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INTRODUCTION

C h i l l i  ( Capsicum s p p .)  is  an ind isp en s ib le  sp ice  cum 

vegetable crop o f In d ia , valued fo r  i ts  pungency and co lou r. I t  

is  a r ic h  sourde o f v itam ins and m inera ls . The crop  has o rig ina ted  

in  South Am erica, and was brought to In d ia  during the  16th cen tu ry . 

I t  has got a w ide eco log ica l a d a p ta b ility  and hence c u ltiva te d  

in  many pa rts  of the  w o rld . In In d ia , c h i l l i  is  cu lt iv a te d  in an 

area o f 8.92 lakh  ha w ith  an annual p roduction  o f 7.83 lakh  tonnes. 

Andhra Prade;>n, M aharashtra, Tam il Nadu, Karnataka, West Bengal, 

G ujarat, B iha r and Assam accounts fo r  96 per cent of to ta l area 

under c h i l l i  in  In d ia . The c u lt iv a tio n  o f c h i l l i  in  Kerala is

lim ite d  to 638 ha w ith  an annual production o f 670 tonnes.

Heavy incidence o f pests and diseases causes the  major 

setbacks in  the c u lt iv a tio n  of c h i l l i  in  Kera la . Among the diseases, 

b a c te ria l w i l t  in c ite d  by Pseudomonas solanacearum (Sm ith) Smith 

is  o f prim e importance (P la te  1 ). The disease manifests at a ll

stages of crop growth w ith  the maximum se ve rity  at the flow ering

stage. In c h i l l i ,  th is  disease was f i r s t  reported  from  U.S.A. as

ea rly  as 1898 (R o lfs , 1898a, b, c) and its  occurrence in Ind ia  

was recorded during 1969 from  Madhya Pradesh. In In d ia , a sys te ­

matic inves tiga tio n  on the  various aspects of b a c te ria l w i l t  of 

c h il l ie s  has not been ca rr ie d  out except fo r  a few stud ies on Its  

occurrence and management (ICAR, 1969; Rahim, 1972; George, 

1973; Khan e t a l . , 1979).
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The causal agent o f the disease P_. solanacearum is  a

fa s tid iou s  s o il borne pathogen known fo r i ts  endemic persistance 

in  the s o il .  The disease occurs in  d ive rse  s o il types o f a c id ic  

and a lka lin e  nature. The destructiveness o f the disease is  

compounded by the w ide host range o f the causal organism. The 

disease a ffec ts  more than 200 species o f p lants belonging to 33 

fa m ilie s  w ith  the la rges t number o f hosts in  Solanaceae. In In d ia , 

the  econom ically im portan t hosts include potato, tomato, b r in ja l,

c h il l ie s ,  groundnut, g inger e tc . There are also many possib le  

in te rac tions  between s tra in s  o f the pathogen, hosts and environment! 

There fo re , con tro l o f b a c te ria l w i l t  .is a challenge o f considerable 

h e ira rch y  and co m p le x ity .

Only ve ry  l i t t l e  in form ation is  a va ila b le  on the various

aspects o f the  pathogen, sources o f resistance against the disease, 

and disease management. S pec ific  recommendations on the con tro l

o f the disease are not a va ila b le  a t p resent. In the  l ig h t  o f the 

above fa c ts , the present inves tiga tion  was ca rr ie d  out w ith  the 

fo llo w in g  o b je c tive s :

1) Iso la tion  o f the  pathogen from c h i l l i  and from  o the r crops 
l ik e  b r in ja l,  tomato and g inger.

2) C haracteriza tion  o f the pathogen.

3) Screening o f c h i l l i  a cce ss ions /va rie ties  fo r  resistance against 
Pseudomonas solanacearum.

4) Management o f the disease by conducting both in  v i t r o  and 
in v iv o  s tud ies .



Plate 1. A b a c te ria l w i l t  in fected  c h i l l i  p lan t
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The e a rlie s t re p o rt o f the b a c te ria l w i l t  was made by 

B u r r i l l  (1890) in  connection w ith  an un id e n tified  b a c te ria l disease 

o f potato in  U .S .A . But i t  was Smith (1896) who f i r s t  described 

the b a c te ria l w i l t  disease o f many solanaceous crops and the causal 

organism as Pseudomonas solanacearum. The occurrence o f b a c te ria l 

w i l t  o f c h il l ie s  in c ite d  by P. solanacearum was f i r s t  recorded from 

U .S.A . (Rol% ; i898 a, b , c) . Subsequently, the disease was reported  

from  P h ilip p in e s  (R einking, 1919 a, b ) ; Java (Schwarz, 1"26); 

Central America (Cook, 1931); Ceylon (P a rk , 1932); South America 

( Deslandes, 1944) and Tha iland (C hand rasriku l and Wannapee, 1972).

In In d ia , the incidence o f b a c te ria l w i l t  o f c h il l ie s  was 

reported  from  Madhyapradesh ( I .C .A .R .,  1969). Chattopadhyay and 

M ukherjee (1969) noted th a t c h i l l i  could be one o f the  hosts fo r  

th e ir  s tra in s  o f P. solanacearum. From Karnataka the occurrence 

o f b a c te ria l w i l t  o f c h il l ie s  was reported  by Khan et a l . (1979).

In Kerala, stud ies on ce rta in  aspects on the management o f b a c te ria l 

w i l t  o f c h il l ie s  and i ts  pathogen were conducted by Rahim (1972), 

George (1973), and Devi (1978).

E a r lie r  l ite ra tu re  on loss assessment due to b a c te ria l w i l t  

O f  c h il l ie s ,  much o f i t  o , a fragm entary ra th e r than systam atio  

nature, has been com prehensively rev iew ed by Kelman (1953). Agati 

(1949) estim ated 10-40 per cent ioss to  c h i l l i  duo to b a c te ria l

REVIEW OF LITERATURE



W ilt in  C entra l Luzon. Zehr (,969) from  P h iU pp ines reported  a

loss averaging 10 per cent on c h i l l ie s .  Khan e t al.. (1979) observsd

a y ie ld  loss o f 20-22 oer cent in /-h im  .  -per cent in  c h i l l i  growing pockets of Bangalore

and Kolar d is t r ic ts  o f Karnataka sta te .

2 .1 . The pathogen

The shape and s ize  o f the bacterium  was f i r s t  deiineated

by Smith (,896) as non spore fo rm ing , noncapsulate, gram negative

sm all rods w ith  po la r f la g e lla . S tanford and Wolf ( ,g 17) reported

th a t the  colonies o f the bacterium  on s o lid  media were c irc u la r ,

g lis te n ing  w h ite  s l ig h t ly  ra ised  w ith  smooth margin and appeared

w ith in  36-48 h .

Okabe (,937) had described  fo u r colony types , v iz . ,  F = w ild

types w hich are f lu id a l,  ir re g u la r  m ilk y  colony, re a d ily  iso la ted

from the les ions ; OP .  opaiesoent, c irc u la r ,  homogen,us;C c irc u la r ,

l ig h t  b row n ish , s tra ite  and SS .  pale , f lu o r ite  green w ith  cream

coloured cen tre . The la s , th re e  were iso la ted  from  ad va r....; stage 
o f the disease.

Kelman (,954) d is tingu ished  colony va rian ts  on Tetrazolium

medium. These were the normal o r w ild  type  w hich were ir re g u la r ly

round, e n tire , w h ite  or w h ite  w ith  l ig h t  p in k  centre and the mutant

o r  butyrous type  w hich were round, trans lucen t, smooth, deep red 

w ith  a narrow  l ig h t  b lu ish  b o rde r.



An association between le ve ls  o f v iru lence  and colony 

morphology o f the pathogen on T r ip h e n y l Tetrazolium  C h lo rid e  (TZC) 

medium had been demonstrated (Okabe, 1949; Kelman, 1954; Okabe 

and Goto, 1954; Husain and Kelman, ,958 ). They observed th a t 

v iru le n t w ild  typ e  iso la te s  formed ir re g u la r ly  round, f lu id a l,  w h ite  

colonies w ith  l ig h t  p in k  centres w h ile  a v iru le n t mutants formed 

sm all butyrous colonies w ith  d is t in c t red centres.

Khan e t a l,  (1979) reported  th a t the c h i i l i  iso la te  produced 

convex, s lim y , colonies w ith  s lig h t p in k is h  centre on TZC medium. 

On the same medium the  colonies o f tomato iso la te  were convex 

to f la t ,  f lu id a l ,  S lim y w ith  p ink cen tre , w h ile  the  colonies o f 

b r in ja l iso ia ta  were convex to f la t  f lu id a l ,  less s lim y  w ith  p in k is h  

centre . Mathew and Nayar (,983) stated th a t P. solanacearum iso la te d  

on TZC medium y ie ld e d  c irc u la r ,  smooth and g re y ish  w h ite  colonies 

With l ig h t  p in k  centres. He et a l . -  (,983) found th a t on TZC medium 

the v iru le n t s tra in s  o f the  bacterium  produced f lu id a l colonies w ith  

Pink or l ig h t  red centre a fte r  48 h . S im ila r grow th character o f 

the bacterium  on TZC medium were observed by o th e r w orkers a iso 

(Swanepoei and Young, ,988; P r io r  and Steva, ,990).

Samuel (1980), w h ile  s tudy ing  the  growth o f ginger iso la te  

o f P. solanacearum on d if fe re n t s o lid  media observed maximum growth 

on Peptone Casdmino A c id  medium and N utrien t Agar and minimum 

grow th on basal medium fo r  Xanthamonads. Khan e t a l.  ( , 979) studied 

and described  the grow th characters o f the  iso la tes  o f the
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b a c te ria l w i l t  pathogen from  c h i l l i ,  b r in ja l,  potato and tomato on

d iffe re n t media. Nayar (193r2 j evaluated growth o f P. solanacearum

on d if fe re n t s o lid  media and found th a t b a c te ria l w i l t  pathogen

o f b r in ja l produced e xce llen t g row th , s lim e and f lu id i t y  on Peptone 

Beef e x tra c t Agar.

Vaughan (1944) observed exce llen t growth o f P. solanacearum 

m cu ltu re  between pH 6 and 8 .5 . According to Kelman (1953) the 

optimum pH requirem ent o f P. solanacearum was 6.6 to 6 .7 .

H ingorani e t a l,  (1956) recorded exce llen t growth o f the bacterium 

between pH 6 and 8 .5 . Devi (1978) found th a t the  iso la te  of P ..

solanacearum from  d if fe re n t solanaceous crops favour a PH range 

o f 5.5 to 7. Nayar (1982) noticed maximum growth of iso la tes o f 

b a c te ria l w i l t  pathogen o f b r in ja l at pH 7 .0  and no growth a t pH

5 and 9 .5 .

Smith (1896) opined tha t a tem perature range o f 35 to 37°c 

was most favourab le  fo r  grow th o f P. solanacearum in  cu ltu re . 

Kelman (1953) sta ted th a t a re la t iv e ly  h igh tem perature was re q u ire d  

fo r  the ra p id  growth o f P. solanacearum. Devi (1976) found th a t 

the b a c te ria l w i l t  pathogen from  d iffe re n t host p lan ts  inc lud ing  

c h i l l i ,  b r in ja l  and tomato p re fe rre d  a tem perature range o f 30 and 

35°c. Quimio and Tabei (1979) observed th a t, 61 iso la tes of the  

bacterium  from  f iv e  crops had va ry in g  tem perature optima ranging 

from  31 to  36.5°C. Hayward (1979) re po rted  th a t in  A u s tra lia , race 1 

iso la tes (B io va r I I I  and IV ) p re fe red  a tem perature o f 37°C. Nayar
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(1982) observed th a t a l l  b r in ja l iso la tes  o f the pathogen recorded 

maximum growth a t 35°C and th a t no growth occured at 10° .and 

above 50°C. The iso la tes  also caused b lackening and ro ttin g  of 

the potato s lic e s .

The absence o f pigment production by P. solanacearum e ith e r

on Yeast Glucose Chalk Agar o r K ing ’ s medium had been reported

by many w orkers (Sm ith , 1914; Hayward, 1964; E l-H e la ly  et a l . ,

1969; D evi, 1978; Nayar, 1982; Swanepoel and Young, 1988). But,

according to Krieg and H olt (1984) some s tra in  produce a d if fu s ib le

pigment in  complex media, the  pigment had not been chem ica lly  

id e n tif ie d .

The aerob ic nature o f P. solanacearum was w e ll estab lished  

by many w orkers (Sm ith, 1914; Labrousse, 1932; Moraes, 1947).. 

However, Honing (1912) showed th a t under some circumstances the 

organism developed to a lim ite d  degree when not in  contact w ith  

a ir .  Kelman and Jensen (1951) also opined th a t i t  could grow 

a n e ro b ic a lly . Buchanan and Gibbons (1974) sta ted tha t s tra ins  of 

P. solanacearum could grow under anaerobic cond ition  in  media 

containing n itra te  and an a p p ro p ria te  carbon source. W hile s tudy ing  

the u t iliz a t io n  o f carbon sources by iso la tes o f P. solanacearum 

Devi (1978) noticed both aerob ic  and anaerobic g row th .

Hayward (1964) s tud ied  the c h a ra c te r is tic s  o f P. solanacearum 

and repo rted  th a t on ty ro s in e  medium a d if fu s ib le  brown pigment
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was produced the in te n s ity  o f which m ight va ry  between iso la te s . 

He fu r th e r  observed th a t none o f the iso la tes produced a green 

fluorescent pigment on K ing ’ s medium. Catalase and oxidase were 

produced by the organism and c itra te  but not melonate was u tiliz e d  

as sole source o f c a rb o n ,N itra te  reduction and ammonia production 

were p o s it iv e . I t  d id  not h yd ro lyse  so lub le  s ta rch  or produce 

indo le . An a lka lin e  reaction  was produced in  litm us  m ilk  and 

growth occurred in  0 .5  and 1 per cent sodium c h lo r id e  b ro th . Growth 

o f the bacterium  occurred a t 37°C but not at 40°C and no or s lig h t 

ge la tin  liq u e fa c tio n  took place on prolonged incubation. S im ila r 

characters w ith  s lig h t va ria tio n s  were observed by many w orkers 

w h ile  s tudy ing  the b iochem ica l and p h ys io log ica l characters o f 

s tra ins  of P. solanacearum from  tomato, b K n ja l,  c h i l l i  or gingep

(Rath and A ddy, 1977; D evi, 1978; He e t a l . ,  1983; Pscdlidas,

1985; Swanepoel and Young, 1988; P r io r  and Steva, 1990). However, 

an a c id ic  reaction of the  iso la tes  o f the  pathogen in  m ilk  were 

observed by Samuel (1980) and Nayar (1982). They also observed 

p o s it iv e  urease a c t iv ity  and levan p roduction .

The existence o f v a ria tio n  among the iso la tes of P. solana^

cearum had been w e ll demonstrated (Sm ith, 1896; Kelman, 1954;

Okabe and Goto, 1961; Buddenhagen and Kelman, 1964; Rath and

A ddy, 1977; Addy et  ̂ a i,  , 1980).

Khan e t a l.  (1979) compared the m orpho log ica l, c u ltu ra l 

and p h ys io lo g ica l characters o f c h i l l i  iso la te  o f P. solanacearum
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With those iso la tes from  egg p la n t, potato and tomato. Of the 

various carbon sources tested f g lu tam ic acid  served as an exce llen t 

source o f carbon fo r  c h i l l i  iso la te . Ammonium oxalate as a nitrogen 

source, was u t il iz e d  by b r in ja l iso la te  w h ile , potassium and sodium 

n itra te  were p re fe rre d  by b r in ja l and tomato iso la te  but not by 

potato and c h i l l i  is o la te . The iso la tes  va ried  in  th e ir  a b i l i t y  to 

w ithstand s a lt concentration and the b r in ja l iso la te  was re la t iv e ly  

more to le ra n t. The iso la tes  e x h ib ite d  moderate to  heavy slim e 

production on N utrien t .Agar s lan ts . In  n u trien t b ro th  t potato and 

b r in ja l iso la tes produced dark brown co lour and c h i l l i  and tomato 

iso la tes  produced l ig h t  brown co lour. On litm us m ilk  only c h i l l i  

iso la te  fa ile d  to produce any change in  co lour or coagulate casein. 

C h i l l i  and tomato iso la tes  produced da rk  brown melanin pigment 

whereas the o ther two iso la tes  d if fe re d  in  th is  regard .

S ta rr and Weiss (1943) reported  th a t P. solanacearum could 

u t i l iz e  asparagine as a so le  source o f carbon and n itrogen. P a lle ro n i 

and Duodoroff (1971) considered the in a b i l i ty  to h yd ro lyse  arg in ine  

as- a negative n u tr it io n a l character o f P. solanacearum. L ibe ra tion  

o f hydrogen su lph ide  and negative MR and VP tests  by iso la tes 

° f  P* solanacearum was observed by many w orkers (D ev i, 1978; 

He et a l , , 1983). Nayar (1982) noticed postive  MR te s t and negative 

reaction fo r  VP te s t and in  the u til iz a t io n  o f sodium c itra te , w ith  

the iso la tes from  b r in ja l.



A la rge  number o f carbon/organ ic compounds l ik e  glucose,

r ibose , fruc tose , sucrose, galactose, dextrose, lactose, maltose,

mannose, xy lose , tre h a lo se , arabinose, ce llob iose , m annito l,

g ly c e ro l, d u lc ito l,  s o rb ito l,  in o s ito l, d e x tr in , pectin  and sodium

acetate, u *re  reported  to be u t iliz e d  by P. solanacearum w ith  or

w ithou t ac id  production  (Dowson, 1957; Hayward, 1964; D evi, 1978;

Samuel, 1980; Nayar, 1982; He et a i.  , 1983; Psailid a s ,  1985;

Lallmohamed et a l . , 1988; Swanepoel and Young, 1988; P r io r  and

Steva, 1990).

Cross in fe c t iv ity  o f iso la tes  o f P. solanacearum from d iffe re n t 

host p lants were s tud ied  by many w orke rs . Buddenhagen e t al..

(1962) have reported  th a t P. _solan,cearum from  many solanaceous

p lants l ik e  tobacco, tomato and b r in ja l were capable o f cross in fe c t­

ing  each o th e r. Is h i i  and H iry a k i (1963) observed th a t ginger w i l t  

pathogen was weakly v iru le n t to  tomato, c h i l l !  and eggplant. Quinon 

e t a l.  (,964) showed th a t the Hawaiian ginger s tra in  fa ile d  to b rin g  

about a w i l t  in  tomato, tobacco and peanut, whereas the tomato

iso la te  w ilte d  tomato and peanut but not g inger and tobacco.

According to Lum (1973) the ginger iso la te  caused lim ite d  

in fec tion  o f tomato, tobacco and peanut w hereas, tomato iso la tes  

caused ty p ic a l w ilt in g  o f tomato, tobacco, peanut as w e ll as g inger. 

Devi (1978) observed th a t the c h i l l i  s tra in  o f P. solanacearum

caused h igh degree o f w ilt in g  in  tomato and eggplant, and th a t
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the b r in ja l and tomato iso la tes  were capable o f cross in fec ting  

each o th e r. Samuel (1980) found th a t g inger iso la te  caused w ilt in g  

in  tomato, but tomato iso la te  fa ile d  to in fe c t g inger. Ren and Fang

(1981) reported  th a t g inger s tra in  is  non pathogenic to tomato. Nayar

(1982) showec th a t tomato and b r in ja l iso la tes were capable of 

cross in fe c ting  each o the r and th a t c h i l l i  and g inger iso la te  caused 

w ilt in g  o f th e ir  respec tive  hosts o n ly . He e t al^. (1983) reported  

th a t ginger s tra in  caused va ry ing  degree o f w ilt in g  in  tomato, egg­

p lan t and c h i l l i  and the c h i l l i  s tra in  caused w ilt in g  in  eggplant, 

tomato and c h i l l i .  One tomato s tra in  and an eggplant s tra in  caused 

w ilt in g  in  tomato and eggplant and no w ilt in g  in  c h i l l i  w h i le t h e  

o the r s tra in  o f tomato caused w ilt in g  in  tomato, eggplant and c h i l l i .  

V e lu p illa i and S ta ll (1984) found th a t the s tra in s  o f P. 

solanacearum from tomato, b r in ja l,  potato and sunflow er were a l l  

o f race 1 and pathogenic to  b r in ja l,  c h i l l i ,  potato and tomato. 

Some were pathogenic to  sunflow er and ginger but none affected 

groundnut. He (1985) observed th a t the ginger s tra in  caused va ry ing  

degree o f w ilt in g  in  tomato, eggplant, ginger and c h i l l i .  The c h i l l i  

iso la te  however d id  not cause w ilt in g  on g inger, though h ig h ly

v iru le n t on tomato and eggplant. Tomato and eggplant iso la tes were

capable o f cross in fe c ting  each o th e r, and these iso la tes  caused

no w ilt in g  on g inger. P r io r  and Steva (1990) showed th a t c h i l l i  

iso la te  caused ra p id  w ilt in g  in  tomato and eggplant. The tomato

and eggplant iso la tes also caused w ilt in g  in  c h i l l i .
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Several attem pts have been , made to group P. solanacearum 

iso la te  in to  b io types , v a r ie tie s  o r races on the basis o f d iffe rence  

in  p h ys io lo g ica l c h a ra c te r is tic s  (Kelman, 1953; H arrison , 1961; 

Buddenhagen and Kelman, 1964; Hayward, 1964); pathogenecity 

(Kelman and Persoon, 1961; Buddenhagen e t a l . ,  1962); bacteriophage 

s p e c if ic ity  (Hayward, 1964) and sero log ica l p ro p e rtie s  (Perez, 

1962; Mortan e t a l . ,  1965).

Buddenhagen e t al_. (1962) d iffe re n tia te d  s tra in s  o f P. solana- 

cearum in to  th re e  races, race-1 a ffec ting  tobacco, tomato, many 

solanaceous and o the r weeds, and ce rta in  d ip lo id  bananas; race-2 

a ffec ti,,.j t r ip lo id  bananas, he licon ia  or bo th ; race-3 a ffec ting  potatoes 

and tomatoes, but h ig h ly  v iru le n t on o the r solanaceous crops. La te r, 

two new races were proposed a ffec ting  ginger and m u lberry  from

P h ilip p in e s  and China re sp e c tive ly  (Buddenhagen, 1985). According 

to  Persley et^ aK  (1985) the b a c te ria l w i l t  pathogen could be grouped 

in to  f iv e  races which d if fe r  in  host ranges, geographic d is tr ib u tio n  

and a b i l i t y  to su rv ive  under d iffe re n t environm ental cond itions,

1) Solanaceous s tra in  (Race-1) : w ide host range, d is tr ib u te d  th rough­
out the low lands o f tro p ic s  and su b tro p ics ;

2) Musaceous s tra in  (Race-2) : re s tr ic te d  to Musa, and a few

perennia l hosts in i t ia l ly  lim ite d  to American tro p ic s , now spread­
ing to Asia ;

3) Potato s tra in  (Race-3) : re s tr ic te d  to potato and a few
a lte rn a tiv e  hosts in the tro p ic s  and su b tro p ics ;
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4) Ginger s tra in  (Race-4) : from  the P h ilip p in e s ; and

5) M u lbe rry  s tra in  (Race-5) : from  China

Hayward (1964) c la s s ifie d  a co lle c tio n  o f 185 iso la tes o f 

P. solanacearum in to  4 b io type s , based on the capacity  to o x id ise  

3 d isaccharides (lactose, maltose, ce llob iose) and 3 hexose a lcoho ls 

(m annito l, s o rb ito l,  d u lc i to l) ;  iso la te  o f b io type -1  o x id ize d  ne ithe r 

group; b io type -2  on ly d isaccharides; b io typ e -3  both the groups 

and b io typ e -4  only hexose a lcoho ls . B io type-2  appeared to  have 

a re s tr ic te d  host range and i t  was so le ly  obtained from  two host

p la n ts , potato and tomato whereas the o the r b io types  were obtained 

from  many fa m ilie s  in  a d d itio n  to Solanaceae.

I t  is  w e ll estab lished  th a t b io v a r  H I is  the dominent s tra in  

o f P. solanacearum a ffec ting  solanaceous crops and ginger (Hayward, 

1964; Hayward e t a l . ,  1967; Tabei and Quimio, 1978; He e t a l . ,  

1983; P r io r  and Steva, 1990). In Kera la, Devi (1978) compared

twenty s ix  d if fe re n t iso la tes  o f P. solanacearum from  tomato, b r in ja l 

and c h i l l ie s  and grouped them in to  12 pathogroups under race 1

and b io type  I I I .  Samuel (1980) and Nayar (1982) characterized

iso la tes  o f b a c te ria l w i l t  pathogen o f ginger and b r in ja l re sp e c tive ly  

and reported  th a t they belong to  b io type  I I I  of P. so lanac.^rum .

2 .2 - Screening fo r  host resistance

C ontro l o f the b a c te r ia l w i l t  by exclusion o f pathogen, e ra d i­

cation o f the  organism by s o il treatm ents o r prevention o f in fec tion
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have proven to  be im p ra c tic a l, in e ffe c tiv e  o r re s tr ic te d  in  a p p lic a t­

ion. The most e ffe c tiv e  means o f co n tro l fo r  th is  organism is  the 

development o f re s is ta n t v a r ie tie s  (Kelman, 1953).

Empig et a l.  (1962) screened 11 v a rie tie s  and 2 s tra in s  

o f pepper fo r  b a c te ria l w i l t  resistance and found th a t 'P a s ite s 1, 

’ A ll B ig ' and 'W orld  Wonder' gave low est disease index . Rahim 

and Samraj (1974) screened nine c h i l l i  va r ie tie s  fo r  resistance 

against P. solanacearum and found th a t the  v a r ie ty  'K h a n d a ri' was 

h ig h ly  re s is ta n t, w h ile  ’ Chinese g ia n t' was h ig h ly  suscep tib le . 

The v a r ie t ie s  'Pungent p r id e ’ , 'C h e rry  re d ’ , ’ V a tta l ',  ’ Dark p u rp le ' 

and 'Long re d ' were found to  be m oderately re s is ta n t.

Rathiah (1983) s tud ied  the reaction o f Capsicum c u lt iv a r

to f r u i t  ro t ,  b a c te ria l w i l t  and Cercospora le a f spot o f c h i l l i  and

found th a t the v a r ie ty  'S u ryam ukh i' was to le ren t to a ll  diseases

and gave h ighest mean y ie ld  compared w ith  'C lu s te r '. G5 and G4

were most suscep tib le . Goth et a l . (1983) reported  th a t V a U C luster

was re s is ta n t to fo u r race 1 iso la tes and one race 3 iso la te  o f

P. solanacearum. Peter e t a l.  (1984) evaluated fou r hot c h il l ie s ,

’ Pant C -1 ’ , 'KAU C lu s te r ',  'W hite  K handari' and 'C : ’ along

w ith  US c u lt iv a rs  'Yo lo  Wonder Im p ro v e d ', 'H y b r id  pepper B e ll

Boy’ , 'Sweet Red C herry  P ic k lin g ',  'C a lifo rn ia  Wonder’ , '672

Hungarian Wax' and 'C abanelle 78 '2860,' fo r  reaction to  nine

iso la tes o f P. solanacearum (race 1 and race 3) and fc .n d  th a t

Pant C-1 was most re s is ta n t one.
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Thomas (1985) observed th a t the lin e  KAU C luster was 

re s is tan t to  b a c te ria l w i l t .  Valdez (1985) had screened 21 

accessions o f pepper fo r  resistance against b a c te ria l w i l t  and found 

th a t only th ree  v a rie tie s  were re s is ta n t to both b io va r I I I  and 

IV . G ir i ja d e v i and Peter (1987) reported  th a t 'KAU C luster was 

res is ta n t to b a c te ria l w i l t  during two seasons tes ted . They found 

th a t resistance to b a c te r ia l w i l t  is  re ce ss ive ly  in h e r ite d  and tha t 

the F1 h y b r id  Yolo Wonder Im proved x KAU C luster to be a prom is­

ing one.

Jimenez e t a l.  (1988) feund th a t when 4 c u lt iv a rs  o f sweet 

pepper were Inoculated w ith  P. solanacearum. 'C h c lo ' was most 

res is tan t compared w ith  tra d it io n a l c u lt iv a rs , 'Agronomics 10- and 

■Tacares P L '.  ■ 17245• was fa i r ly  re s is ta n t.

A s tudy done at V e lla n ikka ra  revealed th a t Capsicum annum

accessions CA 33 (KAU C luster) and CA 219 were re s is ta n t to  

b a c te ria l w i l t  disease (KAU, 1988). Gopalakrishnan and Thomas 

( ) a fte r  conducting s tud ies on resistance to b a c te r ia l w i l t  (p .

solanacearum) and inhe ritance  o f clusterness in  c h i l l i  reported  tha t 

the accession, CA 33 w hich was fu r th e r  im proved ,0 the  status 

o f a v a r ie ty  'M a n ja r i' was re s is ta n t to b a c te ria l w i l t  disease. 

Matos e t a l.  (1990) evaluated f i f t y  genotypes of Capsicum sp . and 

found th a t C. annum genotype NPH-143 (M C-4), NPH-144 (MC-5)

and NPH-145 (MC-10) were h ig h ly  re s is ta n t. A fu r th e r  6 genotypes 

were ra ted  as re s is ta n t and rem ainder as susce p tib le .



The weather and s o il conditions influence the  seasonal

development and geographic d is tr ib u tio n  o f p lan t d isease. A high

tem perature o f 28 to  36°C and high s o il m oisture favour ra p id  

development o f w i l t  diseases (Vaughan, 1944; G allegely and W alker, 

1949; H ingorani at a l . ,  1956). Krausz and Thurston (1975) found

th a t an e levated tem perature o f 32°C in  environm ental con tro l 

chamber s ig n if ic a n t ly  increased s e v e r ity  o f b a c te ria l w i l t  in  two 

tomato lines  re s is ta n t to  P̂ . solanacearum. Studies by Mew and Ho

(1977) on resistance o f iP. solanacearum in  s ix  c u lt iv a rs  of tomato

as influenced by changes in  s o il tem perature revealed th a t VC-48 

maintained moderate resistance at 26, 30, 32°C. H iry a t i &t a l.

(1983) had observed th a t s e v e r ity  o f diseases caused by P.

solanacearum s ig n if ic a n t ly  increased w ith  increased s o il m oisture

from  s l ig h t ly  above w ilt in g  po in t to s l ig h t below saturation po in t 

fo r  each s o il type  tes ted . Akiew  (1985) found th a t population of 

_P. solanacearum decreased sh a rp ly  w ith  increase in  tem perature

and w ith  decrease in  s o il m oisture. Ho (1988) reported  th a t h igh

ra in fa ll e sp e c ia lly  tow ards m idd le  end o f growing season favoured

high b a c te r ia l w i l t  disease incidence in  tomato.

2.3 Management o f the  disease

2 .3 .1  2n v i t r o  s e n s it iv ity  to chemicals

Attem pts have been made by many sc ie n tis ts  to  tes t the

in  v i t r o  s e n s it iv ity  o f _P. solanacearum to  p lan t p ro tec tion  chem icals. 

Moorgan and Goodman (1955) reported  th a t low concentration o f
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Aureomycin and Terram ycin  e ffe c t iv e ly  in h ib ite d  the pathogen. 

Hidaka and Murano (1956); found th a t S treptom ycin a t 0 .3  yug per ml 

o f water in h ib ite d  and 5 / j g  per ml k i l le d  the pathogen a t once. 

Abo-E l-Dahab (1957) observed th a t the  d if fe re n t s tra in s  o f P. 

solanacearum va rie d  in  response to ch loram phenico l but were most 

to le ren t to Neomycin. Foucart and Del-cambe (1960) tested various 

chemicals in  ^ri v i t r o  and found th a t Actinom ycin and Chlorom ycetin 

gave prom is ing re su lts  in  in h ib it in g  the pathogen. Campacci e t a l . 

(1962) repo rted  th a t among various chem icals tested the bacterium  

was most se n s itive  to A g ris te p , S treptom ycin, P e n ic illin -G -p o ta ss ic , 

P e n ic illin  p roca in , D ihyd ro  s trep tom ycin  su lphate  and E ry th rom yc in . 

S trep tocyc line  was found to  g ive  good contro l o f P. solanacearum 

in  v it ro  (C h a k ra va rti and Rangarajan, 1966). The in h ib ito ry  e ffec ts  

o f S treptom ycin and S trep tocyc line  on Pseudomonas and Xanthomonas 

have been observed by many w orkers (Rangaswami, 1957; Desai 

» 1967; Dath and Devadath, 1969; Rangarajan and C h a k ra va rti, 

1969; S h ivappashetty  and Rangaswami, 1971). Several a n tib io tic s  

l ik e  A m p ic il l in ,  C hloram phenico l, Kanamycin, O xy te tra cy lc in e , T e tra ­

cyc lin e , P e n ic illin -G , S treptom ycin were reported  to in h ib it  the 

pathogen (Goorani et^ a K , 1978). Mondal and M ukherjee (1978)

observed th a t A m p ic il lin , S treptom ycin and Novobiocin a t 500 ppm 

each were o f promise against the pathogen In v i t r o . The in  v i t r o  

e ffectiveness o f A m b istryn -S  and Agrim ycin-100 against the ginger 

iso la te  o f P. solanacearum was noticed by Samuel (1980). Nayar
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(1982) found th a t Chlorom ycetin and Terram ycin  was most e ffe c tive  

in  in h ib it in g  b a c te ria l w i l t  pathogen o f b r in ja l.  He et^ a l.  (1983) 

reported  th a t a l l  the  s tra in s  o f P. solanacearum from  China showed 

s u s c e p t ib ility  to  S trep tom ycin , but were re s is ta n t to P e n ic illin , 

V iomycin and C hloram phenico l. Farag e t al_. (198QJ also observed 

th a t both v iru le n t and a v iru le n t forms o f the pathogen were se n s itive  

to  S treptom ycin and D ih yd ros trep tom yc in . Gunawan (1989) found 

tha t optimum concentration fo r  suppression o f b a c te ria l m u ltip lic a tio n  

i l l  v i t r o  were 175 and 450 ppm of' S treptom ycin su lpha te . P r io r  

and Steva (1990) stud ied  the s e n s it iv ity  of some reference s tra ins  

° f  £ • solanacearum from  French West Ind ies to  selected a n tib io tic s  

and found th a t c h i l l i  iso la te  showed v a rie d  s e n s it iv ity  to  P e n ic illin -G , 

A m p ic il lin ,  E ry th ro m yc in , Chloram phenicol and R ifam p ic in .

There are only few re p o rts  to show the _irn v i t r o  s e n s it iv ity

o f £ • solanacearum to  fung ic ides . Goorani et a l.  (1a78) reported

th a t Nabam (D ithane A -4 0 ), Maneb (Dit.h -v? M -22 ). Dithane M-45

in h ib ite d  the  pathogen. Leandro and Zak (1983) reported  th a t

Captan, Maneb, Mancozeb and Thiram  at 1000 and 10000 ppm

affected _P. solanacearum in  in  v i t r o . The effectiveness o f Bordeaux

m ix tu re , Copper o x y c h lo r id e  and Kocide in  co n tro llin g  b a c te r ia l

b lig h t o f walnut was recorded by Severin and Kupferberg (1977).

Grinepadezeet a l.  (1978) conducted in  v i t r o  t r ia ls  w ith  21 fung ic ides

against the b a c te ria l disease o f m u lbe rry  caused by P m ori and

reported  th a t C hinosol, Zineb and Polychom phenthiuram  showed 
h igh in h ib ito ry  a c t iv ity .



2 .3 .2  F ie ld  management o f the disease

Smith and C layton (1943) found th a t increased le ve ls  of 

n itrogen reduced the incidence o f w i l t  disease o f tomato, potato, 

eggplant, c h il l ie s ,  cas to r, beans and petun ia. The e ffe c t o f a n tib io ­

tic s  on the con tro l o f b a c te ria l diseases o f c itru s , plum, pear, 

r ic e ,  beans, potatos, c h i l l ie s ,  b h in d i and tomato has been reported  

by e a rly  w orkers (Brown and Heep, 1946; Zaumeyer et a l . ,  1953;

A rk , 1955; Rangaswami e t a l . ,  1959; Desai et a l . ,  1967). Rahim

(1972) and George (1973) obtained exce llen t f ie ld  con tro l o f b a c te ria l 

w i l t  o f c h il l ie s  by sp ray ing  the fo liage  w ith  S treptom ycin and 

S trep to cyc lin e  or by s o il drenching w ith  C heshiftt compound.

Dutta and Verma (1969) showed th a t seedling treatment w ith  

S trep tocyc line  a t one gram in  40 l i t r e s  o f water fo r  30 minutes

was be tte r than s o il drenching or s o il drenching and fo l ia r  spray 

combined.

Jayaprakash (1977) observed a reduction in  percentage o f 

w ilte d  p lan ts  in  pots amended w ith  o i l  cakes, sawdust, cashew 

S h e l l  pow der, coconut p ith ,  o it  palm seed waste and various crop 

res idues. He found th a t a combination o f s o il amendment w ith  

organic m ateria l combined w ith  chem ical treatm ent as fo l ia r  spray 

o f a n t ib io t ic  was most e ffe c tiv e  method o f c o n tro l. Devi ( ,9 78)

s tud ied  the e ffe c t o f various treatm ents fo r  co n tro l o f b a c te ria l

w i l t  o f tomato and found th a t s o il amendments and a n t ib io t ic  sp rays

had S ign ifican t influence on Incidence o f d isease. But none o f the



treatments was found to be abso lu te ly  e ffe c tive  in  checking the 

disease and the com para tive ly  e ffe c tiv e  treatm ents was sawdust 

and urea p lus Agrim ycin-100 sp ra y . M ishra  (1980) evaluated a 

system ic fung ic ide  B a v is tin  in  co n tro llin g  Hoogly w i l t  o f Jute caused 

by a complex o f Macrophomina phaseo lina . P. solanacearum and 

Fusarium so lan i and reported  th a t best con tro l was given by 0.1% 

B a v is tin . Kishun (1981) reported  th a t s o il a p p lica tio n  o f bleaching 

powder is  e ffe c tiv e  against b a c te ria l w i l t  o f tomato.

Sitaramaiah and Sinha (1983) evaluated f iv e  a n tib io tic s  in 

Jj2 v iv o  against b a c te ria l w i l t  o f b r in ja l and found tha t P e n ic illin  

and Agrim ycin-100 were cons is tan tly  su p e rio r over o ther a n tib io tic s  

against the pathogen. F o lia r a p p lica tio n  o f Agrim ycin-100, Chloram­

phenicol and S treptom ycin sulphate a day p r io r  to b a c te ria l 

inocu lation  were e ffe c tiv e  a t h igh concentration, w h ile  P e n ic illin  

and T e tra cyc line  d id  not in h ib it  the w i l t  bacterium  at any o f the 

concentrations tes ted . M urakoshi and Tak^hashi (1984) reported  

th a t 'Saroton G' (conta in ing w e ll ro tten  fow l d ropp ing , zeo lite  and 

blended w ith  useful gram negative fa c u l ta t iv e ly  anaerobic bacte ria ) 

was e ffe c tiv e  fo r  con tro l o f disease in  tomato when mixed in  s o il 

a fte r  fum igation . C la iron  (1984) recommends lim in g  w ith  Calcium 

ox ide  @ 1 t /h a  o r Calcium carbonate @ 10 t/h a  one month

before urea a p p lica tio n  fo r  reducing b a c te ria l w i l t  o f eggplant. 

OJha et a l.  (1986) repo rted  tha t complete con tro l of b a c te ria l w i l t



21

of ginger was obtained by rhizome treatm ent w ith  Emisan 6 + P lanto- 

mycin fo r  30 minutes fo llow ed  by 3 sp ray ings . Bazzi and C a lzo la ri 

(1986) found th a t in d u s tr ia l Bordeaux m ix tu re  and Copper o xych lo rid e  

was more e ffe c tiv e  than Copper h yd ro x id e  and Kasugamycin fo r  

con tro l o f b a c te ria l ro t o f le ttuce  caused by c ic h o r i i . Gunawan 

(1988) s tud ied  the e ffe c t o f sp ray ing  in te rv a ls  of S treptom ycin 

su lphate/O x y te tra cyc lin e  on b a c te ria l w i l t  of tomato and found tha t 

spray ing  a t fou r and seven days in te rv a ls  gave h ighest con tro l 

o f _P. solanacearum.

Ho (1988) reported  th a t b leaching powder and Jeypine was 

most e ffe c tiv e  than o th e r chem ical tested in reducing the incidence 

o f P- solanacearum in  tomato. Kishun and Chand (1988) observed 

th a t a p p lica tio n  o f b leaching powder @ 15 kg /ha  was e ffe c tiv e

against b a c te r ia l w i l t  o f tomato.
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MATERIALS AND METHODS

3.1 Iso la tio n  o f the  pathogen

C h i l l i  p lants showing the  in i t ia l  symptoms of b a c te ria l w i l t  

disease were co llec ted  from  d iffe re n t loca tions. The p lants thus 

co llected  were subjected to ooze tes t and p lan t parts  w ith  profuse 

b a c te ria l ooze were se lected fo r  is o la tio n . They were cut in to  

b its  and surface s te r i liz e d  w ith  0.1 per cent m ercuric  ch lo rid e  

so lu tion fo r  one minute and then washed in th ree  changes of s te r i le  

d is t iu a d  w ate r. These b its  were then placed on a s te r iliz e d  glass 

s lid e  in  a d rop o f s te r i le  d is t i l le d  water and teased apart to  

obta in  a b a c te ria l suspension. The suspension was s treaked on 

T rip h e n y l Tetrazolium  C h lo ride  Agar medium (TZC) to get w e ll 

iso la ted  colonies of the bac te ria  (Kelman, 1954).

Composition of T r ip h e n y l Tetrazolium  C h lo rid e  Agar (TZC) medium 

(Kelman, 1954)

Peptone -  10 .O g

Casamino acid  -  1.0 g

Glucose -  5.0 g

Agar agar -  20.0 g

D is t il le d  water -  1000 ml

PH -  6 . 8
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The inoculated p lates were incubated fo r  48 h at room tem perature. 

C h a ra c te ris tic  l ig h t  p ink  centred s lim y  f lu id a l colonies were se lected 

and were p u r if ie d  by repeated streaks on TZC medium. A ltogether 

f iv e  c h i l l i  iso la tes o f Pseudomonas solanacearum were se lected. 

In a d d itio n  to  the c h i l l i  iso la tes , two iso la tes o f P. solanacearum. 

each from  b r in ja l and tomato and one from  ginger were also used 

in  th is  study The d e ta ils  o f the iso la tes  of the bacterium  are 

fu rn ished  below .

SI . 
No.

Iso la tes L o ca lity  from  which the 
diseased specimen was co llected

Crop from  
w hich 
iso la tio n  
was made

Year of 
iso la tion

1 2 3 4 5

1 C-1 Vegetable research p lo t, College 
o f H o rticu ltu re , V e llan ikka ra

C h i l l i 1989

2 C-2 Vegetable p lo t, A .R .S ., Mannuthy C h i l l i 1989
3 C-3 Vegetable nu rse ry , College of 

H o rticu ltu re , V e llan ikka ra
C h i l l i 1989

4 C-4 In s tru c tio n a l fa rm , College o f 
A g ricu ltu re , V e llayan i

C h i l l i 1989

5 C-5 Vegetable research p lo t, College 
of H o rticu ltu re , V e llan ikka ra

C h i l l i 1989

6 B-1 Vegetable p lo t, A .R .S ., Mannuthy B r in ja l 1989
7 B-2 Vegetable research p lo t, College 

of H o rticu ltu re , V e llan ikka ra
B r in ja l 1989

8 T-1 U .A .S ., Bangalore Tomato 1989
9 T-2 Vegetable research p lo t, College 

o f H o rticu ltu re , V e lla n ikka ra
Tomato 1989

10 G-1 Ginger experim enta l p lo t, 
R .A .R .S ., Am balavayai

Ginger 1989
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3 .1 .2  Pathogenic ity tests  on the re spec tive  hosts

Pathogenic ity o f the d if fe re n t iso la tes of the bacterium  

on th e ir  respec tive  hosts was proved by inocu lating a th ic k , suspen­

sion of 48 h o ld  cu ltu re  grown on Potato Dextrose Agar. The 

suspension of the iso la tes o f the  bacterium  were prepared in  s te r i le  

d is t i l le d  w a te r. V igorously growing young respective  host p lants 

were inoculated by stem puncture method (Winstead and Kelman, 

1D52). The p lan ts  were inoculated by p lacing a drop o f b a c te ria l 

suspension on the lea f a x i l  o f the th i r d  expanded lea f below the 

stem t ip  and fo rc in g  a sharp  needle in to  the vascu lar bundle. 

Cotton d ipped in  the b a c te ria l suspension was placed on the in ju re d  

p o rtio n . The inoculated p lants were kept ins ide  polythene cages 

fo r  48 h and watered re g u la r ly  to  maintain high h u m id ity . The 

pathogen was re -iso la te d  from  the a r t i f ic ia l ly  inoculated host p lants 

by the  method a lready described . M orpho log ica l characters of 

the re - iso la te d  colonies o f the  iso la tes  were compared w ith  tha t 

o f the o r ig in a l iso la tes  to ensure th e ir  id e n t i ty . Stock cu ltu res 

were maintained a t room tem perature as w e ll as a t 10°C by s to ring  

two or th ree  lo o p fu l o f the iso la ted  bac te ria  in 5 ml o f s te r i le  

d is t i l le d  water in te s t tubes. S im ila. l y , stock cu ltu res  were a lso 

maintained in  Potato Dextrose Agar slants both a t room tem perature 

as w e ll as in  re fr ig e ra te d  cond ition . Cultures were tested p e r io d i­

c a lly  fo r  v iru lence  and p u r ity  by s treak ing  on TZC medium.



3.2  C haracte riza tion  o f the  pathogen

C haracte riza tion  of the d if fe re n t iso la tes o f the  pathogen 

was done according to the methods recommended in  the 'Mannual 

o f M ic rob io lo g ica l M e thods ', pub lished  by the Society of American 

B acte rio log is ts  (1957) and 'L a bo ra to ry  Methods in  M ic rob io logy ' 

(H arrigan and Me Cance, 1966).

3 .2 .1 C u ltu ra l characters

3 .2 .1 .1  M orphology

The colony morphology o f d if fe re n t iso la tes o f the  bacterium
%was stud ied  from  24-48 h o ld  cu ltu re ' o f the bacterium  grown on 

Peptone Casamino Acid  medium. The gram reaction o f the iso la tes  

o f the bacterium  was s tud ied  using H ucker's  m od ified  method of 

gram sta in ing  (Hucker and Conn, 1923).

3 .2 .1 .2  Growth of the d iffe re n t iso la tes  of the bacterium  on TZC 
medium

The iso la tes were compared fo r  th e ir  colony g row th , co lou r, 

shape, type  o f m argin, consistency, extent o f g row th , s lim e 

p roduction and f lu id i t y  on TZC medium. A loo p fu l of d ilu te  suspen­

sion of the  iso la tes o f the  bacterium  prepared in s te r i le  d is t i l le d  

water was streaked on the TZC medium in  p e tr id is h e s . Three 

re p lica tio n s  were maintained and they were incubated at room 

tem perature . Observations were taken a fte r  24, 48, 72 and 96 h

o f incubation.



3 .2 .1 .3  Growth o f the bacterium (Iso la te  C-1) on d if fe re n t s o lid  
media

Nature o f g row th , co lour, s ize , shape, typ e  of margin, 

s lim e production  and f lu id i t y  o f the b a c te ria l colonies of the c h i l l i  

iso la te  C-1 were stud ied  on. s ix  s o lid  media. The s o lid  media used 

and th e ir  compositions are as fo llo w s .

a) Peptone Casamino Acid  medium

Peptone 

Casamino acid 

Glucose 

Agar agar 

D is t il le d  water 

PH

b) TZC medium (Kelman, 1954)

c) Potato Dextrose Agar medium

Potato 

Dextrose 

Agar agar 

D is t il le d  water 

PH

d) N utrien t Agar medium

Peptone 

Beef e x tra c t

2

-  10.0 g

-  1-0 g

-  5 .0  g

-  20.0 g

-  1000 ml

-  6 . 8

-  200.0 g

-  20.0 g

-  20.0 g

-  1000 ml

-  6.8

-  10.0 g

-  5 .0  g

c.o



Agar agar 

D is t il le d  water 

pH

e) Peptone Beef e x tra c t medium

Peptone 

Beef e x tra c t 

Sucrose 

Agar agar 

D is t il le d  water 

pH

f)  Yeast Glucose Chalk Agar

Yeast e x tra c t 

Glucose

Chalk (CaC03)

Agar agar 

D is t il le d  water 

pH

20.0 g 

1000 ml 

6.8

10.0 g

5.0 g

50.0 g

20.0 g 

1000 ml

7.0

10.0 g

10.0 g

20.0 g

20.0 g 

1000 ml 

7.2

A loo p fu l o f the d ilu te  suspension o f the b a c te ria l iso la te  was 

streaked on d if fe re n t media and incubated. Observations were taken 

a fte r  24, 48, 72 and 96 h o f incubation.

3 .2 .1 .4  Growth o f the  iso la tes  o f the  bacterium  at d if fe re n t 
le ve ls

PH

N utrien t b ro th  w ith  va ry ing  pH v iz . ,  5 , 5 . 5 , 0 . 5 ) 7

7 .5 , 8 , 8 .5 , 9 and 9.5 was used fo r  the  s tudy . The iso la tes were
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inoculated in  the  b ro ths adjusted to  above mentioned pH le v e ls . 

The growth o f each iso la tes  was measured a fte r 48 h using a Bausch 

and Lomb Spectronic 20' co lo rim e te r ad justed to a wave length 

o f 660 nm. Uninoculated b ro th  served as co n tro l.

3 .2 .1 .5  Growth o f the iso la tes  o f the  bacterium  at d if fe re n t 
tem peratures

Growth o f the b a c te ria l iso la tes was s tud ied  at va ry ing  

tem peratures o f 10, 15, 20, 25, 30, 35, A0, 45, 50 and 55°C. A

lo o p fu l each o f the 24 h o ld  b a c te ria l cu ltu re  was inoculated in to  

the N utrien t b ro th  and incubated at d if fe re n t temperatures 

mentioned above. The growth o f each iso la tes was measured a fte r  

48h using a Bausch and Lomb 'S pectron ic  20' co lo rim e te r adjusted 

to  a wave length o f 660 nm.

3 .2 .1 .6  Potato so ft ro t tes t

L e l l io t t 's  method (L e ll io t t  e t a l . ,  1966), was employed

fo r  the te s t. 7 .8  mm th ic k  s lices  o f washed, peeled and a lcoho l 

flamed potato tubers were placed in  s te r i le  p e tr i p la tes . The surface 

o f s lices  were im m ediate ly covered w ith  s te r i le  d is t i l le d  w ater, 

t i l l  the s lice s  are h a lf immersed. A lo o p fu l o f 48 h o ld  growth 

o f the b a c te ria l iso la tes was placed in  a n itch  made at centre 

o f each s lic e . The s lice s  were watched fo r  ro tt in g . Uninoculated 

s lices  served as co n tro l.
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3 .2 .1 .7  Pigment production

Production of water inso lub le  pigment by the d if fe re n t iso la tes

was tested a fte r  incubation fo r  48 h on Yeast Glucose Chalk Agar 

medium.

The production  o f the water so lub le  pigment was stud ied 

on K ing 's  medium (King et  ̂ aK , 1954).

Composition o f the medium

Peptone -  20.0 g

G lycerine -  10 ml

K2Hpo4 -  1.5 g

MgSO^. 7H20 -  1.5 g

Agar agar -  20.0 g

D is t il le d  water -  1000 ml

PH -  7.2

The iso la tes  were spot inoculated on the medium in  p e tr i p la tes , 

incubated fo r  48 h and examined fo r  pigmentation around the co lon ies.

3 .2 .1 .8  Oxygen requirem ents

N utrien t Dextrose Agar (contain ing 0.05 per cent Bromocresol 

pu rp le ) columns in te s t tubes were inoculated in  dup lica tes by 

stabbing w ith  d if fe re n t iso la tes  o f the  bacterium  using a s tra ig h t 

inocu lation  needle. The agar surface of one set of the tubes was covered 

w ith  s te r i le  l iq u id  p a ra ffin  to a depth o f 1 cm. The tubes were 

incubated and observations were recorded.
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3 .2 .2  P hys io log ica l characters

3 .2 .2 .1  Starch h y d ro ly s is

The a b i l i t y  o f the  iso la tes to h yd ro lyse  s ta rch  was tested 

using s ta rch  medium containing 0.2 per cent so lub le  s ta rch .

Composition of the  medium

The iso la tes  o f the bacterium  were spot inoculated on the medium 

poured in  p e tr i  d ishes . A fte r fou r days o f incubation, s tarch 

h y d ro ly s is  was tested by pouring Lu go l's  iod ine  so lu tion on the 

agar surface and a llow ing  to act for few minutes. A colourless 

or red d ish  brown zone around the  b a c te ria l growi,-. in  contrast 

to  the blue background o f the medium ind ica ted  p o s it iv e  tes t fo r  

s ta rch  h y d ro ly s is .

3 .2 .2 .2  Tyrosinase a c t iv ity

D ye 's  medium (Dye, 1962) was employed fo r  the te s t. 

Composition of the medium

Peptone 10.0 g

Beef e x tra c t -  5 .0  g

Starch (so lub le) -  2.0 g

Agar agar -  20.0 g

D is t il le d  water 1000 ml

PH 7.0

-  0.5 g

-  0 .5  g



MgS04 .7H20 -  0 .2 g

NaCl -  5 .0  g

Yeast e x tra c t -  5 .0  g

Tyrosine -  0 .5  g

Agar agar -  20.0 g

D is t i l le d  water -  1000 ml

pH -  7.0

The medium was dispensed in  tes t tubes, autoclaved and 

slants were p repared . The slants were then inoculated w ith  d iffe re n t 

iso la tes o f the bacterium  and incubated fo r  48-72 h. Browning of 

the medium ind ica ted  ty ros inase  a c t iv it y .

3 .2 .2 .3  Production of indo le

Tryp tophan b ro th  was used fo r  the test •

Composition o f the medium

Casein d igest or try p to p h a n - 10.0 g

NaCl -  5 .0  g

D is t il le d  water -  1000 ml

PH -  7.0

The medium was dispensed in  tubes and autoclaved. Whatman 

No.1 f i l t e r  paper s tr ip s  (5 x 50mm) were soaked in  warm saturated 

so lu tion  o f o xa lic  ac id  and cooled. When the s tr ip s  got covered 

w ith  o xa lic  ac id  c ry s ta ls , they were d r ie d  at room tem perature 

and used w ithou t s te r i l iz a t io n . The tes t cu ltu res were inoculated 

in  the b ro th  and o x a lic  ac id  s tr ip s  were inserted  in to  the tubes
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by the s ide  o f the plug and suspended over the b ro th . They were 

incubated and observed fo r  14 days. Change in  co lour of the  o xa lic  

ac id  c ry s ta ls  on tes t s tr ip s  to p ink  o r red ind ica ted  production 

o f ind o le .

3 .2 .2 .4  Production o f hydrogen su lph ide

The a b i l i t y  of d if fe re n t iso la tes to  lib e ra te  hydrogen su lph ide  

was tested  using Peptone water medium containing one per cent 

Casamino a c id . F ive ml o f the medium was dispensed in tes t tubes 

and autoclaved. Whatman No.1 f i l t e r  paper, cut in to  s tr ip s  of 5

x 50 mm s ize , were soaked in  warm saturated so lu tion  o f lead 

acetate, d r ie d , autoclaved and again d r ie d  at 60°C. The tubes

were inoculated w ith  d if fe re n t iso la tes o f the bacterium  and the  

in d ica to r s tr ip s  were inse rted  a s e p tic a lly  between the plug and 

the tube, w ith  the low er end o f the s t r ip  ju s t above the b ro th .

The tubes were incubated a t room tem perature and observations

were recorded a t regu la r in te rv a ls  fo r  a period  o f 14 days. B lack­

ening of the s tr ip s  ind ica ted  lib e ra tio n  of hydrogen su lp h id e .

Composition o f the  medium

Peptone 10.0 g

NaCl 5.0 g

Casamino acid 10.0 g

D is t il le d  water 1000 ml

pH 7.0

CM



3 .2 .2 .5  N itra te  reduction tes t

N itra te  b ro th  medium was used fo r  the tes t

Composition of the  medium

KN03 ( N it r i te  fre e ) 

Peptone

1.0 g

10.0 g

Beef e x tra c t -  5 .0 g

D is t il le d  water 1000 ml

PH 7.0

The medium was dispensed in  tubes, autoclaved inoculated 

w ith  d if fe re n t iso la tes o f bacterium  f incubated, and tested fo r the

reduction o f n itra te  at regu la r in te rv a ls  upto 15 days. The tests  

was perform ed by adding few drops o f Griess I lo s v a y 's  reagent 

consisting  o f su lp h a n ilic  ac id  (0 .8  per cent in  f iv e  molar ace tic  

ac id ) and d im e th y l-a lp h a  >-naphthyl amine (0 .5  per cent in  f iv e  

molar ace tic  ac id ) to the n itra te  b ro th  cu ltu re . I f  no p ink  or

red colour developed, i t  ind ica ted  th a t n itra te  was present as

such or reduced to ammonia and free  n itrogen. Few zinc c ry s ta ls  

were added to  ensure w hether the negative reaction was due to

the reduction  of n itra te  beyond the  n it r i te  le v e l.  I f  the b ro th  

became p in k  o r red i t  ind ica ted  th a t the n itra te  was present w ithou t 

re d u c tio n .

3 .2 .2 .6  Action on m ilk

Action o f the  d if fe re n t iso la tes  o f the  bacterium  on m ilk  

was stud ied  in  bromocresol pu rp le  m ilk . A 1:3 d ilu tio n  of skimmed
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m ilk  was prepared in  water and brom ocresol pu rp le  was added

to g ive  a f in a l concentration o f 0.002 per cent, when a l ig h t  blue 

colour was obtained {C la rk  and Lubs, 1917). The m ilk  medium 

was then dispensed in  5 ml a liqu o ts  in  te s t tubes and s te r iliz e d  

by steaming fo r  t h i r t y  minutes fo r  th ree  successive days. The

medium was inoculated w ith  48 h o ld  cu ltu re  o f the  Iso la tes of

the pathogen, incubated and observations recorded a t regu la r in te r ­

va ls fo r  30 days. The m ilk  change from  l ig h t  blue to  ye llow  co lour 

in  a c id ic  reaction and to v io le t in  a lka lin e  reaction . C urd ling  was 

ind ica ted  by heterogenous clumps formed due to p re c ip ita tio n  of 

casein, and peptonization was ind ica ted  by c lea ring  o f m ilk  s lo w ly .

3 .2 .2 .7  Production o f ammonia

Peptone water medium was used fo r  th is  te s t.

Composition o f the medium

Peptone -  10.0 g

D is t il le d  water -  1000 ml

pH -  7./0

The iso la tes  o f the  bacterium  were inoculated in  water 

containing peptone and incubated fo r  48 h. The accumulation of 

ammonia was detected by using N ess le r's  reagent which gave a 

brown to  ye llow  p re c ip ita te  w ith  ammonia.



3 .2 .2 .8  Gelatin liq ue fac tion

Gelatin 0 .4  pen cent was added to N utrien t Agar and s te r iliz e d  

by au toc lav ing. The iso la tes  of the bacterium  were spot inoculated 

in  the medium in  p e tr i d ishes and incubated. A fte r  48-72 h, the 

agar surface was flooded w ith  0 .2 per cent m ercuric  c h lo r id e  

so lu tion  in  d ilu te  h y d ro c h lo r ic  ac id  (20 per cent) and a llowed 

to act fo r  few minutes, to p re c ip ita te  the ge la tin  in  the  medium 

(Smith e t a l . , 1946). A c lea r zone surrounding the b a c te ria l growth 

ind ica ted  p o s it iv e  ge la tin  u t i l iz a t io n .

3 .2 .2 .9  Catalase te s t

To de tect the production  o f catalase by the bacterium , a 

loop fu l o f 24 h o ld  cu ltu re  o f d if fe re n t iso la tes was smeared on 

the glass s lid e  and covered w ith  few drops of 20 volume hydrogen 

•perox ide . Production o f gas bubbles was an ind ica tion  o f catalase 

p o s it iv e  reaction .

3 .2 .2 .10  A rg in ine  hydro lase  tes t

T h o rn le y 's  medium was used fo r  the study (T h o rn le y , 1960). 

Composition of the medium

Peptone -  1.0 g

K2HP04 -  o-3 9
NaCl -  5 .0  g

Agar agar -  3 .0  g

Phenol red -  q . 01 g



L a rg in ine  m onochloride 10.0 g

D is t il le d  water 1000 ml

pH 7.2

F ive  ml a liq u o ts , each of the  semi s o lid  medium was 

dispensed in  tes t tubes, autoclaved, cooled and stab inoculated 

w ith  tes t iso la te s . The surface o f the medium was sealed w ith  

s te r i le  l iq u id  p a ra ffin  to  a depth of 1 cm. The tubes were incubated 

and observations recorded fo r  seven days at regu la r in te rv a ls .

A change in  the colour o f the medium to red ind ica ted  arg in ine 

hydro lase  a c t iv it y .

3 .2 .2 .11  Urease test

C hris tensen 's  Urea Agar (C hristensen, 1946) was employed 

fo r  th is  te s t.

Composition of the medium

Peptone 1.0 g

NaCl ~ 5.0  g

-  2 .0  g

Glucose 1.0 g

Phenol red (0.2%) 6.0  ml

Agar agar -  20.0 g

D is t il le d  water 1000 ml



Ninety mi a liquotes o f the medium was dispensed in  250 ml 

fla sks  and autoclaved. To each fla s k  10 ml o f 20 per cent urea 

so lu tion  (s te r il iz e d  by f i l te ra t io n )  was added and dispensed in  

s te r iliz e d  te s t tubes in  5 ml quan tities  and slants were p re p a re d . 

The s lants were inoculated w ith  d if fe re n t iso la tes o f the bacterium 

and observations recorded fo r  15 days a t regular in te rv a ls . Urease 

production was ind ica ted  by the change in co lour o f the medium 

from  ye llow  to p ink  or re d .

3 .2 .2 .1 2  MR and VP tests

M ethy l red b ro th  was used fo r  both the tes ts .

Composition of the medium

Proteose peptone -  5 .0  g

Glucose -  5 .0  g

K2HPOa -  5 .0  g

D is t il le d  water -  1000 ml

PH -  7.0

F ive  ml quan tities  of the medium were dispensed in  tubes 

and s te r iliz e d  by steaming fo r  30 minutes fo r  th ree  successive 

days. Two sets of tubes were inoculated w ith  48 h o ld  cu ltu res 

o f the iso la tes  fo r  MR and VP tes t re s p e c tiv e ly . The tubes were 

incubated fo r  seven days. For MR te s t, few drops o f 0.02 per 

cent M ethy l red in  50 per cent a lcoho l was added to cu ltu re  tubes. 

A d is t in c t red co lour ind ica ted  p o s it iv e  M ethy l red reaction .
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For VP te s t, 0 .6  ml of a lpha naphtho l so lu tion  (5 per cent 

in  95 per cent a lcoho l) and 0.2 ml of 40 per cent aqueous so lu tion  

o f KOH were added to 1 ml of the cu ltu re . The m ix tu re  was shaken 

fo r  few minutes and a llow ed to stand fo r  2 h. A crimson or ruby

colour ind ica ted  p o s it ive  VP te s t.

3 .2 .2 .1 3  U tiliz a tio n  o f asparagine as sole source o f carbon and
nitrogen

The te s t was perform ed using D ye 's  medium (Dye, 1966). 

Composition of the  medium

Solution 1 : K2HPC>4 -  8 .0  g; KH2P04 -  2 .0  g

D is t il le d  water -  100 ml

Solution 2 : MgS04<7H20 -  2 .0 g; FeS04 -  0 .5  g

NaCl -  1.0 g; MnSC>4 -  0.02 g;

H2S04 “  1 d ro p ; D is t il le d  water -  100' ml 

Solution 3 : N^1o04 -  0.02 g

D is t il le d  water -  100 ml

Solution 4 : CuS04 saturated so lu tion  in  d is t i l le d  vyater

Ten ml o f each so lu tion  was m ixed in  the  o rd e r o f 3, 

4, 2 and 1y f i l te re d ,  and then added to  960 ml o f d is t i l le d  w ater. 

The medium was dispensed in  5 ml quan tities  in  tubes and 

autoclaved. The d if fe re n t iso la tes o f the bacterium  were inoculated 

in to  the tubes, incubated and examined fo r  g row th . Growth o f the 

bacterium  in  the medium ind ica ted  the u tiliz a tio n  o f asparagine.
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3 .2 .2 .1 4  Production o f levan

Peptone Beef e x tra c t medium containing 5 per cent, sucrose 

was used fo r  the te s t.

Composition o f the medium

D ilu te  suspension o f the  b a c te ria l iso la tes  were streaked over the

medium in  p e tr i d ishes and incubated fo r  4.8 h . Presence o f la rge ,

w h ite , domed and mucoid colonies on medium characterized  the

production  o f leven.

3 .2 .2 .1 5  U tiliz a tio n  o f organic acids

H ayw ard 's  sem iso lid  medium (H ayw ard, 1964) was used fo r

the  te s t.

Composition o f the  medium

Peptone -  1.0 g

Peptone 10.0 g

Beef e x tra c t -  5 .0  g

Sucrose -  50.0 g

Agar agar -  20.0 g

D is t il le d  water 1000 ml

pH -  7.0

1.0 g

KC1 “  0.2 g

MgS04 .7H20 “  0 .2  g
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Bromothymol blue -  0.03 g

Agar agar -  3 .0 g

D is t il le d  water 1000 ml

pH 7.2

Sodium sa lts  of th ree  organic acids v iz . ,  sodium c itra te , sodium 

acetate and sodium benzoate were added to the medium to obta in  

a concentration o f one per cent. The medium was autoclaved and 

dispensed in  tes t tubes. A loop fu l o f each b a c te r ia l iso la te  was

inoculated in to  the medium and observations were recorded a t 

regu la r in te rv a ls  fo r  a p e riod  o f one month.

3 .2 .2 .1 6  U tiliz a tio n  of carbon compounds

Tw elve carbon compounds v iz . ,  glucose, fruc tose , dextrose, 

ribose , galactose, maltose, sucrose, lactose, ce llu lose , m annitol, 

g ly ce ro l and d u lc ito l were tested in d iv id u a lly  fo r  the  u tiliz a t io n  

by the iso la tes  o f the bacterium . H ayw ard 's  sem iso lid  medium 

was used as the  basal medium. An a liq u o t o f 90 ml o f each of

the  basal medium was dispensed in  250 ml conical f la s k  and auto­

c laved , 10 per cent, so lu tion  o f the carbon compounds were prepared 

in  d is t i l le d  water and steam s te r i liz e d . 1 ml each o f the s te r iliz e d  

so lu tion  was added to 90 ml a liqu o ts  of the melted medium and

dispensed in  s te r il iz e d  te s t tubes to  a depth o f 4 cm. The medium

was inoculated w ith  d if fe re n t iso la te s . In one set o f tubes containing 

the carbon compounds, the  agar surface was covered w ith  s te r i le
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l iq u id  p a ra ffin  to a depth o f 1 cm. The inoculated tubes were 

incubated and observations recorded at regula r in te rv a ls  upto a 

period  o f one month. Change in  co lour o f the medium to ye llow  

ind ica ted  p o s it iv e  u til iz a t io n  o f the carbon compounds w ith  acid  

p rodu c tio n .

3 .2 .2 .17  Cross inocu lation  stud ies

For cross inocu lation  s tud ies , b a c te ria l ooze was co llected  

from  c h i l l i ,  b r in ja l,  tomato and ginger in  s te r i le  d is t i l le d  w ater. 

The b a c te ria l ooze co llec ted  from a ll  these p lan ts  were cross 

inoculated on a l l  the  p lan ts  using the method suggested by Winstead 

and Kelman (1952). The id e n tity  o f the b a c te ria l pathogen from

the ooze co llec ted  from  d iffe re n t host plants was confirmed by

streak ing  the ooze on TZC medium.

3 .3  Screening o f c h i l l i  a c c e s s io n s /v a rie tie s  against b a c te r ia l w i l t  
d isease

Twenty nine access ions /va rie ties  o f c h il l ie s  obtained from 

the Department o f O le r ic u ltu re , College o f H o rticu ltu re  were evaluated 

fo r  th e ir  re la t iv e  res is tance /to le rence  to b a c te ria l w i l t .  The e x p e r i­

ment was conducted during  August-October 1990 in a w i l t  s ic k  

f ie ld .  The experim ent was la id  out in  Randomized Block Design 

w ith  3 re p lic a tio n s . The fo llo w ing  access ion s /va rie tie s  were used

fo r  the experim ent.



SI. Accession Accession/variety
No. No.

Place o f co llec tion

1 CA 375 NBPGR 469 NBPGR, V e lla n ikka ra

2 CA 217 Local College of H o rticu ltu re , 
V e llan ikka ra

3 CA 452 J w alasakhi College of A g ricu ltu re , 
Vella.yani

4 CA 515 Phule 7 Mahatma Phule K r is h i V 
V idya laya

5 CA 222 Green Chuna Mannuthy, T h ris s u r

6 CA 417 NBPGR— 319 NBPGR, V e llan ikka ra

7 CA 205 Local Puthur, T h ris s u r

8 CA 379 NBPGR-186 NBPGR, V e llan ikka ra

9 CA 53 Pant C-1 GBPUAT, Pant Nagar

10 CA 337 Punjab la l P .A .U ., Ludhiana

11 CA 418 NBPGR-322 NBPGR, V e lla n ikka ra

12 CA 451 Jwalam ukhi College of A g ricu ltu re , 
V e llayan i

13 CA 192 Jawahar-218 College of H o rticu ltu re , 
V e llan ikka ra

14 CA 3 White Khandari Mannuthy, T h ris su r
15 CA 389 NBPGR-215 NBPGR, V e lla n ikka ra

16 CA 449 NBPGR-157-C--3-15 NBPGR, V e llan ikka ra
17 CA 209 Local Puthur, T h ris su r
18 CA 356 NBPGR-130-A len ia r NBPGR, V e llan ikka ra

19 CA 213 Local Puthur, T h ris su r

20 CA 207 Local Puthur, T h ris su r

21 CA 33 M anjari/KAU C luster College of H o rticu ltu re ,
V e lla n ikka ra

22 CA 225 Local E dappa lly , Cochin
23 CA 409 NBPGR-289 NBPGR, V e lla n ikka ra
24 CA 372 NBPGR-419 NBPGR, V e lla n ikka ra



SI. Accession Accession/variety Place of collection
No. No.

25 CA 367 NBPGR-36-A-Conical NBPGR, V e llan ikka ra
25 CA 388 Local College o f H o rticu ltu re , 

V e llan ikka ra
27- CA 408 NBPGR-288 NBPGR, V e lla n ikka ra
28 CA 345 Local College o f H o rticu ltu re , 

V e llan ikka ra
29 CA 160 Local E da ppa lly , Cochin

T h ir ty  days o ld  c h i l l i  seedlings were transp lan ted  in  the main 

f ie ld .  Before transp lan ting  the f ie ld  was prepared by incorpora ting  

cowdung a t the ra te  o f 20-25 t /h a . The seedlings were planted

on ridges w ith  a spacing o f 45 x 45 cm. The fe r t i l iz e r s  were 

given as per the Package o f P ractice  recommendation (Kerala 

A g ric u ltu ra l U n iv e rs ity , 1989).

W ilt incidence was recorded a t weekly in te rv a ls  s ta rtin g  

from  two weeks a fte r transp lan ting  fo r  a pe riod  o f eleven weeks

and the f in a l w i l t  percentage o f each acce ss ion /va rie ty  was

ca lcu la ted . The w ilte d  p lants were subjected to ooze test to

confirm  the association o f the pathogen w ith  the w i l t .  The s e v e rity  

o f w i l t  incidence were scored according to  Mew and Ho (1976).

R -  Resistant -  below 20 per cent p lants w ilte d

MR -  M oderately res is ta n t -  more than 20 -  below 40 per cent p lants 
w ilte d

MS -  M oderate ly susceptib le  -  more than 40 -  below 60 per cent p lants 
w ilte d

S -  Susceptib le  -  more than 60 per cent p lants w ilte d
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M ete rio log ica l data v iz . ,  maximum and minimum atm ospheric tem per­

a tu re , s o il temperatures at 7 AM and 2 PM, a tm ospheric h u m id ity , 

r a in fa l l ,  number of ra in y  days, and s o il m oisture were recorded 

during the  experim enta l p e rio d . A co rre la tio n  co e ffic ie n t was 

worked out between the m ete rio log ica l data and the w i l t  incidence 

fo r  each a c c e s s io n /v a r ie ty .

3 .4  P re lim in a ry  eva lu atio n  o f c h i l l i  accessions o f NBPGR -  Regional 

S ta tio n , V e lla n ik k a ra  fo r  host res is tan ce  against b a c te r ia l w i l t  

disease

A to ta l o f 721 c h i l l i  accessions maintained a t the National 

Bureau o f P lant Genetic Resource, Regional S tation, V e llan ikka ra  

were evaluated fo r  th e ir  res is tance /to le rence  reaction to b a c te ria l 

w i l t  incidence. The eva luation  was conducted during  September- 

January 1990-91. O bservations on the w i l t  incidence were recorded 

a t-w e e k ly  in te rv a ls  a fte r  45 days o f tran sp lan tin g .

3 .5  Management o f th e  d isease

3.5 .1  v i t r o  eva luation  o f p lan t p ro tec tion  chem icals against
£ . solanacearum

I I I  v i t r o  e ffica cy  o f common a n tib io tic s  and fung ic ides in 

in h ib it in g  the growth o f the bacterium  was tested by the standard 

f i l t e r  paper d isc  method. The d e ta ils  of the a n tib io tic s  and fung i­

c ides used and th e ir  concentration are given below.



Chemicals A c tive  ing red ien t Concentrations

S trep to cy line Streptom ycin sulphate 90% 250, 
and T e tracyc lin e  h y d ro c h lo rid e  1000 
10%

500,
ppm

750,

Terram ycin Oxy te tra cyc lin e  
h y d ro c h lo rid e

250,
1000

500,
ppm

750,

T e tracyc line T e tra cyc lin e  h yd ro ch lo rid e 250,
1000

500,
ppm

750,

C hlorom ycetin Chloram phenicol 250,
1000

500,
ppm

750,

A m bistryn-S Steptomycin su lphate 250,
1000

500,
ppm

750,

D ithane-M-45 C o-ord ina tion  p roduct of 
Zinc ion + Maneb

1000,
4000

2000
ppm

, 3000,

T h ir id e Te tram ethy l Thiuram 
d isu lp h id e

1000,
4000

2000
ppm

, 3000,

F o lta f 80 WP C is -N - [(1 ,1 ,2 ,2 - te tra c h lo ro -  
e th y l)  th io ] -4  cyclohexene 
1,2, _d ica rbox im ide

1000,
4000

2000
ppm

, 3000,

Blue copper
-  50WP

Copper o x y c h lo r id e 1000,
4000

2000
ppm

, 3000,

Bordeaux
m ix tu re

Copper sulphate. + lim e 0 .5 , ' 1, 1. 5 and 2%

The iso la te  C-1 was used fo r  the s tu d y . The d iffe re n c t concentrat

ions o f th e  chem icals were prepared in  s te r i le  d is t i l le d  w ate r.

S te r ile  f i l t e r  paper d iscs o f 10 mm diam eter were d ipped  in the

so lution and placed over Peptone Beef e x tra c t Agar medium seeded

w ith  48 h o ld  cu ltu res o f the bacterium . S te r ile  f i l t e r  paper d iscs  

d ipped in  s te r i le  water served as co n tro l. The p la tes were incubated 

at room tem peratures and observations were recorded a fte r  48 h.



3 .5 .2  F ie ld  experim ent on the management of b a c te ria l w i l t  of

A f ie ld  experim ent was conducted during March-June 1991, 

in  a w i l t  s ic k  f ie ld  o f College o f H o rticu ltu re , V e llan ikka ra  to 

fin d  out a management p rac tice  to  reduce the s e v e r ity  of the 

disease. The experim ent was la id  out in  S p lit  P lo t Design w ith  

5 major and 5 minor treatm ents. The d e ta ils  o f the  experim ent 

are given below .

c h il l ie s

Design -  S p lit  P lo t

V a rie ty Pant C-1

Main p lo t 5

Sub p lo t 5

R eplications 3

Spacing 45 x 45 cm

Main p lo t treatm ents -  5

1) D ried and powdered cowdung

a) 50 g /p la n t one month a fte r  transp lan ting

b) 50g/p lant a t the tim e of flo w e ring

2) Lime

a) 25 g /p la n t one month a fte r  transp lan ting

b) 25 g /p la n t a t the  tim e of flow e ring

3) Neem cake

a) 25 g /p la n t one month a fte r transp lan ting

b) 25 g /p la n t a t the tim e o f flow e ring

4) Burning of s o il- ju s t  before transp lan ting
5) Control
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Sub p lo t treatments -  5

1) A n tib io t ic  
(S tre p to cyc lin e  -  1000 ppm)

a) Drenching one. month a fte r  transp lan ting

2) A n tib io t ic  
(S tre p to cyc lin e  -  1000 ppm)

a) Drenching one month a fte r  tra nsp la n ting
b) Drenching a t the tim e o f flo w e rin g

3) Fungicide
(Bordeaux m ix tu re  -  1%)

a) Drenching one month a fte r  transp lan ting

4) Fungicide
(Bordeaux m ix tu re  -  1%)

a) Drenching, one month a fte r  tran sp lan tin g

b) Drenching at the tim e o f flo w e rin g

5) C ontro l

These treatm ents were given ove r and above the Packac

o f P rac tice  Recommendations (Kera la  A g r ic u ltu ra l U n iv e rs ity , 1989)

W ilt inc idence was recorded at w eekly in te rv a ls  fo r  le

3 .6  S ta t is t ic a l a n a ly s is

D a *  re la tin g  to d if fe re n t  exp erim en ts  w ere analysed  s to tis  

W ln9 «he method of Snedecor and Cochran (1967) F tes

-  c a r r ie d  out hy a n a ly s is  of varian ce  method and s ig n ifican

re su lts  w ere com pared by w orking  out the c r i t ic a l  d iffe re n c e s .



] ^ e 5 u l t 4
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RESULTS

4 .1  T h e  pathogen

The b a c te ria l w i l t  pathogen was iso la ted  from  newly w ilte d  

c h i l l i  p lan ts  on T r ip h e n y l Tetrazolium  C h lo ride  Agar medium (TZC). 

F ive  d if fe re n t iso la tes of the bacterium  from  c h il l ie s  were brought 

in to  pure c u ltu re . S im ila r ly ,  two iso la tes  o f the pathogen each 

from  b r in ja l and tomato, and one is o la ie  from  ginger were also 

iso la te d . Koch 's postu lates were proved w ith  a l l  the  iso la tes .

4 .2  C h a ra c te riza tio n  o f th e  pathogen

4.2 .1  C u ltu ra l characters

4 .2 .1 .1  Morphology

A l l  the  b a c te ria l iso la tes from  the d if fe re n t host p lants 

were gram negative s h o rt ro ds . On TZC medium a l l  the  isola tes

produced c irc u la r ,  smooth, g rey ish  w h ite , f lu id a l and s lim y  colonies 

w ith  l ig h t  p ink  centre a fte r  24-48 h of incubation (P la te  2) ■

4 .2 .1 .2 . Growth of the  d if fe re n t iso la tes of the bacterium  on TZC medium

A ll  the iso la tes o f the bacterium  gave r is e  to c irc u la r ,  

smooth, convex, g rey ish  w h ite , f lu id a l and s lim y  colonies w ith  

a l ig h t  p in k  centre w ith in  a period  o f 24 h on TZC medium. Among 

the d if fe re n t iso la tes , the  maximum colony d iam eter (7 .2  mm) a t

the end o f 96 h was observed fo r  the iso la te  C-1. A lmost a s im ila r  

growth was noticed w ith  the iso la te  T -2 . The iso la tes C-2, B-1



Plate 2. T y p ic a l colonies o f P  ̂ solanacearum on TZC medium



and T-1 e x h ib ite d  a growth o f 4 mm a fte r 96 h, w h ile  a l l  the 

o the r iso la tes  recorded a growth ranging from 3 to 3 .2 mm. 

Maximum s lim e production  and f lu id i t y  were noticed in  the case 

o f iso la te  C-1. The s lim e production and f lu id i t y  were good fo r  

iso la tes C-2, B -1 , T-1 and T-2 and moderate fo r  the o ther iso la tes 

(Table 1 ).

4 .2 .1 .3  Growth o f the bacterium (Iso la te  C-1) on d if fe re n t s o lid  media

The growth o f c h i l l i  iso la te  C-1 on s ix  d if fe re n t s o lid  

media was compared and the re su lts  are presented in  Table 2. 

Among the  s ix  d if fe re n t s o lid  media t r ie d ,  the  maximum growth 

(8 mm) was noticed in  Peptone Beef e x tra c t Agar a fte r 96 h . T h is

medium also gave exce llen t f lu id i t y  and .slim e p roduction . Peptone 

Casamino ac id  Agar and Potato Dextrose Agar supported a growth 

o f 7 .5  mm a fte r  96 h, and s lim e production and f lu id i t y  in these

media were good. Eventhough, the re  was s lig h t reduction o f growth- 

a t the end o f 96 h in  T r ip h e n y l Tetrazolium  C h lo ride  Agr^ medium

compared to  Peptone Beef e x tra c t Agar, Peptone Casamino acid  Agar

and Potato Dextrose Agar, th is  media supported exce llen t s lim e 

production and f lu id i t y  o f the bacterium . Growth, s lim e production 

and f lu id i t y  o f the bacterium  in  N utrien t Agar and Yeast Glucose 

Chalk Agar were moderate.

4 .2 .1 .4  Growth o f the  iso la tes  o f the bacterium  a t d if fe re n t pH le ve ls

Growth o f the  ten iso la tes  o f the  pathogen in  N utrien t b ro th
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Table 1. Growth characters of d ifferent isolates of- the. bacterium on TZC medium

Isolate Nature and colour 
colony

of Growth, riim e  
F lu id ity

, Average diameter of 
mm

10 Isolated 
after

colonies in

24 h 4fl h 72 h 96 h

C-1 C ircu lar, smooth, convex, 
grayish white w ith  lig h t  
pink centre

Gr
SI
F l

++++
++t+
++++

2.0 3 .0 5.5 7 .2

C-2 11 Gr
SI
F l

+++
+++
+++

1.5 2.5 3.5 4.0

C-3 ■ i Gr
SI
Fl

+++
++
++

1.0 2 .0 2.2 3.2

C -4 . 11 Gr
Si
Fl

++
++
++

1.5 2 .0 2 ,5 3.0

C-5 i ■ Gr
Si
Fl

++
++
++

1.5 2 .5 3 .0 3.0

Q -l 11 Gr
SI
Fl

+++
+++
+++

1.0 2 .2 3.5 4 .0

B-2 > i Gr
SI
Fl

+++
++
++

1.5 2.5 3.2 3 .2

T-1 * ■ Gr
SI
Fl

+++
+++
+++

2.0 3 .0 3.G 4.0

T-2 ■ t Gr
SI
Fl

++++
+++
+++

2.5 3 .5 4.4 7 .0

G-1 11 Gr
SI
F l

++
++
++

1.5 2 .5 3 .0 3.0

++++ Excellent Gr - Growth
+++ Good 
++ Moderate

SI -  Slime 
F I -  F lu id ity



Table 2. Growth characters of the bacterial isolate C-1 on different solid media

Media Nature and co lour o f colony Growth
Slime
F lu id ity

Average diam eter of 10 iso la te d  
colonies in  mm a fte r

24 h 48 h 72 h 96 h

Peptone Casamino acid  
Agar

C irc u la r , smooth, g re y ish  
w h ite , convex w ith  e n tire  
margin

Gr ++++ 
SI +++ 
FI +++

2.8 5.7 7.3 7 .5

T r ip h e n y l Tetrazolium  
C h lo rid e  Agar

C irc u la r, smooth, g re y ish  
w h ite  w ith  l ig h t  p ink  cen tre , 
convex, w ith  e n tire  margin

Gr ++++ 
SI ++++ 
FI ++++

2 .0 3.0 5.5 7 .2

Potato Dextrose Agar C irc u la r, smooth, creamy 
w h ite , convex w ith  e n tire  
margin

Gr ++++ 
SI +++ 
FI +++

2.5 4.4 7.0 7 .5

N u trien t Agar C irc u la r, smooth, g re y ish  
w h ite , convex w ith  e n tire  
margin

Gr ++ 
SI ++ 
FI ++

2.5 2.8 3.8 4 .8

Peptone Beef e x tra c t 
Agar

C irc u la r, smooth, creamy 
w h ite , convex w ith  e n tire  
margin

Gr ++++ 
SI ++++ 
FI ++++

3.5 5.5 7.5 8 .0

Yeast Glucose Chalk 
Agar

C irc u la r, smooth, creamy 
w h ite , convex w ith  e n tire  
margin

Gr ++ 
SI ++ 
FI ++

2.5 3.5 3 .8 5 .5

++++ E xce llen t Gr -  Growth
+++ Good SI -  S lim e
++ Moderate FI -  F lu id i ty
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adjusted to d iffe re n t pH le ve ls  was recorded by measuring the 

o p tic a l dens ity  of the  b ro th  in  comparison w ith  uninoculated con tro l 

a fte r  48 h .. The re su lts  o f the study are presented in  Table 3.

Among the d if fe re n t pH le ve ls  tes ted , the maximum growth 

o f the iso la tes  was observed between pH 6.5 and 7 .5 . Though,

a l l  the iso la tes  o f the pathogen except iso la te  C-2 recorded

maximum grow th a t pH 7, the best pH fo r  the  iso la te  C-2 was

found to  be 6 .5 . A t a l l  o the r pH le v e ls  v iz . ,  5 .5 , 6, 8, 8 .5 and 

9 the grow th was meagre. A l l  the iso la tes fa ile d  to grow at pH 

5 and 9 .5 .

4 .2 .1 .5 - Growth o f the d if fe re n t iso la tes o f the bacterium  at d i f fe r ­
ent temperatures

Growth o f the ten iso la tes o f the bacterium  at various

tem peratures was stud ied  and resu lts  are presented in  Table 4. The 

maximum growth o f the iso la tes  C-1, B-1 and T-1 was recorded

a t 30°C, w h ile  tha t fo r  o the r iso la tes was 35°C. None o f the

iso la tes grew a t tem perature o f 55°C. A t 25 and 40°C also m oderately 

good growth was recorded fo r  a l l  the iso la tes . Above 45 and below

15°C growth o f the b a c te r ia l iso la tes  was n e g lig ib le .

4 .2 .1 .6  Potato so ft ro t te s t

The potato so ft ro t te s t fo r  a l l  the iso la tes was conducted

as described in  M a te ria ls  and Methods. Inoculation o f the  d iffe re n t



Table 3. Growth of the isolates of the bacterium at different pH levels

O.D. values o f the iso la te s
C-1 C-2 C-3 C-4 C-5 B-1 B-2 T-1 T-2 G-1

5.0 0 0 0 0 0 0 0 0 0 0
5.5 0.11 0.12 0.14 0.20 0.25 0.17 0.24 0.16 0.17 0.09
6.0 0.38 0.23 0.27 0.35 0.25 0.25 0.38 0.45 0.45 0.13
6.5 0.77 0.71 0.55 0.54 0.56 0.34 0.65 0.71 0.80 0.48-
7.0 0.81 0.66 0.71 0.68 0.67 0.56 0.80 0.78 0.87 0.74

7.5 0.74 0.45 0.60 0.56 0.57 0.43 0.61 0.60 0.78 0.39
8.0 0.34 0.23 0.32 0.33 0.31 0.18 0.32 0.25 0.30 0.11

8.5 0.12 oo

0 .14 0.11 0.05 0.10 0. 18 0.05 0.23 0.10
9.0 0.09 0.02 0.07 0.03 0.01 0.03 0.04 0.01 0.09 0.04
9 .5 0 0 0 0 0 0 0 0 0 0



Table 4. Growth of the isolates of the bacterium at different temperatures

Tem perature f°C) O.D. value o f the iso la te
C-1 C-2 C-3 C-4 C-5 B-1 B-2 T-1 T-2 G-1

10 0.05 0.02 0.16 0.05 0.01 0.16 0.13 0.05 0.19 0.05

15 0.24 0. 16 0.23 0.16 0.16 0.27 0.22 0.15 0.21 0.18

20 0.51 0.29 0.41 0.22 0.28 0.37 0.29 0.30 0.38 0.21

25 0.57 0.47 0.46 0.40 0.30 0.50 0.36 0.58 0.41 0.31

30 0.77 0.59 0.64 0.69 0.53 0.77 0.60 0.68 0.52 0.51

35 0.76 0.64 0.73 0.76 0.70 0.70 0.63 0.62 0.64 0.58

40 0.36 0.51 0.60 0.53 0.58 0.24 0.41 0.49 0.53 0.41

45 0.22 0.23 0.19 0.23 0.30 0.14 0.18 0.13 0.22 0. 19

50 0.03 0.05 0.02 0.01 0.02 0.02 0.04 0.02 0.01 0.03
55 0 0 0 0 0 0 0 0 0 0



iso la tes o f the  pathogen caused b lackening and ro ttin g  o f the potato 

s lice s  w ith in  48 h.

4 .2 .1 .7  Pigment production

A l l  the iso la tes fa ile d  to. produce water inso lub le  and water 

so lub le  pigment in  Yeast Glucose Chalk Agar and K ing 's  medium 

re s p e c t iv e ly .

4 .2 .1 .8  Oxygen requirem ents

A ll the iso la tes grew and changed the co lour of N utrien t 

Dextrose Agar medium from  pu rp le  to ye llow  a t a slow and fast 

.rate in  tubes w ith  and w ithou t p a ra ffin  re sp e c tive ly  ind ica ting  

th a t the iso la tes  could grow both a e ro b ica lly  and anae rob ica lly .

4 .2 .2  P hys io log ica l characters

4 .2 .2 .1  Starch h y d ro ly s is

None o f the iso la tes  had the a b i l i t y  to h yd ro lyse  starch

as ind ica ted  by the absence o f a co lourless zone around the bacte r­

ia l  growth in  contrast to the blue background o f the medium.

4 .2 .2 .2  Tyrosinase a c t iv ity

A ll  the iso la tes developed only a s l ig h t brown co louration 

in  the medium which ind ica ted  th a t they possessed on ly a low

tyros inase  a c t iv it y .



4 .2 .2 .3  P roduction o f indo le

The o x a lic  ac id  c ry s ta ls  on the tes t s tr ip s  d id  not tu rn

p ink o r re d . T h is  showed th a t none o f the iso la tes  produced indo le .

4 .2 .2 .4  P roduction o f hydrogen su lph ide

L ib e ra tio n  o f hydrogen su lph ide  by a l l  the iso la tes o f the 

bacterium  was observed. However, the  iso la tes C-4 and B-2 

lib e ra te d  less hydrogen su lph ide  as evidenced by m ild  blackening

o f the lead acetate s tr ip s .

4 .2 .2 .5  N itra te  reduction  tes t

D iffe re n t iso la tes produced a red co louration in  the n itra te

bro th  upon a d d itio n  o f Griess I lo s v a y 's  reagent showing th a t they 

were capable o f reducing n itra te  to n it r i t e .

4 .2 .2 .6  Action on m ilk

A ll the iso la tes  turned colour o f the m ilk  from  l ig h t  blue 

to ye llow  in d ica tin g  an a c id ic  reaction . They also cu rd led  the 

m i lk .

4 .2 .2 .7  Production o f ammonia

The b a c te ria l iso la tes  produced a p re c ip ita te  upon the a d d it­

ion o f N ess le r1 s reagent to  Peptone water medium. Th is  ind ica ted

th a t they were capable o f producing ammonia.
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4 .2 .2 .8  G elatin  liq u e fa c tio n

The b a c te ria l iso la tes  showed no in d ica tion  o f u t i l iz in g  ge la tin  

as no c lea r zone was seen surrounding the  b a c te ria l g row th .

4 .2 .2 .9  Catalase test

Catalase p o s it ive  reaction  was shown by the d if fe re n t iso la te s  

o f the bacterium  w ith  s l ig h t va ria tio n  in  th e ir  in te n s ity .

4 .2 .2 .10  A rg in ine  hyd ro lase  tes t

Mone o f the iso la tes  turned T h o rn le y 's  sem iso lid  A rg in ine

medium to  red ind ica ting  th e ir  in a b il i ty  to h yd ro lyse  a rg in ine .

4 .2 .2 .11  Urease tes t

The iso la tes showed p o s it ive  urease a c t iv ity  as ind ica ted

by the co lour change o f C hris tensen 's  Urea Agar from  ye llow  to red .

4 .2 .2 .1 2  MR and VP tests

P o s itive  reaction fo r  MR test was noticed w ith  a l l  the iso la tes  

as evidenced by the presence o f d is t in c t red co lour in  cu ltu re  

tube when few drops o f 0.02 per cent M ethy l red in  f i f t y  per cent 

a lcoho l was added.

The iso la tes  fa ile d  to produce crimson co lour upon ad d itio n

o f 0 .6  ml of a lph a -naph tho l so lu tion  (5 per cent in  95 per cent



a lcoho l) and 0.2 ml o f 40 per cent aqueous so lu tion o f KOH, which 

ind ica ted  th a t they were VP negative.

4 .2 .2 .13  U tiliz a tio n  of. asparagine as sole source o f carbon and nitrogen

The medium contain ing 0.2 per cent asparagine supported 

growth o f a l l  the  iso la tes  which ind ica ted  th a t they could u t i l iz e  

asparagine as sole source o f carbon and n itrogen.

4 .2 .2 .1 4  Production o f levan

Large, w h ite , domed and mucoid colonies were produced 

by a l l  the iso la tes on Peptone Beef e x tra c t medium containing 5 

per cent sucrose.

4 .2 .2 .15  U tiliz a tio n  o f organic acids

Of the th ree  sodium sa lts  o f organic acids tested a ll  the 

iso la tes  u t i liz e d  sodium acetate and sodium benzonate, w h ile  they 

fa ile d  to u t i l is e  sodium c itra te  as a source o f carbon.

4 .2 .2 .16  U tiliz a tio n  o f carbon compounds

Of the tw e lve  carbon compounds tested, a l l  iso la tes of the 

bacterium  produced ac id  in  glucose, r ibo se , fruc tose , sucrose, 

lactose, dextrose , m annito l, g ly c e ro l, maltose, galactose and 

d u lc ito l as ind ica ted  by change of co lour of the medium. Cellu lose 

was not u t i liz e d  by any o f the iso la tes .



Table 5. Comparison of the cultural and physiological characters of the different bacterial isolates

SI.
No.

Characters
studied

Isolates

C-1 0 1 to C-3 C-4 C-5 B-1

03 
CQ 

1 T-1 H 1 CO G-1

1 Gram reaction - - - - - - - - - -
2 Potato soft ro t tes t + + + + + + 4- + 4- 4-

3 Pigment production
a) Water so lub le - - - - - - - - - -

b) Water inso lub le - - - - - - - - - -

4 Oxygen requirem ent

a) aerobic + + + + + + 4- + 4- 4-

b) anerobic 4-
;!c

+
u- 

+  - +  * +  * 4 - * 4 -n 4 - *

5 Starch h y d ro ly s is - - - - - - - - - -

6 Tyrosinase a c t iv ity + + + + + + 4- 4- 4- 4-

7 Production o f indo le - - - - - - - - - -

8 Production o f H2S + + + + * + + + * 4- + +
9 Reduction of n it ra te  . + + + + + + 4- 4- + +

10 Action on m ilk A A A A A A A A A A

11 Production of ammonia + + + + + + + 4- + +

12 Gelatin liq ue fac tion - - - - - - - - - -

13 Celatase test + + + + + + '4- + +

14 Arginine hydro lase  a c t iv ity - - - - - - - - - -

15 Urease test + + + + + + 4- 4- + +

16 MR test + + + + 4- 4- + +

17 VP test - - - - - - - - - -

C ontd. c ji
ah



Table 5. Continued
SI. 
No.

Characters
stud ied

Iso la tes

C-1 C-2 C-3 C-4 C-5 B-1 B-2 T-1 T-2 G-1
18 U tiliz a tio n  o f asparagine as + + + + + + + + + +

19

so le  source o f carbon and 
n itrogen

Production o f Levan + + + + + + + + +
20 U tiliz a tio n  o f o rgan ic  acids 

a) Sodium acetate + + + + + + + +
b) Sodium c itra te - - - - - — - _ _ _
c) Sodium benzoate + + + + + + + + + +

21 U tiliz a tio n  o f carbon compounds 
a) Glucose + + + + + + + + + +
b) Ribose + + + + + + + + +
c) Frutose + + + + + + + + + +
d) Sucrose + + + + + + + + + +
e) Lactose + + + + + + + + + +
f )  Dextrose + + + + + + + + + +
g) Mannitol + + + + + + + + + +
h) G lycero l + + + + + + + + +
i)  Maltose + + + + + + + + + +
j )  Galactose + + + + + + + + + +
k) D u lc ito l + + + + + + + + +
1) Cellu lose - - - - - - - - - -

-  = Negative re a tion
A = A c id ic  rea c tion
+* = Slow p o s it iv e  reaction
+ = P o s itive  re a c tion

CT3
a
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A .2.2.17 Cross inoculation stud ies

Cross inocu lation s tud ies were ca rr ie d  out as described

in  the M a te ria ls  and Methods and the re su lts  are presented in the 

Table 6. The iso la tes o f the bacterium  from  c h i l l i ,  tomato, b r in j& l 

and ginger produced h igh w i l t  incidence on th e ir  respec tive  hosts 

a fte r f iv e  days. The c h i l l i  iso la te  caused w ilt in g  of b r in ja l,  tomato 

and ginger p lan ts  a fte r 5-6 days. The b r in ja l iso la te  caused high 

w i l t  incidence on c h i l l i  a fte r  f iv e  days o f inocu lation  and a low

w il t  incidence on tomato. However, i t  d id  not produce any

symptoms on g inger. A fte r  f iv e  days of inocu lation tomato iso la te  

produced h igh w i l t  incidence on c h i l l i  but a low incidence in  

b r in ja l.  The tomato iso la te  also d id  not show any symptoms on

ginger. The ginger iso la te  caused high incidence o f w i l t  in  c h i l l i

a fte r ten days o f inocu la tion , w h ile  i t  d id  not produce any symptoms 

on b r in ja l and tomato.

4 .3  Screening o f c h i l l i  a cc e s s io n s /v a rie tie s  against b a c te r ia l w i l t

disease

Twenty nine access ions /va rie ties  o f c h i l l i  obtained from

the Department o f O le r ic u ltu re , College o f H o rticu ltu re  were evaluated

fo r  th e ir  res is tance /to le rance  to b a c te ria l w i l t .  The re su lts  o f the

study showed th a t none o f the access ions /va rie ties  were immune

to the disease (Table 7, F ig . 1 ). But the v a r ie ty  M anjari (KAU

C luster/C A  33) was found to be re s is ta n t as i t  showed less than

20 per cent o f w i l t  incidence. T h is  was fo llow ed by accessions



Table 6. Cross inocu lation  w ith  the b a c te ria l iso la tes  from 
d iffe re n t hosts

Iso la te R ela tive  v iru le nce on d iffe re n t hosts

C h i l l i B r in ja l Tomato Ginger

C h i l l i H H H H

B r in ja l H H L 0

Tomato H L H 0

Ginger H 0 0 H

H = High (65-100% w i l t  incidence)
M = Medium (40-65% w i l t  incidence) 
L = Low (Below 40% w i l t  incidence) 
0 = N il

[W instead and Kelman, 1952]
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CA 205 and CA 207 w hich recorded less than 40 per cent w i l t

incidence.

S ta tis t ic a l ana lys is  o f the  data on percentage o f w i l t  inc idence 

revealed s ig n ific a n t d iffe rence  among the d if fe re n t c h i l l i  accessions 

v a r ie t ie s . The v a r ie ty  M an jari recorded only 18 per cent w i l t  

incidence. However, i t  was s ta t is t ic a l ly  on par w ith  accessions 

CA 205, CA 207, CA 213 and CA 367. The accessions CA 205 and

CA 207 had on ly less than 40 per cent w i l t  incidence, but i t  was

on par w ith  CA 213, CA 367, CA 375, CA 389, CA 418, CA 337,

CA 356, CA 345 and CA 209, w ith  a w i l t  incidence o f less than

60 per cent. A l l  o the r access ions /va rie ties  had a w i l t  incidence

o f more than 60 per cent. The accessions CA 451, CA 449, CA 388,

CA 53 and CA 160 recorded a w i l t  incidence o f above 90 per cent.

According to the  scale o f Mew and Ho (1976) the c h i l l i  accessions/

va r ie tie s  screened in the present study could be grouped as below.

Resistant

M oderate ly re s is ta n t 

M oderately susceptib le

Susceptib le

CA 33 (M an ja ri)

CA 205, CA 207

CA 213, CA 367, CA 375, CA 389,
CA 418, CA 337, CA 356, CA 345 and

CA 209

CA 379, CA 515, CA 192, CA 225,

CA 408, CA 3, CA 409, CA 417, CA 222, 

CA 452, CA 372, CA 217, CA 451,

CA 449, CA 388, CA 53 and CA 160



Table 7. Screening o f c h i l l i  access ions /va rie tie s  against b a c te r ia l w il t  disease

SI. Accessions/ W ilt Reaction SI. Accessions/ W ilt Reaction
No. va rie tie s inc idence 

(X )
No. v a rie tie s incidence

(%)

1 CA 375 49.63 MS 16 CA 449 95.23 S

2 CA 217 87.93 S 17 CA 209 58.06 MS

3 CA 452 83.33 S 18 CA 356 53.33 MS

4 CA 515 63.87 S 19 CA 213 41.43 MS

5 CA 222 77.20 S 20 CA 207 39.27 MR

6 CA 417 76.66 S 21 CA 33 (M a n ja r i/ 18.00 R

7 CA 205 33.07 MR KAU C luste r)

8 CA 379 60.63 S 22 CA 225 65.53 S

9 CA 53 (Pant C-1) 96.67 S 23 CA 409 75.30 S

10 CA 337 51 .67 MS 24 CA 372 84.10 S

11 CA 418 50.73 MS 25 CA 367 43.47 MS

12 CA 451 91 .67 S 26 CA 388 96.27 S

13 CA 192 65.26 S 27 CA 408 66.67 S

14 CA 3 (W hite Khandhari) 70.33 S 28 CA 345 53.70 MS

15 CA 389 50.03 MS 29 CA 160 96.67 S

CD (0.05) = 26.85. R = R esistant -  <  20% w i l t

MR = M odera te ly  res is tan t - ^ 2 0 ^  40% w i l t  

MS = M odera te ly  susceptib le  -  ^  40 ^  60% w il t  

S = S uscep tib le  -  ^  60% w i l t
[Mew and Ho, 1976]
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F ig . 1. Screening o f c h i l l i  access ions /va rie ties  against b a c te ria l w i l t

CA
 

l£-



In o rd e r to co rre la te  the incidence o f the disease of d if fe re n t 

access ions /va rie ties  o f c h il l ie s  w ith  m eteorological fa c to rs , observa t­

ions on the  maximum and minimum atm ospheric tem perature , maximum 

and minimum s o il tem perature , a tm ospheric  h u m id ity , ra in fa l l ,  

number o f ra in y  days and s o il m oisture were recorded and its  

w eekly averages are given in  F ig . 2, Appendix 1.

C orre la tion  co e ffic ie n t was worked out between various 

environm ental fac to rs  and w il t  percentage o f d if fe re n t accessions/ 

v a r ie tie s  o f c h i l l ie s .  I t  was noticed th a t the re  was no s ig n ifica n t 

co rre la tio n  between w i l t  incidence and the various environmental 

fac to rs  fo r  a l l  the access ions /va rie ties  except accession CA 408 

(Appendix I I ) .  A p o s it iv e  co rre la tio n  between w i l t  incidence and 

s o il m oisture was obta ined w ith  the accession CA 408, w h ile  a 

negative co rre la tio n  was noticed between w i l t  incidence and minimum 

atm ospheric tem perature and minimum s o il tem perature (7 AM).

4 .4  P re lim in a ry  eva lu a tio n  o f C h i l l i  accessions o f NBPGR Regional 

S ta tio n , V e lla n ik k a ra  fo r  host res is tan ce  against b a c te r ia l  

w il t  d isease

The res is tance /to le rence  reaction  o f c h i l l i  accessions 

maintained by NBPGR reg ional s ta tion  was recorded . The re su lts  

c le a r ly  ind ica ted  a h igh extent o f va r ia tio n  among the c h i l l i  access­

ions to b a c te r ia l w i l t  in fec tion  under na tu ra l cond ition  (Appendix . I I I ) .



Fig . 2. Weather conditions during the crop growth 
period

Weeks

N
um

ber 
of 

rainy 
days 

(N
o

.)



Out o f a to ta l of 721 accessions 54 accessions d id  not show any 

incidence o f w i l t .  67 accessions showed below 20 per cent w i l t  

and 109 accessions recorded a w i l t  percentage between 21 and 40 

per cent. Between 41 to  60 per cent w i l t  incidence was recorded 

by 127 accessions and above 60 per cent w i l t  incidence was shown 

by 364 accessions.

4 .5  Management o f the  disease

■4.5.1- In v i t r o  eva luation o f p lan t p ro tection  chem icals against 
P. solanacearum

Th is  study was aimed to ussous the e ffica cy  o f an tiob io tics

and fung ic ides in  in h ib it in g  the growth o f the b a c te ria l w i l t  pathogen, 

,P. solanacearum.

A- A n tib io tic s

The e ffec t o f C hlorom ycetin , S trep tocyc line , Terram ycin ,

T e tra cyc lin e  and A m bistryn -S  a t 250, 500, 750 and 1000 ppm In 

In h ib it in g  the grow th o f P. solanacearum was s tud ied  by standard 

f i l t e r  paper d is c  method. The re su its  are presented in  the Table 8 

and F ig .3 . F-om the data, i t  is  ev iden t th a t a l l  the f iv e  a n tib io tic s  

had va ry in g  in h ib ito ry  e ffec ts  on the growth o f the  bacterium.Among 

the  d if fe re n t a n tib io tic s  maximum in h ib it io n  o f the bacterium  was 

noticed w ith  C hlorom ycetin . However, th is  was on par w ith  S trep to -

cyc iin e  and these two a n tib io tic s  were s ta t is t ic a l ly  su p e rio r to

o th e r a n tib io t ic s  tes ted . The in h ib ito ry  e ffe c t o f Terram ycin  was



Table 8. In v itro  sensitivity of P̂ . solanacearum to antibiotics

SI.
No. A n tib io tic s In h ib it io n  zone in mm Mean

250 ppm 500 ppm 750 ppm 1000 ppm

1 S trep tocyc line 21 .67 25.00 34.33 38.87 29.91

2 Terram ycin 24.67 26.67 30.33 31.33 28.25

3 Te tracyc line 21 .67 25.00 27.33 32.00 26.50

4 Chlorom ycetin 26.00 30.67 32.00 33.67 30.58

5 Am bistryn-S 16.67 21 .33 27.67 32.00 24.42

CD (0 .05) fo r  comparison between a n t ib io t ic s  = 1.387 
CD (0 .05) fo r  comparison between com bination = 2.775

CO



sup e rio r to T e tracyc line  w hich in  tu rn  was supe rio r to A m b is tryn -S . 

With a l l  the  a n tib io t ic s , h ighe r concentrations resu lted  in be tte r 

in h ib it io n . S trep tocyc line  a t 1000 ppm gave maximum in h ib it io n  

and was s ig n if ic a n tly  su p e rio r to a l l  the o the r a n tib io t ic s . Eventhough 

S trep to cyc lin e  a t 750 ppm was s ig n if ic a n tly  be tte r than its  low er 

concentrations i t  was on par w ith  1000 ppm of A m bis tryn -S , T e tra ­

cyc lin e  and C hlorom ycetin . Terram ycin , T e tra cyc lin e , A m bistryn-S  

and C hlorom ycetin  a l l  at 1000 ppm were on par w ith  Chlorom ycetin 

750 ppm in  in h ib it in g  the  growth o f the pathogen. The minimum

in h ib it io n  on the growth of the bacterium  was noticed w ith  250 

ppm o f A m bistryn -S  and i t  was s ig n if ic a n t ly  in fe r io r  to  a l l  the  

o ther a n tib io t ic s .

B. Fungicides

T h ir id e , Blue Copper, F o lta f and Dithane M-45 each a t 1000, 

2000, 3000 and 4000 ppm and Bordeaux m ix tu re  a t 0 .5 , 1, 1.-5 and

2 per cent concentration were tested fo r  th e ir  in h ib ito ry  e ffec t

on the growth o f the bacterium . The re su lts  are presented in Table 9 

and F ig . 3. F o lta f and Dithane M-45' fa ile d  to in h ib it  the  b a c te ria l 

g row th . Among the th re e  fung ic ides (T h ir id e , Blue Copper and

Bordeaux m ix tu re ) w h ich  were in h ib ito ry  to the bacterium , 

Bordeaux m ix tu re  recorded the maximum in h ib it io n  and i t  was on 

par w ith  T h ir id e  and they were s ig n if ic a n t ly  supe rio r than Blue 

Copper. In general, the  in h ib it io n  o f bacterium  was d ire c t ly

p ro p o rtio n a l to tho concentration. Bordeaux m ix tu re  1 per cent was



Table 9. Jii v itro  sensitivity of P_. solanacearum to fungicides

S I. 
No. Fungicides

1000 ppm
In h ib it io n  zone in  mm 

2000 ppm 3000 ppm 4000 ppm
Mean

1 T h ir id e 18.33 20.33 21 .67 21.00 20.3

2 Blue copper 10.00 14.67 17.00 21 .00 15.67

3 F o lta f 0 0 0 0 0
4 Dithane M-45 0 0 0 0 0

0.5% 1.0% 1.5% 2.0%

5 Bordeaux m ixtu re 22.33 24.00 22.66 14.33 20.83

CD (0.05) fo r  comparison between fu ng ic ide  = 1.01 
CD (0.05) fo r  comparison o f com bination = 2.02
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on par w ith  0.5 and 1.5 per cent concentration. However, they 

were s ig n if ic a n t ly  su p e rio r to i ts  h igh e r concentration of 2 per 

cent. Bordeaux m ix tu re  1 per cent was also su p e rio r to various 

concentration o f the o the r fung ic ides tes ted . T h ir id e  at 3000 ppm 

and 4000 ppm were found to be on par w ith  Blue copper a t 4000 

ppm and Bordeaux m ix tu re  a t 0 .5  and 1.5 per cent. There was

also no s ig n ific a n t d iffe rence  between Blue copper 2000 ppm and

Bordeaux m ix tu re  2 per cent. Blue copper a t 1000 ppm recorded 

the leas t in h ib ito ry  e ffe c t to  the  bacterium .

4 .5 .2 . F ie ld  experim ent on the management o f b ^ ^ te r ia l w il t  o f

c h il l ie s

A f ie ld  experim ent was conducted w ith  f iv e  main p lo t tre a t­

ments and f iv e  sub p lo t treatm ents in  a w i l t  s ic k  f ie ld  fo r  the 

management of the b a c te ria l w i l t  o f c h i l l i .  The resu lts  are 

presented in  the Table 10. A na lys is  o f the data on the percentage 

w il t  incidence d id  not show any s ig n ifica n t d iffe rence  among the

main p lo t and sub p lo t treatm ents. However, i t  was ev iden t from

the data th a t the major treatm ents showed a tendency in reducing 

the disease incidence. Among the major trea tm en ts , p lan ts  rece iv ing  

cowdung recorded minimum pocrunlngo of w i l t  incidence, fo llow ed 

by the treatm ent where s o il was burn t before p la n tin g . Maximum 

disease incidence was noticed in  con tro l p lo ts . Among the sub p lo t 

treatm ents, p lants which rece ived  two a p p lica tio n  o f S trep tocyc line



Table 10. F ie ld  experiment on the management of bacterial wilt of chillies  (percentage of
w ilt  incidence )

Minor treatments
Major treatments

Mean
M1 M2 M3 M4 M5

S1 49.86 61.02 62.07 55.40 81 .27 61 .92

S2 67.75 52.23 58.33 51 .26 43.93 54.70

S3 54.04 64. 18 49.50 63.87 66.94 59.70

S4 49.72 72.90 61.77 76.88 67.94 65.85

S5 55.47 71 .37 76.49 45.88 75.75 64.99

Mean 55.37 64.34 61 .63 58.66 67. 16

CD (0 .05) fo r  major treatments -  NS 
CD (0 .05) fo r  m inor treatment -  NS 

NS -  Not s ig n if ic a n t, M -  M ajor treatm ents, S -  M inor treatm ents
Major treatm ent
M  ̂ Cowdung d r ie d  and powdered (50 g /p la n t 1 month a fte r  transp lan ting  and a t the  tim e o f flo w e rin g  
^2  Lime (25 g /p la n t 1 month a fte r  tra n sp la n tin g  and a t the tim e o f flo w e rin g )
M^ Neemcake (25 g /p la n t 1 month a fte r  tra n sp lan tin g  and at the tim e o f f lo w e rin g )
M Burning o f s o il 
Mp. Control
Minor treatm ent
51 A n tib io t ic  -  Drenching one month a f te r  transp lan ting
52 A n tib io tic  -  Drenching 1 month a fte r  transp lan ting  and a t the  tim e o f f lo w e rin g
53 Fungicide -  D rench ing . one month a f te r  transp lan ting
5* Fungicide -  Drenching 1 month a fte r  tra nsp la n ting  and a t the tim e o f f lo w e rin g
S Controlo

Sa _  Streptocycl'intt _  yooo pproj S 3 r S4 _  Bordeaux m ix tu re , ( % _  selected o o -lb e  basis op in v itro  studies]
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recorded the minimum w il t  incidence fo llow ed  by the  p lo t rece iv ing  

one a p p lica tio n  of Bordeaux- m ix tu re . The in te rac tion  e ffec t between 

the major and minor treatm ents were also not s ig n ific a n t.
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DISCUSSION

B a cte ria l w i l t  in c ite d  by Pseudomonas solanacearum (Smith ) 

Smith is  one o f the  w ide spread and severe diseases of c h i l l i .  

T h is  disease causes much damage to many crops o f economic im p o rt­

ance in  the  tro p ic a l and su b tro p ica l regions of the w o r ld . In In d ia , 

the various aspects o f b a c te ria l w i l t  disease of c h il l ie s  have not 

been inves tiga ted  in  a system atic manner except a few stud ies 

on its  occurrence and management ( I .C .A .R .,  1969; Rahim, 1972;

George, 1973; Khan e t a l^., 1979). In v iew  o f the  serious nature

o f the  disease , the present inves tig a tion  was undertaken to  

cha racte rize  the pathogen, to screen d if fe re n t c h i l l i  accessions/ 

v a rk  fo r  fin d in g  out source of resistance, and to evo lve a

su itab le  management p rac tice  fo r  the disease.

The b a c te ria l w i l t  pathoyun P. solanacearum was iso la ted  

from  newly w ilte d  c h i l l i  p lants and its  pa thogen ic ity  e s tab lished . 

Ten iso la tes  o f the pathogen, f iv e  from  c h il l ie s ,  two each from  

tomato and b r in ja l,  and one from  ginger, were used fo r  the present 

s tu d y .

The d iffe re n t iso la tes  ,of the pathogen were gram negative 

sh o rt rods as delineated by Smith (1896). On T r ip h e n y l Tetrazolium  

C h lo ride  Agar medium (TZC) a l l  the ten iso la tes of the pathogen 

gave r is e  to  c irc u la r ,  smooth, convex, g rey ish  w h ite , f lu id a l 

and s lim y  colonies w ith  a l ig h t  p ink  cen tre . S im ila r growth chara-



cte rs  o f d if fe re n t iso la tes o f solanacearum from  various host 

p lants on TZC medium has been documented by severa l w orkers

(Kelman, 1954; Khan e t al_., 1979; He &t̂  a K , 1983; Mathew and

Nayar, 1983). Among the ten iso la tes o f the bacte rium , the iso la te  

C-1 from  V e lla n ikka ra  showed the maximum growth on TZC medium. 

Growth of th is  iso la te  on d iffe re n t so lid , media showed some 

va ria tio n s . Of the s ix  s o lid  media t r ie d ,  exce llen t growth', slim e 

production  and f lu id i t y  were observed in  Peptone Beef e x tra c t

Agar, thus in d ica tin g  tha t th is  media could be w e ll u t i l iz e d  fo r 

the  mass m u lt ip lic a tio n  and fo r  o ther rou tine  la b o ra to ry  s tud ies .

T h is  fin d in g  is  in  agreement w ith  the e a r lie r  w ork of Nayar (1982).

A l l  the b a c te ria l iso la tes  recorded maximum growth between 

a pH range o f 6 .5 -7 .5 , the  op tim al being 7 .0 . The exception being 

the  iso la te  C-2 w hich had maximum growth at pH 6 .5 . None o f

the  iso la tes grew a t pH 5 o r 9 .5 . The op tim a l pH fo r  the growth 

o f P. solanacearum was reported  to be between 6.6  to 6.7 

(Kelman, 1953). H ingorani et  ̂ o k  (1956) recorded exce lle n t growth

o f bacterium  between pH 6 and 8 .5 . However, Nayar (1982) d id  

not observe any growth o f the b a c te ria l w i l t  pathogen from  b r in ja l 

a t pH 5 and 9 .5 .

The d if fe re n t Isolates of the pathogen were m esoph ilic  

in  nature w ith  a maximum grow th between 30 and 35°C. The iso la tes

C-1, B-1 and T-1 showed maximum growth a t 30°C w h ile  fo r  o thers,

the  o p t;mum tem perature was 35°C. None o f the iso la tes grew at
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55°C. Smith (1896) repo rlod  tha t a tem perature of 35-37°C was 

most favourab le  1or the growth at P. solanacearum in  cu ltu re . Devi 

(1978) noticed good growth of F̂ . solanacearum from  c h i l l i ,  tomato 

and b r in ja l between 30 and 35°C. According to Kelman (1953) a

re la t iv e ly  h igh tem perature is  a re q u is ite  fo r  the ra p id  m u lt ip l i­

cation of P. solanacearum in  cu ltu re .

Inoculation o f the d if fe re n t iso la tes of the bacterium  caused 

b lackening and ro ttin g  o f the  potato s lic e s . A s im ila r  observation 

was a lso recorded by Nayar (1982). The b a c te ria l iso la tes used 

in  the present study fa ile d  to produce any pigments on Yeast Glucose 

Chalk Agar or on K ing 's  medium as reported  by Smith (1914), 

Hayward (1964), E l-H e la ly  et_ a l . (1969), Devi (1978) and Nayar

(1982), The d if fe re n t iso la tes  p re fe rred  aerob ic cond ition  fo r  good 

growth w h ile  on ly meagre growth was noticed under anaerobic

cond ition . The aerob ic  nature of F̂ . solanacearum was estab lished  

by Smith (1914). However, there  were re p o rts  th a t the  organism 

can develop to a l im ite d  degree when i t  is  not in  contact w ith  

a ir  (Honing, 1912; Kelman and Jenson, 1951; Devi, 1978).

The b a c te ria l w i l t  pathogen iso la ted  from  d iffe re n t host 

p lants were s im ila r  to  each o ther in  terms o f the biochem ical

and p h ys io lo g ica l p ro p e rtie s . A l l  the  iso la tes tested d id  not

produce indo le  or h yd ro lyse  s ta rch  though a l l  of them showed 

p o s it iv e  reaction  fo r  n itra te  reductase and catalase a c t iv ity .  Devi 

(1978), He et_ a l . (1983), P r io r  and Steva (1990) have reported



s im ila r  characte rs  fo r  iso la tes  o f solanacearum from  various

host p lan ts  inc lud ing  c h i l l i .  The iso la tes  produced sm all amounts 

o f brown d if fu s ib le  pigment on ty ro s in e  medium, and formed

ammonia. A l l  the above reactions are ty p ic a l ch a ra c te ris tic s  of 

P. solanacearum (Hayward, 1964). Working w ith  iso la tes of P. 

solanacearum from c h i l l i ,  tomato and eggplant ,  Devi (1978) and 

He e t a l . (1983) observed lib e ra tio n  of hydrogen su lp h id e . S im ila r 

re su lts  were obtained in. the present inves tiga tion  a lso.

An a c id ic  reaction was e x h ib ite d  by a l l  the  iso la tes of 

the pathogen in m ilk  w hich was in accordance w ith  the find ings

of Samuel (1980) and Nayar (1982). However, ya r ia tio n  in reaction 

e ith e r  a c id ic  or a lka lin e  in m ilk  was noticed fo r  d if fe re n t iso la tes 

o f P. solanacearum by Rath and Addy (1977) and Devi (1978).

With respect to  ge la tin  liq u e fa c tio n  none of the iso la tes

were found to l iq u e fy  ge la tin . Very slow or no liq u e fa c tio n  of 

ge la tin  by P. solanacearum was reported  by Hayward (1964). S ta rr 

and Weiss (1943) considered the a b i l i t y  of u ti liz a t io n  of asparagine 

as sole source o f carbon and n itrogen as a character o f Fk solana- 

cearum. In the present study the iso la tes  u t iliz e d  asparagine as 

sole source of carbon and n itrogen . P o s itive  urease a c t iv ity  and

levan production  observed in  the present study were in accordance 

w ith  th a t o f Samuel (1980) and Nayar (1982). A l l  the iso la tes  showed 

p o s it ive  MR and negative VP tes t as observed by Nayar (1982). 

Among the sodium sa lts  of organic acids tested fo r  u t il iz a t io n ,
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i t  was found th a t acetate and benzoate were u t il iz e d  w h ile  c itra te  

was not u t i liz e d  by the iso la te s . He et al_. (1983) observed acetate 

u t i liz a t io n  by c h i l l i ,  tomato, eggplant and ginger s tra in  of P.

solanacearum w h ile  the in a b i l i ty  of _P. solanacearum to u t i l iz e  

c itra te  was documented by Nayar (1982).

The iso la te  used in  the study were not capable of h y d ro ly s ­

ing arg in ine w hich was considered as one of the negative n u tr it io n a l 

cha rac te r o f P. solanacearum by P a lle ro n i and Duodoroff (1971). 

A v a r ie ty  o f carbon compounds v iz . ,  glucose, r ibo se , fructose,

sucrose, lactose, dex trose , m ann ito lj g ly c e ro l, maltose, galactose

and d u lc ito l were u tiliz e d  by the iso la tes s tud ied . However, ce llu lose 

was not u t i l iz e d  by the iso la te s . The resu lts  are in  accordance

w ith  the fin d in g s  o f Devi (1978), Samuel (1980) and Nayar (1982).

Thus, the b a c te ria l iso la tes  from  d iffe re n t host p lants were b a s ica lly

s im ila r  to each o ther in  term s of the b iochem ical and p hys io log ica l 

p ro p e rtie s  and most o f these were in  accordance w ith  those

described by Hayward (1964) fo r P. solanacearum. However, s lig h t

va ria tio n  in  respect to ce rta in  b iochem ica l and p hys io log ica l

characters  were observed w ith  the iso la tes used in  the present 

study w ith  those repo rted  by Hayward (1964). V a ria tions among 

iso la tes of P̂ . solanacearum were reported  by many w orkers 

(Buddenhagen and Kelman, 1964; Rath and A ddy, 1977).

Cross inocu lation stud ies showed va ria tio n  in  the d if fe re n t 

iso la tes  as regards to i ts  a b i l i t y  to in fe c t the d if fe re n t host p lan ts .
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The cross inocu lation of c h i l l i  iso la tes caused ty p ic a l w i l t  symptoms 

on tomato, b r in ja l and ginger p lan ts . Conversely the  iso la tes from  

tomato, b r in ja l and ginger on inocu lation to  c h i l l i  caused ra p id  

and ty p ic a l w ilt in g . I t  was noticed th a t the  tomato and b r in ja l 

iso la tes  were capable o f cross in fec ting  each o th e r. In te re s tin g ly  

i t  was found th a t tomato and b r in ja l iso la tes d id  not cause any

w ilt in g  on ginger - and the g inger iso la tes  d id  not take up in fec tion

on tomato and b r in ja l.  The a b i l i t y  of c h i l l i  s tra in s  o f P. solana­

cearum in  causing h igh degree of w ilt in g  in  tomato and eggplant 

have been reported  (D ev i, 1978; He et^ aJL, 1983; He, 1985; P r io r  

and Steva, 1990). F u r th e r , V e lu p illa i and S ta ll (1984) and P r io r  

and Steva (1990) had found th a t the s tra in s  from  tomato and

eggplant a ffe c t c h i l l i .  The cross in fe c t iv ity  of b r in ja l and tomato 

w ith  va ry in g  in te n s itie s  have been w e ll documented by Devi

(1978), Nayar (1982) and He (1985). The in a b i l i ty  o f tomato or

b r in ja l iso la te  to  cause ty p ic a l w ilt in g  on ginger have been observed 

by many w orkers (Quinon e t a l . ,  1964; Samuel, 1980; He, 1985).

Quinon et  ̂ a l . (1964) and Ren and Fang (1981) reported  th a t ginger 

s tra in  fa ile d  to b ring  about w i l t  on tomato and Nayar (1982) had 

observed th a t ginger s tra in  d id  not cause any w i l t  on tomato and 

eggplant. The a b i l i t y  o f ginger s tra in  to  cause w ilt in g  on c h i l l i

a t various in te n s itie s  was documented by works o f I s h i i  and

H ira ya k i (1963), He et^ a l . (1983) and He (1985). The e ffec t of

c h i l l i  iso la te  o f the pathogen causing w i l t  on ginger has not been
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p re v io u s ly  re p o rted . However, Lum (1973) and V e llu p il la i and S ta ll

(1984) observed th a t tomato iso la tes  of the bacterium  caused 

w ilt in g  on g inger.

Based on the . present studies on the  m orpho log ica l, c u ltu ra l,

b iochem ica l, p h ys io lo g ica l p ro pe rtie s  and on the pathogen ic ity

te s ts , the  pathogen causing b a c te ria l w i l t  o f c h il l ie s  could be

id e n tif ie d  as P. solanacearum (Smith ) Sm ith. F u rth e r, on the basis

o f the above c h a ra c te r is tic s  and the host range the iso la tes from

c h i l l i ,  tomato and b r in ja l could be c la s s ifie d  as the race 1 of

P. solanacearum (Buddenhagen e t a l . ,  1962). However, g inger iso la te

can be put in to  race 4 as i t  behaved d if fe re n t ia l ly  in  host reacticn

(P ers ley e t d . ,  1985).

Hayward (1964) d iffe re n tia te d  s tra ins  o f P. solanacearum

in to  fou r b io types  according to th e ir  a b i l i t y  to o x id ize  th ree

d isaccharides (lactose, maltose and ce llob iose) and th ree  hexose

alcoho ls (m annito l, s o rb ito l and d u lc i to l ) . The iso la tes used in

the present study u t iliz e d  d isaccharides (lactose, maltose) and

hexose a lcoho ls (m annito l, d u lc ito l)  thus i t  could be poss ib le  to

group them as b iova r I I I  o f P. solanacearum (Hayward, 1964).

The existence o f b io va r I I I  of the pathogen in  Kerala has been

p re v io u s ly  estab lished  by many w orkers (D ev i, 1978; Samuel, 1980 

and Nayar, 1982).



The most e ffe c tiv e  way of co n tro llin g  b a c te ria l diseases

is  the use o f re s is ta n t v a r ie t ie s , supplim ented w ith  p roper cu ltu ra l 

p rac tices  and chem ical a p p lica tio n . An attem pt was thus made to 

screen a va ila b le  c h i l l i  access ions /va rie ties  oF College of H o rticu ltu re  

fo r  host resistance against F>. solanacearum. Of the 29 accessions/

v a r ie tie s  o f c h il l ie s  screened none o f th ^ .(1 was found to  be immune 

to the disease. However, the  re su lt of the study revealed s ig n ific a n t 

d iffe rence  among the access ions /va rie ties  in the percentage of w i l t  

incidence. The minimum percentage o f w i l t  incidence was noticed 

in  the v a r ie ty  M anjari (CA 33/KAU C luste r) fo llow ed by acces. ns

CA 205 and CA 207. According to the score suggested by Mew and

Ho (1976), the v a r ie ty  M anjari (CA 33/KAU C luste r) could be

considered as re s is ta n t to the disease. The accessions CA 205 and 

CA 207 recorded w il t  percentage between 20 to 40 per cent and

could be grouped as m oderately re s is ta n t - Between 40 and 60 per 

cent w i l t  incidence was noticed by the accessions CA 2.13, CA 367, 

CA 375, CA 389, CA 418, CA 337, CA 356, CA 345, CA ,209, thus

coming under the group moderately suscep tib le . A l l  o ther

accessions /v a r ie t ie s  were susceptib le  to the disease record ing

more than 60 per cent w i l t  incidence. The re s is ta n t reaction of 

M an jari (CA 33/KAU C luste r) to b a c te ria l w i l t  was reported  by 

many w orkers (Goth et a l . ,  19Q3; Thomas, 1985 and Gopalakrishnan 

and Thomas, 1989). However, some e a rly  re p o rts  suggested the

res is tan t reaction of CA 3 (W hite Khandhari) and CA 53 (Pant C-T) 

to b a c te ria l w i l t  disease (Rahim and Samraj, 1974; Peter et a l .
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1984). However, in  the present study these v a r ie tie s  were found 

to be suscep tib le  to the  disease. The res is ta n t o r m oderately 

res is tan t reaction e x h ib ite d  by the access ions /va rie ties  m ight be 

due to th e ir  b iochem ical make up w hich  re s tr ic t  w i l t  development.

The suscep tib le  reaction  shown by e a r lie r  id e n tif ie d  re s is tan t 

va r ie tie s  l ik e  Pant C -l and White Khandhari m ight be due to b reak­

down of resistance mechanism because o f c lim a tic  fac to rs  or change 

in  v iru lence  o f the pathogen.

A tm ospheric  fac to rs  p lay an im portan t ro le  in  the develop­

ment o f p lan t disease. These fac to rs  may e ith e r favour the ra p id  

m u lt ip lic a t io n /s u rv iv a l o f the pathogen or i t  may make the p lant 

vu lnerab le  to  in fe c tion . In the present inves tiga tio n  an attem pt

was made to  study the ro le  o f environm ental fac to rs  in  the develop­

ment o f w i l t  incidence in  c h i l l i  a cce ss io n s /va rie tie s . I t  was noticed 

th a t the re  was no s ig n ific a n t co rre la tio n  between w il t  incidence 

and environm ental fac to rs  fo r  a ll  the accessions, except CA 408.

A p o s it iv e  co rre la tio n  between w i l t  incidence and s o il moisture 

was obtained w ith  the accession■ CA 408. Role of h igh s o il moisture 

in  increasing the s e v e r ity  o f b a c te ria l w i l t  by P. solanacearum 

was es tab lished  by e a r lie r  w orkers (G allegely and W alker, 1949; 

H ingorani et^ al_., 1956$ H iry a t i e t a l . ,  1983).

Screening of la rge  number o f lin e s /ty p e s  o f a crop w ith  

considerable  genetic d iv e rs ity  is  a method fo r  loca ting  res is ta n t 

line s /type s  against disease which could be fu r th e r  u t i l iz e d  fo r  the
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development o f res is tan t v a r ie tie s  w ith  des ira b le  cha racte rs . With 

th is  idea_, a large number o f accessions of c h i l l i  maintained at 

Regional S tation o f National Bureau of Plant Genetic Resources, 

V e lla n ikka ra , were screened fo r  host resistance against bac te ria l 

w i l t  under f ie ld  cond itions during September-January 1990-91.

The study revealed th a t, out of the 721 accessions o f c h i l l i ,  54

accessions d id  not show any incidence o f b a c te ria l w i l t ,  w h ile  

the o thers showed va ry in g  degree o f disease incidence. Thus, the

study ind ica ted  th a t the 54 apparen tly  res is ta n t accessions could 

be u t iliz e d  fo r  loca ting  sources of resistance against the disease.

In o rd e r to f in d  out a su ita b le  chem ical fo r  reducing the 

s e v e rity  o f the disease, an _ijn v i t r o  study was conducted using 

f iv e  a n tib io tic s  and f iv e  fung ic ides. Of the f iv e  a n tib io tic s  tested , 

Chlorom ycetin  and S trep tocyc line  e x h ib ite d  maximum in h ib it io n  

o f the bacterium  and they were s ig n if ic a n tly  superio r to o tner 

a n tib io t ic s . A m b is try in  recorded the minimum in h ib it io n ,

S trep tocyc line  at 1000 ppm concentration showed maximum in h ib it io n  

o f the  bacterium . Among the fung ic ides tested , Bordeaux m ix tu re  

e x h ib ite d  maximum in h ib it io n . Fo lta f and Dithane M-45 fa ile d  to

in h ib it  the growth o f bacterium . Bordeaux m ix tu re  a t one per cent 

gave the maximum in h ib it io n  o f the  bacterium .

The in h ib ito ry  e ffe c t o f S trep tocyc line , S treptom ycin, 

C hlorom ycetin , Terram ycin , T e tra cyc lin e , S treptom ycin su lphate ,
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A m b is tryn , E ry th ro m yc in , D ih yd ro s tre p to m yc in , Actinom ycin , A g r i-  

m ycin, Aureomycin in  in h ib it in g  the growth P. solanacearum was 

reported  by severa l w orkers (Moorgan and Goodman, 1955; Foucart

and Delcambe, 1960; Campacci et  ̂ a l . , 1962; C h a k ra va rti and

Rangarajan, 1966; Desai et_ al^. , 1967; Goorani et_ al_., 1978; Samuel, 

1980; Nayar, 1982; Farag &t eiK , 1986; P r io r  and Steva, 1990).

The ix± v i t r o  e ffica cy  o f Th iram , Dithane M-45, Dithane M-22 and 

Captan in  in h ib it in g  the growth o f P  ̂ solanacearum was reported  

by Leandro and Zak (1983). But in  the  present study Dithane M- 

45 d id  not show any in h ib ito ry  e ffec t on the bacterium .

A f ie ld  experim ent on the management o f - b a c te ria l w i l t  of

c h il l ie s  was conducted in  a w i l t  s ic k  f ie ld .  Results of the e x p e r i­

ment showed th a t none o f the treatm ents gave an absolute con tro l

o f the disease. A na lys is  o f the data revealed no s ig n ifica n t 

d iffe rences among main and sub p lo t treatm ents. Howevei'j ce rta in  

major and m inor treatm ents showed a tendency to reduce disease 

incidence. P lants rece iv ing  cowdung as a major treatm ent recorded 

the minimum percentage o f w i l t  incidence fo llow ed by treatments 

where s o il was burned before p lan ting . Among sub p lo t treatm ents, 

p lants rece iv in g  two a p p lica tions  of S trep tocyc line  recorded minimum 

w i l t  incidence fo llow ed  by those rece iv ing  one app lica tio n  of 

Bordeaux m ix tu re .

Usefullness o f fo l ia r  a p p lica tio n  of S treptom ycin o r S trep to ­

cyc lin e  or s o il drenching o f Cheshunt compound in  reducing the
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b a c te ria l w i l t  incidence o f c h il l ie s  was reported  by Rahim (1972) 

and George (1973). A perusal of l ite ra tu re  revealed no re p o rt on

the e ffectiveness o f a p p lica tio n  o f s o il amendments and p lan t

p ro tec tion  chem icals on the absolute con tro l of b a c te ria l w i l t  of

c h il l ie s  caused by solanacearum. However, the re  are re p o rts

on the co n tro l o f b a c te ria l w i l t  o f o the r crops w ith  s o il amendments 

and p lan t p ro tection  chem ica ls. Jayaprakash (1977) observed the

e ffectiveness of s o il amendments and chem ical treatm ents on the

con tro l o f b a c te ria l w i l t  o f tomato. But Devi (1978) opined th a t

a p p lica tio n  o f s o il amendments and a n tib io tic s  caused only lim ite d

con tro l o f b a c te ria l w i l t  o f tomato. In the present investiga tions

though th e re  were -no s ig n ific a n t reduction  in  the w i l t  incidence 

in  p lants rece iv ing  major and minor treatm ents some of them 

showed a tendency to reduce the  s e v e r ity  o f disease. Kelman

(1953) a fte r  rev iew ing  the  work on ,P. solanacearum has concluded

tha t though ce rta in  fe r t i l iz e r s  and organic m ate ria ls  may influence

disease s e v e r ity , they d id  not achieve the  necessary degree of 

co n tro l. In genera l, con tro l o f b a c te ria l diseases of p lan ts  by s o il 

amendments and chem icals is  found to be less successful and the 

b a c te ria l w i l t  o f c h i l l i  is  no exception to  th is .
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SUMMARY

B acte ria l w i l t  caused by Pseudomonas solanacearum (Smith ) 

Smith is  one of the  most severe diseases o f c h i l l ie s .  Thus, the 

present inves tiga tion  was undertaken to cha rac te rize  the pathogen, 

to screen d if fe re n t c h i l l i  access ions /va rie ties  fo r  fin d in g  out a 

source o f resistance and to evo lve  a su itab le  management p rac tice  

fo r  the disease.

The b a c te ria l w i l t  pathogen was iso la ted  from  in fected  c h i l l i  

p lan ts  and i t s  pa thogen ic ity  e s ta b lish e d . Ten iso la tes  of the  

pathogen, v iz . ,  f iv e  from  c h il l ie s ,  two each from tomato and b r in ja l 

and one from  ginger were used fo r  the present s tudy .

A l l  the  b a c te ria l iso la tes  produced c irc u la r ,  smooth, g rey ish  

w h ite , f lu id a l and s lim y  colonies w ith  l ig h t  p ink  centre in  TZC

medium. In th is  medium, the  iso la te  C-1 from  c h i l l i  produced the

maximum g row th , s lim e and f lu id i t y .  Growth o f th is  iso la te  on 

d if fe re n t s o lid  media was stud ied  and i t  was found th a t maximum

grow th , s lim e production and f lu id i t y  was on Peptone Beef e x tra c t 

Agar.

The d if fe re n t b a c te r ia l iso la tes recorded maximum growth 

between a pH range o f 6 .5  -  7 .5 . Among the  d if fe re n t temperatures 

tested , the iso la tes  C-1, B-1 and T—1 showed maximum growth a t

30°C w h ile  fo r  the o thers the  optimum tem perature was 35°C.
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The b a c te ria l w i l t  pathoyen iso la te d  from  d iffe re n t host 

p lants were s im ila r  to each o the r in  terms of the  biochem ical and

p h ys io lo g ica l p ro p e rtie s . The iso la tes d id  not produce any water 

so lub le  o r water inso lub le  pigments. A l l  the  iso la tes grew a e rob ica lly  

though anaerobic growth was observed at a slow ra te . The iso la tes 

d id  not h yd ro lyse  s ta rch  o r produce indo le  and showed a low

tyros inase  a c t iv i t y .  A l l  o f them u t iliz e d  asparagine as sole source

o f carbon and n itrogen and produced levan, ammonia and hydrogen 

su lp h id e . The iso la tes  showed p o s it ive  resu lts  fo r  n itra te  reduction , 

catalase, urease and MR te s ts , but gave negative reaction fo r  VP 

te s t. They were unable to h yd ro lyse  arg in ine o r l iq u i fy  ge la tin  

and e x h ib ite d  an a c id ic  reaction in m ilk . The b a c te ria l iso la tes 

u t iliz e d  sodium acetate and sodium benzoate and not sodium c itra te . 

A l l  the carbon sources stud ied  v iz . ,  glucose, r ib o se , fructose , 

sucrose, lactose, dextrose , mannitol g ly c e ro l, maltose, galactose 

and d u lc ito l,  except ce llu lose  were u t il iz e d  by the iso la tes o f the

bacte rium .

Cross inoculation stud ies using the  iso la tes from  c h i l l i ,

tomato, b r in ja l and ginger were conducted. The c h i l l i  iso la te  caused 

w ilt in g  o f b r in ja l,  tomato and g inger. Conversely the iso la tes from 

tomato, b r in ja l and g inger on inocu lation to c h i l l i  caused ty p ic a l 

w ilt in g . The b r in ja l and tomato iso la tes  were cross in fe c ta b le .

The iso la tes  from  b r in ja l and tomato d id  not cause any w ilt in g

on ginger and the g inger iso la tes d id  not take up in fec tion  on
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tomato and b r in ja l.  On the basis o f above s tud ies , the  iso la tes 

o f the bacterium  were id e n tif ie d  as Pseudomonas solanacearum (Smith ) 

Sm ith. F u rth e r, according to H ayw ard 's  c la s s ific a tio n  the iso la tes 

used in  the study belong to  b io va r I I I  o f P. solanacearum.

Twenty nine access ions /va rie ties  of c h i l l i  were screened 

fo r  host resistance against P. solanacearum. Results revealed tha t 

the v a r ie ty  -M a n ja ri' (K .A .U . C luster/C A  33) was re s is ta n t to 

b a c te ria l w i l t ,  w h ile  accessions CA 205 and CA 207 were m oderately 

re s is ta n t. A l l  the o thers were suscep tib le  or moderately 

suscep tib le . No s ig n ific a n t co rre la tion  between environm ental fac to rs  

and w i l t  incidence was noticed fo r  a l l  access ions /va rie ties  except 

CA 408, fo r  which a p o s it iv e  co rre la tio n  was noticed between s o il 

moisture and w il t  inc idence. 721 accessions of c h i l l i  maintained 

at Regional Station o f National Bureau o f P lant Genetic Resources, 

V e lla n ikka ra  were evaluated fo r  resistance reaction against b a c te ria l

w i l t .  Results revealed th a t 54 accessions d id  not show any incidence 

o f b a c te ria l w i l t .

An h i v i t r o  s tudy was conducted to f in d  out the in h ib ito ry  

e ffec t o f a n tib io tic s  and fung ic ides to P. solanacearum. Of the f iv e  

a n tib io tic s  tested C hlorom ycetin  and S trep tocyc line  e x h ib ite d  the 

maximum in h ib it io n  o f the bacterium  and they were s ig n if ic a n tly  

supe rio r to T e tra cyc lin e , Terram ycin  and A m b is tryn -S . Among the 

d if fe re n t concentrations o f a n tib io t ic s , S trep tocyc line  at 1000 ppm
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concentration exerted  the maximum in h ib it io n  o f the bacterium . 

Among the fung ic ides v iz . ,  Bordeaux m ix tu re , Blue copper, T h ir id e  

D iithane M-45 and F o lta f, Bordeaux m ix tu re  exerted  the maximum 

in h ib it io n  o f the bacterium . F o lta f and Dithane M-45 fa ile d  to 

in h ib it  the growth o f bacterium . Bordeaux m ix tu re  at one per cent 

concentration showed the maximum in h ib it io n ,

A f ie ld  experim ent on the management of b a c te ria l w i l t  o f 

c h il l ie s  was conducted w ith  f iv e  major treatm ents and f iv e  m inor 

treatm ents. Results revealed no s ig n ific a n t d iffe rence  between main 

and sub p lo t treatm ents in  reducing the  disease inc idence. However, 

p lants re ce iv in g  cowdung as a major treatm ent recorded co m p a ritive ly  

less percentage o f w i l t  incidence. Among the m inor treatm ents, 

p lants rece iv ing  two a p p lica tio n  of S treptocycline-1000 ppm also 

showed a tendency to reduce the w i l t  incidence.
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A p p e n d ix - I.  O bservations on the weather parameters during the p e rio d  o f 
g row th  o f c h i l l i  a ccess ions /va rie tie s

Period*
(week)

M ax. 
tem p . 
(°C)

M in . 
tem p. 

(°C)

Soil 
tem p. 
at
7 AM
(°c )

S o il
tem p.
a t
2 PM 
(°C )

1 28.5 23.3 .25.4 27.9

2 29.7 23.1 26. 1 30.1

3 30.6 23.6 26.9 30.7

4 30.0 23.1 26.8 30.2

5 30.9 24.0 27.5 31 .1

6 31 .0 23.4 27.6 31.0

7 31 . 1 23.1 26.9 31 .5

8 30.6 22.5 26.6 31 .7

9 32.4 23.7 27.5 34.4

10 33.5 23.2 27.3 33.5

11 31 .8 23.3 26.6 31 .4

At Rain- No. o f S o il
hum i- fa l l  ra iny  m o is tu re
d i t y  (mm) days (%)

(%)

83.5 121 .6 7 15.6

79.5 28.3 5 15.0

78.0 14.7 4 5 .5

84.0 60.9 6 8 .3

77.5 0 0 6 .9

77.5 6.9 2 7 .0

79.0 16.9 3 8 .3

81 .5 26.9 3 8 .2

77.5 14.4 2 8 .7

75.0 22.3 3 9 .6

85.0 133.9 5 10.6

^S ta rting  from  second week o f August to la s t week o f October
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A p p e n d ix - II .  C orre la tion  coe ffic ien ts  between m eteorological fa c to rs  and w i l t  incidence o f d if fe re n t 
c h i l l i  access ions /va rie tie s

M eteorolog ica l
fa c to rs

.C orre la tion co e ffic ien ts  o f the  a cce ss io n s /va rie tie s

CA 418 CA 451 CA 192 CA 3 CA 389 CA 449 CA 209 CA 356 CA 213

Max. temp. -0.5653 -0.5622 -0.2946 -0.3334 -0.5146 -0.1823 ■ -0.3157 -0.3677 -0.4571

Min. tem p. -0.3115 0.0909 0.1919 0.4885 -0.3349 -0.4681 -0.4648 0.2142 0.2097

Soil temp. 
(M) (7 AM)

-0.2543
l

-0.5837 0.0244 0.0508 -0.4089 -0.0346 -0.1823 -0.2230 -0.4459

Soil temp. 
(N) (2 PM)

-0.3451 -0.5555 -0.3433 -0.2739 -0.4263 -0.0996 -0.2037 -0.2414 -0.5079

At h u m id ity 0.0478 0.0396 -0.0960 -0.0611 0.2629 -0.0607 0.0029 0.0748 0.0952

R a in fa ll -0.2392 0.1157 -0.1995 -0.1401 - 0.0437 -0.2890 -0.2958 0.0466 - 0.2311

No. o f ra iny  
days .

0.0307 0.4787 -0.0234 -0.0654 0.1563 -0.1883 0.0847 -0.1688 0.4136

Soil m oisture -0.0830 0.3783 -0.3464 -0.2595 -0.0790 -0.1762 -0.2529 0.0772 0.0821

C ontd .



A ppen dix -II.  Continued

M eteorological
factors

Max. temp.

Min. temp.
Soil temp.
(7 AM)

Soil temp.
(2 PM)

At humidiTy

R ainfa ll

No.of ra in y  
days

Soil m oisture

C orre la tion  coe ffic ien ts  o f the  a cce ss io n s /va rie tie s

CA :07 CA 33 CA 225 CA 409 CA 372 CA 367 CA 388 CA 408 CA 345 CA 160

0. 255"

0.0497 -0.1852 -0.1473 -0.5619 -0.2453 -0.2633 

0.0714 -0.0249 -0 .0515 -0.6215* -0.0906 -0.1868
-0.5187 -0.1668 -0.2557 -0.4850

-0.0547 -0.2313 0.1388 -0.2839
-0.4512 -0.1288 -0.0766 -0.2442 0.3823 -0.1653 0.0647 -0 .7057* -0.2815 -0.2663

-0.0~93 -0.1179 -0.1017 -0.4773 0.2113 -0 .2004 -0 .1372 -0.4210 -0.2656 -0.2577

0.0237

0.2586 -0.1152

0.0=74 -0.1529

-0.1069 -0.0358 -0.3007 0.0070 -0 .1350 0.2456

-0.2798 -0.0786 -0.5747 -0.0134 -0.3202 0.1069

-0.0035 -0.1615 -0.4024 -0.0307 -0 .1017 0.3429

0.0387 0.0929

0.0469 0.0076

0.1647 0.2062

0.3*02 -0.0422 -0.3462 0.0187 -0.5223 0.0703 -0 .1772 0.6215“ 0.0653 0.0924

Contd

* S ig n ifica n t at 0.05% le v e l



Appendix-II.  Continued

M eteorological
fac to rs

C orre la tion  co e ffic ie n ts  of the a ccess ion s /va rie tie s

CA 375 CA 217 CA 452 CA 515 CA 222 CA 417 CA 205 CA 379 CA 53 CA 337

Max. temp. 0.0010 -0.2220 -0.4750 -0.2917 -0.3387 -0.1572 -0.1258 -0.5723 -0.3104 -0.3398

Min. temp. -0.3321 0.0836 -0.5468 0.0749 0.1027 0.0989 -0.3241 -0.5150 0.4344 -0.0226

Soil temp. 
(7 AM)

0.0612 -0.1263 -0.3677 -0.0791 -0.0276 0.2326 -0.1207 -0.4705 0.2361 0.0442

Soil temp. 
(2 PM)

0.0874 0.0620 -0.3167 -0.3266 -0.2110 -0.2082 0.1037 -0.4393 -0.3619 -0.2444

At h um id ity -0 .0566 -0.1094 0.3089 -0.2273 -0.2594 -0.1549 -0.0797 0.2915 -0.2815 -0.1842

R a in fa ll -0 .2890 -0.2728 -0.0328 -0.2471 -0.3057 -0.2858 -0.3008 -0.0395 -0.4105 -0.4023

No.of ra iny
days

-0.3125 0.0154 -0.0276 0.0672 -0.0958 -0.2143 -0.0320 0.2556 -0.3656 -0.4083

Soil m oisture -0 .2382 -0.0372 0.1095 -0.1536 0. 1117 -0.3422 -0.1578 0.0605 -0.3357 -0.0588



JIU

1.
2.
3.
4 .

5 .
6 .
7 ,
8.
9 .
10
11
12
13
14
IS
16
17

IB
19,
20
21 ,

22
23
24
25
26
27

28
29
30

Appendix III. Reaction of chilli accessions of N3PGR Regional

A c c e s s io n  No. o f  d t n a
num ber o f  p la n ts  R eac-

H3PC3 ob se rved  t l o n .

6 -1 7 a s .7 3

6 -2 7 2 3 .6 MR

36 7 100.0 5

52 5 6 0 .0 MS

12 9 -1 2 100.0 5

12 9 -2 7 42 .8 MS

1 5 9 -0 7 71 .4 S

236—0 4 25 .0 MR

263 7 2B .6 MR

271 4 100.0 S

347 6 33 .3 MR

3 7 5 -1 7 14 .3 R

4 4 3 .1 3 100.0 3

4 4 3 -2 3 33 .3 MR

4 4 3 -3 4 5 0 .0 MS

453 7 4 2 .9 MS

454 7 4 2 .9 MS

43 0 -1 7 4 2 .9 MS

4 8 0 -2 6 0 R

4B0—3 7 1 4 .3 A

4 8 3 -1 7 0 R

4 8 3 -2 7 57 .1 MS

4 8 3 -3 7 1 4 .3 R

486 7 28 .6 HR

4 9 0 -1 6 1 6 .6 R

4 9 0 -2 6 0 a

4 9 1 -1 ,7 7 1 .4 3

4 9 1 -2 7 7 1 .4 3

5 1 8 -1 7 5 7 .1 MS

5 1 3 -2 7 7 1 .4 S

A cce ssio n  No. of ;!enc*
number o f  p la n ts  ~T%f Reae^ 

NBPGR observed

5 1 8 -3 7 7 1 .4 S

5 1 8 -4 7 0 R

S1S-S 7 2 8 .6 Mt

5 3 0 -1 7 0 R

5 3 9 -1 7 4 2 .9 MS

5 3 9 -2
5 3 9 -3
5 3 9 -4

7 10 0 .0
1 1 .1
50 .3

S
a
MS

5 9 7 -1 7 4 2 .9 MS

6 3 4 -1 7 4 2 .9 MS

'6 3 4 -2 7 2 8 .6 MR

6 3 4 -3 7 57 .1 MS

6 3 4 -4 7 1 4 .3 a

6 3 4 -5 7 0 R

6 3 4 -6 7 2 8 .6 MR

634—7 7 0 R

6 3 4 -3 10 1 0 .0 R

5 3 4 -9 7 2 8 .6 MR

6 3 4 -1 0 7 2 8 ,6 MR

656 7 1 4 .3 a

79 3 -1 7 28 .6 MR

7 9 3 -2 4 50 .0 MS

7 9 3 -3 4 2 8 . 6 Ha

7 9 5 -1 7 1 0 0 .0 5

7 9 5 -2 7 8 5 .8 s

796 7 5 7 .1 MS

7 9 7 -1 7 1 4 .3 a

7 9 7 -2 7 0 a

7 9 7 -3 S 0 R

7 9 7 -4 6 1 6 .7 R

3 1 .
NO.

31
32
33
34
35
36
37
38
39
40

41
42
43
44
45
46
47
43
49
50
51
52
53
54
55
56
57
53
59
60



Station, VailftnlWtara to bacterial wilt

--------- -  -  -  -  - — — -  — —
W il t l n c l -

91 .
tfo.

A ccession
number o f

Mo. o f  
p la n ts dence

(X) Reac
S3 PGR ob serve d t io n

------------------ ------------------ -  -  -  - -  “

61 7 9 7 -5 7 0 a

62 8 0 3 -1 7 4 2 .9 us

63 SO 3 -2 7 29*6 MR

64 8 1 1 -1 7 14 .3 R

65 8 1 1 -2 7 2 3 .6 KR

66 3 1 1 -3 7 7 1 .4 5

67 81 1 -4 0 a

68 8 1 1 -5 7 2B.& hr

69 83 6 -1 7 0 R

70 B 41-1 7 4 2 .9 ms

71 3 4 1 ,2 3 33 .3 MR

72 3 4 1 -3 10 7 0 .0 5

73 34 6 -1 7 7 1 .4 S

74 346_2 7 57 .1 MS

75 34 5 -3 7 4 2 .9 MS

76 3 4 6 -4 7 7 1 .4 S

77 34 7 -1 7 14 .3 R

78 8 4 7 -2 7 2 8 .6 MR

79 94 7 -3 7 57 .1 MS

80 34 9 -1 7 3 5 .0 S

81 B51-1 7 1 4 .2f R

S2 3 5 1 -2 7 1 4 .2 R

63 8 5 2 -1 4 4 .4 KS

34 8 6 5 -1 7 0 R

85 8 6 5 -2 7 14 .3 R

66 8 6 8 -1 7 28*6 MR

87 6 6 6 -2 7 1 4 .3 R

88 3 6 3 -3 7 8 5 .7 S

89 868—4 7 57 .1 MS

90 B6S-5 7 2 8 *6 MR

S I ,
NO,

A c c e s s io n  
num ber o f  

N3PGR

;ro .  a f  
r l a n t a  

o b s e rv e d

i l l t
d*

in c l
nee

Rea
t t s

■ -  - ------------------ ----------- - - - - - -

91 9 7 3 -1 7 35.7 5

92 8 7 3 -2 7 35.7 S

93 8 7 3 -3 3 25 MR

94 9 5 3 -1 3 133.3 3

95 9 5 3 -2 6 33.3 MR

96 9 5 3 -3 6 100.0 3

97 9 5 6 -1 7 42.9 MS

98 9 5 6 -2 7 4 2 .S- M3

99 9 5 6 -3 42.9 U5

100 9 5 6 -4 14.3 R.

101 9 5 6 -5 7 57.1 MS

102 9 5 6 -6 7 57.1 M3

103 9 5 7 -1 7 23.6 MR

134 9 5 7 -2 p 77,3 5

105 9 6 0 -1 33.3 117

106 9 6 0 -2 7 :o 3 .o S

107 9 6 0 -3 23.6 m

1QB 9 6 1 -1 7 23.6 H I

109 9 6 1 -2 7 57.1 M3

n o 9 6 3 -1 "j 71.4 5

111 9 6 3 -2 7 71.4 3

112 9 6 3 -3 7 95.7 S

113 9 6 3 -4 7 42*9 MS

114 9 6 3 -5 3 100*q 3

115 9 6 3 -6 4 icb .o 5

116 9 9 3 -1 37.6 MR

117 9 9 3 -2 4 75 S

113 9 9 3 -3 7 71.4 s

119 9 9 3 -4 7 71.4 s

120 102O -1 7 100,0 s



{ContA

_ nx-*>wAccession Mo. of denco
3-A* nttmh^r o£ —l i l l t S  “ f _»k. n,S I .
HO. number o f p la n ts (*> Re

MB PGR observed t l
----- ----------- -------- ------------------- -  -

121 1020-2 7 4 2 .9 M3

122 1021—1 7 7 1 .4 3

123 1021-2 7 in MS

1 2 * 1022-1 7 4 2 ,9 MS

12 5 1022-2 7 5 7 .1 MS

126 1022-3 7 2 3 , 6 mr

127 1027-1 7 5 7 .1 MS

128 1027-2 7 1 0 0 ,0 S

129 1029 7 7 1 .4 s

130 1032-1 7 0 R

131 1332-2 7 7 1 .4 S

132 1032-3 1 0 0 ,0 s

133 1034-1 7 5 7 .1 MS

134 1037-1 7 1 0 0 .0 3

135 1037-2 7 2 8 . 6 MR

136 1037-3 7 1 4 .3 R

137 1051-1 7 7 1 .4 s

138 1051-2 11 1 0 0 .0 s

139 1091 6 6 .7 3

140 1095-1 7 1 4 .3 R

141 1095-2 7 5 7 .1 MS

142 1096-1 1 1 0 0 .c S

143 1096-2 7 1 0 0 .0 3

144 ■1097-1 7 7 1 ,4 3

145 1097-2 7 7 1 .4 3

146 1097-3 7 1 0 0 .0 S

147 1097-4 7 1 4 .3 R

148 1097-5 7 1 0 0 ,0 3

149 1101-1 7 5 7 .1 MS

150 1101-2 6 1 6 .7 R

Accession Mo. of 
nurier of plants 
K3PGR abaorved

1105-1 8 6 2 .5 S

1106-1 7 4 2 ,9 MS

1106-2 7 2 3 .6 M l

1106-3 7 2 3 .6 MR

1107 7 7 1 .4 S

1103-1 7 2 3 .6 MR

1108-2 7 0 R

1110-1 7 2 3 .6 MR

1110-2 7 0 R

1110-3 7 1 0 0 .0 S

L110-4 1 2 .5 R

1112-1 7 5 .0 S

1112-2 7 4 2 .9 MS

1112-3 7 4 2 .9 MS

1112-4 7 2 8 .6 MR

1113 1 0 0 .0 5

1116-1 7 1 0 0 .c S

1117-1 7 2 9 .6 MR

1117-2 7 7 1 .4 3

1117-3 7 7 1 .4 5

1121 7 7 1 .4 5

1122 7 7 1 .4 S

1123 ic o .a 5

1124 □ "R

1127-1 3 6 6 .7 s

1127-2 4 2 5 ,□ MR

1127-3 3 3 .3 HR

1129 7 1 4 .3 R

1130 7 4 2 .9 MS

1132 7 5 7 .1 KS

31.
H o.

151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
170
179
130



SI.
No,

1S1
1B2
193
184
IBS
186
197

183
189
190
191
192
193
194

195
196
197
19B
199
200
201

202
203
204
205
206

207
203
209
210

A ccessio n  No. o f  W1^ rl̂ 2C l_  31 Accession No. o f ^ d e n c - '1*
number o f  p i  an to  —m M * number o f p lan ts  ■— y — -

ffBPOS o b served  W  NO* V8PGR observed ' m)

1134—1 7 4 2 .9 MS 211 3935 100.0 s
11 34 -2 7 4 2 .9 MS 212 1402 71.4 s
1 1 3 5 ,1 7 7 1 .4 S 213 1403-1 25 ,0 MR
11 35 -2 7 3 5 .7 s 214 1403-2 0 R
11 3 5 -3 7 4 2 .9 MS 215 1404 100.0 5
1135-4 7 57.1 MS 216 1405 100,0 s
1139-1 S 6 0 .0 MS 217 1406 0 R
1140 7 57 .1 MS 218 1407 SS.7 5
11 48 -1 7 1 0 0 .0 s 219 1410 0 R
1143—2 7 71 .4 s 220 1411 ■ 103,0 5
1 1 4 8 -3 7 B 5.7 s 221 1412 33.3 MR
1163-1 7 28.6 “a 222 1414 71.4 5
1334 7 7 1 .4 s 223 1415 28.6 MR
1342 3 1 0 0 .0 s 224 1417 42 .9 MS
13 45 -1 7 7 1 .4 5 225 1418 100.0 S
1346-1 7 7 1 .4 S 226 1419 42.9 M5
1 3 4 6 -2 2 □ a 227 142 3 30.0 MS
13 47 -1 9 97.5 s 22B 1424 39.6 y.p.
1 3 4 9 -1 9 7 7 .8 s 229 1425 65 .7 s
1353 2 1 0 0 .0 s 230 1426 100. C o
1357—1 7 8 5 .7 s 231 1427 20.0 H
1353 7 2B .6 MS 232 1428 100.0 S
1364 0 a 23 3 1429 85.7 s
1374 7 5 7 .1 MS 234 1430 71.4 5
1383 7 1 4 .3 R 235 1432 42 .9 MS
1384 7 1 4 .3 R 236 1433 100.0 S
1387 7 1 0 0 .0 S 237 1435 71.4 s
1389 7 as.7 s 233 1436 5 0 .0 x s
14 0 0 -1 7 2 8 .6 MR 239 1437 4 2 .9 MS
14 00 -2 7 2 8 .6 MR 240 1438 85 .7 s



SI.
SO.

241
242
243
244
24S
246
247
243
249
253
251
252
253
254
255
256
257
2SS
259
263
261
262

263
264
265
266
267
268
269
270

(Contd..

Accession  
number o f  
- xB?sa

So. c£ W i l t  i n c i ­
dence s i . A ccession  

nunibcf o f
H o. o f W i l t  I n c i ­

dencepj.aKt.fc*
o b s e rv e * ' ** Reac­

t io n *
HO. M3 PGR o b served Reacv ' 

t i e r * .

1439 7 10 0*0 s 271 1473 7 1 4 .3 R
1440 8 1 2*5 A 272 1474 7 7 1 .4 S
1441 9 2 2 .2 MR 273 1475 7 2 0 .6 MR

1442 7 5 7 .1 MS 274 1476 3 3 3 .3 r*a
144^ 1 1 0 0 .0 5 275 1477 7 1 4 .3 A

1444 7 2B .6 MR 276 1478 7 4 2 .9 MS

1445 7 4 2 .9 MS 277 1479 3 6 6 *7 5

1446 7 4 2 .9 MS 278 1430 7 8 5 .7 5
1447 7 1 4 .3 X 279 1431 7 5 7 ,1 M3

1443 7 7 1 .4 5 2S0 1432 4 0 R

1449 7 8 5 .7 5 281 1433 6 0 R
1450 7 1 0 0 .0 5 232 1435 6 5 0 .0 MS

1451 2 1 0 0 .c S 283 14 S8 7 4 2 .9 MS
1452 7 1 4 .3 R 234 1490 7 2 8 .6 MR

1453 6 3 3 .3 S 2BS 1491 7 2 8 .6 MR
1454 6 8 3 .3 s 296 1492 7 0 R

14 56 7 2 8 .6 MR 237 1493 7 0 3

1457 7 1 0 0 .0 S 283 1494' 7 7 1 .4 5

1453 7 5 7 .1 MS 239 1495 7 1 4 .3 R
1461 2 0 P, 290 1496 4 0 A

1462 2 0 P. 291 1497 7 4 2 .9 MS
1463 7 0 R 292 1493 7 □ R

1464 7 4 2 .9 MS 293 1499 6 5 0 .0 MS

1466 7 5 7 .1 M3 294 1500 6 6 6 .7 5

1467 7 0 R 295 1501 7 0 A
1468 7 0 R 296 1502 5 1 0 0 .0 5
1469 6 1 0 0 .0 3 297 1503 2 5 0 .0 MS ■
1470 6 0 R 293 1505 4 5 0 ,0 MS
1471 6 1 6 .7 R 299 1506 7 7 1 .4 S
1472 7 1 4 .3 X 300 1507 4' 5 0 .0 MS



)

SI.
HO*

Accession 
number of 

NBPGR

Ho* o f  
p la n ts  observed

wilt Incl dene* si.
Reac- No*, 
t io n .

Accession 
number of 

NBPCR

No* o f  
p la n ts  

ob served

W i l t  In c i ­
dence

TTn7 reac­
t io n .

--------------------- --------- -------------- — — — —  —

301 1508 1 1 0 0 .0 s 331 1541 6 3 3 .3

302 1510 1 1 0 0 .0 5 332 1542 7 100 . C s

303 1511 7 1 0 0 .0 5 333 1543 9 1 0 0 .c 5

304 is i : 7 1 0 0 .0 S 334 1544 7 1 0 0 .0 5

30S 1510 2 1 0 0 .0 s 335 1545 7 7 1 .4 5

306 1514 -7 8 5 .7 s 336 1546 7 4 2 .9 vs

307 1516 9 5 5 .6 MS 337 1547 7 10C.C 3

300 1517 9 3 3 .3 MR 338 1543 7 57 .1 Jt-

309 1519 4 2 5 .0 MS 339 1551 X 1 0 0 .c 3

310 1521 7 2 8 .6 y i 340 1552 7 10c .c S

311 1522 7 2 3 .6 MR 341 1553 7 100. c S

312 1523 7 2 8 .6 MR 342 1554 7 S 5 .7 3

313 1524 6 1 6 .7 ■R 343 1556 5 6 0 .0 MS

314 1525 7 1 4 .3 R 344 1557 7 10G-C 5

315 1526 7 1 4 .3 R 345 1SS8 6 1C0.C 5

316 1527 5 4 0 .0 MR 346 1559 3 100. c 5

317 1528 5 0 R 347 1560 7 1C0.C 3

31B 1529 7 0 R 348 1561 7 4 2 .9 r.s

319 1530 7 0 R 349 1562 1 1 0 0 .G s

320 1531 7 7 1 .4 ; 350 1563 5 4 0 .C HR

321 1532 7 2B .6 MR 351 1564 7 7 1 .4

322 1533 7 100 .0 e 352 1565 1 0 0 .c ■s

323 1534 1 1 0 0 .0 3 353 1566 7 1 0 0 .0 s

324 1535 7 4 2 .0 MS 354 1567 7 8 5 .7 3

325 1536 7 1 0 0 .0 5 355 1568 7 1 0 0 .0 S

326 1537 7 1 0 0 .0 S 3 56 1569 3 33 *3 HR

327 153S 7 7 1 .4 5 357 1570 7 1 0 0 .0 5

328 1539-1 7 1 0 0 .0 3 359 1571 5 0 0 MS

329 1539-2 7 1 0 0 .0 S 359 1572 B 75 .0 3

330 1540 7 1 0 0 .0 3 360 1573 7 100.0 S



SI.
Mo-

361
362
363
366
365
366
367

363
3 6 9

370
371
372
373
376
375
376
377
373
379
330
331
332
333
386
335
386
337
333
339
390

(Contd..

J-ccssaion So. o f  " “ ‘ n c IT 1*  S I .  MO. o f

1576 7 8 5 .7 3 391 U608 7 100.0 3

1575 7 5 7 .1 M3 392 1609 7 8 5 .7 s

1576 2 1 0 0 .0 S 393 1610 7 71.2 s

1577 6 1 0 0 .0 s 396 1611 7 100.0 s

1573 5 1 0 0 .0 s 395 1612 7 100.0 S

1579 7 7 1 .4 s 396 1613 10 100.0 s

13S0 7 1CO.O 3 397 1614 3 100.0 3

1532 7 1 0 0 .0 S 398 1615 7 57.1 MS

1533 7 1 0 0 .0 3 399 1616 4 75.0 5

1584 7 1 0 0 .0 3 400 ■-637 7 100.0 S

1535 7 3 5 .7 3 401 1618 5 30 .0 s
1536 3 1 0 0 .0 S 402 1619 7 100.0 s
1537 7 1 0 0 .0 3 403 1620 4 1CC.0 s

1583 7 1-30.0 3 404 1621 7 LOO.O s

1539 2 1 0 0 .0 S 405 1522 7 23 .5 MR

1590 7 B 5 .7 S 406 1623 7 3 5 .7 5

1S92 4 7 5 .0 3 407 1624 7 55 .7 S

1593 7 1 0 0 .0 S 408 1525 7 71.4 s

1594 7 1 0 0 .0 3 409 2526 6 LOO.O 3

1595 7 1 0 0 .0 S 410 1527 7 57.1 MS

1596 7 1 0 0 .0 3 411 1628 6 1C0.0 S
1597 7 1 0 0 .0 s 412 1529 7 71 .4 s
iS 9 a 8 1 0 0 .0 3 413 1630 3 100.0 3
1599 9 7 7 .3 3 414 1631 7  3 5 .7 3

1601 7 1 0 0 .0 3 415 1632 6 100.0 3
1603 7 7 1 .3 3 41 ft 1633 3 100.3 S

1604 5 1 0 0 .0 3 417 1634 7 71.4 3
1605 7 1 0 0 .0 3 413 1635 7 100.0 3
1606 1 1 0 0 .0 3 419 163ft 7 28 .6 MR
1607 7 1 0 0 .0 3 420 1637 6 56 .7 MS



W ilt  I r t c i -  Accesslon Ha. a t jenea
31* number a f p la n ts
.“Jo. N3PC3 observed t l o i

421 1638 9 1 0 0 .0 s

422 163S 3 1 0 0 .0 s

423 1640 5 10 0 .0 3

424 1641 S 10 0 .0 3

42S 1643 5 10 0 .0 s

426 1644 3 10 0 .0 5

427 1645 5 1 0 0 .0 s

428 1646 5 10 0 .0 s

427 1647 i 10 0 .0 5

430 1643 5 10 0 .0 s

431 1649 5 10C .0 s

432 1650 5 1OC.0 3

433 la  51 5 10 0 .0 s

434 16 32 5 6 0 .0 KS

43S 1653 5 6 0 .3 MS

436 1654 5 10 0 .0 3

437 16 55 5 100.0 5

433 1656 6 IC C .3 3

439 1657 5 100.0 5

440 16 59 5 6 0 .0 MS

441 1660 5 100 . 0 3

442 1661 5 4 0 -0 MR

443 1662 5 4 0 .0 !R

444 1663 5 1 0 0 .0 3

445 1664 3 10 0 -0 S

446 1665 2 1 0 0 .0 3

447 1666 5 1 0 0 .0 3

448 1667 5 1 0 0 .0 3

449' 1668 S 1 0 0 .9 3

.  '.Ult in 
A ccessio n  51°. a t  J a -ee

S o .
number o£ 

HBrCR
p la n ts

observed
'E H
t i l l

451 1670 5 4 0 .C HU

452 1671 5 100 .C 5

453 1672 5 100 .c 3

454 1673 7 57.1 MS

455 1674 5 2 0 .C R

4 56 1675 5 EO.C 5

457 1676 5 3 0 .C -

4 53 1677 5 100.0 5
459 1673 5 4 0 .0 HR

460 1679! S 100.0 S

461 1630 5 40.0 n"

462 1632 5 1C0.0 s

463 1683 5 100.0 s

464 1634 5 50 .0 nz

465 1635 5 100.0 s

466 1666 5 100.0 3

4 67 1637 j 100.0 3

463 16=33 5 40 .0 M3

4 69 1639 3 50.0 VSS

470 169Q 5 3 0 ." 5
*

471 1691 5 30.0

472 1672 5 100.0 3

473 1693 5 100.0 3

474 1694 5 30 .0 5

475 1695 5 100.0 3

476 1676 S 30 .0 3

477 1697 5 40 .0 MR

4 7 8 1698 5 100.0 3

4 7 9 1699 5 100.0 3



31 .
Ho.

481
432
483
434
4SS
436
437
438
433
490
491
492
491
494
495
496
497
493
499
500
SOI
502
SOI
S04
SOS
506
507
508
509
600

(Coned,

A ccession  Ho. o f  ^ d e n c e 0 1 - S I A cce ss io n  Ho, o f  '^dence"11-
nisr.ber’ o f  planes —j„ . ------- =- „  ■ nu-ohar o f  p laces  ~

HSPG3 observed <*> So* H3PG» observed (

1701 5 100.0' 3 511 1735 5 e o .a 9

1702 5 10 0 .0 3 512 1736 5 1 0 0 .0 3

1703 5 1C0.0 s 513 1737 S 1 0 0 .0 S

17C4 5 100.0 3 514 1738 s 6 0 .0 MS

170 S 2 100.0 3 SIS 1739 5 1 0 0 .0 3

17C6 5 6 0 .0 MS SIS 1740 3 1 0 0 .0 5

1707 4 75 .0 S 517 1741 5 1 0 0 .0 3

1708 5 6 0 .0 M3 518 1742 5 s o .o S
1709 5 100.0 3 519 1743 5 4 0 .0 Mft

1710 5 100.0 S 520 1744 5 1 0 0 .0 3
1711 5 100.0 s 521 1745 5 1 0 0 .0 S

1712 5 100.0 3 522 1746 5 8 0 .0 S

1713 5 100.0 3 523 1747 5 1 0 0 .0 s

1715 5 100.0 3 524 1748 5 1 0 0 .0 3

1716 5 100.0 3 525 1749 2 1 0 0 .0 3

1717 5 4 0 .0 KS 526 1751 5 8 0 .0 S
1718 5 100.0 3 527 1752 5 8 0 .0 S
1719 5 3 0 .0 3 528 1753 5 1 0 0 .0 s

1720 S 4 0 .0 MR 529 1754 5 6 0 .0 MS
1721 5 6 0 .0 MS 530 1755 5 1 0 0 .0 s
1722 3 100.0 S 531 1756 2 1 0 0 .0 s
1723 5 100.0 3 532 1757 2 1 0 0 .0 5
1724 5 100.0 3 533 1758 S 1 0 0 .0 a
1725 5 10 0 .0 3 534 1759 5 1 0 0 .0 3

1726 5 6 0 .0 HS 535 1760 5 6 0 .0 M3
1727 5 6 0 .0 MS 536 1761 5 1 0 0 .0 3

1728 3 10 0 .0 S 537 1762 S 4 0 .0 HH
1729 5 10 0 .0 3 538 1763 5 6 0 .0 M3
1730 5 100 .0 3 539 1764 S 6 0 .0 M3
1731 3 1 0 0 .0 9 540 1765 5 8 0 . 0 3



)
.  -  -

A ccession So. o f W i l t  ln c l -
-?.anc«3 1 .

Mo.
number o f  

N 3? 3 l
p lants

observed 14) l e s
t l c i

----------------- ---------------- -  -  — —  — —

541 1766 5 1 0 0 .0 s

542 1768 5 0 R

543 1769 5 8 0 .0 5

544 1770 5 8 0 .0 5

545 1771 5 1 0 0 .0 5

546 1772 5 6 0 .0 MS

547 L773 3 1 0 0 .0 5

548 30 4 -1 5 4 0 .0 MR

549 3C4-2 5 2 0 .0 8

550 3 7 5 -2 2 10 0 .0 5

551 5 1 8 -6 4 2 5 .0 M3

552 5 1 3 -7 2 5 0 .0 MS

553 5 3 9 -5 5 0 3

554 53 7 -2 5 4 0 .0 M3

555 6 2 5 .1 5 2 0 .3 3

556 6 3 4 -1 1 5 2 0 .0 3

557 6 3 4 -1 2 5 6 0 .0 MS

558 6 3 4 -1 3 5 0 3

559 6 3 4 -1 4 5 □ 3

560 6 3 4 -1 5 5 2 0 .0 3

561 7 9 5 -3 5 2 0 .0 S

562 3 0 3 -3 S 4 0 .0 M3

563 3 0 3 -4 5 □ 3

564 0 1 1 -6 3 3 3 .3 MS

S6S 8 1 1 -7 5 6 0 .0 MS

566 8 3 6 -2 5 1 0 0 .0 3

567 0 4 1 -4 5 0 s

568 8 4 6 -5 5 8 0 .0 s

569 346—6 5 2 0 .0 3

570 8 4 7 -4 5 4 0 .0 MR

w i l t  ' . n c l -
31. Accession :fa. o f  fence
Ms. number o f  pl.ar.t3 C'O " s te- 

N9FOR absarved n icn ,

571 3 4 7 -5 5 2 0 .0 R

572 8 5 1 -3 5 4 0 .0 Hr?

573 3 5 2 -2 S 3 0 .0 3

574 36 S -3 S 2 0 .0 P.

575 3 6 3 -6 5 4 0 .0 tin

576 8 6 3 -7 1 R

577 8 7 3 -4 5 5 0 .0 M3

573 9 5 6 -7 5 4 0 .0
573 9 5 6 -8 5 3 0 .0 5

530 9 5 6 -9 6 5 0 .0 H7

581 95 6 -10 5 1 0 0 .0 5

532 95 6 -11 5 2 ? .? R.

53 3 35 6 -12 5 5 0 .0 ft;
= 34 9 5 7 -3 5 3 C .3 5

53S 9 5 7 -4 5 6 0 .0 VI;
536 950—4 5 4 0 .0 op

S37 9 6 3 -7 5 6 0 .0 M3

538 993-S 5 0 ft
539 9 9 3 -6 5 6 0 .0

590 1020-3 5 4 0 -0 MP-

591 1022-4 5 2 0 .0 R
532 1022-5 5 1 0 0 .0 5

593 1022-6 5 IC O .3 s

594 1027-3 5 3 0 .0 5

595 1027-4 a 1 0 0 -0 5

596 1032-4 5 4 0 .0 rct

597 1037-4 5 1 0 0 -0

598 10 37 -5 5 1 0 0 .0 3

599 1051—3 5 1C0.O 3
600 1095—3 5 ico .o 3



SI.
Ha.

601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631

(Cantd.....   . . 3

Accession 
number o f  

S3 PGR

Kot o f  
p la n t *  

observed

M i l t  I n c i ­
dence 3 1 . Acoo 3 o lon  

nu nb cr o f  
N3PCR

H o. o f  
p l a n t *  

o b served

K i l t  I n c i ­
dence S i . Accession Ho, o f

H i l t  I n c i ­
dence S I . Accession  

number of 
NBPGR

Na. o f 
p la n ts  

observed

H i l t  I n c i ­
dence

(X ) Be ac­
t io n .

No. (X ) Reac­
t io n .

NO. number o f  K3PSR
p la n ts

observed
(X ) Reaj—— 

t lC Q .
HO. ( 1 ) Reac­

t i o n .

1095-4 5 100.0 3 632 6 3 4 -1 1 5 20.0 R 662 157-2 5 6 0 .0 HS 692 96 3 -10 5 20.0 R
1097-6 5 8 0 .0 s 633 63 4 -1 2 5 6 0 .0 MS 663 158-1 5 20.0 R 693 1020-4 S 4C .C MR

1097-7 4 100.0 3 634 63 4 -1 3 5 20.0 R 564 157-2 5 10O .0 3 694 10 2 2 -7 s 100.0 5

1097-8 5 8 0 .0 S 635 63 4 -1 4 S 8 0 .0 S 565 5: -2 5 100.0 S 695 10 22 -3 5 00.0 S

1097-9 5 100.0 3 636 95 6 -7 5 100.0 S 666 5 5 ,-3 S 80.0 S - 696 1051-4 4 2 5 .0 MR

1105-2 S 100.0 3 637 95 6 -8 5 8 0 . 0 s 667 625-2 5 20.0 R 697 1097-10 5 6 0 . C MS

1106-4 5 1(30.0 3 638 9 5 6 -9 5 8 0 .0 s 668 634-16 5 6 0 .0 MS 698 11 05 -3 5 100. C S

1106-S 1 100. 0- S 63& 95 6 -1 0 5 4 0 .0 HR 669 631-17 5 20.0 R 699 1106-5 5 SO.C 3
1105-3 S 6 0 .0 13 640 95 6 -11 S 8 0 .0 S 670 80 3 -5 a 1 2 .5 R 700 11 0 6 -6 e 40. C Ha
1112.5 5 6 0 .0 MS 641 9 5 6 -1 2 5 1 0 0 . C 5 671 B l l -8 £ 4 0 .C 151 701 1112-7 5 4 0 .0 NCI
1112-6 5 100.0 s 642 9 5 6 -1 3 5 20.0 R 672 81 1 -9 5 8 0 .0 S 702 11 16 -3 5 0 R
1116-2 7 100.0 s 643 95 6 -14 5 20.  C R 673 841-5 5 4 0 .C MR 703 1127-5 5 100.0 3

1117-4 5 4 0 .0 MR 644 9 5 6 -1 5 7 2 8 .6 MR 674 841-6 5 8 0 ,0 S 704 1134-4 5 8 0 .0 5

1117-5 5 0 a 645 95 6 -16 5 4 0 .0 MR 675 846-7 5 20.0 R 7DS 1345-3 5 6 0 .C MS

1127-4 5 60.0 MS 646 9 5 6 -1 7 S 20.C R 676 846-8 5 6 0 . C MS 706 1347-3 5 6 0 .0 TIE
1134-3 3 66.66 s 647 95 6 -7 8 5 20.0 R 677 846-9 5 4 0 .0 MR 707 1349-2 S 20.0
1135-5 1 0 R 648 95 6 -1 9 5 4 0 .0 MR 678 849-2 5 6 0 .0 MS 708 1357-2 5 20.0 ft

1135.6 . 2 100.0 3 649 9 5 6 -2 0 5 4 0 ,0 HR 679 868-3 5 6 0 .0 MS 709 1400-4 4 100.0 5
1135.7 5 00.0 S 650 956-21 5 4 0 .0 MR 630 956-13 5 £0.0 s 710 83 4 -0 5 B0.C 5

1341-2 5 6 0 .0 MS 6 S I 95 6 -22 1 100.0 5 631 956-14 7 57 .1 MS 711 811-10 5 100.0 3

1341-2 5 20.0 R 652 96 3 -7 5 4 0 .0 MR 6B2 956-15 6 6 6 .7 s 712 84 7 -6 5 4 0 .0 Mft

1400-3 5 40 .0 HR 653 96 3 -8 S 20.0 R 683 955-16 1 0 R 713 847-7 5 8 0 . 0 S
304-1 5 80 .0 s 654 96 3 -9 5 4 0 .0 HR 684 95*'—17 5 80.0 S 714 956-20 5 8 0 .0 3
304-2 5 6 0 .0 MS 65S 9 6 3 -1 0  . S 100.0 3 685 956-18 5 100.0 5 715 957-21 5 8 0 .0 S
304-3 5 4 0 .0 HR 656 1 0 2 2 -4 2 100.0 S 686 956-19 5 6 0 .0 MS 716 961-3 5 4 0 .0 Kft
304-4 S 0 R 657 11 34 -3 5 100.0 5 687 95 7 -5 5 0 R 717 1027-S 5 6 0 .0 MS

518-6 5 0 R 658 1 1 5 4 -1 S 8 0 .0 S 688 95 7 -6 5 20.0 R 718 1034-2 s 6 0 .0 MS
518-7 5 80 .0 3 659 1154-2 5 . 4 0 .0 MR 689 95 7 -7 5 4 0 .0 MR 719 1095-5 5 6 0 .0 MS
518-0 4 100.0 3 660 12 9 -3 1 100.0 S 690 963-8 5 0 R 720 1106-7 5 20.0 ft
51S-9 S 40 .0 HR 661 15 7 -1 5 100.0 S 691 963-9 5 4 0 .0 MR 721 1139-2 10 10.0 ft
539-5 5 8 0 .0 3

R = Resisbotot, _  <  0.0% Kilb
= Hodc.rat(2ly rasisbant ->00 <40%

MS -  H a c te ra te ly  s u scep tib le , -  > 4 0  <go%  wilb 
s  s suscapt\b \e  -  ><so% wilb

and Ho, 19V6 [



A p p en d ix -IV . Ana lysis o f va ria n ce  fo r  w i l t  percentage o f the d if fe re n t c h i l l i  accessions/ 
va rie tie s

Source Sum o f squares d f Mean square F ra t io

T reatment 

Block 

E rro r 

Tota l

37012.562

1325.919

21532.001

59870.482

28

2
56

86

1321.877 

662.959 

384.500

3.438* 

1 .724

*  S ig n ific a n t a t 0.05 le v e l



A p pend ix -V . A n a lys is  o f variance fo r  in  v i t r o  s e n s it iv ity  o f ^P. solanacearum to a n tib io tic s  

Source d f SS MS F

Treatments 19

Between a n t ib io t ic s  4

W ith in  a n t ib io t ic s  15

E rro r 40

T ota l 59

1638.40 86.232 30 .43**

305.74 76.435 27.008**

1332.66 88.844 33.393**

113.33 2.83

1751.73

* *  S ign ificance a t 0.05 and 0.01 le v e l



Appendix-VI. Analysis of variance for jjn v itro  sensitivity of _P. solanacearum to fungicides

Source d f

T reatments 11

Between fung ic ides 2

W ithin fung ic ides 9

E rro r 24

Tota l 35

SS MS F

577.22 52.475 36 .349**

194.89 97.44 6 7 .4 8 **

382.33 42.48 2 9 .4 1 **

34.66 1.44

611.88

* *  S ig n ifica n t a t 0.05 and 0.01 le v e l



A p p e n d ix -V II. A na lys is  o f variance fo r  percentage o f w i l t  on the  f ie ld  experim ent on the 
management o f b a c te r ia l w i l t  o f c h i l l i

Sour.ce d f SS MS F

Total 74 39442.75 533.01 -

Main p lo t 4 2676.88 669.22 1 .153NS

Block 2 362.11 181.055 -

E rro r (a) 8 4642.97 580.37 -

Sub p lo t 4 2599.01 649.75 1.2116NS

In te rac tion 16 7511.51 481.97 NS0.8987

E rro r (b ) 40 21450.27 536.26

NS -  Not s ig n ifica n t
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ABSTRACT

B acte ria l w i l t  is  one o f the most serious disease of c h il l ie s  

in  Kera la . The pathogen was iso la ted  from  in fected c h i l l i  p lants

and its  pathogen ic ity  es ta b lish e d . Ten iso la tes o f the  pathogen

v iz . ,  f iv e  from  c h il l ie s ,  two each from  tomato and b r in ja l and 

one from  ginger were used in  the study and they were characterized  

nnd Id e n tif io d  ms b lo v tir  I I I  of Psouclommins solunucotirum (Smith ) 

Smith based on the m orpho log ica l, c u ltu ra l, b iochem ical and p h ys io ­

log ica l characters , coupled w ith  i ts  p a thogen ic ity .

Twentynine access ions /va rie ties  o f c h il l ie s  were screened 

fo r  host resistance against b a c te ria l w i l t  and the  study revealed 

th a t the v a r ie ty  'M a n ja r i' (KAU C luster/CA  33) was res is tan t to  

the  disease. The accessions CA 205 and CA 207 e x h ib ite d  

m oderately res is tan t reaction . There was no s ig n ifica n t co rre la tio n  

between environm ental fac to rs  and w i l t  incidence o f a l l  the  

access ions /va rie ties  except CA 408, fo r which a p o s it iv e  co rre la tion  

was noticed between s o il moisture and w i l t  incidence.

721 accessions of c h i l l i  maintained at Regional Station o f 

National Bureau of P lant Genetic Resources, V e lla n ikka ra  were 

evaluated fo r resistance Lo bncLorlu i w IlL. The re su lts  ind ica ted  

th a t f i f t y fo u r  accessions, d id  not e x h ib it  any incidence o f the disease.



In v it ro  in h ib ito ry  e ffe c t of a n tib io tic s  and fungicides to 

J?. solanacearum was te s te d - C hlorom ycetin and S trep tocyc line  

e xh ib ite d  the maximum in h ib it io n  of the  bacterium  and they were 

superio r to Terram ycin , Te tracyc line  and A m b is tryn -S . Of the 

d iffe re n t fung ic ides , Bordeaux m ix tu re  exerted  the maximum in h ib it io n  

of the bacterium , fo llow ed  by T h ir id e  and Blue copper. Dithane 

M-45 and F o lta f were not in h ib ito ry  to the bacterium .

F ie ld  experim ent on the management of b a c te r ia l w i l t  o f 

c h il l ie s  revealed no s ig n ifica n t d iffe rence  between main and sub­

p lo t treatm ents in reducing the disease incidence. However, p lants 

rece iv ing  cowdung as a major treatm ent, and two a p p lica tio n  o f 

s trep tocycline-1000 ppm as minor treatm ent showed a tendency to  

reduce the w i l t  incidence.


