t i la  and K arilanc h i-  

karparan were le s s  su scep tib le*  P ate l et a l*  (1953) 

reported  from Bombay-State that a l l  v a r ie t ie s  o f  b e te l  v ino 

were su scep tib le  t o  the d isease  w ith  varying degrees o f
a

in ten sity*  Singh and Ghand (1971a) observed th at t h is  

d isease  was w idely  prevalent in  b e t e l  v ine gardens on a l l  

v a r ie t ie s  in  Jabalpur and the Bangla v a r ie ty  was the most 

su scep tib le*  But these In ferences were based mainly on 

f i e l d  observation . Sim ilar types o f  observation s were 

made by IClement and K apoiler (1967) and S trid er  (1976) 

on Capsicum annum against Xanthomonas v e s ic a to r ia * Das 

(1977) could not lo ca te  a s in g le  r e s is ta n t  c u lt iv a r  out 

o f  the 236 r i c e  c u lt iv a r s  tested  aga inst b a o te r ia l le a f

streak d ise a se . Sundaresh et a l .  (1973) a ls o  could  not get
/

source o f  r e s is ta n ce  against b a c te r ia l  pustu le d isea se  o f 

soyabean in  th e ir  study* In gen era l t o  get a c u lt iv a r  

with g en etic  r e s is ta n ce  against a b a c te r ia l  d isea se  i s  

considered  t o  be d i f f i c u l t  and th© le a f  spot d isea se  o f  

b e te l  v ine appears t o  be no excep tion  t o  t h is .

Out o f  the s ix  a n t ib io t ic s  screened f o r  the in  v i t r o  

s e n s it iv i t y  o f  the bacterium , i t  was found that Chloram

p h en ico l and Eerramycin ted b e tte r  in h ib ito ry  e f fe c t  over 

Agrim ycin-100, S trep tooy c lin e , Streptom ycin, Ample i l l  in  

was found t o  be in e f fe c t iv e  upto 500 ppm. Chloramphenicol



at 500 ppm had b e tte r  in h ib ito ry  e f f e c t  than i t s  lower 

con cen tra tion s and t o  a l l  other a n t ib io t ic s .  Sim ilar 

r e s u lts  were a ls o  obtained when the m ixture o f  ten  is o la te s  

o f  the bacterium  was te s te d  f o r  the in  v i t r o  s e n s it iv ity  

against the s ix  a n t ib io t i c s .  Thiramalachar et a l .  (1956) 

reported  that Terratqycin, Chlorom ycetin (Chloram phenicol) 

and Streptom ycin had got in h ib ito ry  e f f e c t  t o  X. b e t l io o la  

on P lner b e t le . James Mathew et a l .  (1979a, 1979b) noted 

that o f  the s ix  a n t ib io t ic s  te sted  in  v i t r o  against 

X. b e t l io o la  on Piper nigrum. Chloramphenicol a t 500 ppm 

exerted maximum in h ib it io n  t o  growth and A o p ic i l l in  was not 

at a l l  e f f e c t iv e  aga inst the bacterium . Thus the present 

s tu d ^ ’ " In d ica tes  that Chloramphenicol a t 500 ppm exerted  

maximum in h ib it io n  t o  growth o f  the bacterium  in  v i t r o .

The ten  d if fe r e n t  I s o la te s  o f  th e  bacterium  were 

te s te d  in  v i t r o  t o  a ssess  the d if fe r e n c e  in  s e n s it iv i t y  to  

variou s con cen tra tion s o f  Terramycin and Chloram phenicol.

I t  was found that the is o la te  Xb-1 was most se n s it iv e  t o  

Terramycin and the is o la te  Xb-3  the le a s t .  Maximum 

s e n s it iv it y  t o  Chloramphenicol was shown by is o la te  Xb-4 

and the minimum by is o la t e  Xb-9 , The other is o la te s  o f 

the bacterium  showed varying degress o f  s e n s it iv i t y  to  

d if fe r e n t  con cen tra tion s o f  Terramycin and Chloramphenicol. 

S e n s it iv ity  o f  the d if fe r e n t  is o la te s  o f  t h is  bacterium  

against a n t ib io t ic s  were not studied  so  fa r*  But s im ila r  

types o f  r e s u lt s  have been reported  w ith other b a c te r ia l
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pathogens, Yamamoto and Kasaka (1965) reported  that the 

3 s tra in s  o f  X. orygae varied  in  s u s p e p t ib il i ty  t o  Streptom ycin 

but showed l i t t l e  d if fe re n c e  in  r e a c t io n  t o  P e n ic i l l in ,

C o llo c id in , Chloramphenicol and 7 other a n t ib io t ic s ,

Verma et a l ,  (1975) observed th at the is o la te s  o f  X. 

mal vac ear'am could  not be grouped in to  w e ll d if fe r e n t ia te d  

types on the b a sis  o f  th e ir  r e la t iv e  -s e n s it iv ity .  In the 

present study a ls o  the is o la te s  o f  the bacterium showed 

v a r ia t io n  in  s e n s it iv i t y  t o  a n t ib io t io s .

Of the three a n t ib io t ic s  a t tw o ,con cen tra tion s  used 

f o r  the in  v iv o  screen ing , i t  was found th at none o f  the 

treatments gave com plete co n tro l o f  the d isease* I t  was 

observed that one week a f t e r  f i r s t  spraying th e  percentage 

index o f  d isea se  sta tu s was minimum on p la n ts  re ce iv in g  

'Terramyein 500 ppm spray and maximum on c o n tr o l  p la n ts . 

S im ilarly  the percentage index o f  d isease  s ta tu s  one week , 

a ft e r  second spraying was minimum on a l l  a n t ib io t ic s  

trea ted  p lants and maximum on c o n t r o l .  I t  m s  a ls o  noted 

that th ose  p la n ts  re ce iv in g  T erracycin  at 500 ppm spray, 

the percentage o f  su rv iva l o f  d iseased  lea v es  over two 

weeks a ft e r  spraying was maximum while the su rv iv a l o f  

such leaves was a minimum on c o n tr o l  p la n ts .

In v iv o  co n tro l o f  b a c te r ia l  le a f  spot d isease  o f  

b e te l  v ine by a n t ib io t ic s  has not been studied  so fa r  by 

e a r l ie r  w orkers. In the case o f  other b a c te r ia l  d isease
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s im ilar s tu d ies  were conducted. Arene (1977) noted that

the in cid en ce  and s e v e r ity  o f  cassava b a c te r ia l  b lig h t in
*

the f i e l d  was s ig n i f ic a n t ly  reduced by f o l i a r  a p p lica t io n  

o f  Agrim ycin-500. .Dhanvantari et a l .  (1978) reported  that 

both Q aytetracyclin  hydroch loride ( 0T0 ) and streptomycin, 

sulphate s ig n i f ic a n t ly  reduced d e fo l ia t io n  and le a f  in fe c t io n  

o f  b a c te r ia l  spot o f  peach due t o  X. pruni in  South Western 

Out a r ia . F ru it in fe c t io n  was s im ila r ly  reduced by OTG.

In the present study the r e s u lt  o f  in  v it r o  

s e n s it iv it y  o f  a n t ib io t ic s  against the bacterium showed 

th at Chloramphenicol a t 500 ppm was having maximum s e n s it iv i t y .  

But in  the f i e l d  t r i a l  S e rra w cin  500 ppm gave the maximum 

e f f e c t  against the d ise a se . In the absence o f  r e s is ta n t  - 

o u lt iv a rs  o f  b e te l  v in e , Serramyoin a t  500 ppm cou ld  be 

used f o r  reducing the se v e r ity  o f  the d isea se  inciden ce 

in  the b e te l  v ine gardens.

i
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The b a c te r ia l  le a f  spot in c ite d  by Xanthoaonaa 

b e t l i c o la  P a te l et a l .  i s  one o f  the most ser iou s  d isea ses  

on b e te l vine* Shis d isease  causes considerable  red u ction  

I n  the y ie ld  and q u a lity  o f  the le a v e s . In In d ia ,th is  le a f  

spot d isease was f i r s t  reported  from Bombay State in  the. 

Year 1951*

In view o f  the severe crop lo s s e s  due t o  th is  

d isease in  the State, stu d ies  were undertaken on the 

symptomatology, v a r ia tio n s  in  symptom:, p rodu ction  with 

d if fe r e n t  is o la te s  o f  the pathogen, ch a ra cte r isa tio n  

and id e n t i f ic a t io n  o f  the bacterium , host range and 

su rv iva l o f  the pathogen, screen ing o f  b e te l  v ine c u lt iv a r s  

f o r  host re s is ta n ce — and both in  v i t r o  and in  v ivo  

s e n s it iv ity  o f  the pathogen t o  a n t ib io t ic s .

The cau sa l bacterium  was is o la te d  \from severe ly  

d isea se  a ffe c te d  b e te l  v ine le a v e s , Ten pathogenic 

is o la te s  o f  the bacterium from  d if fe r e n t  l o c a l i t i e s  were 

used in  the present study,

Symptoms o f  the d isease both under natural and 

a r t i f i c i a l  con d ition s  were stu d ied . The ty p ic a l  symptoms 

o f  the d isease such as i n i t i a l  water soaked le s io n s , 

b a c te r ia l  exudations, development o f  dark teown patches 

with ye llow  h alo , shot h ole  type symptoms, d e fo l ia t io n , 

stem and p e t io le  in fe c t io n  were observed.
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Minor v a r ia tio n s  in  the above symptom expression, 

were observed on in ocu la tion  with the d i f fe r e n t  is o la te s  

o f  the bacterium .

Growth o f  the b a c te r ia l  is o la te  Xb-1 on e igh t s o lid  

media showed that Yeast Glucose Chalk Agar and P otato  

Sucrose Peptone Agar were th e  best s o l id  media f o r  rou tin e  

lab ora tory  s tu d ie s . She d if fe r e n t  is o la te s  o f  the

bacterium  showed some d iffe r e n c e s  in  growth on PSPA medium
/

and i t s  broth .

M orphological, p h y s io lo g ic a l and biochem ical 

ch aracters o f  the d i f fe r e n t  is o la te s  studied, were s im ila r . 

Based on the above ch a ra cters  o f  the pathogen coupled 

with p ath ogen icity  and symptom expression  suggested the 

id e n tity  o f  the pathogen as Xahthoiaonas b e t l io o la  

(P a te l e t .  a l . ,  1951).

P lants belonging to  the fam ily  P iperaceae such 

as Piper nigrumL.Piper longam L and Peperomia p e llu o id a  

WB & K were found t o  take up in fe c t io n  upon a r t i f i c i a l  

in ocu la tion  o f  the pathogen and the weeds te s te d  d id  not 

take up in fe c t io n .  The f a c t  that the pathogen attack  

P iper nigrum i» i s  o f  economic concern t o  pepper c u lt iv a t io n  

in  the S tate .

Repeated is o la t io n s  o f  the bacterium  from in fe c te d  

le a v e s , stem a n d 's o i l  d id  not y ie ld  any b a c te r ia l  colonies,^ 

in d ica tin g  th at the pathogen may not survive f o r  long  

p eriod s  in  the above source?*.
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^at o f  the seven c u lt iv a r s  o f  b e te l  v in e tested  

f o r  host r e s is ta n ce , none o f  them was found t o  be re s is ta n t  

t o  the disease#. Bat T a la s iv e t t ila  and starilanchitcarpuran 

were found t o  he le s s  su scep tib le  t o  the pathogen#

She bacterium  was found t o  be s e n s it iv e  t o  

Chloramphenicol, Serramycin, Agrim ycin-100, S trep tooy c lin e , 

and Streptomycin#, A m p lo iilin  was not at a l l  e f f e c t iv e  

aga in st the bacterium# Chloramphenicol gave the maximum 

zone o f  in h ib it io n  fo llow ed  by Serramycin* Sim ilar r e s u lt s  

were a ls o  obtained when the mixture o f  ten  I s o la te s  wore 

te sted  f o r  the s e n s it iv i t y  to ,th e  above s ix  a n t ib io t ic s # , 

V ariation s in  s e n s it iv i t y  among the ten  d if fe r e n t  

is o la te s  o f  the bacterium t o  Chloramphenicol and Sferraaycin 

were a ls o  n o t ice d .

fJ?he in  v iv o  screen ing o f  th ree  a n t ib io t ic s  at two 

concentrations did  not g ive  any absolu te  c o n tro l o f the 

disease# But based on the percentage index o f  d isease  

sta tu s  and the percentage o f  su rv iv a l o f  d iseased  leaves 

over two weelcs-";, a f t e r  spraying, i t  was found that ferram ycin  

a t 500 ppm gave maximum e f f e c t  in  reducing the d isease  

in ten sity*
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APPENDIX l a

Screening o f  b e te l  v in e  c u lt iv a r s  f o r  h o s t  r e s is ta n ce  against
XanthonionaB b e t l i o o la

D iseases grade o f  a l l  lea v es  in fe c te d

Analysis of variance table

Source Sum o f  
square

d f Kean
square

F at 
0*05 
le v e l

Whether 
s ig n if ic a n t  
o r  not

T ota l 12.187 34
Treatment 8.647 6 1.441 11.399 S ig n ifica n t
Error 3.540 28 0.126

APPENDIX lb 
A nalysis o f  varian ce ta b le

Screening o f  b e t e l  v in e  o u lt iv a rs  f o r  h ost r e s is ta n ce  aga in st
Xanthoraonas b e t l io o la

Percentage o f  d e fo l ia t io n  w ith in  20 days a f t e r  in o cu la tio n
(a f t e r  angular transform ation )

Source Sum o f  
square

d f Mean
square

F a t 
0.05 
l e v e l

Whether 
s ig n i f ic a n t  
o r  not

Total
Treatment
Error

18488.761 
8051.727 
10457.053

34
6

28
1341.954 3.60
372.731

S ig n ific a n t



APPENDIX. Xc

Analysis o f  varian ce  ta b le
Screening o f  b e te l  v in e  c u lt iv a r s  f o r  b oot re s is ta n ce  aga in st

Xantiionorms b e t l io o la

Percentage o f  d e fo l ia t io n  w ith in  30 days a f t e r  in o cu la t io n  
(a f t e r  angular transform ation )

Source Sum o f  
square

d f Mean
square

P at 
0 ,05 
l e v e l

Whether 
s ig n if ic a n t  
o r  not

T ota l 11707.874 54
Treatment 6304.862 6 1050.81 5 .44 S ig n ific a n t
Error 5403.012 28 192.96

APPEITDIX II

A nalysis o f  varian ce ta b le

In  v i t r o  s e n s it iv i t y  o f  a n t ib io t ic s  a t  d if fe r e n t  con cen tra tion s to
Xanthomonas b e t l i c o la

Source Sum o f  
square

d f Mean
square

P at 
0 ,05 
le v e l

Whether 
s ig n if ic a n t  
o r  not

T ota l 6545.5 55
Treatment 6417.5 17 577.5 106.171 S ig n ific a n t
Error 128.0 36 5.5



APPBSfDXX I I I

In  v i t r o  s e n s it iv i t y  o f  T erraoycin  to  d i f fe r e n t  is o la t e s  o f
Xanthomonas b e t l i o o la

Analysis of variance table

Source Sam o f  
square

d f Mean
square

P a t 
0 .05 
l e v e l

Whether
s ig n if ic a n t  
o r  not

T o t a l - 2905.29 ' 89
Treatment 2762.62 29 95.26 40.03 S ig n ifica n t
E rror 142.67 60 2 .3 8

APPENDIX IV

A nalysis o f  varian ce ta b le
In  v i t r o  s e n s it iv ity  o f  Chloramphenicol to  d i f fe r e n t  i s o la t e s

o f  Xanthomonas b e t l io o la

Source Sura o f  
equare

d f Mean
square

P at 
0 .05 
l e v e l

'Whether 
s ig n if ic a n t  
o r  not

T ota l 4680.49 89
Treatment 3753*16 29 128.75 8.15 S ig n ifica n t
Error 947*35 60 15.79



V

In  v it r o  s e n s it iv i t y  o f  a n t ib io t ic s  to  m ixture o f  ten  is o la t e s
o f  Aanthoraonas b e t11c o la

Analysis of variance table

Source Siam o f  
square

d f Mean
square

P at 
0 .05 
le v e l

Whether 
s ig n if ic a n t  
o r  n ot

T ota l 6775.54 55
Treatment 6748.67 17 596.96 556.45 S ig n ific a n t
ISraror 26.67 56 0 .74

APPEKDIS V ia

A nalysis o f  varian ce  ta b le

In  v iv o  screen ing o f  a n t ib io t ic s  a t  d i f fe r e n t  0oneent ra t  i  one against
the pathogen

Percentage index o f  d ise a se  s ta tu s  one week a f t e r  f i r s t  spraying

Source Sum o f  
square

d f Mean 3? a t 
square 0,05 

le v e l

Whether 
s ig n if ic a n t  
o r  not

T otal 9927,25 27
Treatment 5675.75 6 945.65 4*66 S ig n ifica n t
Error 4255.52 21 202.54



appendix v ib

In  v iv o  screen in g  o f  a n t ib io t ic s  a t d i f fe r e n t  coneent ra t ion s
s p i n e t  tlie  pathogen ...............

Percentage index  o f  d isea se  sta tu s one week a f t e r  second spraying

Analysis of variance table

Source Sum o f  
square

d f Mean
square

P a t  
0 ,05  
l e v e l

Vfoether 
s ig n if ic a n t  
o r  n ot

T ota l 22344.45 27 ■

Treatment 15055.12 6 2508.85 7.22 S ig n ific a n t
Error 7291.35 . 21 347.21

APPENDIX VIC 

A nalysis o f  varian ce  ta b le

In  v iv o  screen ing  o f  a n t ib io t ic s  a t  d i f fe r e n t  con cen tra tion s
against the pathogen

Percentage o f  d e fo l ia t io n  one week a f t e r  f i r s t  spraying 
(A fte r  angular transform ation )

Soares San o f  
square

d f Mean
square

P a t 
0 .0 5  
l e v e l

Whether 
s ig n if ic a n t  
o r  not

Total
Treatment
Error

6294.85

1060.97

5253.88

27
6

21

176.82
249.23

0,709 Hot
s ig n if ic a n t



APPENDIX VId 

A n alysis  o f  ■variance ta b le

In  v iv o  screen in g  o f  a n t ib io t ic s  a t d i f fe r e n t  con cen tra tion s
aga in st the pathogen

percentage o f  d e fo l ia t io n  one week a f t e r  second spraying 
(a f t e r  angular transform ation )

Source Sum o f  
square

d f Kean
square

F at 
0 $ 5  
le v e l

vJhether 
s ig n i f ic a n t  
o r  n ot

T ota l 7909.40 27
Treatment 1206.69 6 201.12 0 .6 3 Not

s ig n if ic a n t
Error 6702.71 21 519.18

APPENDIX V ie

A nalysis o f  varia n ce  ta h le

In  v iv o  screen in g  o f  a n t ib io t ic s  a t d i f fe r e n t  con cen tra tion s
against the pathogen

Percentage o f  su rv iv a l o f  d iseased  lea ves  ov er  two weeks 
( a f t e r  angular transform ation )

Source Sun o f  d f  Kean P a t  Whether
square square 0.01 s ig n if ic a n t

le v e l  o r  n ot

Total
Treatment
Error

10929,59 27
4175.12 6
6754,37 21

695,85 2 ,16
521,60

S ig n ifica n t
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ABSTRACT

The b a c te r ia l  le a f  spot o f  b e te l  v ine in c ite d  by 

Xanthomonas b e t l io o la  P atel et a l .  i s  one o f  the most seriou s 

d iseases recorded  on the p lant and was f i r s t  rep orted  in  the 

year 1951* The occurrence and s e v e r ity  o f  the d isea se  in  

Kerala was reported  from 1978 onwards. The symptoms o f the 

d isease i s  ch a ra cterised  by water soaked le s io n s ,  b a o te r ia l 

exudations, .dark brown patches w ith ye llow  h a lo , marginal 

in fe c t io n , shot hole type symptoms, d e fo l ia t io n , stem and 

p e t io le  in fe c t io n .  Minor v a r ia tio n s  in  the above symptoms 

were observed w ith d if fe r e n t  is o la t e s  o f  the pathogen.

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

The pathogen was found to be Xatrfehomonas betlioola 
from Its morphological, physiological and biochemical 
characters coupled with pathogenicity. The pathogen infected 
other members of the family Piperaceae such as Piper nigrum. 
Piper lonsram. Peperomla pelluolda.

Repeated is o la t io n s  o f  the bacterium  from in feo ted  

lea v es , stem and s o i l  d id  not g iv e  any p o s it iv e  r e s u lt s  

in d ica tin g  that the pathogen may not survive f o r  long period s 

in  the above sou roes.

none of the cultivars screened were absolutely 
resistant to the disease but Tulasivettila and



Karilano hikarp uran were le s s  s u s ce p t ib le .

The bacterium was se n s it iv e  in  v i t r o  t o  Chloramphenicol, 

Terranycin , Agrim ycin-100, S trep tooyclin e  and Streptom ycin 

and not t o  A m p ic illin . D iffe ren ces  in  s e n s it iv it y  among 

is o la te s  t o  Chloramphenicol and Terramyein was a ls o  observed* 

F ie ld  t r i a l  o f a n t ib io t ic s  against the d isease  d id  not g ive 

any complete c o n t r o l .  But i t  has been obseayed that 

Terramycin at 500 ppm had some e f f e c t  in  reducing the d isease 

s e v e r ity .


