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1. INTRODUCTION

Banana is one of the most accepted and versatile fruit crops across the
alobe and this every day [ruit is nearly the staple source of energy for the rural
poor in the tropical and subtropical regions of the world. In India. it {s the most
important fruit crop contributing 37 per cent of the total tood production. with an
annual production of 16.91 million tonnes [rom 490.70 thousand hectares (Singh.
2002y The crop. which has a diverse use with high export potential, plays a

signiticant role in the socio- cconomic and cultural heritage of our country.

Banana is the most important economically profitable fruit crop grown in
Kerala, mainly by small and marginal larmers, providing a vital source of income.,

However. the productivity of this crop is not very appreciable.

Among the many constraints, the incidence of various diseases is the most
significant factor for its low productivity. In recent years. rhizome rot disease has
become a serious problem 10 the commercial cultivation of banana in southern
states ol [ndia like Kerala, Karataka, and Tamil Nadu (Lakshmanan and Mohan.
1991 Khan and Nagaraj. 1998: KAU. 1999; Nagaraj ef al.. 2002a,b; Rani et «l..
2002).

In Kerala, Nendran (Muse AAB) 1s the most widely cultivated variety of
banana and it s found to be highly susceptible to this disease. Further, it was
noticed that the disease is more seen in banana cultivated in paddy fields. Since the
darea under the cultivation of banana in paddy fields in Kerala is rapidly increasing.
there is every chance that this discasc may emerge as a major threat to the
production of banana, il suitable remedial measures were not taken at the

appropriaic time.

A perusal of literature revealed that not much work has been done on the

etiology  and management of rhizome rot discase of banana in Kerala. Hence, the

present investigation was carried out with the following objectives,



Isolation of the pathogen,
Studying the etiology and symptomatology of the disease
Culmiral and biochemical characterisation of the pathogen.

Evolving an effective management practice against the disease.



Review of literature



2. REVIEW OF LITERATURE

Bacterial rhizome rot of banana also referred to as bacterial head rot or tip
over disease was first observed in the Aguan Valley of Honduras in 1948 (Stover.
1959), A watery decay of the banana rhizomes resulted in the toppling over of the
banana plant. He found that i bacterium was associated with the discase. Later the
discasc was reported from Panama (Loos, 1962). Hildreth (1963) reported the
oceurrence of rhizome rot on banana variety GrosMichel in Central America
causing an annual loss of 10 ~15 per cent. Volcani and Zutra (1967) detected
bacterial soft rot of banana plants caused by Erwinia carotovora for the first time
in [srael. Llanos and Carmen (1967) recorded a new baclerial disease on banana
characterised by rot and collapse of the pseudostem since 1964, Since then the
disease has been reported from Columbia (Fernandez-Borrero, 1967), Central
America (Wardlaw, 1972). Latin America (Stover, 1972), India (Edward et al.,
1973). Venezuela (Ordosgoilty ef af.,1974), Jamaica (Shillingtord, 1974). Cuba
(RiveraDocando, 1978), Papua New Guinea {Tomlinson ez al., 1987), Tarjon {(Choi
et af., 1988), Brazil (Periera and Nunes,1988) and from Iran (Hassanzadeh, 19903,
Guzman and Sandoval (1996) reported a high incidence of pseudostem soft rot in
the bunana hybrids FHIA-01 and FHIA-02 in Corbana. Recently, the discase has

been reported from Iconozo in Columbia (Gomez-Caicedo er al., 2001)

In India, the first occurrence of this disease was reported from Allahabad
on banana variety Basrai (Edward er al., 1973) and later from West Bengal on
Cavendish banana variety, Giant Governor (Chattopadhyay and Mukherjee, 1986).
In West Bengal. the disease became a threat to the cultivation of this Cavendish
variety (Chattopadhyay, 1987), Lakshmanan and Mohan {1986) reported rhizome
rot disease affecting Cavendish banana grown in Tamil Nadu with nearly 40-60 per
cent loss and later recorded u disease incidence of 60-80 per cent. (Lakshmanan
and Mohan, 1991). Khan and Nagara) (1998) reported the incidence of {ip over
discasc of banana for the first time in Kolar and Bangalore districts of Karnataka.
The disease wus reported from South Gujarat by Solanky et «f. (2001). Tip over
discase of banana occurred widely during 1999-2000 in almost all banana growing

tracts of South India. (Nagaraj er af., 2002a,b: Rani er al.. 2002).



In Kerala, rhizome rot discase of banana is occurring from 1987 onwards
(KAU. 1990} and has become a serious problem to the commercial cuttivation of
banana variety, Nendran. Now the disease has been reported in other commercial
varieties like Rasthali (AAB) and Robusta{AAA) (KAU, 1999). The diseasc is

more prevalent on banana grown in paddy fields.

2.1 FACTORS FAVOURING DISEASE DEVELOPMENT

Several workers have carried out studies on the factors favouring the

development of the discase.

Stover (1959) stated that the disease was most serious in arcas previously
flood fallowed for 4 to 6 months and in mecthyl bromide fumigated or stcam
sterilized soil in the green house. Newly planted rhizomes and plants less than 6
months old were frequently destroyed and no scasonal trend in the incidence was

apparent, nor the disease occured consistently in all areas.

Loos (1962) opined that the predisposing factors for the incidence of
bacterial rhizome rot were the type of heart bud of the planting material, strain
virulence of the bacterium, soil and climatic factors. All these contributed equally

lo the discase severity.

Hildreth (1963) reported that seed wounding, undersized seed. immature
seed. excessive exposure to sun and drying, cxcessive planting depth, favouring of
apical bud growth over lateral bud growth, trimming nematode lesions and use of

contaminated tools contributed to the diseasc development.

According to Shillingford (1974} water logging and poor drainage
conditions tavoured the development of the discase. Chattopadhyay and Mukherjee
(1986) in their study found that the spread of the pathogen was through infected

planting material.

Tomlinson er ef. (1987) observed that the disease outhreak occurred during

the wet scason in a period of prolonged wet weather. The pathogen, E.
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chrysanthemi persisted in the soil where the diseased plant material was present.

The newly planted suckers frequently rotted soon after heavy rainfall.

Thwaites et af. (2000) reported that the bacteria probably invaded the
rhizome directly after planting through the wounds or decaymg leaf sheaths,
around the central bud. The discase was common in wet weather, particularly if the

ground was poorly drained and water logged.

According to the investigations conducted at Banana Research Station,
Kannara. it was found that the disease was prevalent on banana grown in paddy

ficlds where water logged condition prevaited (KAU, 1999).

Nagaraj et af. (2002a) conducted studies on the mode of transmission of the
pathogen under field conditions and found that the most effective mode of
transmission ol the pathogen was through infected rhizomes and mfected plantlets.
The highest incidence of the disease was noticed when pared and injured rhizomes

were used for planting

The effect of the attack of rhizome borer (Cosmopolites sordidus) on the

incidence of rhizeme rot was also investigated by several workers,

Stover (1959) reported that the banana root borer, C. sordidus was
frequently associated with the rot. Observations on the tip over disease of banana
in Allahabad showed that scvere damage occurred in cases where weevil attack
was severe {(Edward ef al., 1973). Shillingford (1974) observed that in Robusta
banana. scvere tunneling due (o borer activity accelerated the bacterial rot, Borer

tunnels were surrounded 1n many instances by typical bacterial rot.

2.2 SYMPTOMATOLOGY

Wardlaw (1935) mentioned aboul 2 banana discase in Jamaica called black
head, which referred to any discase of the rhizome showing superficial, or internal
brown or dark water soaked patches. Hord and Flippin (1953) described the

symptoms of thizome head rot of banana found in Honduras as watery decay of the



rhizome, which resulted in the toppling over of the plant. But the etiology of the
disease was first reported by Stover (1959) and he had detailed the symptomatology
ol the disease. He reported that the field symptoms were manifested at three stages
ol growth viz.. rotting of newly planted rhizomes which failed to sprout. stunting
and poor growth of young plants and wppling over of the mature plants at shooting
stage. Regions of dark to pale brown water soaked tissue developed from rhizome
surface invaded through cortex and stele. These water soaked areas hecame
internally pocketed with dark peripheral rings. The inner areas frequently decayed
leaving cavities surrounded by dark spongy matter. As the rot progressed young
plants became yellowish stunted and were easily pushed over. Mature plants scldom
exhibited outward symptoms but are casily blown or pushed over particularly at the
bunching stage. When the pscudostem of a mature diseased plant toppled. the
rhizome got split and a portion of the infected tissue adhered to the pseudostem, the
remainder of the rhizome stayed anchored by the roots. In severe cascs. the young

rhizomes of the suckers emerging around the mature rhizome were also infected.

Llanos and Carmen (1967) reported that the symptoms ol the disease were

characterized by rot and collapse of the pseudostem.

Lacy (1971) found that the most striking and characteristic feature of the
disease was the presence of a large basal cavity extending upto the centre of the
plant rhizome and originating directly from the old planting piece. He also

suggested that. those cavities might mark another point of entry of the pathogen.

Stover (1972) reported that the disease usually affected only large
non-fruiting plants but not the daughter suckers. Edward er al. (1973) described the
symptoms of tip over disease of banana occurred in Allahabad. The important
symptoms comprised ol discolouration and soft rot of rhizomes and suckers. scanty
roots with dark brown lesions and necrotic tips. The pseudostem in many cascs
tipped over breaking across the much-rotted part of the stem especially at the soil
tevel. Severely atfected plants were stunted, developed water soaked discoloured
lcat’ sheath bases and yellowing of leal blades that eventually had scorched

appearance, Both young and mature plants showed the symptoms,



Ordosgoitty et al. (1974) reported that plants with ycllowish translucent
spots on the stem turned reddish brown and spread over the basal parts. A foetid

liquid oozed out of the stem lesions and the plants weakened and fell.

Symptoms described by Shillingford (1974} about the bacterial rhizome rot
in Jamaica were same as that described by Lacy (1971). In more advanced stages.
the tissue rot to a black soggy mass. leaving deep cavities around the base of the
pseudostem. The discase did not appear to have any obvious symploms on the
foliage. Bunches from severely affected plants were small and deformed, with
twisted fingers. Plants with bunch toppled easily. The rhizome broke and a portion
ol the infected tissue remained adhered to the pseudostem. The part of the rhizome
stayed in the ground. anchored by roots. Growth of the suckers slowed down and

leaves turned yellow.

Chattopadhyay and Mukherjee {1986) noticed that the symptoms appeared
on the leaves. which turned pale to yellowish lusterless, withering very slowly. The
rotting of rhizome resulted a mashy soft tissuc cmitting disagreeable odour.
Chatlopadhyay (1987) reported that the discase gencrally appeared at the very
primary stage ot establishment of plantain and caused a serious setback in the
initial stages. The sofl rot of the rhizome progressed up the pscudostem destroying
the growing point and causing internal decay, often with vascular discolouration.

Yellowing and wilting of the leaves were characteristic symptoms.

Pericra and Nuncs (1988} noted that the disease was characterized by
massive soft rot of the rhizome with a typical odour like that of caused by E.
carotovora The rot progressed up the pseudostem, destroying the growing point
causing internal decay and plant death. External symptoms consisted of yellowing,

wilting and collapse of the leaves.

Robinson and Manicom (1991) observed that the infected plants toppled

over during the fruit development stage in cultivars Cavendish and Valery.

Lakshmanan and Mohan (1991) reported that newly planted rhizomes and

the plants less than six months old were frequently destroyed.



Buddenhagen (1994) opined that the discase might cause poor sprout
cmergence, stunting and yellowing of young plants or later snapped off at [ruiting.
Yellow to brownish water soaked arcas with black borders developed mainly in the
corlex. These areas laler became cavities resembling those caused by banana oot

borer {C. sordidus. )

Guzman and Sandoval (1996) observed the symptoms of pseudostem soft
rot in banana hybrids FHIA-01 and FHIA-02 and reported that the most
characteristic symptom of the disease were cigar leaf necrosis, soft rot and

unpleasant odour of the pseudostem internal arca.

In Karnataka, the discase generally appeared in plants of age six to ten
months. The chief symptoms were massive soft rot accompanied by odorous rot of
the centre or a portion of the rhizome. The leaves turned pail to yellow, lusterless,
wilting very slowly and eventually appeared scorched (Khan and Nagaraj. 1998,

Nagara) et af., 2002a,b; Rani et al., 2002).

Thwaites et al. (2000) describing the discase symptoms reported thal the
internal appcarance of the affected banana plants depended on Lhe age of the
banana plant and the severity of the infection. Newly planted rhizomes failed to
sproul. and seedlings exhibited stunted growth and yellowing. External symptoms
in the mature plants were often absent, but where the decay was extensive, the
rhizome got weakened by a wind or even by a fruit weight. Internally the cortex
contained regions of brown or yellow water soaked material with well-defined
large margin. If the decay became wide spread the emerging daughter suckers
might be affected. Wilting of older leaves is said to be a distinguishing feature of

the disease.

Gomez-Caicedo et al. (2001} reported that the symptoms of the disease
consisted of chlorosis in the lower leaves followed by wilting at the petiole then
ascending wilt that finally affected all the leaves of the plant. A cross section of an
infected pseudosiem about one metre above the ground level reveals watery rot and
an unpleasant smell. In addition, the colour of the inner leaf sheaths ranged from

brown 1o dark brown.



2.3. THE ETIOLOGY

Stover (1959) reported that the causal organism ol rhizome rot disease of
banuana to be a motile gram negative rod shaped bacteria that forms dull greyish
white colonies on nutrient agar. In 1962, Loos reported that the rhizome rot
disease, which occurred in Panama, was due 10 Erwinia carotovora ssp.
carotovorg earlier known as  Pectobacterium  carotovorum. Hildreth (1963)
reported that the rhizome rot disease of hanana variety Grosmichel in Central
America was caused by Pectobacterium carotovorum (E. carotovora).Volcant and
Zutra {1967) found that the bacterial soft rot of banana in Israel was caused by £.
carotovora, Fernandez-Borrero and Lopez-Duque Selma (1970) reported that the
causal agent of watcry rot of pseudostem of banana was Erwinia paradisiacd.
Stover (1972) reported that the bacteria Erwinia chrysanthemi and E.carotovora
were the causal agents of the disecase. Wardlaw (1972) reported that £. carorovora

was the causal agent of tip over disease of banana.

Edward (1973) tound that the causal agent of tip over disease of banana in
Allahabad was E.carotovora, Ordosgoitty et al. (1974) isolated E. carotovora var.
carotovora tfrom discased banana plants in Venezcula. Shillingford (1974) tound
that the bacterial rhizome rot of banana in Jamaica was caused by E. chrysanthemi,
RiveraDocando {1978) reported that the bacterial corm rot of banana in Cuba was

caused hy . carotovora ssp. carotovora,

Dickey (1979) in a comparative study ol phenotypc properties of £
chrvsanthemi from scveral hosts studied Stover’s strains and isolated further five
strains from Panama and four from Honduras. All these isolates from Cavendish
cultivars (AAA) were identified as £ chrysanthemi based on a number of bio
chemical tests. The pathogen causing soft rot of the banana was identificd as E.

chrysanthemi p.v. paradisieca by Dickey and Victoria (1980),

[n West Bengal, the identity of the causal organism of pseudostem rot of
banana was confirmed as E. chrvsanthemi p.v. paradisiaca (Chattopadhyay and

Mukherjee. 1986). Choi er af. (1988) in Tarjon identified the pathogen isclated
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from the soft rotten banana fruits as E.carofovora ssp. carotovora. Rivera and
Ezavin (1989) found that the corm diseasc in Musa accumtinata cultivars (AAA) 1o
Venezuela was caused by E. chrvsanrhemi. Cedeno et al. (1990) reported that the
bacterium E.carotovora ssp.. dtroseptica was the pathogen of soft pscudostem rot
in Harton plantation in the Southern Maracaibo lake area. Hassanzadeh (1990)
characlerized the soft rot causing bacteria in banana on the basis of biochemical
and pathogenity tests and found that the isolates werc intermediate between
E.carotovora and E. clirvsanthieni. In 1990, Hao er al. isolated a new species of
Erwinia infecting banana, tomato and cucumber as Erwinia percinus. Reports from
Kerala revealed that. the rhizome rot of banana is caused by a Gram-negative
hacteria (KAU. 1990). Lakshmanan and Mohan (1991) found that the rhizome rot
and tip over disease of Cavendish bananas in Tamil Nadu is caused by

E.carotovora.

Jimenez and Cordoves (1992) reported E. chrysanthemi as the causal agent
of plantain corm necrosis. Buddenhagen (1994) reviewed that the pathogen causing
rhizome rot was considered either E.carotovora (Jones) Bergy et al. or E
chirvsanthemi Burkholder ¢t al. and is a soil borne wound invader. Guzman and
Wang (1998) reported that the finger soft rot of banana in CostaRica was caused
by Erwiniu spp. Gomez-Caicedo er ¢f. (2001) reported that the causal agent of the
bacterial rot of pseudostem of Harton plantain in Columbta was found as Erwinia
spp. In South Gujarat. the rhizome rot discasc of banana was found associated with
a sotl borne pathogenic bacteria. Erwinia spp. (Solanky ef «f.. 2001). Based on the
morphological. physiological and biochemical studies and also the pathogenicity
tests L.carotovora $sp. carotovora was identified as the causal organism of tip over

disease of banana in Karnataka (Nagargj er al., 2002a; Rani er al. 2002).

2.4 METHODS OF ISOLATION OF THE PATHOGEN.

There arc many chemically delined media suitable for the isolation of
hacterta. The media are well defined based on their nutritional requircments. In
order to differentiate the various kinds of bacteria certain reagents are incorporated
in o the culture media, thus forming differential medium. Generally bacteria are

isolated on putrient agar medium (Bradbury, 1970)
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Stover (1959) macerated the disinfected diseased rhizome bits and the
suspension was streaked on nulrient agar (NA) plates to yield grayish white

colonies ol the bacterium.

The scctions of the corm or pseudostem showing soft rot were washed
thoroughly and small sections of the edge of the rotting tissue were removed
aseptically, washed in running tap water and dried with tissuc paper. Sections were
then crushed in 2-3 ml sterife distilled water and the resulting suspension was

streaked on Crystal Violet Pectate medium (Tomlinson ef al., 1987).

Gomez-Caicedo er al. (2001) macerated the disinfected diseased rhizome
sumples in a mortar containing one ml sterile distitled water. Luria Bertani (LB)
medium was added to 50 pl of this macerated preparation. The petridishes were

then incubated at 28°C for 48 hrs.

[solation of E.carotovora ssp. carotovora from infected banana rhizomes
was done on NA to yield creamy yellow, mucoid, shiny, irregular and smali

colomes. (Nagaryj er ¢l., 2002a; Rani e «l., 2002)

Erwinia spp has been isolated from diseased samples of crops other than
banana. Dickey and Kelman (1981) isolated Erwinia carotovera trom the infected
potato tissues. Disinfected soft rotten potato tissues were crushed with a sterile
glass rod and the resultant suspension was allowed to stand for 5-30 minutes.
Removed loop of this suspension or cither added to a sterile water blank (1-2ml)

and mixed or directly streaked on Crystal Violet Pectate medium.

In another method. small pieces of (1-2mm} of polato stem tissuc from ncar
the margin of the root arca were placed in 3ml sterile distilled water. The tissue
was teased apart with sterile needles or macerated with sterile scalpel and allowed
to stand for 15 minutes. A loopful of suspension wus streaked on to dry plates ol
Nutrient agar or selective media and incubated at 25°C (Cother and

Sivasithamparam, 1983)
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Isolation of Erwinia carotovora var. carotovora was done from onion bulbs
showing soft rot symptoms. The infected soft portion of the bulbs after surface
sterifization were punctured using an inocuilation needle and streaked on the petri

dish containing selective medium (Senthilvel, 2000).

Several methods were adopted by different workers for the isolation of soft
rotting Erwinia spp. from the soil. Logan {1963) developed a selective medium {in
which sodium acetate was added to the common basal medium as the carbon
source) for the isolation of E. artoseptica causing black leg of potato from the soil.
He found that the medium was also effective for the isolation of E.carotovora and

F. arvideae [rom soil.

Schauad and Brenner (1977) attempted isolation of E. chrysanthemi causing

bacterial wilt and root rot ol sweet potato from the soil.

Tomlinson et al. (1987) attempted the isolation of the pathogens (causing
rhizome rot of banana) viz. E chrysanthemi and E.carotovora ssp. carotovera from
the rhizosphere of the infected plants. The former was 1solated from all diseascd
sumples taken and from the soil surrounding the rotting corms. The later organism
was occasionally isolated along with E. chrysanthemi from the diseased corms, bul
not from the soil. Neither bacterium was isolated from the soil away from the root

system of the plants.

2.5 PATHOGENICITY STUDIES

Stover (1959} proved Koch’s postulates and standardized the
method of inoculation to determince the pathogenicity of the bacterium causing soft
rot of banana. Healthy banana rhizomes were inoculated with bacterial culture
grown on nutrient agar using cork boring method and were planted in sterile soil or
vermiculite. Control was also maintained. The rhizomes were removed 25 days
atter planting, cut open and examined. The inoculated rhizomes exhibited
symptom of typical rhizome rot around the area of inoculation. In most cascs the
rot had spread about 3.5 c¢m from the point of inoculation. Isolation from the outer

periphery ol the rotled zone yielded pure cultures of the bacterium inoculated.
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Discase symptoms above ground appeared about 8-10 wecks alter the inoculated

rhizome were planted in pots.

Fernandez-Borrero(1967) proved the pathogenicity of Erwinia sp causing

wet rot of pseudo stem in Columbia.

The pathogenicity of the rhizome rot bacterium wus cstablished hy
inoculating healthy banana rhizomes with the bacterium and the characleristic
internal symploms developed. 1t was confirmed that, the bacterium was related to
the group which were the causal agents of numerous soft rots of storage tissucs
since the bacterium caused soft rot in tomato, potato, carrots and onions.
(Shillingford., 1974}, Dickey and Victoria (1980) demonstrated the pathogenicity of
the Erwinia strains from Musa paradisiaca and the strains caused tssue
degradation of plantain pseudostem pieces and seedlings. AngelesRamos er al.
(1982) proved the pathogenicity and were able to reisolate the bacteria from rotten

arcas produced on the inoculated leaf sheath tissues.

Cother and Sivasithambaram{ 1983) reported that the time and tcmperature
of incubation required to induce the rotting depends on the organism present. £.
chrvsanthemi will cause extensive rotting after three days at 30°C. E.carotovoru
p.v. carotovora and p.v  atroseptica may require [0 days at 20-25°C.
Chattopadhyay and Mukherjee (1986) confirmed the pathogenicity of the pathogen

E. chrysanthemi p.v, paradisiaca in Cavendish banana.

Tomlinson et af. (1987)) tested individual isolates of Erwinia spp. for
pathogenicity by inoculating them into plants by smearing a sterile dissecting
needle, with a 48h old culture of the test bacterium on sucrose peptone agar and
stab inoculating young banana suckers. Development of softening and
discolouration spreading from the site of inoculation and reisolation of the 1cst
organism from such tissue was taken as evidence of pathogenicity. Results of the
pathogenicity tests using E. chrvsanthemi ranged from localized softening and
discolouration around the point of inoculation to extensive rotting and splitting of

pscudostem within 14 days of 1noculation. With E.carotovora ssp. carotovora
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never produced more than a localized discolouration around the point of

moculation.,

Hassanzadeh (1990) conducted pathogenicity tests on banana in lran,
indicating that the pathogen isolates were intermediate between E.carotovora and

I chrvsanthemi.,

Pathogenicity ol E.carotovora was confirmed on Cavendish banana during

the studies on tip over diseasc of banana (Lakshmanan and Mohan, 1991)

The bacterium could reproduce the rhizome rot when an agar plug
conlaining the inoculum was placed inside the rhizome of hcalthy banana

(Thwuites et af., 2000).

Standardisation of 1noculation technique was done while deing the
pathogenicity tests of Erwinia carotovora on banana. Of the different methods
tried. pseudostem injection and root dip methods were found to be showing

profound effect on disease development (Nagaraj er al., 2002b).

Pathogenicity tests were confirmed with £ carotovera ssp. carotovord in
banana during the investigations on tip over disease of banana in Karnataka (Rani

et al., 2002).

2.6 CHARACTERISATION AND IDENTIFICATION OF THE PATHOGEN

The pathogen associated with different diseases could be identified based

on the morphological, cultural, biochemical and molecular characterisation.
2.6.1. Morphological characterization

Stover (1959) observed that rhizome rot pathogen was a motile Gram-
negative rod shaped bacleria. Edward et af. (1973) reported that the bacterial ooze

from the infected parts contained Gram-negative short rod shaped bacteria.
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Many researchers reported that the pathogen causing the rhizome rot
disease to be a motile Gram-ncgative small rod shaped bacteria (Dickey. 1979:
Gomez-Caicedo e ol 2001: Rani er al, 2002). Studying the causal organism
causing wilt and root rot of sweet potato, Schaad and Brenner (1977) observed that

E. chrvsanthemi cells were gram negative, peritrichous rods.

Studies showed that the bacteria, Erwinia spp (both E.carotovora var
carotovora and E. chrysanthemi) were Gram negative rods occwrring singly in
pairs or sometimes in short chains and were motile and facultative acrobic {Lelliot,
1974. Bradbury, 1977a,b; Starr, 1981; Cother and Sivasithamparam, 1983;

Cappuccino and Sherman, 1992).

2.6.2 Cultural characterisation

Stover (1959) reported that the rhizome rot pathogen ol banana.

E.carotovora produced greyish white colonies on nutrient agar medium.

Dickey (1979) studied the colony characteristics and pigment production of
rhizome rot causing bacterium on Difco NA, YDC and modifiecd YDC (Yeast
extract Dextrose Calcium carbonate Agar). The bacterial colonies on NA after 24h
at 27°C were convex. slightly to moderately irregular and undulate. pale cream
coloured and butyrous and averaged 1.5 -2.5mm n diameter. On YDC. the
colonies were convex. somewhat umbonate, irregular, undulate lighertan, butyrous
and 2.5-3.5mm in diameter (Dickey and Victoria, 1980). AngelesRamos ef al.
(1982) found that the pathogen produced colonies on NA and YDC, which were

creamy white, smooth and slightly mucoid.

According to Chattopadhyay and Mukherjee (1986), the bacterium
produced convex, slightly irregular, undulate pale cream coloured colonics on NA
at 27°C. Tomlinson et al. (1987) studied the colony characteristics uand pigment
production of the rhizome rot pathogen on potato dextrose agar (PDA) and sucrose
peptone agar (SPA) and found that £, chirvsanthemi produced blue pigment on

PDA. while E.carotovora did not. Isolations made from the affected rhizome



yielded cream coloured, convex, irregular fluidal colonies on NA (Khan und
Nagaraj, 1998).

Gomerz-Caicedo et al. (2001) cultured the pathogen on LB (Luria—Bertani)
medium at 28°C for 48 hours and tound that the colonies were creamish, butlery

and had a loetud odour.

Nagaraj ef af. (2002a,b) and Rani er al. (2002) found that the colonies of
E.carotovora ssp. carotovora appeared pale cream coloured, convex, irregular,

shiny, mucoid and tluidal on nutrient agar.

Erwinia chrvsanthemi produced greyish white to creamy white smooth
colonies. round with margins becoming undulate to feathery, but grows flat to
slightly raiscd after 3-6 days growth on Potato Dextrose agar at pH 6.5. colonies
were reminiscent of fried eggs being umbonate with undulatc margin.

(Bradbury 1977 b: Lelliot, 1974)

On YDC (Yeast cxtract Dextrose Calcium carbonate agar) many isolates of
E. chrysanthemi produced a characteristic dark insoluble pigment after 5-10 days
at 27°C (Bradbury, 1977a) £. carotovora var. carotovora produced greyish white
colonics. smooth, round and glistening, slightly raised in NA within 24 hours at

25-30°C (Bradbury. 1977a).

Schaad and Brenner (1977) examined the bacterial colonmes ot E.
chrysanthemi for size, colour, consistency and elevation on YDC, NA and Muller
and Scroth agar. On YDC the colonies were slightly convex, finely granular.
undulate white to light tan in colour and averaged Smm in diameter. On NA.
colonies were effuse to low-convex, transparent, entire, colourless and averaged 4
mm in diameter. On MS media colonies were slightly raised, smooth, slightly

undulate and clear with an orange centre.

Schaad and Brenner (1977) tried six media viz., Ycast Extract Dextrose
agar (YDC). Nutrient agar (NA), Miller and Scroth agar (MS), Bioguest XLD agar
(XLD) Bact Brilliant Green Agar (BG) and Bacto m Endo agarLES (mEndo) for
the growth of E. chrysanthemi. They found that the growth on YDC agar and NA

16



were rapid with visible colonies present afier 24 hrs at 30°C. After 72 hrs, colonies
on YDC were slighily convex. finely granular, undulate white to light tan colour
and averaged 5 mm in diameter. On NA the colonics were effuse to low convex.
transparent entire colourless and averaged 4 mm in diameter. Growth on MS agar
was slower than YDC with visible colonies present after 48-72 h. Colonies on MS
agar averaged 2-3 mm after 72 h at 30°C and were convex slightly undulate and
orange with colourless margins and were mucoid. Colonies growing in mass were
blue. The bacterium was distinguished from other Erwinia by its characteristic
growth and reaction on MS agar, XLD agar. Bact BG agar and mEndo agar. On
XLD the colonies were yellow and medium. On Bacto BG they were red and
medium but variation was there and on bacto m Endo the growth was very poor. £.
carotovora colonies on MS agar were undulate on XLD agar and on BG agar the
colonies were yctlow and medium. In m Endo agar the colonies were red and

medium.

A differential medium for Erwinia developed by lLogan (1966} to
disungwish E.carotovora p.v atroseptica, E.carotovora pv carotovora and L.
clirvsanthemi cultures were streaked on plates with the media to obtain single well
sepearted colonies and incubated for 24 hours at 27° C. E.carotovora p.v.
carotovorg reduced letrazolium in the medium to insoluble red formazan and
colonics (about [.5 mm in diameter) developed a pink to purple centre. Single
colonies ol p.v. afroseptica remained colourless and less than .5 mm diameter,
Colonies of E. chrysanthemi were larger than p.v. carotovora (about 2 mm} and

completely red/purple. (Fahy and Hayward, 1983)

Formation of the unusual blue (bipyridiyl) pigment, indigoidine on YDC
seemed to distinguish E. chrysanthemi {from other sofl rot Erwinias (Starr et al.,

| V66).

Dickey (1981) found that all streams of E. chrysanthemi grow in peptone
water medium  + bromocresol purple without an additional carbon source. All
strains of E. cvpripedii. E. chrysanthemi and Erwinia spp.grew poorly in Avers

Rupp and Johnson basal broth medium without carbon source.



2.6.3 Ecological characterization

With regard to the pH requirement, no work has been done specifically on
Erwinict.  1n the case of other plant pathogenic bacteria, Vaughan (1944) observed
optimum growth of Pseudomonas solanacearum in culture hetween pH 6 and 8.5,
According to Kelman (1953). the optimum pH requircment of P.solanacearun was
6.6 to 6.7. No studies have been made on the growth of Erwinia spp. at difterent
pH level so far. Jyothi (1992) studied the growth of P.solanacearum causing
bacterial wilt ol chillies at different pH levels ranging from 5 to 9.5 at 0.5 intervals

and found that maximum growth was obtained between pH ranges 6.5-7.5.

In the case of temperature requirement, while characterizing the rhizome
rot pathogen. Dickey (1979) obscrved that Erwinia sp. pathogen grew well at 37°C
and 39°C. Same results had been reported by Dickey and Victoria (1980) and
Tomtinson e af. (1987). All the isolates of Erwinia grew well at 36-37"C (Nagara]
et al., 2002a). E.carotovora var. carotovora and E. chirysanthemi grew well at
temperature ranging from 37-40°C. The maximum temperature for growth of £
carotovora var. cuarotovora s 33°C (Bradbury, 1977 a, b). The optimum
temperature of growth of Erwinia spp. ranged from 27-30°C. {Bradbury, 1977 a. b)
and maximum temperature for growth varied from 32°C- 40°C or more.
E.carotovora var. atroseptica failed to grow at 37°C (Bradbury. 1977 a, b).
Perombelon and Hyman (1986) developed a rapid method for identifying and
quantifying thrce major classes of soft rol Erwinias viz. E.carotovora p.v.
carotovora |, E. chrysanthemi and E. atroseptica directly from the plant matenals
based on their temperature tolerances and sensitivity to erythromycin. They found
that their growth temperature requirements were different. All these bacteria grew
al lemperatures below 36°C on nonsclective media, but E. atroseptica could not
grow al higher temperatures. £, chrvsantheni strains can grow at 39°C but most

E.caratovora var. carotovora strains could not do so.



2.6.4 Biochemical and physiological characterization

Biochemical tests are carricd oul to detect the presence of certain enzymes
like c¢ytochrome—C, oxidase. catalase, arginine dihydrolasc and lipase, pigment
production. levan production, gas production from nitrate, glucose oxidation cte.

which help in the characterization and identification ol the pathogen isolates.

Suslow er al. (1982) developed a simple test i.c. solubility in 3per cent
KOH solution and its result correlated well with the staining reaction. Gomez-
Caicedo er al. (2001) observed the formation of viscous mucilaginous suspension
on additien of drop ot 3per cent KOH and confirmed that the rhizome rot pathogen

was gram negative,

Based on the presence or absence of cytochrome oxidase. Kovacs (1956)
classified acrobic or facultative anaerobic bacteria into two groups. oxidase
positive and negative. He attempted to differentiate between Pseudomonas and

classitied Pseudomonas solanacearum as oxidase posilive.

The bacterium E.carotovora p.v. atroseptica, E.carotovora p.v. carotovora
ancl E. chirvsanthemi were found to be oxidasc negative. (Lelliot, 1974; Bradbury.
1977 a. b; Dickey, 1979: Dickey and Victoria, 1980; Dickey and Kelman, 1981;
AngelesRamos er al., 1982, Bradbury. 1986; Cappuccino and Sherman. 1992;
Nagaraj et al., 2002 a. b; Rani ¢f af., 2002).

Erwinia spp. answered positive in catalase reaction (Lelliot, 1974:
Bradbury. 1986: Cappuccino and Sherman, 1992). Both E.carotovora var.
carotovorg and E. chrvsanthemi were found to be catalase positive. {Bradbury,
1977a.b). Dickey (1979) studying the physiological and biochemical properties ol
E. chrysanthemi found that the strains were catalase positive. Erwinia strains from
Musa paradisiaca were catalase positive (Dickey and Victoria, 1980). Gomez-
Caicedo er al. (2001) found that the causal organism of vascular rot and wilt in
plantain (Musa ABB Simmonds) belonged to Erwinia spp. and showed a positive
reaction for catalase test. The rhizome rot pathogen was found to be catalase

positive (Nagaraj et ¢l.. 20024,b and Rani et al.. 2002)
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The absence of pigment production by E. carotovora and E. chrysanthenn
on King’s medium had been reported by many workers (Dickey. [979: Cappuccino
and Sherman. 1992:Gomez-Caicedo er al.. 2001). The bacteria also failed to

produce brown diffusible melanio pigment.

According to CMI description of plant pathogenic fungi and bacteria.
E.carotovora var. carotovord and E. chrysanthemi were found to hydrolyse gelatin
rapidly, but not starch. The former hydrolysed casein but the reaction was found to
be variable with the latter. Both the species of Erwinia hydrolysed gelatin, but not
starch. (Dickey. 1979;Bradbury, 1986; Tomlinson er af., 1987; Cappuccino and
Sherman. 1992: Gomez-Cuicedo er ¢f.. 2001;Nagaraj et al., 2002a.b)

Dickey and Victoria (1980) found that the strains of Erwinia isolated {from
Musa paradisiaca failed to liquefy gelatin. Senthilvel (2000) observed that
E.carotovora var. carotovera infecting onion bulbs hydrolysed gelatin and casein.

hut not starch.

Utilization of sodium salts ol various organic acids by species of Erwinia
(E.carotovora and E. chrysanthemi) was studied by several workers. Cother and
Stvasithamparam (1983) found that E.carotovora failed to utilize sodium malonate
and tartrate, whereas . chrysanthemi utilized them. Studies had proved that both
the species utilized organic salts like formate, acetate. citrate. gluconate. fumarate,
lactate, malate and succinate, but not oxalate, propionate and benzoate as carbon
and energy yielding sources. (Lelliot, 1974;Bradbury, 1977a.b; Dickey, 1979;
Dickey and Victoria, 1980; Bradbury. 1986: Cappuccino and Sherman, 1992)

Both the species of Erwinia viz., E.carotovora and E. chrysanthemi
produced H,S from cystecine medium. (Bradbury. 1977ab; Bradbury, 1986;
Cappuccino and  Sherman. 1992). Many workers in their studics on  the
characterisation of the pathogen causing rhizome rol of banana observed that the
pathogen (both E.carotovora and E. chrysanthemi) produced H»S from cysteine in
peptone water medium (Dickey. 1979: Dickey and Victoria, 1980 Tomlinson ef «i.,

1987)
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According to CMI decription of plant pathogenic bacteria, the reaction of
E. carotovora var carotovora to MR test was variable and E. chirysanthemi gave
negative reaction. In general. Enwinia group of bacteria gave negative response (o
MR test (Cappuccino and Sherman. 1992). Tomlinson e al. (1987} found that both
the pathogen isolates they characterised (E. chrysanthemi) gave a negative MR

[est.

E.carotovora ssp. carotovora did not produce indole, whercas £
chrysanthemi produced indole. (Bradbury. 1977a.b; Cother and Sivasithamparam,
1983; Bradbury, 1986}. Tomlinson et «l. (1987) found that E. chrysanthemt 1solaie
I was indole positive while isolate 2 was negative. Dickey (1979) found that
E.carotovora did not produce indole. whereas the reaction was variable with E.
chrysanthemi. Dickey and Victoria (1980) and Chattopadhyay and Mukherjee
(1986) found that the soft rot pathogen strains producced indole. The pathogen

falled to produce indole (Nagaraj er al.. 2002a,b)

Erwinia group of pathogenic bacteria is poor hydrolysers of urea. Urease
enzyme is not produced by E.carotovora and FE. chrysanthemi (Lelliot, 1974,
Bradbury., 1977a.,b: Dickey, 1979; Bradbury, 1986; Tomlinson et al,
1987:Cappuccino and Sherman, 1992: Nagaraj er af., 2002 a.b).

Both the species of Erwinia viz., E.carotovora and E. chrvsanthemi were
found to be excellent utilizers of sodium citrate in Simmon’s Citrate Agar,
(Bradbury, 1977a,b; Cappuccino and Sherman, 1992). Scientists had also
confirmed the above result (Dickey. 1979; Dickey and Victoria, 1980; Tomlinson
et al.. 1987) with soft rot pathogen of banana. Gomez-Caicedo e «f. (2001)
observed that the pathogen causing vascular rot and wilt of plantain tailed to

produce {evan from sucrose.

In general, Envinia spp. ferment fructose. galactose, sucrose, P methyl
glucoside, d- methanol, D-mannose, ribose and D-sorbitol but rarely adonitol,

dextrin, dulertol and melizitose. Gas production from D-glucose was positive in the
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case of E. chrysantheni and doubtful in case of E. carotovora (Cappuccino and

Sherman, 1992)

E. carotovora p.y. carotovora produced acid from Iper cent concentrations
of arabinose. ribose, xylose, glucose, galactose, mannose,tructosc, lactose.
raffinose, sorbitol. mannitol, [ methyl glucoside, but not from glycerol, dulcitol,
inulin.adonitol, dextrin or starch. E. chrysanthemi differed from £ carotovora in
that 1t failed to produce acid trom lactose and maltose. But acid was produced in
lactose in 7-28 days in many strains  (Bradbury, [977ab:Cother and

Sivasithamparam, 1983; Bradbury, 1986)

Both the species of Enwinia viz. E. carotovora and E. chrysantheni which
causcd the rhizome rot disease of banana were found to produce NH; from peptone

medium. (Bradbury, 1977a,b: Tomlinson er al.. 1987 Gomez-Caicedo ef al.. 2001)

E. carotovora p.v. carotovora could tolerate NaCl upto 5-7 per cent and
grow in the medium whereas E. chrysenthemi had a maximum level tolerance of

NuCl 3-5 per cent (Bradbury, 1977a.b)

Characterizing the soft rot bacteria in banana, Dickey (1979) found that the
pathogen successfully grew in the medium with 5 per cent NaCl. Similar result was

ohtained by Shillingford (1974) and Tomlinson et af. (1987) in their study.

Gomez-Caicedo er al. (2001) found that the vascular wilt pathogen of

plantain grew well at 3 per cent and 4 per cent NaCl.

The rhizome rot pathogen of banana failed to utilize arginine by the
production ol the dihydrolase enzyme. (Dickey, 1979; Tomlinson er af., 1987,

Gomez-Caicedo er al., 2001)

Both the species of Erwinie cauvsing rhizome rot and wilt of banana were
(L. carotovora and E. chrysanthemi) found to reduce nitrate to nitrite. ({Dickey,

1979; Tomlinson ez af., 1987)
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Lipase activity of the rhizome rot causing bacteria has not been studied so
far. In general E. carotovora was found (o show a negative lipase activity, whereas

E. chrvsanthemi gave a positive reaction (Cappuccino and Sherman, 1992).

In general, F. carotovora did not produce reducing substances from
sucrose, bul in the case of E. chrysanthemi the reaction varied in different strains
(Bradbury, 1977a,b; Cother and Sivasithamparam .1983). Tomlinson ¢! al. (1987}
found that of the two isolates of the rhizome rot pathogen. which they
characterized, one produced reducing substances from sucrose, while the other did

ol

In general, E. carotovora was found to be resistant to erythromycin,
whercas E. chrysantitemi was found to be sensitive (Bradbury. 1977a,b). Among
the three classes of soft rot bacteria viz. E. chrysanthemi, E. carotovora p.v.
carotovora and E. carotovora p.v. atroseptica, E. chrysanthemi alone is sensitive
to erythromycin (Graham, 1972:; Perombelon and Hyman, 1986). Dickey (1979)
reported that E. chrvsanthemi, the causal agent of rhizome rot of banana was
sensitive to (15ug) erythromycin but the sensitivity to penicillin G varied with
strains. The pathogen was found to be sensitive to both crythromycin (15ug) and

peniciilin (2U) (Dickey and Victoria, 1980).

Of the two 1solates of E. chrvsanthemi characterized by Tomlinson et al.
(1987) both were sensitive to kanamycin (1000pg) but were not sensitive to
rifampicin (15pug), colistin (10pg) and vancomycin (Spg). One of the isolates was

sensitive to erythromycin (60pg) and penicillin (2 units), but the other was not.

Gomez-Caicedo er af. (2001) found out that Erwinie was sensitive to

tetracycline and streptomycin, but resistant to penicillin,

Both these species of Erwinia viz. E. carotovora py. carotovora and E.
chrysantherni were found to produce soft rotting on potato and carrot slices
(Lelliot.  1974;Bradbury, 1977a,b: Cother and Sivasithamparam. [983).
Shillingford (1974) tested the pathogenicity of the bacterium on tomatoes,

potatoes, caitots and onions. Tomatoes rotted completely within 48 hrs leaving the
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skin more or less intact, Potatoes also rotted rather quickly. But tissue breakdown
in carrots and onions was slow. It was confirmed therefore that the bacteria was
related to the group. which are causal agents of numerous soft rots of storage
tissues. Erwinia strains from Musa paradisiaca gave positive polalo soft rot (est.
(Dickey and Victoria, 1980). The pathogen causing tip over disease of banana

caused soft rotting on potato. (Nagaraj et af., 2002a,b).
2.6.5 Molecular characterization

Advances in the ficlds of molecular biology like plasmid isolation and
profiling, Restriction Fragment Length Polymorphism (REFLP) and Polymerase
Chain Reaction (PCR) and Randomly Amplified Polymorphic DNA (RAPD) could
be applied successtully in the detection and identification of plant pathogenic

bacteria (Singh, 1998).

Plasmids are autonomously replicating genetic elements existing in
multicopies in the bacterial cells in a stable form under non-sclective conditions,
Plasmids have now been reporied in all genera of plant pathogenic bacteria. In
plant pathogenic bacteria, the important traits like virulence, production of toxins.
enzymes, resistance to antibiotics and host range are coded by plasmids. These
traits help plant pathogen in adapting to their environment and competing with
other micro {lora. Most studics to datc have only reported the presence of plasmid

DNAs and very little is known about their genetics (Coplin et al., 1982)

One to several resident plusmids have been detected in each of several
Erwinia sp viz. E. amylovora, E. chrysanthemi, E. herbicola (Chatterjee and Starr,

1980) and E. carotovora var. carotovora (Daughtery, 1978)

Covalently closed circular (CCC) plasmid DNA was isolated from lysates
of £, herbicola (pBR 322 strain) transformants by equilibrium centrifugation in
cesium chloride - ethidium bromide gradients. The CCC DNA of E. herbicola
(PBR 322) was found by electron microscopy and gel electrophoresis to contain a
DNA species the same size as that of pBR322. Electron microscopy of open

circukar plasmid DNA from putative pBR322 transformants of L-322 revealed that
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size classes of molecules. Measurement of these molecules in relation to nicked
Col El plasmid DNA (4.2 megadaltons)(Md) which was added to the sample just
before electro microscopy showed that a dense band corresponding 1o a large
plasmid of about 26.8+0.6 (n=26) Md predominated along with several rare species
ol plasmid molecules. Two of these were 40.6x11.1 (n=6) and 6.8+0.1 (n=3) Md
(Sparks and Lacy. 1979).

Two cryplic plasmids were purified from cell lysates of £. clirvsanthemi
NCPPB-377. an organism isolated from maize (Zea mays) causing bacterial stalk
rol by two methods viz, Sarkosyl method and method suggested by Guerry ¢f al.
(1973). Electron microscopy of purified supercoiled plasmid DNA revealed a large
PLS1 (50.4+1.9) mega daitons and a small PLS2 (4.8+0.3) mega daltons plasmad,
These plasmids were separated by centrifugation on linear log sucrose gradients
and were characterized by restriction endonucleases ECoR1, pstl, Sal 1,Hind Il
and Hind 11 (Sparks and Lacy, 1980). Rani ef af. (2002) conducted PCR analysis
using specific primers for Erwinia for the precise identification of tip over discase

pathogen. £. carotovora p.v. carotovora.

2.7 HOST RANGE OF THE PATHOGEN

Rivera et al. (1980) reported that the isolates of Erwinia from both banana
and malze were pathogenic (o maize, potato, pineapple, Diffenbachia, Pennisetum
puptrensm, and Brachiariac mutica. The banana strains also infected plantain,

Canna, Capsicum, Poinsettia and Begonta.

Dickey (1981) tested six plant species viz. Chrysanthenum moriflorim,
Diceffenbechia amonea, D. maculate, Philodendron, panduriforae, P. sellorum and
Svagonium podophytium by standardized methods for reaction to 383 strains of £.
chrvsanthemi from 35 plant species. Among them, 229 strains of E. chiryvsanthemi
and 93 strains of Erwinfa sp. failed to produce a positive reaction for Svagonitim
podophytium. Some Svagonimmn strains and the Caladium strains of E. carotovora
ssp. carotovora also were positive for P panduriforae. and P. sellorin.. Scventy-
three strains ol the E. chrysanthemi from 14 hosts caused slightly positive reactions

on the corn leaves.
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E. carotovora p.v. carotovora found to infect Canna sp.. Capsicum sp..
Brassica sp.. Colocusia sp., Daucus carota, Dahlia sp.. Gladiolus sp., Solanum
tuberosum, Xanthosoma sagittifolius, Zea mavs, Zingiber officinalis etc (Bradbury.

[986).

Lakshmanan and Mohan (1991) tested twelve intercrops viz. Cujunas
cajan,  Phaseolus vulgaris, Dolichos lab lab, Vigna sinensis, Phaseolus
awreus, Phaseolus  numgo,  Arachis hvpogea, Lyvcopersicon  esculentum, Beta
vulgaris, Allium cepua, Brassica oleraceae var. capitata, D. carota and screened
them for their rcaction to the bacterium. Among the intercrops L. esculentum. B.
villgaris, A. cepa, B oleraceae, var capitata, D. carote were readily infected with

in 10 days after inoculation.

Nanda er al. (1994) observed the occurrence of a bacterial soft rot in ginger

caused by Erwinia carotovora.

Thwaites et af. (2000) found that the isolates of E. chrysanthemi were not
specilic to banana and under experimental conditions caused rotting on potato,
tomato and onion, although the natural host ranges of the organism were not

known.

The pathogen causing tip over disease of banana was found to causc
infectton on potato, tomato. carrot, radish. cabbage and mandarin, but the time

taken to express symptoms varied (Nagara) er «f., 2002a)
2.8 SURVIVAL OF THE PATHOGEN

Wardlaw (1935) found that the soft rot pathogen occurred in many countrics
1n quite different soils and was apparently able 1o remain alive saprophytically for

years.

First attempt to study the soil survival of soft rotting Frwinia sp. was done by

Logan (1963). He examined the survival of E. atroseptica in soil, where black leg
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of potato occurred. by doing dilution plate techniques on a selective medium

containing sodium citrate as the carbon source.

Tomlinson ¢t «¢f. (1987) found that the rhizome rot pathogen L. carotovora
var. carotovera survived in the soil surrounding the rotling corms. but F.
chrvsanthemi did not. Neither bacterium was isolated from soil away from the root

system of diseased plants.

The survival of E. chrysanthemi causing pseudostem watery rot on banana,
was studied in five soil series viz. 3 alluvial. black clay and red clay moculated
with diseased plant residue under laboratory conditions in Cuba during 1984-%5.
Relationships were found between E. chrysanthemi survival on planl residues
incorporated in soil, total soluble salts and pH values. The bacteria survived in
moderately saline soils with neutral pH for 110-112 days. The pathogen population
was reduced with reduction in salt content and pH slightly basic (Rodriguez ef al.,

[991).

Senthilvel (2000} studied the survival of the soft rot bacterium of onion in
artificially inoculated sterilized and unsterilized soil. infected leaves, bulbs and its
combinations. The maximum colony counts were observed 1n the combination of
sterilized soil, leaves and bulb sources while the minimum was recorded in
sterilized soil  (32X10° ctu ml") indicating the role of natural antagonists in

suppression of the pathogen.

Nagara) ¢r al. (2002a) reported that the saprophytic survival of plant
pathogenic bacteria resulted in their persistance in soil in the absence of growing
plants or plant residues. In in vivo studies conducted to know the survival of F,
carotovora ssp. carotovorg in soil and plant debris at different soil moisture
regimes revealed that the bacteria survived for 195 days and 180 days in
unsterilized and sterilized soils maintained at 50 per cent Water Holding Capacity
(WHC) of the soil. The bacterium survived for 135 days in infected rhizomes
incorporatcd in soil maintained at 50 per cent WHC compared 10 105 days under

dry conditions.
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2.9 VARIETAL SCREENING FOR HOST RESISTANCE

Stover (1939) reported that the incidence of thizome rot up to 50 per cent in
Gros Michel (AAA)Y varicty. In general he found that Mus¢ AAB and ABB
cultivars were more resistant than AAA varieties. Loos (1962) rephrted that banana
variety Lacatan was immune 10 the disease while Gros Miche]l was susceptible.
Lacy (i971) reported that Highgate, a dwarl mutant of Gros Michel was
susceptible to the discase. Cultivars in AAA Cavendish sub group were generally
less affected (Stover, 1972). Shillingford (1974) conducted an experiment (o
determine the relative pathogenicity of the rhizome rot bacteria on commercial
Cavendish cultivars Valery, Robusta and Lacatan. He found that the disease
imcidence und severity were highest for Robusta. followed by Valery whercas

Lactan rhizome was unaffected.

Chatopadhyay (1987) found that the disease seriously affected the

Cavendish clone Giant Governor.

Tomlinson et al. {1987) screened about ten cultivars maintained in Papua
New Guinea Biological Foundation Banana collection and they observed that the
dipleid culuvars showed significantly high levels of soft rot than the triploid
cultivars, The cultivars with ABB genome were virtually unaffected by bacterial
soft rot while cultivars with AAA genome showed an intermediate level of discase

incidence between triploid ABB and diptoid AA cultivars

In Tamil Nadu, the Cavendish bananas alone was found to be suceptible.
Among the ninc commonly grown banana cultivars screened viz. Robusta (AAA).
Dwarf Cavendish (AAA), Poovan (AAB), Rasthali (AAB). Monthan (AAB).
Virupakshi (AAB), Nendran (AAB). Neyvannan (AAB) and CO-1 (AAB)

{Lakshmanan and Mohan, 1991 ).

Robinson and Manicom (1991]) observed that the cultivars, Grand Nain,
and Valery were susceptible to F. chrysanthemi. Williams and Dwart’ Cavendish

did not seem to be similarly susceptible.
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In South Africa. upto 30 per cent of the plants of Grand Nain (AAA) or
Valery (AAA) raised {rom suckers were affected by E. clirysanthemi. whereas
tissue cultured plants were not. Cavendish (AAA) and Williams (AAA) were less
affected. AA clones were affected more than AAA clones and these more than

ABB clones (Buddenhagen, 1994).

Guzman and Sandoval (1996) obscrved that the hybrids FHIA-O1 and

FHIA -2 were susceptible to pseudostem soft rot.

Thwaites er af. (2000) reported that clones containing the B genome were
rarely affected by soft rot. Of the cultivars in the AAA genome group, Lactan
(Cavendish sub group) is less susceptible than Valery (Cavendish sub group) and

Gros Michel.

2.10 MANAGEMENT OF THE DISEASE

2.10.1. In vitro sensitivity of the pathogen to plant protection chemicals,

botanicals and bioagents

Many workers had studied about the in vitre sensitivity of the rhizome rot

pathogen to various plant protection chemicals.

Dickey (1979) reported that £. chrysanthemi, the causal organism of
rhizome rot disease, was sensitive to (13ug) erythromycin. But the sensitivity to

pencillin G varied with strains,

Of the two isolates of £, carotovora characterised by Tomlinson er «l.
(1987) both the isolates were sensitive o Kanamycein (1000pg). One of the isolates
wus sensitive to erythromycin (60ug) and pencillin (2 units) but the others were
not. Jimenez and Cordoves {1992) isolated three strains ol Psendomonas in the
rhizophere of apparently healthy plantains. These bacteria were antagonistic i

vitro o the tsolates of L. chryvanthemi and E. carotovora.
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Limon et al. (1999) found that the Trichodernia could inhibit the pathogen
via its antibiotic substances or by breaking down bacterial cell walls by means of
enzymes such as chitinases, B 1.3 gluconases, prolease, mannases and hydrolases,
Gomez-Caicedo er al. (200]) studied the in vitro sensitivity of the pathogen
causing rot and wilt in plantain to various antibiotics using readymadec antibiotic
discs, He found that the pathogen was sensitive 1o tetracycline and streptomycin,
but resistant to pencillin. Investigations on various management strategics for up
over disease of banana revealed that of the various antibiotics evaluated under in
vitro. methoxy ethyl mercurie chloride @2000ppm.Copper sulphate CuSO4 @4000
ppm  Streptocycline @750ppm  and Nortloxin @750ppm  were clfcclive

inhibiting the growth of the pathogen (Nagara) ef al., 2002b)

Allirani (1994) studied the effect of water extract of Ocimum spp.., garlic
and cowdung cach at concentration of 10. 15, 25 and 50 gl’’ in inhibiting the the
growth of Pseudomonas solanacearum causing the bacterial wilt of ginger, using
standard filter paper disc method. Maximum inhibition was obtained in water

extract of Ocimum at 50 gl followed by garlic 50 gI'"

Garlic extract (Allium sativam) was found to mhibit the growth of E.
carotovora  p.v. carotovora causing onion wilt and bulb rot (Alice and
Sivaprakasam. 1996). Krebs and Jaggi (1999) tested essential oils and water
extracts of hemp flowers against E. carotovora. The essential oil inhibited the soft

rot pathogen in some cases.

2.10.2 Ficld management of the disease

Stover {1959) reporied that antibiotic Agrimycin was not effective in

controlling rhizome rot disease under field conditions.

Chattopadhyay (1987) found that the banana corm soft rot caused by E.
chevsanthemi p.v. puradisicea could be controlled by drenching soil and plants

wilh bleaching powder (2g/litre)or dipping the corms in chlorine water.
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Lakshmanan and Mohan (1986) found that of the six fungicides tested
against the tip over disease of Cavendish banana under field conditions, Methoxy
cthyl mercuric chloride at 0.1 per cent applied to the soil 5-6 times at monthly

intervals gave the best control of the discase.

Salazar and Duque {1994} reported that Streptomycin sulphate at (1.5 g and
iodine at 6ml | ' water gave better control of E. chrvsanthemi p.v. puradisiaca on
pluntain than copper oxy chloride at 4g I and commercial (veterinary) iodine at 5g

] 1

While investigating the various management strategies for the tip over
diseasc of banana, Nagaraj er al. (2002b) conducted two field trials to evaluate the
efficacy ol various bactericides and antibiotics. They found that antibiotics alone
or in combination with copper sulphate or carbendazim were very cfiective n
controlling the discasc. Soil drenching with streptocycline either alone or in
combination with CuSO4 or K-cycline plus CuSO4 completely suppressed the
disease and increased the yield by [43.37per cent. In another field trial, norfloxin
plus CuSOy gave very good control of disease (100per cent) followed by

streptocycline plus CuSOy

Rani er al. (2002) conducted a field trial to evaluate the efficacy of various
biocontrol agents in controtling the tip over discase pathogen and found that
Bacillus subtilis was very effective in reducing the disease incidence (100per cent)
and increasing yield followed by Pseudomonas fluorescens. Water extracts of
Citronella (Cymbopogan sp) was also effective in controlling the discase. An
organic formulation viz. modified panchagavya was moderately cfiective in

controlling the disease.
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3. MATERIALS AND METHODS

The present study, “Eliology and Management ol Rhizome rot discase of
Banana™, was conducted at the Department of Plant Pathology. College of
Horticulture, Vellanikkara. during the period 2001-2002. The pot culture and the

field experiments were carried out at Banana Research Station, Kannara.

3.1 ISOLATION OF THE PATHOGEN

3.1.1 Collection of the diseased samples

The infected parts of the diseased plants showing typical symptoms of
rhizome rot were collected from the farmers’ ticlds and from the ficlds of Banana
Rescarch Station, Kannara. The affected rhizomes in the initial stages of rotting
were collected in sterile polythene bags and were brought to the laboratory. Along
with the inlected samples. the thizosphere soil of the infected plants was also

collected in sterile polythene bags.

3.1.2  lsolation from the infected plant samples

The collected discased samples {rhizome bits of banana var, Nendran) were
subjected 1o ooze test to find out the presence of the bacterium. The infected
portions with profuse were cut into bits and these bits were surface sterilized with
0.1per cent mercuric chloride for one minute and then washed in three changes of
sterile distilled water. These bits were then placed on sterilized glass slide in a drop
of sterile distilled water and teased apart to obtain a milky bacterial suspension.
This suspension was streaked on solid NA medium in sterile petridishes. The
dishes were incubated at room temperature (28=1"C) for 48h to get well-isolated
colonies of the bacteria. These single colonies oblained were repeatedly streaked

on the same medium to get pure culture of the bacteria.

The culture obtained was streaked on Logan’s differential medium for

Erwinia and incubaled at room temperature (28x1°C} for 48h. The colony
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characters and morphological characters were studied. The composition of the

Logan's media is given in the Appendix 1.

3.1.3 Isolation of the pathogen from the soil

Soil samples were collected from the rhizosphere of the infected plants. The
hacterium was isolated from the collected samples using serial dilution plate
technigue (Johnson and Curl, 1972) using Logan’s ditferential medium for
Erwinia. The dishes were incubated at room emperature (28+1°C) for 48h. The
purple centered bacterial colonies developed were counted and expressed as the
number of colony forming units {(ctu) per gram of the sample. This is used to
estimate the population of the pathogen in the soil. Single colonies obtained were

further strecaked on the same medium and purified.

3.2 PATHOGENICITY STUDIES

Pathogenicity studies were conducted under laboratory and under field

conditions, in order to prove the Koch's postulates.

3.2.1 Pathogenicity tests under laboratory conditions

Healthy suckers of banana varicty Nendran were taken, washed well and
surface sterilized with 0.1 per cent mercuric chloride for one minute and then
washed with three changes of sierile distilled water. A plug of lem diamcter
rhizome tissue was removed to a depth of 2.5¢m with a sterile cork borer. A disc of
hacterial culture (1 ¢m diameter}y was inoculated into the wound and the removed
tissue was 1nserled. The wound was then covered with moist sterile colton. 1n the
control. a disc of nutrient agar alone was inserted into the wound, without bacterial
inoculum. Three replications were maintained. The inoculated suckers along with
the control were incubated in moist chamber in order to maintain the humidity. The
inoculated suckers were observed for the development of the symptom of rhizome

rot. Reisolation of the pathogen was done on NA medium.
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3.2.2 Standardization of the inoculation technigue

A pot culture study was carried out to standardize the inoculation
technique. Healthy banana suckers were artificially inoculated by different
methods and planted in carthen pots of diameter 25 ¢m containing sterile potting

mixiure.
Ty - Inoculation by Cork boring

Wounds ol about 2.5 ¢m depth were made on healthy suckers and discs of
bacterial growth on nutrient agar medium was mnoculated into these wounds and
the removed tssue was inserted and covered with wet sterile cotton by spreading a
thin film over the wound. These inoculated suckers were planted in pots filled with

sterilized potting mixture.
T - Pinpricking followed by dipping in bacterial suspension

Pinpricks were made on healthy suckers using a sharp sterile needle and the
suckers were dipped in bacterial suspension (0. value 0.732 at 620nm
wavelength) for one hour. These inoculated suckers were planted in pots filled with

sterilized potting mixture.
Ty - Pouring natural inoculum - bacterial ooze

Naturally infected rhizomes of banana var. Nendran were collected from
the field, cut into pieces and put in a bucket filled with [0 ] sterile water for thr.
Bacterial ooze coming out from the cut pieces was collected and this inoculum was
poured around the suckers planted in the pots.

Ty - Applying infected rhizome bits around the planted suckers

Naturally infected rhizome bits collected from the field were cut into small

pieces and put around the suckers planted in the pots filled with sterite soil.



T5 - Control

Control was maintained without inoculation and cach treatment was

replicated four times. The inoculated suckers planted in the pots were kept inside

the greenhouse and high humidity was maintained. The plants were obscrved tor

the development of the symptoms for six months from May to October. Biometric

observations were also taken fortnightly.

The method of inoculation, which recorded maximum infection, was selected
for further studies. The pathogen was re-isolated from the artificially inoculated
host plant, which showed typical symptoms of rhizome rot. Morphological
characters of the reisolated colonies ol the isolates were compared with that of the

original isolates w confirm the identity.

3.3 SYMPTOMATOLOGY

Symptomatology of the disease was studied both under natural and artificial

conditions.

34 CHARACTERIZATION AND IDENTIFICATION OF THE PATHOGEN
Characterization and identification of the pathogen was done according o the
methods recommended by “The Manual of Microbiological Methods™ published
by the Society of American Bacteriologists (1957) and by Laboratory Methods in
Microbiology (Harrigan and Mc Cance. 1966). The composition of the media used

for various tests are given in the Appendix 1.

3.4.1 Morphological and cultural characterization

The colony morphology was studied from a 48h old culture of the
bactenum grown on nutrient agar medium. The cells were stained lor gram
reaction using Hucker’'s modified method of gram staining (Hucker and Corn,

1923).

35
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Motility of the bacterium was tested using cavity slide. A drop of the
bacterial suspension was placed on a clean cover slip. The cover slip was then
carefully mverted and placed over the cavity slide such that the drop of baclerial
suspension was hanging o the cavity of the slide. [t was observed under the

microscope to observe the motility of the bacterium.

3.4.1.1 Growth of the bacterium on Logan’s differential medium for Erwinia

The nature and extent of growth. colour, shape. type of margin and slime
production of the celonies were studied on Logan’s differential medium tor
Erwinia (Logan, 1966). A loopful of the dilute suspension of 48 h old culture of
the bacterium was streaked on Logan’s media and incubated for 48h at room
temperature (28+1°C). Isolated colonies were observed for the following characters
like size, pigmentation, form. margin. elevation ete. {Cappuccino and Sherman,
1992).

1. Size ~ Pinpoint. small, moderate or large

2

Pigmentation -Colour of the colony

d

Form - Shape of the colony
a.  Circular — Unbroken peripheral edge
h. Irregular — Indented peripheral edge
¢. Rhizoid — Root like spreading growth
4. Margin - The appearance ol the outer edge of the colony
a. Entire — Sharply defined, cven
b. Lobate - Marked indentations
¢. Undulate - Wavy indentations
d. Scrrate — Tooth like appcarance
¢. Filamentous — Thread like spreading edge
5. Elevation -~ The degree (o which colony growth is raised on the agar surface
a.  Flat — Elevation not discernible
h. Raised - Slightly ¢lcvated
¢. Convex — Dome shaped elevation
d.  Umbonate - Raised with eievated. convex central region
6. Mucotd nature — Amount ot slime produced

a. Mucoid b. Non-mucoid
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3.4.1.2 Growth of bacterium in nutrient broth

For studying the growth of the bacterium in liquid medium, 5 ml of
sterilized nutrient broth taken in a test tube was inoculated with a loopful of 48 h
old bacterial culture grown on nutrient agar medium. Uninoculated broth was
maintained as the control. The inoculated medium was shaken daily. The growth of
the isolates was measured afler 48 h using a *Spectronic 207 colorimeter adjusted

to & wavelength of 620 nm.

3.4.1.3 Growth of the bacterium on different solid media

Nature of growth colour, size. shape, and type of margin, slime production
and fluidity of the bacterial colonies were studied on eight different solid media.
The media used and their compositions are given in the Appendix 1. A loopful of
the dilute suspension of the bacterial isolate was streaked on different solid media
and incubated at room temperature, Observations were taken on mean diameter of
single colonics after 24, 48, 72 and 96 h of inoculation al room temperature
(28+1"C). The media used were Potato Dextrose Agar medium (PDA). Yeust
Extract Dextrose Catcium Carbonate Agar medium (YDC), Nutrient Agar (NA),
King's B medium (KB}, Sucrose Peptone Agar medium (SPA), Thornton's Agar
medium (TA), Meat Extract Agar medium (MEA) and Logan’s medium. Three

replications were maintained.

3.4.2. Physiological characterization

3.4.2.1 Growth of the bacterium at different pH

Nutrient broth with varying pH viz., 2,3,4,5,6,7.8 and 9 were used for the
study. The bacterium was inoculated into the broths adjusted to the above
mentioned pH levels. The growth of the isolate was measured in terms of optical
density of the broth (OD value) after 24, 48, 72 and 96 h using Spectronic 20
colorimeter adjusted to a wavelength of 620 nm. Three replications were

maintatned and an uninoculated broth served as the control.
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3.4.2.2 Growth of the bacterium at different temperatures

The growth of the bacterium was studied at varying temperatures of
5.100.15,20.28.37 and 40°C. A loopful of the 48 h old bacterial culture was
moculated into nutrient broth and incubated at different temperatures mentioned
above. The growth in terms of the optical density of the broth (O.D value) was
measured after 24, 4872 and 96h of incubation using Spectronic 20 colorimeter
adjusted to a wavelength of 620 nm. Three replications were maintained and an

uninoculated broth served as the control.

3.4.2.3 Oxygen requirement

To determine whether the bacterium is aerobic or anaerobic. nutrient agar
columns containing bromocresol purple in test tubes were inoculated by stabbing
with 48 h old bacterium culture using a straight inoculation needle. To create an
anaerobic condition, the agar surface in one of the tubes was sealed with sterile
liquid paraftin oil 10 a depth of lem. All the tubes were incubated at room

temperature and observations were recorded.

3.4.3 Biochemical characterization

3.4.3.1 Solubility in 3 per cent KOH

Two drops of 3 per cent KOH were placed on the centre of a glass slide. A
loopful of 48 h old bacterial growth was mixed with the alkali kept on the slide
with rapid circular agitation. After five to cight seconds, the toop was alternately
raised or lowered first off the slide surface to detect the presence or absence of

viscous strund formation. (Suslow et «f, 1982),

3.4.3.2 Kovac’s oxiduse test

Reudy to use oxidase disc from Hi media. Mumbai were used for this test.

A disc was placed at the centre of the glass slide. A looptul ol 48 h old bacterial



culture was taken and ruffed on the disc. Time taken for the development of purpie

colour, if any was noted (Kovacs, [950).

3.4.3.3 Catalase test

To detect the production of catalase by the bacterium, a loopful of 48 h old
culture was smeared on the glass slide and covered with few drops of 3 per cent
hydrogen peroxide and immediately observed for any gas production. The

production of gas bubbles indicated catalase positive reaction,

3.4.3.4 Pigment production

The production of the water-soluble pigment by the bacterium was studied

on King's B agar (King ¢f «f. 1954) contuining | per cent tyrosine. The isolate was

streaked on the medium plated on sterile pewridishes and incubated at room

emperature (28+1°C). After 48 h, the culture was examined under UV light for

flourescent or brown metanin pigmentation.

3.4.3.5 Starch hydrolysis

The ability of the bactlerium 1o hydrolyse starch was tested using starch

medium containing 0.2 per cent soluble starch. The 48 h old bacterial culture was
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spot inoculated on the medium plated on sterile petridishes. After four days of

incubation at room temperature, (28x1°C) hydrolysis was tested by pouring
Lugol’s jodine over the plate. A colourless zone around the bacterial growth in

contrast to the blue background of the medium indicated positive starch hydrolysis.
3.4.3.6 Utilization of organic acids
Sodium salt of five organic acids viz sodium acctate, sodium benzoate,

sodium citrate, sodium succinate and sodium oxalaie were used for the study. One

per cent of the sodium salts of the organic actds were added (o the basal medium

for utilization of organic acids with bromothymol blue as indicator. The isolate of

the bacterium (48 h old) was inoculated in slants in triplicate and incubated at
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room temperature  (2%+1"C).  Uninoculated control  was also  maintained.

Observations were recorded at regular intervals for a period of one month.

3.4.3.7 Production of hydrogen sulphide

The ability of the bacterium to produce hydrogen sulphide was tested using
peptone water medium. Five ml of the medium was dispensed in test wbes and
autoclaved. Lead acetate paper strips of 5x30mm size were preparcd by soaking
them in super saturated solution of lcad acetate. These strips were inscrted
aseptically between the plug and inner wall of the tubes hanging just above the
broth. The tubes noculated with 48 h old cuiture ol bactcrium were incubated at
room temperaturc and observations were recorded up to 14 days. Blackening of the

Icad acetate impregnated strips indicated liberation of hydrogen sulphide.

3.4.3.8 Methyl red test (MR test)

Methy! red broth was used for the test. The medium was dispensed in five
ml aliquots in tubes and steritized by steaming for 30 minutes lor three successive
days. The tubes were inoculated with 48h old culture of the bacterium for MR test.

The tubes were incubated for seven days at room temperature.

A few drops of methyl red (0. [g dissolved in 300 ml of 95 per cent ethyl
alcohol and diluted to 500 ml with distilled water) was added to the culture tubes,
A distinet red colour indicated positive methyl red reaction and an yellow colour

with the methy] red indicator is regarded as negative reaction.

3.4.3.9 Gelatin liguefaction

Nutrient gelatin medium was used for the purpose. Stab method was used
for the test. Gelatin was mixed together with all the other ingredients and heated
over a water bath untl the gelatin was dissolved. The medium was dispensed in
test tubes to a depth of about 5 cim and sterilized at 4.5 Kg pressure for 20 minutes.
Observing it for 2 days checked the sterile condition of the medium. These gelatin

columns were stabbed with a straight inoculation needle charged with 48 h old



culture of the bacterium. The tubes were incubated and observed for the

liquefaction of the get column at regular intervals up to one month.
3.4.3.10 Production of indole

Tryptone broth medium was used for this test. The medium was dispensed
in tubes and autocluved. Gnedza oxalic acid test strips were used for detecting
indole production. Filter paper strips of size 5x50mm were soaked in warm
saturated solution of oxalic acid and cooled. When the strips got covered with
oxalic actd crystals, they were dricd at room temperature and used without

sterlizing.

The tryptone broth tubes were inoculated with the bacterium in triplicate
and oxalic acid strips were inserted into the tube, by the side of the plug. incubated
and observed regularly for 14 days. Change in colour of oxalic acid crystals on test

strip to pink or red indicated indole production.
3.4.3.11 Caesin hydrolysis

Test medium containing skimmed milk powder was prepared and sterilized.
Sterilized medium was then poured in petridishes and single line streak of the
bacterial culture was made on the medium. Control was maintained without
inoculation and the results were recorded (Anegja, 1993). The presence of a clear

zone around the bacterial growth indicated positive reaction.
3.4.3.12 Urease production

The medium of Christensen’s agar (Christensen, 1946) was used for this
test. Ninety ml aliquots of the medium were dispensed in 250 ml conical flasks
and autoclaved. To each tlask, 10 ml ol 20 per cent sterile urea solution was added.
The urea solution was sterilized by stcaming it for half an hour. Five ml of the
media was dispensed into sterile test tubes and skants were preparcd. The slants

were then inoculated with 48h old test culture and observations on colour change

yn



were recorded for 15 days at regular intervals. Colour change of the medium from

yellow 1o red gave positive indication ol urease actrvity.

3.4.3.13 Citrate utilization

Simmon’s citrate agar as used for the study. Hundred ml of the media was
prepared and poured into test tubes (about 5 ml in cach tube) and stabbed with the
test culture. The stabbed cultures were incubated at room temperature tor 48 h.
Observations on colour change were taken for seven days. A change in colour trom

green to blue indicated positive reaction,

3,4.3.14 Production of levan

Single colonies ot 48 h old bacterial culture were streaked on King's B agar
plates supplemented with five per cent sucrose. After incubation at room
temperature for 48 h, they were observed for levan production as indicated by

large, white. domed and mucoid colonies (Hayward, 1964).

3.4.3.15 Production of reducing substances from sucrose

Two solutions were used for the test. Solution A was prepared with [0g
peptone and 17g agar in 800ml distilled water. Solution B with 40g sucrose in
200ml distlled water. Solution A was autoclaved and soiution B was steam
sterlized for halt an hour, Later solution B was added to cooled solution A. The
medium was poured into sterile petri plates. The inoculum was transferred 1o the
medium by spot inoculating with a loop. The plates were incubated for 48 h at
28+1"C. After 48 h of incubation each plate was flooded with 10ml of Benedict’s
reagent. Incubated at 60°C for 30-45 minutes. Positive reactions produced an

orange zone on a blue background. (Dickey and Keliman, 198().

3.4.3.16 Production of ammonia

Peplone water medium was uscd lor this test. The bacterium was inoculated

o the medium and incubated {or 48 h. The accumulatton of ammonia was

4



detected by adding 2-3 drops of Nessler's reagent, which gave a brown to yellow

precipitate with ammonia.

3.4.3.17 Nitrate reduction test

Five ml of nitrate reduction test medium was dispensed to test tubes and
autoclaved at 121"C for 15 minutes. The 48 h old bacterial culture was inoculated
into the medium and was incubated at room temperature (28=1°C) for 48h. The

observation on gas production was noted (Schaad, 1992).

3.4.3.18 Carbohydrate Utilization

Modified Hugh and Leifson’s method (Hugh and Leifson. 1953 und
Hayward, 1964} was used for the preparation of the basal medium. To the basai
medium [ per cent carbohydrate solution steamed in pressure cooker for hall an
hour was added and the molten media was poured @ 5 ml per test tube and 48h oid
bacterial culture was inoculated into the media and incubated at room temperature.
To provide anaerobic condition, a set of the inoculated tubes was scaled with
sterile liquid paraffin oil to a depth of lem. Observations were taken at 24h
intervals upto one week. Change in the colour of the medium to yellow indicated
positive utilization of the carbon compounds with acid production. The sugars used
were maltose, dulcitol. glycerol. ribose, mannitol, lactose, sucrose. galactose.

glucose and sorbitol. Observation on gas production was also noted..

3.4.3.19 Lipase activity

Sierra’s medium (Sicrra, 1957) was used for the study. Ten per cent stock
solution of sterilized Tween 80 was added @ 10 ml per 100ml of molten basal
medium. It was then poured into sterile petriplates. Using a looptul of 48h old
inoculum, four radial streaks were made on the medium on the plates. Plates were
mcubated at room temperature for seven days, exannned daily for the formation of
a densc precipitate around the bacterial growth, which indicated positive lipase

actlivity,

43
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3.4.3.20 Arginine diliydrolase reaction

Thornley’s semisolid medium (Thornley. 1960) was used for this test. Five
ml of the medium was dispensed In test tubes and avtoclaved. The medium was
stabbed with 48 h growth of the test bacterium and scaled with sterile liquid
paraffin 10 a depth of lem. The tubes were incubated for 1 week at room
temperature (28+1"C) and observed daily for colour change. A change in the

colour of the medium (o red indicated positive arginine dihydrolase aclivity.
3.4.3.21 Sensitivity to antibiotics

Nutrient agar medium with 1 per cent dextrose was prepared and sterilized.
The medium was poured in sterile petridishes and was seeded with 48h bacterial
culture. Sterile filter paper discs dipped in antibiotic solution of reguired
concentrations were placed on the surface of the seed layer and incubated at room
temperature  {(28+1"C) for 48h. Observations were recorded. Erythromycin,
penicillin and streptomycin at 25, 50 and 100 ppm were tried. A controi was also

maintiained.
3.4.3.22 Growth in sodium chloride (NaCl)

Peptone water with 3 per cent and 4 per cent NaCl respectively were used
for the test. The medium was dispensed in tubes autoclaved and inoculated with
48 old culture of the bacterium incubated at room iemperature for 48 h and
obscrvations on the growth were recorded and measured in terms of optical density
of the broth (OD value) using Spectronic-20 colorimeter adjusted to a wavelength

ol 620 nm. Uninoculated broth served as the control.
3.4.4 Potato and carrot soft rot test

lelhot’'s method (Lelliot, ¢ af, 1966) was employed for the test. Slices of
washed, peeled and alcohol flamed potato tubers and washed alcohol {lamed carrot
lubers were placed in sterile petriplates. The surface of the slices was immediately

covered with sterile distilled water tll the slices were half immersed. A portion of



-y

potato dextrose agar medium with 48 h old good growth of the bacteral isolate
was placed in a nitch made at the centre of cach slice. The slices were observed for

rotting and the untnoculated shices served as the control.
3.4.5 Molecular Characterization by plasmid profiling

The bacterium was characterized by the molecular techniques like plasmid
profiling. Composition of buffers and solutions used for the vartous molecular tests

are given in the Appendix L.

Plasmid DNA of the bacterial solate was extracted by using the following

protocol (Santha, 2001)
Procedure

2 ml LB medium containing proper antibiotic inoculated with a single bacterial

colony

v

Overnight incubation on a shaker at 200 rpm at 37°C

v

Centrifugation at 13,000 rpm for 1 min.

Supernatant removed carefully.

v

Cell pellet resuspended in 100m] resuspension buffer.

v

Treatment with 1O ml lysis buffer and gentle mixing at room temperature.

v

120 m} of neutralization buffer added. contents mixed gently tor 3 min at room
temperature.
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v

Centrifugation at {3,000 rpm for I min. supernatant transferred to a fresh 1.5 ml
centrifuge tube.

v

200 ml isopropanol added and mixed for I min.

v

Centrifugation at 13,000 rpm for 1 min to get DNA pellet.

v

TOper cent ethanol (500 ml) wash of DNA pellet followed by air drying.
DNA dissolved in 100ml sterile water, 10ml of plasmid DNA sample was mixed
with 5ml of gel loading dye and loaded for gel electrophoresis along with the

marker.

3.5. HOST RANGE OF THE PATHOGEN

Investigations on the host range of the pathogen were done on five different
host plants. The five hosts selected were those commonly intercropped in banana
gardens of Kerala and the wild. related species of banana. The hosts selected were
ginger (Zingiber officinale), wrmeric (Crurcuma longa) colocasia {Colocasia sp.)
canna {Canna sp.y and heliconia (Heliconia sp.). These host plants were planted in
earthen pots of 2.5 c¢m diameter {illed with sick soil mixed with bits of infected
rhizomes. There were three replications. The plants were observed for six months
from the date of planting for the development of any symptoms associated with the

rhizome rot disease.

Parallel to the pot culture experiment the host plants were also planted in a
rhizome rot sick field maintained at Banana Research Station, Kannara, along with
the susceptible banana variety Nendran. Three replications were maintained. In
both experiments, the inoculum {infected rhizome bits and other infected plants
portions) was applied at the base of the host plants to increase the inoculum
pressure. These plants were then observed for six months from the date of planting

for the development of any symptoms associated with the disease.



3.6 SURVIVAL OF THE PATHOGEN

A pot culture experiment was conducted to study the survival of the pathogen
in the soil. Sterile potting mixture filled in carthen pots ol size 25 cm diameter was
inoculated with the pathogen by applying natural inoculum and infected plant
material. Four replications were maintained. Soil samples were collected form each
pot from five cm depth and monthly serial dilution was done in order to find out
the viable population of the pathogen in the soil for six consecutive months after
moculation. Logan’s ditferential medium was used for the 1solaton of the

pathogen from the soil.
3.7 REACTION OF BANANA GERMPLASM TO RHIZOME ROT DISEASE

Two hundred and forty accessions of banana maintained in the field gene
bank at Banana Rescarch Station, Kannara were screened for the natural
occurrence of the disease. The sereening was done in the crop planted 1n 2001 and
2002. Discase incidence was recorded at fortnightly intervals and the percentage

infection for each variety was calculated.
3.8 MANAGEMENT OF THE DISEASE

3.8.1 In vitro evaluation of different plant protection chemicals against the

pathogen

In vitro efticacy of commonly used antibiotics and fungicides in inhibiting
the growth of the bacterium was tested by standard filter paper disc method. The
details of the chemicals used and their concentration are given below.

Table 1. Fungicides

_ - :
. | Concentration (per
SI.No. Fungicide Active ingredients !
cent)
] Bordeaux mixture Copper sulphate and lime 0.5, 1AL 1.5
- I ——e s o]
2 Calixin Sper cent | Tridemorph 0.05,0.1. (.15
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3 Bleaching powder

Chlorine

! 0.5. 1.0, 1.5

4 | Fytolan 50WP

5 | Bavistin S0WP

Copper oxychloride

"02.03.04

0.05,0.1,0.15

Indofit M — 45
ROWP

7 Kocide 77WP

1.2, 0.3.04

0.1,0.2.03

Table 2. Antibiotics
' SI.No

Anubiolic

Concentration {ppm)

1 ¢ Streptocycline

100, 200, 300

2 Erythromycin

25,50, 100

3 Tetracycline

25. 50, 100

4 Kanamycin

5 ! Ambistryn §

25, 530, 100

25,50, 100

6 Ampiciﬂin

25, 50, 100

7 Chloramphenicol

25, 50, 100

8 | Bacterimycin

100, 200, 300

9 Gentamycin

25. 50, 100

10 | Rifampicin

25, 50, 100

11 Nalidixic acid

25, 50, 100

12 i Penicillin

The different concentrations of the chemicals were prepared in sterile

distilled water, Sterile filter puper discs of 10mm diameter were dipped in the

solution and placed over potato dextrose agar in petriplates sceded with 48h old

culture of the bacterium. Sterile filter paper discs dipped 1n sterile water served as

control. The plates were incubated at room temperature (2871°C) and observations

were recorded after 48h.
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3.8.2 In vitro evaluation of different botanicals and cow dung against the

pathogen

The following botanicals were evaluated against the pathogen in n vitro by

standard [ilter paper disc method.

Leaves of tulsi, citronella, neem and garlic bulbs were washed in sterile
distilled water. The leaves and garlic bulbs were disinfected by keeping under ULV
light for about one hour by keeping it upside down every 15 min. Cow dung was
autoclaved, Water extract of cow dung (both sterilized and unsterilized) was
prepared at 10 per cent, 50 per cent and 100 per cent concentrations. The required

concentrations of the botanicals were prepared as given in the table below.

Table 3. Botanicals.

; Con.cé.ﬁ_ir_ﬁ_l_ion ]
- SENo. Botanical Scientitic name
{percent)
| Tulsi Ocimmin sanctum 10, 50, 100
2 Citronella Cymbopogan winferianus | 10,50, 100
3 | Neem Azadiracta indica 10. 50, 100
4 | Garlic Alliwm sativam 10. 50, 100

Sterile filter paper discs of 10mm diameter dipped 1n water extracts ot the
above mentioned botanicals and cow dung were placed over PDA seeded with 48h
old culture of the bacterium. Sterile filter paper discs dipped in sterile waler served
as control. The plates were incubated at room temperature and observations were

recorded after 48h.

3.8.3 In vitro evaluation of different bio agents against the pathogen

The in vitro elticacy ol two bio agents viz., Pseudomonas flourescens and

Trichoderma harZienum in inhibiting the growth of the bacterium was evaluated.
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a. Pseudomonas flourescens

A lawn of the pathogen was prepared on Potato Dextrose Agar medium by
pour plate method. P. flourescens was spot inoculated on this. The culture was
incubated at room temperature for 48h to check whether the bioagent inhibited the
arowth of the pathogen by producing a clear zone of inhibition around the

inoculated arca. Control without inoculating the bioagent was also matntained.

b. Trichoderma harzianum

A small disc of PDA along with good growth of T. harzianum was made
with a sterile cock borer and placed on the lawn of pathogen prepared on PDA in
sterile petridishes. The dishes were incubated at room temperature (28+1°C) for
three to four days and observed for inhibition zone around the growth of the

btoagent. Control with the pathogen alonc was also maintained.

In the second method. a small disc of PDA with good growth of
T.harzianum was made using a sterile cock borer and placed on PDA in a sterile
petridish. After two days of incubation at room temperature. (i.e. when the fungus
grew and spread the centre of the dish) the pathogen was streaked at the sides
surrounding the growth ot the fungus and the dishes were kept for incubation for
48h at room temperature to see whether the fungus inhibited the growth of the

pathogen. A control witheut the bio agent was also maintained.

3.8.4 Management of the disease under field condition (ir vive)

A pot culture experiment was conducted during May and November 2002,
at Banana Research Station, Kannara to study the effect of various treatments on
the management of the disease under the field conditions. Healthy banana suckers
afler inoculating with the pathogen by the standardised inoculation technique
{application of natural inoculum) were planted in sterile soil in cement pots of 50
c¢m diameter, The soil was sterilized by fumigation with 40per cent formatdehyde
diluted to 1:25 ratio with water for four days. The experiment was laid out in

Completely Randomised Design with seven treatmenis. The fungicide, antibiotic,
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botanical and bio agent. which performed the best under the i virro management

study were selected for the management of the disease under field conditions. ™

Along with these treatments, bleaching powder @ 8g plt', Pseudomonas
flowrescens (commercial formulation) @ 7g plt', lime @ S500g plt’ were also
applied to study their cffect in the discase management.  The details ol the

cxperiment are given below,

Design - Completely Randomised Design
Variety - Nendran
Treatments - Seven
Replications - Three
No. of plants/ replication - Four
Treatments
T, - Bleaching powder 8g plt”
T> - Pyeudomonas flourescens (Commercial formulation) 7g plt :
T, - Lime 500g plt!
T, - Fytotan O.4per cent
Ts - Streptocyceline 300ppm
Ts - Garlic 100per cent
T - Control

The suckers were artiticially inoculated with the pathogen by standardised
method of 1noculation (application of natural inoculum. The treatments were
inposed one and three months after planting. Observations on disease incidence
(ic. foliage symptoms and extent ol rhizome rot bascd on rhizome rot index and
biometric characters were taken upto 6-7 months, The rhizome rot index scale

developed by Loos (1962) was followed.
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Table 4. Rhizome rot index scale

[ Score [ Symptom
T ll No rot o
2 Slight rot
4 Fair degree of rot (twice index 2)

8 Heavy degree of rot (twice mndex 4)

16 Whole rhizome rotted

Biometric characters like number of leaves. collar girth and height of the
plant were recorded at monthly intervals. Foliage symptoms like yellowing and
flaccidity were also noted. Destructive sampling was done after 6 months and

exlent of rot of cach rhizome was recorded.
1.9 STATISTICAL ANALYSIS

Observations  under ecach experiment were  tabulated and  analyzed

statistically using MSTA'T C package (Freed. 1986).
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4. RESULTS

The results of the study on “Etiology and Management of the Rhizome rot

discase of Banana™ undertaken in the Department ol Plant Pathology. College ol

Horticulture. Vellanikkara and Banana Research Station, Kannara are presented

below.

4.1. ISOLATION OF THE PATHOGEN

4.1.1. Isolation from the infected plant samples

The infected rhizomes of banana var. Nendran showing typical symptoms
of rhizome rot disease were collected from the {armers fields and fields of Banana
Research Station, Kannara. These rhizome bits produced bacterial ooze when
subjected to coze test confirming the presence of the bacterium. Standard method
of the 1solation of the bacteria viz., tssue maceration followed by streaking viekded
bucteria, which was solated on NA medium. Small, pale white colonics were
selected and purificd by repeated streaking on the same medium. The culture

obtained was maintained by sub culturing at tortnightly intervals.

The bacterial culture was then streaked on plates with Logan’s differential
mediwm for Ervinie and purple centered single colonies of size of about 1.5 mm
diameter were produced which confirmed the bacterium (o be Erwinia carotovora.

4.1.2  Isolation of the pathogen from the soil

The pathogen was isolated from the rhizosphere of the infected buanana

plants by serial dilution plate technique using Logan’s differential mediom for

Erwinia. Purple centered colonies with mean diameter of about 1.5 mm were
) . . ] i i U, . C
oblained alter mcubaton at room temperature {28+1°C) lor 48h.  The colonies

were counted and further streaked on the medium and purified.

T |
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4.2, PATHOGENICITY STUDIES
4.2.1. Pathogenicity tests under laboratory conditions

Under laboratory conditions. the artificially inoculated banana suckers
showed rotting symptoms after cight days of inoculation. The area surrounding the
point of inoculation became discoloured. rotten and emitted a foul smell. The
rhizome eventually became internally sunken with dark brown or yellow waler
soaked arcas surrounded by dark rings (Plate 1), No symptom of decay was
observed in the control. Reisolation of the pathogen from the inoculated tissue was
done on NA medium. The isolated bacterium was further strcaked on Logan's
differential medium and purple centered colonies, similar to the original isolate,

were obtained.
4.2.2.Standardisation of the inoculation technique

Koch's postulates were successfully proved on banuna variety Nendran.
Before inoculation, the inoculation technique was standardized, The inoculated
plants showed typical disease symptoms viz. flaccidity, wilting and yellowing two
months after inoculation. The pathogen was isolated from the inoculated plants and

was found to be sume as the original isolate used for inoculation.

[noculation techmique was standardized on banana variety, Nendran by
conducting different inoculation techniques vic., cork boring, pinpricking,
application of natural inoculum (hacterial ooze) and infected rhizome bits around
the planted suckers. The results of the experiment are given in the Table 5. The
brometric observations of the inoculated plants and healthy plants taken for two
months after planting at fortnightly intervals and compared to study the intfluence

ol inlection on the growth ol banana.

The results of the experiment revealed that the infection and mortality were
found to be more in plants inoculated by natural inoculum (bacterial ooze),

mlected rhizome bits and pinpricking. These three methods were found equally



Table.5 Effect of inoculation on the discase incidence and biometric characters of banana variety, Nendran

Si. | Method of Incubation P Biometric characters
_ ercentage
No. | Inoculation Period : Yeliowing | Flaccidity (Mcan)
Discase
(DAI**) incidence Height | Collar Number
{cm) girth (¢cm) | of leaves
1| Cork boring 60" 25" - + 37.30° [ 11.21™ 4.62 %
2 | Pin pricking 60" 50° + + 39.83% [9.77° 4.65 %
b b he
3 Natural 53¢ 50 N N 42.62 13.37 4.00
mnoculum
4 | Infected b ; 4306° 11215° 450"
rhizome bits 36 30 * i
5 | Control - - - - 54.12° 17.82° 5.80°

Each observation is a mean of four replications.
The values with diffcrent superscripts differ significantly.
** DAI- Days after inoculation.

&¢
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vood to be used as the methods of inoculation. Among these. the application of
natural inoculum into the soil after planting was found the most effcctive since the
incubition period (53 days) was the least. Next to this method. application of
infected rhizome bits was the best in terms of incubation period (56 days). Both the

cork horing and pin pricking methods took 60 days for symptom expression.

The biometric observations clearly revealed the influence of the discase on
the growth and development of banana suckers. The height and the collar girth of
the control plants were significantly supertor (54.12 cm and 17.82 cm respectively)
when compared o the inoculated ones. The number of leaves was also less n
inoculated plants when compared to the healthy control even though statistically on
par. The results revealed that the pathogen has got a ncgative influence on the

normal growth und development of the host plant (Plate 2).

4.3 SYMPTOMATOLOGY

Symptomatology was studied both under natural and artificial conditions on
banana var. Nendran, Naturally infected banana plants in the field were observed
for the development of discase symptoms. The development of symptoms
depended on the stage of growth of the plant and the severity of infection. Newly
planted rhizomes when nfecled failed o sprout and young infected plants
exhibited stunted growth and yellowing. In mature plants, the disease was noticed
when the plants are 5-6 months old. The first visible symptom wus the flaceidity of
teaves followed by yellowing and buckling of the leaves. The rhizome showed
discolouration, soft rotting and emitted a foul smell from the rotten tissue {Plate 3.
4. 3). When the decay became extensive, the pscudostem became weakened. and it
broke at the corm region by wind or even by the bunch weight. In some cases, the
cinerging daughter suckers were also affected. The above ground symptoms
appecaring on the plant could be very well correlated with the extent and region off

rotting of the rhizome.

In the case of artiftcially inoculated plants, about 23per cent of suckers
rotted immediately after planting. Typical disease symptoms viz. yellowing and

flaccidity of leaves were produced after 1 1/2 — 2 months after inoculation,
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Yellowing was first noticed on lower leaves. The cigar leal failed to open and
became flaceid. The pseudostem became weakened and was detached from the
corm area by a gentle push (Plate 6). The transverse section of the rhizome showed
that. the rhizome was completely rotien, with water-soaked light and dark brown
areas with a dark brown border. The decayed rhizomes emitted a foul smell. Fifty

per cent of the moculated plants died within two months after inoculation.
4.4 CHARACTERIZATION AND IDENTIFICATION OF THE PATHOGEN
4.4.1. Morphological characterization

On NA medium, the growth of the bacterium was observed after 48 h of
incubation at room lemperature. Pale white circular colonies were observed. The

colonies were slightly raised and mucoid.

The bacteria were gram-negative short rods when viewed under the oil

immersion objective of a microscope.

The motility of the bactenal cells were observed under the microscope

ustng cavity slide.
4.4.2. Cultural characterization
4.4.2.1.Growth of the bacterium on Logan’s differential medium for Erwinia

The bacterium was streaked on petriplates with Logan's differential
medium for Erninic and the growth of (he bacterium was obscrved after 48h of
S At . v . s (N 0 el . 3 3 .
incubation at room temperature (28x17C). Small circular colonies with  purple
centre were produced. These colonies were slightly raised with a little slime

production. The mean diameter of the individual colonies was 1.5 mm. (Plate 7)



Plate 1. Pathogenicity test (in vitro)-Symptom on suckers

o

Plate 2. Pathogenicity sludics - ‘mnparison of growth characters
1.Cork boring 2.Pin pricking 3.Natural inoculum
4.Infected rhizome bits C. Control

Plate 3. Aerial symptoms of rhizome rot disease



Plate 6. Disease symptoms on artll'icially inoculated banana
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4.4.2.2 Growth of the bacterium in liguid broth

Growth of the bacterium in nutrient broth at pH 7 was measured by
recording the opticat density of the broth after incubating at room temperature
(28+1°C) for 48h The optical density was measured in terms of OD value read
using ‘Spectronic 207 colorimeter adjusted to a wavelength of  620nm,

Uninoculated broth served as control. The mean OD value of the isolate was 0.731.

4.4.2.3.Growth of the bacterium on different solid media

The growth of the bactertum on eight different soltd media was compared
_and the results are presented in the Table 6. The growth was measured in terms of
diameter of three isolated colonies from each replication. Obhscrvations were

recorded after 24.48.72 and 96 h of incubation at room temperature {28+1"C).

Among the eight different media tried. maximum growth was recorded on
sucrose peptone agar (4.9 mm) after 96 h of incubation at room temperature. which
was on par with the growth recorded on King's B medium (4.7 mm). The next best
medium was potato dextrose agar (Plate 8). The teast diameter was recorded on
NA medium. Shime production and fluidity was excellent on King's B, PDA and
YDC. Slime productton was moderate in SPA and Logan™s medivm and less in
Thorton’s medium and Meat Extract Agar medium.  As the incubation period

mereased the colony diameter also increased.

4.4.3 Physiological characterization

4.4.3.1 Growth of the bacterium at different pH

Growth of the bacterium in nutrient broth adjusted to different pH levels
was recorded by measuring the optical density of the broth in comparison with
uninoculated control after 24.48.72 and Y6h of incubaton. using Spectronic 20)
colorimeter at a wavelength of 620nm. The results of the study are given in the

Tuble.7.



Table 6 Effect of the different solid media on the growth of the bacterium

Medi Size and STime / {luidi ol Diameter of isolated colonies in mm after
edium | ime / {luidity olour
form 24h 48h 72h 96h
Mediem . r ed he abe
PDA Circular ++++ Pale white 2.6 3.3 39 4.4
ype | Medium bt Creamy 1.6 22 3.0 3.8
- circular white |
NA fiTcaJ;ar . pale white | 1.5 % 2.4 0 g 3,60
KB gfr‘i‘l‘c‘i‘:‘ A Pale white 26" 365 4.3 % 4.7
SPA Medmm - Crea.my 5 gt 3.4 4.5 abe 49°
circular _ white '
TT fi‘::‘ﬂl]qr ++ Pale white 2.2 2.9 L 3.7
Mg | Small ++ Creamy 2.0 2.4 3.4 39 %
circular white _
LDM fir;:ﬂllar +++ Purple 1.8 2.0 2.8 3.1

The values with different superscripts differ significantly.

Slime/ fluidity- +: very little, ++: little, +++: medium,++++: high.

PDA- Potato Dextrose Agar; YDC- Yeast extract Dextrose Calcium carbonate Agar, NA- Nutrient Agar.KB- King’'s B
Agar; SPA-Sucrose Peptone Agar; TT-Thornton’s Agar: ME- Mcat Extract Agar,LDM-Logan’s Differential Medium.
Each obscrvation 1s a mean of 3 replications.



Plate 7. Growth of the bacterium on Logan's medium

Plate 8. Growth of the bacterium on SPA, King's B, PDA
(Left to right)

»
]
{ !
"

Plate 9. Utilization of organic acids A. Succinate B. Acetate.
D. Citrate C. Control
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Among the different pH levels tested the maximum growth was recorded at

neutral pH 7, which was followed. by pH 6, 8 and 5. The trend was simitar at 24.

48, 72 and 96 h of incubation. The growth of the bacterium was very poor at pH

below 5 and above .

Table. 7. The effect of different pH on the growth of the bacterium

i

O.D. value of the broth alter

e — TE_E_T_. JF_
Ty T T {J_()]?—T 0027 | 0059t o6t
3 0.021™ 0.056 " 0.058" | 0060
- 4 | C0.083 7 0.197 % 0.206 " 0.210™
s _T (3.2317 T0.306 ¢ 0321 ¢ 03337
S TR 0640 T 0681 ™ 0,697

7 0eR2™ [ 0718 0.762° 0.774
B 8 L0332 \ 0.430° 0452 0466 |
| 9 0.028 ¥ 0.058 0.063 T

1

0.017™ J

Each observation is an average of 3 replications.

The values with ditferent superscripts dilter significantly.

4.4.3.2 Girowth of the bacterinm at different temperature

Growth of the bacterium at different temperature was studied and the

results arc presented in the Table.8. The maximum growth was recorded at 28°C

{OD value 1.367) after 96 h of incubation, which was followed by the growth at

28°Ctat 72h (1

222) which was on par with the growth at 28°C at 48h (1.168). The

- e

growth al 37°C at 24. 48, 72 and Y6 h of incubation were 0.660, 0.802, 0.854 and

(1951 respectively. The growth was very poor at tower temperatures of 5°C and

1o
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Table 8. The effect of different temperature on growth of the bacterium

0.D. value of the broth after

Temperature
C 24h 48h 72h Y6h

5 0.272 " 0.289 ™ 0.310™ 0.321 ™
10 0.235" 0.270™ 0.346 ™ 0.389 "

15 0.604 * (.742 ¢ 0.775 " 0.794 "
20 0,697 " 0.822 & 0.983 1.083
28 0.691 MK 0.168™ 222" 1.367"

37 0.660 ' 0.802 ¢ 0.854 " 0.951
40 0.573" 0.613 ™ 0.652 ™! 0.716 "

Each observation is the mean ol 3 replications.

The values with different superscripts differ significantly.

4.4.3.3 Oxygen requirement

The pathogen grew and changed the colour of nutrient dextrose agar

medium from purple 10 yellow at a stow and fast rate in tubes with and without

molten agar seal indicating that it can grow both aerobically and anaerobically.

4.4.4. Biochemical characterization

4.4.4.1 Solubility in 3 per cent KOH

When the bacterial suspension was mixed with the alkali and the loop was

Just raised and lowered just off the slide. viscous strand formation was noticed

confirming the gram-negative nature of the bacterium.

4.4.4.2 Kovac’s Oxidase test

A loopful of inoculum was taken and rubbed on oxidase disc. There was no

purple colour development, proving that the pathogen was negative for oxidasc.



4.4.4.3 Pigment production

The bacterium did not produce [lourescent pigment on King's B medium
containing one per cent tyrosine. The isolate also did not produce brown ditfusible
melanin pigment on it. Thus the pathogen failed 1o produce any water soluble

piement on King's B medium.

4.4.4.4 Catalase test

When mixed with hydrogen peroxide the pathogen produced gas bubbles

indicating the catalase positive reaction of the isolate,

4.4.4.5 Starch hydrolysis

The bacterium did not show the ability to hydrolyse starch as indicated by
the absence of a colourless zone around the bacterial growth in contrast to the blue

background of the medium.

4.4.4.6 Utilization of organic acidy

Of the five sodium salts of organic acids tested viz, sodium citrate, sodmum
acetate, sodium succinate, sodium oxalate and benzoate the pathogen utilized
sodium citrate. acetate and succinate, while failed to utilize sodium oxalate and

benzoate as the source of ¢carbon (Plate 9).

4.4.4.7 Production of Hydrogen sulphide

Filter paper strips, soaked in warm saturated lead acetate, were inserted into
the test tubes containing broth inoculated with the bacterium with the fower end of
the stp just above the broth. Blackening of the lead acetate impregnated strips

was noticed. This indicated the liberution of hydrogen sulphide by the pathogen.

6



4.4.4.8 Methyl red test (MR test)

Negative reaction for MR 1est was noticed with the bacterial 1solate as
cvidenced by the absence of distinct red colour in the culture tube when few drops

of 0.02 per cent methyl red in fifty per cent alcohol was added.

4.4.4.9 Gelatin liquefaction

The bacterial 1solate utilised getatin and the liquefaction of the gel column

was observed within a fortnight indicating positive gelatin hydrolysis reaction.

4.4.4.10 Production of indole

The bacterial isolate was inoculated into the broth and oxalic acid strips
were inserted into the tubes by the side of the plug and suspended over the broth
and observed tor the colour change of the strips. The oxalic acid crystals on the test
strips did not turn pink or red. This showed that the bacterium failed to produce

indole,

4.4.4.11 Caesin hydrolysis

The isolate was inoculated 1nto the test medium taken in a petridish by
making a single hne strcak on the medium. Following inoculation and incubation,
no clear zone of proteolysis was obtained surrounding the bacterial growth,

indicating that the isolate failed to hydrolysc casein
4.4.4.12 Urease production
The slants containing Christensen’s agar medium was inoculated with the

test bacterium. The bacterium showed negative urease activity as indicated by the

absence of colour change of Christensen’s urea agar from yellow to red.
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4.4.4.13 Citrate utilization

Simmon’s Citrate agar in the test tube was stabbed with the test culture and
observed for the colour change. The colours of the culture medium changed from

green 1o blue. This indicated that pathogen could utilize citrate.

4.4.4.14 Production of levan

The bactertum failed 10 produce levan from sucrose as indicated by the
absence of raised. convex colonies on King's B agar supplemented with five per

CCNL SUCTOSe.

4.4.4.15 Production of reducing substances from sucrose

The bacterium failed o produce reducing substances from sucrose. This
was indicated by the absence of orange zone in the culture on the blue background

ol the Benedict's reagent.

4.4.4.16 Production of ammonia

The accumulation of ammonia in the medium was detected by using
Nessler’s reagent. which pave a brown to yellow precipitate indicating that the

bacterium could produce ammonia (Plate 10).

4.4.4.17 Nitrate reduction test

Nitratc reduction test medium was dispersed into test lubes and the
bacterial culture was inoculated into it and observed for gas production. No gas
production was observed 1o the est medium. This indicated negative nitrate

reduction reaction by the bacterium.



4.4.4.18 Carbohydrate utilization

Of the ten carbon compounds tested the pathogen produced acid from

glucose, ribose, mattose. glycerol. mannitol, lactosc. galactose and sorbitol both in

aerobic and anaerobic conditions. The solate falled (o0 wtilize duleitol. The results

are given i the Table 9. Gas production was noticed from sorbitol. galactose.

maltose. sucrose and ribose as indicated by the breakage of the agar column inside

the tube. Acid production from glycerol and lactose was poor and slow (Plate 11).

Table Y. Utilization of carbohydrates by the bacterium

Sugar Intensity of colour change and gas production afler
24h 48h 72h Y6h 1 wk

Maliose + +++ -t +++ FH++
Sorbitol ++ ++ +++ ++++ ++++
Galactose ++ +++ +++ ++++ ++++
Glucose + + ++ ++ 4+
Mannitol + F+ +++ +44 ++4+
Sucrose ++ +++ +++ ++4+ ++++
Ribose ++ +++ ++++ ++++ ++++
Lactose - + + e T+
Dulcttol - - - - _
Glycerol - + + + ++
Colour intensity: *-"greenish blue; "+ olive green to vellow; “++° yellowish: +++

shight orange; “++++" bright orange.

4.4.4.19 Lipase activity

Sierra’s medium poured into sterile petri dishes was inoculated with the lest

culture. A densc precipitate around the bacterial growth was observed afier 24h of

incubation. This showed that the bacterium showed lipase activity (Plate 12).




Plate 11. Carbohydrate utilization
C. Control 1. Maltese 2. Dulcitol
3. Glycerol 4. Ribose 5. Mannitol
6. Lactose 7. Sucrose 8. Galactose
9. Glucose 10. Serbitol
Left tube Aerobic  Right tube Anaerobic
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4.4.4.20 Arginine diliydrolase reaction

The bacterium failed to turn the colour of Thornley’s semi solid Arginine

medium to red indicating is ability o hydrolyse arginine.

4.4.4.21 Sensitivity to erythromycin

The isolate was found to be insensitive to erythromyein at 25.50 and 100
ppm indicated by the absence of clear zone around the antibiotic kept on the

culture medium seeded with the bacterium.

4.4.4.22 Sensitivity to streptomycin

The isolate was sensitive to streptomycin at 25.50,100 ppm indicated by the
presence of clear zone around the antibiotic dise kept on the culture medium

seeded wil the hacteriun.

4.4.4.23 Sensitivity to penicillin

The isolate was found to be insensitive 1o penicillin at 25.50,100 ppm
indicated by the absence of clear zone around the antibiotic disc, kept on the

culture medium seeded with bacterium.

4.4.4.24 Growth in Sodium chloride (NaCl)

Growth was obscrved in the medium inoculated with the bacterium. The
turbidity was measured using ‘Spectronic 207 at 620nm wavelength, The O.D
value for the isolate was 0.258 after 48h of incubation with 3 per cent NaCl. With
4 per cent NaCl it was (1,223, The results showed that the pathogen could tolerate

the salt concentration of 3 and 4 per cent levels,



4.4.5. Molecular characterization by plasmid profiling

Molecular characterization of the pathogen was carried out by plasmud

profiling.

Two plasmids were purilied from the cell lysates of the isolate of the
pathogen. The electrophoresis of the purified, plasmid DNA when viewed through
alpha imager revealed that there were two plasmids .One with a molecular weight
slightly above that ol a lincar molecular marker weighing 21 kile basepairs and the
other was on par with a lincar molecular marker with 21 Kilo basepairs molecular

weight (Plate 18).

4.4.6 Potato and carrot soft rot test

The inoculation of the isolate of the pathogen caused blackening and rotting
of the potato slices within three 1o four days of noculation emitting a foul smell.
The pathogen was reisolated from the rotten material. Similarly the carrot slices
inoculated with the isolate showed rotting and emitted a foul smell within 3-4 days.

The pathogen was reisolated from the rotien carrot slices (Plate 13 and 143,

Table 10. Summary of the morphological, cultural, physiological and bio-

chemical characters of the pathogen

SI.No. | Characters studicd Result
l. Gram staining -ve
2. Potato soft rot test +VC
3. Carrot solt rot test +ve
4, Motility +ve
5. Pigment production

a) Waler soluble -ye

b} Water unsoluble -ve
0, Oxygen requirement

A} aerobic +ve

b} anacrobic +ve
7. Solubility in 3per eent KOH +ve
8. Oxidase -ve
9. Catalase test +ve
10. Starch hydrolysis -ve
I, Utilization of organic acids

a. Sodium acelale [ +ve




b. Sodium benzoalc -ve
¢. Sodium citrate +ve
d. Sodium succinate +ve
¢. Sodium oxalate -V
12. Production of H>S +ve
[3 MR test -ve
14, Gielatin hiquifaction +ve
15, Production of indole -ve
16. Cacsin hydrolysis -ve
17, Urcase production -vVe
18. Citrate utilization +ve
19, Levan from sucrose -Ve
20. Reducing substances  {from
SUCTOSC -ve
21, Production of N1, +yve
22. Nitrate reduction test -ve
23 Carbohydrale ulilization
{both aerobic & anacrobic)
Mallose +ve
Glycerol +ve
Ribose +ve
Mannitol +ve
Dulcitol -ve
Lactose +ve
Sucrose +ve
Glucose +ve
Sorbitol +ve
Galaciose +ve
24. Lipase activity +ve
25. Arginine dihydrolasc -ve
reaction
26. Sensitivity to antibiotics
a. Erythromycin -ve
b. Streptomycin +ve
¢. Penicillin -ve
27. Growth at 3 and 4 per cent +ve
Na(’l
28 Growth a1 37'C +ve ]

On the basis of the growth and colony characters on NA medium and
Logan’s dilferential medium and  various biochemical, physiological and
pathogenicity tests, the pathogen causing rhizome rot disease of banana var,
Nendran couid be idenufied as Erwvinia carotovora. Further the characteristics of
the bacteria were compared with those described for Erwinia carotovorit in Bergy's

Manual of Determinative Bacteriology (19533, Schaad (1992) and CMI



Plate 13 Potato soft rot test C Control

Plate 14 Carrot soft rot test C Control
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descriptions of Plant Pathogenic Fungi and Bacteria, thus confirming the identity

of the pathogen.
4.5 HOST RANGE OF THE PATHOGEN

The tive hosts inoculated with the pathogen, vic heliconta { Heliconia sp.).
canna (Carna sp.), ginger {Zingiber officinate), turmeric (Curcuma fonga) and
colocasia (Colocasia sp.) did not show any symptoms of infection. This revealed

that these plants did not act as the host ot the pathogen.
4.6 SURVIVAL OF THE PATHOGLEN

A pot cullure experiment was conducted to study the survival of the
pathogen in the soil. Soil samples collected from each pot were subjected to sertal
dilution for six months at monthly interval from June to November and the
population of the pathogen in the soil was estimated, The results are given in the

Table 11.

The population of the bacteria was found to be fluctuating depending on the
climatic conditions and soil moisture level. Maximum inoculum was found during
the month of August followed by June. Least number of colony forming units per
gram of the infected soil was found during the month of November. As a whole,
the population showed an increase durtng the ratny season (June-August) and then
showed a steep dechine in September. Again, it showed slight increase during

Oclober and again declined therealter.
4.8 SCREENING OF BANANA VARIETIES FOR DISEASE RESISTANCE.

Two hundred and forty accessions of banana maintained in the germplasm
al BRS Kannara were observed at weekly intervals for discase incidence and
mortality due to the discase. The data was collected during 2001 and 2002, Of the
240 accessions screened only 11 were found to be infected by the disease and the
percentage toss of the accessions of banana screened are tabulated. (‘Table 12 and

Figure 1).



Table 11. Pathogen population in the soil — soil survival

—_—

| Month Number of ¢.f.u (colony fm'n_i;ng units) per gram of thL‘_;oil_:wampIc (x 10%)

| (2002) RI " rR2 [ R} R4 Mean

| June 2360 | 260 | 2960 16.60 22 857
July 18.00 19.60 1830 16.60 18.12"
August 25.60 21.00 31.30 24.30 25.55°
September 7.60 10.30 6.60 500 7 377

" October 1200 [ 17300, 830 11.00 12157
November 433 | 866 t 5.33 9.33 6919

Each observation is an average of 3 replications.

The values with different superscripts differ significantly.

0/
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Among the 11 varieties infected, the variety Poppoulu (AAB) was found to

be the most susceptible one and recorded cent per cent loss. The varieties Nendran

{AAB) and Nedu Nendran (AAB). Gros michel (AAA), Mottakunnan (AAB)

recorded 4) per cent mortality.

Table 12. Screening of banana germplasm against rhizome rot disease of

banana
" StNo Varicties infected Genome Percent mortality
l Matti AA 20
2 Manjeri Nendran AAB 20
3 Poppoulu AAB 100
4 Sugandhi AAB 2(0)
5 Zansibar AAB 20
8 Padalimariyan AAB 2(}
7 Gros Mischel AAA 40
8 Mottakunnan AAB 40
9 Nendran AAB 40
10 Nedu Nendran AAB 40
11 Robusta AAA 20
Results showed that the disease was more predominant in
accessions with AAB genome.

4.8 MANAGEMENT OF THE DISEASE.

4.8.1 In vitro evaluation of different plant protection chemicals against the

pathogen.

inhibiting the growth of the pathogen.

This study was aimed to assess the efficacy of antibiotics and fungicides in




Fig.1. Per cent piant loss in banana varieties due to rhizome rot disease incidence
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a. Effect of Fungicides.
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Bordeaux mixture, tytolan, calixin, bavistin, indofil M-45. bleaching

powder and kocide

at three different concentrations were tested for their

¢llectiveness in inhibiting the growth of the bacterium. The resulis are presented in

the Table 13. Among the fungicides tested, fytolan at (0.4 per cent recorded the

maximum inhibition among the fungicides tried (8.7 mm)(Plate 15). This was

followed by fytolan 0.3per cent (8.2 mm} followed by concentration {).2per cenl

(7.8 mm).

[ndofil M-45 and kocide showed inhibition only at higher concentrations

(7.0 mm and 7.5 mm respectively). Fytolan and bordeaux mixture were found to

inhibit the bacterium at all concentrations tried. Calixin, bavistin and bleaching

powder did not show any inhibition on the growth of the bacterium.

Table 13, In-vifro evaluation of fungicides against the pathogen

| Tungicide o I Concentration (percent) l Inhibition zone {mm) }
Bordeaux mixture | 0.5 06.0% |
1.0 5.8%
) ) 1.5 ’ 6.6" |
Fytolan 02 7.8 ||
0.3 8.2 {
) 0.4 J
Calixin ‘ 0.035 |
; 0.10 |
o s 4
Buvistin | 0.05 |
0.10
- ()'IS
Indofil M-45 0.2 B
0.3 0
| 0.4 7.0
\ Bleaching powder 0.5 0
. 1.0 0
| o S R i
Kocide 0.1 0
0.2 0
N S | % 7.5 |
Control ‘ Sterile water 0 '

The values with different supersci‘ipls differ significantly.

Each observation is a mean of 3 replications.
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b. Effect of Antibiotics.

The effect of twelve antibiotics in inhibiting the growth of the
pathogen was studied by standard filter paper disc method. The results are
presented in the Tuable 14. The untibiotics except tetracycline. erythromycin
rifumpicin, ampicillin and penicillin showed varying levels of inhibition on the
growth of the bacterium. Streptocycline at 300 ppm was found to be the best
treatment (17.5 mm)(Plate 15), lollowed by streptocycline at 200 ppm (15.7 mm).
Kanamyein 100 ppm (14.6 mm) and streptomycin 100 ppm (14.5 mm) were on par
and showed inhibition next to the above (wo treatments. Chloramphenicol at 100

ppm recorded the least inhibition among the effective antibiotics.

Table 14. In vitro evaluation of antibiotics against the pathogen

L__%_n_t_i_bi_p[ic o _ Concentration (ppim} Inhibition zone (mm)
Streptocycline 100 : 3.6 |
200 157" -
] _ _ 300 175
Erythromycin 25 0
50 ()
! - ] 100 0
Tetracycline 25 N 0
50 0
100 ()
Ampticillin 25 ' 0
S50 0
. 100 | { |
Rifampicin 25 0
: 50 0
) I R 1. 1 J
Nalidixic acid 25 10.6%
i 50 ! 50°
R T T
Kanamycin 25 BT
50 14.3 4™
B __ | B 100 (4.6
© Streptomycin 25 4.7° !
: 50 i1.6" |
) 0 4.5 ™
Bacterimycin 100 gOT
' 200 ;‘ 1.0
3 300 1Le |
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Gentamyein 25 13.0™
50 [2.6"
100 (3.3~
Chlordfhphenicnl 25 0
50 53¢
o 100 i |
Penicillin 25 0
50 0
i 100 . ()
___Cf\.)nll"()l Sterile water {0

The values with different superscripts differ significantly.

Euch obscrvation 1s a mean of 3 replications.,

4.8.2 In vitro evaluation of different botanicals and cow dung against the

pathogen

Walter extracts of neem, garlic, citronella, tulsi and cowdung (steritized and

unsterilised) were used at [0 per cent, 50 per cent and 100 per cent concentrations

for the study. Among these, only garlic and citronella showed inhibitory eftect on

the growth of the pathogen. Garlic showed inhibition at 50 and 100 per cent

concentrations (13.7 mm and 15.0 mm respectively) where as citronella showed

inhibition only at 10per cent concentration (7.6 mm).Garlic at 100 per cent gave

the maximum inhibition (Plate [0). The results of the experiment are given in the

Table 15 Neem, tulst and cowdung did not show any inhibitory cffect on the

growth of the pathogen.

Table 15, In vitro evaluation of botanicals and cow dung against the pathogen

Botanical Concenlralion (percent) Inhibition zone {(mm) |
Neem 10 0
50 0
N | _ 100 0
Garlic 10 ()
50 13.7°
_ 100 15.0"
Citronella 10 76" |
50 0
L 100 0
Cowdung istertlized) 10 0
50 0
100 0




| Cowdung(unsterilized) | 10 [0

The values with different superscripts differ significantly. _

Each observation is @ mean of 3 replications

4.8.3 In vitro evaluation of different bioagents against the pathogen

Two bicagents namely. Pseudomonas flowrescens and  Trichoderma
harziamom were evaluated lor their efficacy in inhibiting the growth of the
pathogen, Both the bio control agents did not show any inhibttory effect on the

growth ol the pathogen under in virre conditions.

4.8.4 Management of the Rhizome rot disease under field conditions (in vive)

A pot culture experiment in Completely Randomized Design was
conducted to investigale in to the manigement strategies to control the rhizome rot
discase of banana. The observations made on the discase incidence and biometric
characters like height. collar girth and number of leaves were recorded. The results

are presented in the Table 16 and |7 (Plate 17).

Observations on the disease incidence showed that the coefficient of
infection was nil in the case of (reauments T4 (fytolan O.dper cent) and T5
(streptocycline 300 ppm) and was maximum incase of the control (56.24) showing
that T4 (fytolan Odper cent) and TS (streptocycline 300 ppm) were the most
effective treatments and were statistically on par. None of the plants were infected
in these two treatments. Garlic extract was also effective which showed a disease
incidence of only 25 per cent (Cl 4.54), which was on par with Tl (Bleaching
powder 8 ¢ plt!) and T2 (Pseudomonas flourescens). In the case of control the
cdisease incidence as 10U per cent (Figure 2) and C1 56.24.The discase severity was

maximum in the control (56.24) and nil in the case of T4 and713.

U ()

100 | 0 )
rTuE S 10 ua ()

50 U
I 100 I R
Control Sterile water 0



Plate 15. In vitro evaluation of fungicides and antibiotics
against the pathogen
A Fytolan(0.4%) B Streptocycline(300ppm)

Plate 16 In vitro evaluation of botanicals
against the pathogen Garlic (100%)

under field conditions



Plate 18 Isolation of the plasmids of the pathogen

M- Molecular weight marker —> A DNA/Eceo Rl + Hind 111
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Table 16. Effect of different treatments on the incidence of Rhizome rot disease

of banana var. Nendran

[ Percent discuse | Percent disease Coefficient of '
Treatment ; |
Severtly incidence infection (CD)
Tl 18.19 41,66 7.64™"
T2 23.43 58.33 13.90™
| TS 15.60 50.00 19.17
’ T4 0.00 000 0.00°
TS 0.00 0.00 000
- T6 13.01 ' 25.00 4.54" 7
T7 i. 56.24 100,00 56.24°

The values with different superscripts ditfer significantly.

Each value is the mean of monthly observations,

T1: Bleaching powder &g pit’
T
T

I~

. Pseudomonas flourescens Tg plt”

o

: Lime 500g plt”'

T4: Fytolan 0.4 per cent (Best among the fungicides)
T5: Streplocycline 300 ppm (Best among the antibiotics)
T6: Garlic 100 per cent (Best among the botanicals)

T7: Control



Table 17, Effect of the different trcatments used for the management of Rhizome

rot disease on the biometric characters of banana variety Nendran

" Treatment | Height (cm) Collar girth (cm) No. of lcaves
T 7460 2030 753
T2 82.18™ 21.41%% 7.43°
T3 89 57 22,51 8.58™
T Ta 99.14% 24.477 9.76"
TS 104.00° 24.67" 10.46° B
T | 90.08"™ 2247 I
T7 7732 18.05° 7.80°

Each value is the mean of monthly observations.

The values with dilferent superscripts ditter significantly.

T1: Bleaching powder 8g plt"

T

R

T3: Lime 500g plt'

. Pseudomonas flourescens 7g plt

T4: Fytolan 0.4 per cent

T3: Streptocycline 300 ppm

T6: Garhie 100 per cent

T7: Control

17



1%

Table 18, Effect of different management treatments on the severity of rhizome

rot disease of banana variety, Nendran

Treatment Rhizome rot index Yellowing Flaccidity
score (+ve/-ve) {(+ve/ -ve)
Tl 4 +ve +ve ]
T2 4 tve +ve
T3 8 +ve tve
T4 | -ve Ve
T5 i -ve -ve
T6 [ 2 -ve +ve
17 16 +ve +ve

Each score value is a mode of 3 replications.

T1: Bleaching powder 8g plt!

T2: Pseudomonas flourescens 7g plt :
T3: Lime 500g plt™!

T4: Fytolan 0.4 per cent

T5: Streptocycline 300 ppm

T6: Garlic 100 per cent

T7: Control
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Fig. 2. Effect of different management treatments on the disease incidence
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Diseuase scoring was done according to the rhizome rot index scale
proposed by Loos (1962). The observations revealed that the maximum rhizome
rot index score (16} was seen in the control pots (T7) i.e. whole rhizome wus
rotten. The minimum score (1} was obtained in the pots receiving the trecatments
streptocycline 300 ppm (T5) and Fytolan (T4) i.e. no rot. The treatments T3, T2
and T1 showed scores 4. 4 and 8 respectively i.c., showing fair and heavy degree

of rot. Yellowing and flaccidity was observed in ali pots except T4 and T5.

With regard to the growth parameters, the height of the plant was maxtmum
in T3 (steptocycline 300 ppm)( 104 ¢m). which was on par with T4 (fytolan 0.4 per
cent) (99.14 cm). The collar girth was maximum in T4 and T35 (24.47 and 24.67
respectively). Maximum number of leaves was produced in plants receiving TS
treatment (10.46) followed by T4 (9.76). In the case of the control treatments. the
height, collar girth and the number of leaves were 77.32.18.05 and 7.80

respectively.

The results of the experiment on the management of the disease showed
that fytolan at O.4per cent and streplocyceline at 300 ppm were equally good in

controlling the rhizome rot discase ol banana.



Discussion




S. DISCUSSION

Banana is one of the most important tropical froit crops of the world. In
most of the developing countries, 1t is also an essential staple food of millions ol
people. The successtful commercial cultivation of banana 1s hindered mainly duc to
the mcidence of diseases, Nowadays rhizome rot or tip over discase has emerged
as one of the important diseases of banana reducing the productivity of the crop in
different parts of the world. (Stover. 1959; Loos, 1962; Fernandez-Borrero. 1967:

Shilling ford, [974; Tomlinson ¢f af. 1987; Gomez-Caicedo er al., 2001 ).

In India. this disease is now assuming alarming proportions in many banana
growing arcas especially in southern states like Kerala, Karnataka and Tamil Nadu
(Edward er «af., 1973:Chattopadhay and Mukherjee. 1986: Lakshmanan and
Mohan, 1986: Khan and Nagaraj. 1998: Nagaraj er al. 2002 a.b; Rani er al., 2002).

In Kerala. the disease was reported from 1987 onwards and has now
become a serious threat to the commercial cultivation of banana variety Nendran,
(KAU. 1990; KAU. 1999). Hence the present study was undertaken to investigate

into the etiology. symptomatology and management of this disease.

The rhizome rot causing pathogen Erwinia sp. was isolated trom the
ifected rhizomes of banana variety Nendran. Repeated isolations done [rom the
samples collected from farmer’s ficld as well as from the fields of Banana
Research Station, Kannara yiclded the same type of bacterial colonies on nutrient
agar medium which were pale while. slightly mucoid and raised with undulate
margin. lsolation was alse done in Logan’s differential medium specific for
Erwinia sp. Stover (1959), Dickey and Victoria (1980), Angeles-Ramos et al.
{1982y and Chattopadhyay and Mukherjee (1986) isolated similar bacterial
colonies on nutrient agar medium from rhizome rot infected samples of banana. In
the present study. standard method of isolation viz, tissue maceration followed by
streaking was tfollowed. In both the cases. similar bacterial colonies were obtained.
Several rescarchers successfully tried isolation of the pathogen {rom infected
rhizome bits by tissue maceration methad, (Stover, 1959: Tomlinson er af., 1987:

Gomez-Cateedo er al. 2001 Nagara) e af, 2002 4. b).



A part from isolating the pathogen from the infected plant samples,
attempts were also made to isolate the pathogen from the rhizosphere soil of the
infected banana plants. In this case, the isolation was done on Logan’s differential
medium for Erwinia, in order to confirm that the bacterium isolated is not any
other saprophytic bacteria. but soft rot pathogen Erwinia. The isolation of the
bacterium from rhizosphere soil ulso confirmed the soil borne nature of the
pathogen. This factor has (o be taken care while formulating the management
strategics against the disease. Tomlinson ¢ al., (1987) and Nagaraj et af. (2002a)
also attempted to tsolate the pathogen from the rhizosphere of the infected banuna

plants.

5.1. Pathogenicity studies

Pathogenicity can be explained as the capacity ol any pathogen to induce
malfunction or interfere with the physiological activities of the plant. In the present
investigation. the method of inoculation was standardized prior to pathogenicity
studies. The standardization of the moculation technique was done by conducting a
pot culture experiment involving different methods of inoculation of the pathogen
172, Inoculating agar plugs with the bacterial culture into the healthy sucker tissue
by corkboring. pinpricking the suckers and dipping in bacterial culture suspension,
applying natural moculum  (bacterial ooze collected from discased samples)
around the planted suckers and applying infected rhizome bits. Of these the
application ot natural inoculum, rhizome bits, and pinpricking followed by dipping
in bacterial culture suspension were found equally good as inoculation methods
since. the exient of loss duc to the disease was similur in these three methods.
However the application of natural inoculum (bactertal ooze collected from
discased samples} showed the least incubation period of 6 weeks (56 days). Hence,

this method was standardized as the best method of inoculation for further studies.

Many workers have standardized difterent inoculation methods. Stover

{1959) found that rhizome inoculation by boring a plug of about 3/8 inch diameter

W a depth of 3.5cm could induce the discase symptoms within 25 days of

mocutation. Wardlaw (1972) succeeded in inducing the disease by inoculating the

bacterial culture to the rhizome. Rahman et af. {1994) while working with Erwinia

%



carotovora ssp. carotovora causing soft rot ol carrot found that tnoculating the
bacterial pathogen by injection, pin prick and cork borer method to tubers was

more elfective in causing the disease.

Under artificially inoculated conditions. the inoculated banana suckers
showed typical rotting symptom after cight days of inoculation. The portion around
the injury became discolourcd and emitted a foul smell. Stover (1959} also

reported similar results.

After standardizing the method of inoculation. Koch's postulates were
successtully proved on Nendran variety of banana, the variety in which the disease
was most prevalent under natural conditions. The pathogen was reisolated and the
identity was conlirmed to be similar to that of the original isolate used for
inoculatton. Similar to the present investigation, the pathogenicity of this bacteria
(causing rhizome rotl disease) has been confirmed by several workers carlier.
(Stover, 1959; Chattopadhyay and Mukherjee; 1986; Tomlinson er al., 1987,
Lakshmanan and Mohan. 1991; Gomez Caicedo er al., 2001 Rani et ¢f., 2002).

The incubation period taken under i vitro conditions 1s very less compared
to that of the in vive conditions, which might be due to the very high humidity
provided during incubation. Stover (1959) and Loos (1962) also reported a long

incubation period while conducting pathogenicity tests in pot culture.

The biometric observations taken during the study clearly revealed that the

pathogen showed a negative mnfluence on the normal growth and development of

the host plant. The height, collar girth, and number of lcaves of the control plants
were significantly superior (54.12 ¢m, 17.82 em and 5.8 respectively) when

compared to the discased suckers.
5.2, Symptomatology
Investigations on the development of symptoms produced under natural

ficld conditions on banana variety Nendran revealed that the disease was prevalent

in two to stx months old plants. The first visible symptom of the disease was
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flacctdity and vellowing of lowcer leaves. The infected plants appeared weak. Such
weak plants-toppled down within a week or two. When the rhizomes ol these
plants were examined, they showed extensive rotting. tissues becoming soft with a
foul smell. The internal cortex showed regions of brown or vellow waler soaked
region with well-defined dark margins. Cavitics were also observed in the rotted
portions of the rhizome. which may be confused for the infestation of rhizome
weevils. The above ground symptoms of the discase could be correlated with the
extent of rotting of the rhizomes. The infected piant toppled down only when the
rhizome rot became severe. At this stage the plant could not be saved. So the
control measure should be taken at the initial stage of the disease when the plant
shows u flaccidity and loss ol luster of the leaves. Henee this aspect of the study on
the development of symptoms is of utmost practical importance to take up timely

management praclice to save the crop.

In the case of artificially inoculated plants. 25 per cent of suckers rotted
immediately after planting. Tvpical disease symptoms viz. yellowing and tlaccidity
of leaves were produced in the inoculated plants after six 1o eight weeks of
tnoculation. The lower leaves showed yellowing first, The rhizome portion wis

completely rotten with a toul smell.

Similar symptoms were observed in rhizome rot affected banana by carfier
workers throughout the world including India (Stover, 1959; Edward er ai., 1973:
Shilling ford. 1974: Tomlinson e af.. 1987 Chattopadhyay. 1987, Gomez-Caicedo
ef al.. 2001; Rant e af., 2002). Lakshmanan and Mohan {1991) also reported the
occurrence of pscudosiem rotting m Tamil Nadu and the disease severely alfected

three o live months old plants. Khan and Nagara) (1998) recorded simitar

symptoms in rhizome rot diseased plants seen in various banana growing arcas of

Karnataka.
5.3 Characterization and identification of the pathogen
The characterization and 1dentification of the pathogen was carried oul

hased on the cultural. morphological and biochemical characters using standard

procedures (Lelhotl. 1974 and Schaad, 1992).



Growlh of the bacterium was observed after 48h of incubation at room
temperature. Pale white circular colonies of small size were observed. The colonies

were slightly raised and mucoid.

Growth of the pathogen was observed on Logan’s differential medium for

Erwinia after 48 h of incubation at room temperature. Small, circular, convex.
undulate colonics with purple centre having mean diameter of 1.5-2 mm were

abtained.

Stuchies conducted by several workers revealed that the pathogen, frwiniu
produced pale white. con;»'ex. shimy mucold, circular colonies on nutrient agar
(Stover, 1959: Dickey. 1979; Tomlinson ¢f af., 1987 Nagaraj ef «l. 2002 a, h; Rani
et al.. 2002). According to CMI Descriptions of Plant Pathogemic Bacteria and
Fungi. the bacteria belonging o Erwinia sp. viz., E. chrysantheni and F.
carotovora produced greyish white colonies, smooth, round, glistening, slightly
raised on nutrient agar. These characters match with the characters of the bacteria

1solated in the present study.

A differential medium  tor Erwinia developed by Logan (1966} to
distinguish Erwinia at the species level. £, carotovora produced colonies (about
1.5 mm diameter) with a pink to red purple centre. Single colonies of E.atroseptica
remained colourless and less than 0.5 mm diameter, Colontes of E. chrysanthemi
were large than that of £ carotovora (about 2 mm) and were completely red or
purple (Fahy and Hayward, 1983). The results obtained in the present study

revealed that the colony characters observed were similar to those of E.carotovora.

The pathogen grew well in nutrient broth at pH 7 after incubation at reom
temperature for 48 h. Similar result was obtained by Dickey (1981} in his study

with the rhizome rot pathogen.

The growth of the isolate on cight different solid media showed some
variations. Of the eight different media tried. Sucrose Peptone Agar (SPA) and
King’s B medium were found equally good as the best media to support the growth

of the pathogen. followed by Potato Dextrose Agar (PDA) medium. Slime
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production and {luidity were exccllent in King’s B. PDA and Ycast extract
Dextrose Calcium carbonate Agar (YDC). Several workers have grown the
pathogen on different sohid media (Stover. 19591 Dickey, 1979 Tomlimson ¢t al..
1987 Nagaraj er al, 2002 a. b; Rani ¢7 al., 2002). The results obtained by the
carlier workers are in agreement with he present study. Schaad and Brenner (1977)
studied the growth ol E.chrysanthemi on YDC. NA, MS. Bioquest XLD agar. BG,
M Endo agar and compuared the growth on these media. The growth obtained on

YIC and NA was similar to that of the pathogen in this study.

The 1solate ot the pathogen recorded good growth between pH 6 and 7, the
maximum heing recorded at pH 7 after 96h of incubation at room temperature. No
studies have been made on the growth of rhizome rot pathogen at different pH
levels. so lar. Workers have made similar studies on Pseudomonas solanacearun
and found that good growth was obtained between pH ranging from 6.5-7.5

(Kelman, 1953: Jyothi, 1992).

The 1solate of the pathogen was found mesophilic 1n nature. with good
growth between 20°C and 40'C. the maximum growth being recorded at 28"C.
Growth was observed at 37°C. These results are in agrecment with that of Dickey

(1979}, Tomlinson et «f., (1987) and Nagaraj er af. (2002 a, b). According to the

CMI Descriptions of Plant Pathogenic Bacteria and Fungi, both the species of

Erwinia viz., E. carotovora and E.chrysanthemi (rhizome rot pathogens) grew well
al temperatures ranging [rom 37-40"C. Perombelon and Hyman (1986) in their
studies found that both the species of Erwinia viz., Erwinia carotovord and

Erwinia chrysanthemi grew well at 37°C.

The isolate of the pathogen was gram-negative short rods when viewed
under the microscope. They were found to be motile. Similar results have been
obtained by several workers (Stover, 1939 Dickey, 1979; Gomez-Caicedo ¢ «f.,

20010 Rani er al., 2002y,

The isolate used in the present study failed to produce any pigments on
King's B medium as reported by many workers {Dickey, 1979; Tomlinson er «f,

1987: Cappuccino and Sherman., 1992; Gomez Caicedo er «l. 2001; Nagaraj es al,
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2002 a, b). The isolate grew and changed the colour of nutrient dextrose agar
medium with bromocresol purple from purple to yellow at a slow and fast rate in
tubes with and without agar scal indicating that the isolatc could grow both
acrobically and anacrobically. This facultative anacrobic nature of the pathogen
was established by many workers (Lelliott, 1974: Dickey. 1979 Tomlinson et al..

1987 Gomez Caicedo et ¢l.. 2001;Nagaraj et af.. 2002 a, b)

The pathogen produced viscous strands from the bacterial suspension when
mixed with 3 percent KOH. confirming the gram-negative nature as reported by

Gomez- Caicedo er af. (2001).

The bacterial isolate was found to be oxidase ncgative and catalase
positive. [t was found to hydrolyse gelatin, but not starch and casein. These results
are tn accordance with the reports of many workers (Lelliott, 1974; Bradbury,
1977a.b; Dickey and Victoria, 1980: Dickey nd Kelman, [981: Bradbury, 1986:
Tomlinson et al., 1987. Gomez Caicedo, ef al, 2001 Senthilvel, 2000)

The pathogen utilized sodium citrate, sodium acetate, sodium succinate but
did nol uttlive oxalate and benzoate as reported by Bradbury, 1977a; Dickey, 1979,
Dickey and Victoria, 1980: Cother and Sivasithamparam. 1983: Tomlinson ¢t al.,

1987.

The bacterial isolate liberated H.S and produced NH; from peptone. but
fuiled to produce indole, levan from sucrose. It was methyl red negative, urease
negative and did not reduce nitrate and did not hydrolyse arginine. All thesc results
agreed with those obtained by many workers, while characterizing the rhizome rot
pathogen, (Dickey, 1979; Dickey and Victoria. 1980; Dickey and Kelman, 1981
Bradbury, [986: Tomlinson er «f., 1987; Gomez Caicedo er al., 2001; Nagaraj,
2002 a, b; Rami ez ¢f., 2002)

The isolates failed to produce reducing substances from sucrose. Similar
result was obtained by Tomlinson er af. (1987) with one of the isolates of the

pathogen. Generally E. carorovora did not produce reducing substances from
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sucrose. bul in the case of E.chrvsanthem: the reaction varied with different strains

(Bradbury, {977 a, b: Cother and Sivasithamparam, 1983}.

The isolate of the pathogen was found to show positive lipase activity,

Lipasc activity of the rhizome rot causing bacteria has not been confirmed so far.

Of the ten carbon compounds tested the isolate of the bacterium produced
acid from glucose, ribose. maltose. glycerol, mannitol, lactose, galactose und
sorbitol, both in aerobic and anaerobic conditions. [t did not utilize to dulcitol. Gas
production was noticed from maltose, sucrose, sorbitol, gatactose and ribose. Acid
production from glycerol and lactose was poor and slow. Similar results were
obtained by several workers while characterizing the rhizome rot pathogen
(Dickey, 1979; Dickey and Victoria. 1980; Tomlinson et ¢l.. [987: Gomez Caicedo

et ad., 20012 Nagaraj er af., 2002 a, b; Rani et al., 2002).

The isolate of the pathogen was found to grow well at a temperature of
37'C and in the medium with 3 percent and 4 percent NaCl which were
characterising features of Erwinice sp. (Bradbury, 1977 a. b). Results oblained are
in agreement with the reports ol Dickey, (1979), Tomlinson ef «l., (1987) and

Gomez Caleedo ef al.. (2001 ).

The bacterial isolate was found to be sensitive to streptomycin, but were
resistant o erythromycein and penicillin. In general. E. carotevora was found 1o be
resistant to erythromycin where as £ chrysanthemi was found to be sensitive
(Bradbury, 1977 a, b). Dickey (1979) reported that the rhizome rot pathogen. E.
chrysanthemi was sensitive to erythromycin. But of the 1solates characterized by

Tomlinson ef ¢l (1987) one was resistant 1o erythromycin.

The sensitivity of the pathogen to penicillin varied but was scnsitive 10
streptomycin {Bickey. 1979 Tomlinson et af.. 1987). Gomez Caicedo er ¢l. (2001)
in his study found that the pathogen was sensitive to streptomycin, but resistant to
penicillin. Based on this character also the pathogen under present study could be

confirmed as Ermwiniu carotovera.



Plasmids were isolated and puritied from the cell lysales of the isolates of
the pathogen. Two plasmids were isolated. Of the two plasmids 1solated one was
on par with the molecular weight of a linear plasmid marker with 21 kilo base par
(kb} weight, while the other weighed slightly above 21kb. The results obtained in
the present study were in agreement with previous studies. (Daughtery. 1978

Chatterjee and Starr. 1980: Sparks and Lacy. 1980),

Inoculation of the bacterium caused blackening and rotting of the potato
slices and carrot slices. Similar observations were recorded by Lelhiott, (1974,
Dickey (1979), Tomlinson et af. {1987), Gomez Caicedo et «f. (2001). Nagara) ef

al. (2002 by and Rani ef al. (2002).

The potato soft rot test and carrot rotting test showed the pectin degrading

ahility of the pathogen.
5.4. Host range studies

Host range studies conducted to lind out ability ol the bacterium to cause
disease on five ditferent hosts viz., Heliconta (Heliconia sp. ) Canna (Canna sp. )
ginger (Zingiber officinale ) Turmeric (Curcuma longa) and Colocasia ( Colocasia
sp.) revealed that the pathogen failed to produce symptoms in them. Earlier reports
reveal that the rhizome rot pathogen was found to infect plants other than banana
like Chrysanthemum, Diffenbachia, Phitodendron, Canna sp., Capsicum sp..
Zingiber officinale, Colocasia sp., Xanthosoma sp.. Zea mavs, tomato, potato,
carrol, radish ete. But the reaction depended on the strain of the pathogen. host
conditions and conditions of infection. (Shilling ford, 1974; Dickey. 1979; Dickey,
1981, Bradbury, 1986: Lakshmanan and Mohan, [991; Nanda et «f., 1994;
Thwaites er af.. 2000: Nagaraj et af., 2002a).

The results of the vartous tests conducted to confirm the identity of the
pathogen were i agreement with the reports of Dickey. 1979: Dickey and Kelman.
1981; Bradbury, 1977a.b; Tomlinson ef al., 1987 Nagaraj et af.. 2002 a. b; Rani er

al., 2002). Thus on the basis of the morphological. cultural, physiological and
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biochemical characteristics and the pathogenicity tests, the pathogen causing

rhizome rot disease of banana wus wdentified as Envinia carotovora.

5.5 Survival of the pathogen

Saprophytic survival of plant pathogenic bacteria results in their persistence
in soil. The plant pathogenic bacteria surviving in saprophytic phase seems to be in
hypo biotic state with markedly reduced metabolic rates. Therefore understanding
the occurrence and duration of soil borne phase of soft rot bacteria is basic to
develop control measures. Erwinia carotovera ssp. carotovora has been considered
to survive in soil (Goto, 1990). In the present study. it was found that the pathogen
survived in sterilized soil in the presence of diseased plant remnants for 180-185
days. The population was found to be fluctuating depending on the weather
conditions and moisture level of the soil. The results were in accordance with the
reports of Goto (1990) who stated that Erwinia couldn’t survive for long time
bevond six months and the reports of Rodriguez er ¢f. (1991). The results of the
investigations conducted by Nagary) et ¢l (2002 a) revealed that the pathogen
causing tip over discase of banana could not survive beyond 195 days. as a matter

of fact that the survival of the bacteria was greatly influenced by moisture status.

5.6. Varietal screening

Screening of large number of lines/types of a crop with considerabie
genetic diversity is a method for locating resistant lines/types against the discase,
which could be further, utilized for the development of resistant varteties with
desirable characters. With this idea. a large number of accessions maintained in the
germplasm of Banana Research Station, Kannara were cvaluated for host
resistance against the rhizome rot disease of banana under field conditions from
May to October 2001 and 2002. The study revealed that, out of the 240 accessions

of banana evaluated, only [ varietics were found (o be infected by the disease.

The results of the disease incidence and percentage mortality of the accessions of

banana screenced showed that the varicty Poppoulu (AAB) was the most susceptible
varicty and recorded 100 percent loss. The disease was more predominant in

accessions with AAB genome.
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5.7. Management of the disease

In order to find out a suitable chemical, botanical or bioagent for reducing
the incidence of the disease, an in virro study was conducted using scven
fungicides, twelve antibiotics. [ive botanicals and two hioagents. Among the
fungicides tested. bordeaux mixture and fytolan were found o inhibit the
bacterium at all the concentrations tried. Fytolan at (.4 per cent recorded maximuin
inhibition. which wus followed by Fytolan at 0.3 per cent. All the antibiotics tried.
except tetracycline. erythromycin, ampicillin. rifampicin and penicillin showed
varying levels of inhibition on the growth of the bacterium. streptocycline at 300
ppm was [ound to be the most superior one Tollowed by streptocycline at 200 ppm.
Among the botanicals tried, garlic and citronella showed inhibition on the growth
of the pathogen. Garlic atl{Oper cent concentration showed maximum inhibition
foltowed by 50 per cent concentration. Citronella showed inhibition only at 10 per

cent concentration,

Both the biocontrol agents tried vz Psendomonas flourescens and
Trichodern harZianem did not show any inhibition on the growth of the pathogen
under in vitrro conditions. The results of in vitre management of the pathogen using
different antibiotics agreed with those of the studies conducted by earlier workers
{Dickey. 1979 Tomlinsen ef «f.. 1987; Gomez-Caicedo et af. {2001). Nagaraj e «i.
(2002 by found that methoxy ethyl mercuric chloride @ 2000 ppm. CuSQ, @ 4000
ppm, streplocyceline @ 750 ppm and nortloxin @ 750 ppm were found effective in

inhibiting the growth of the pathogen.

On the contrary, to the present results, earlier workers reported that the
pathogen could be inhibited by bivagents like Pseudomonas sp. (Jimencz and
Cordoves, 1992) and Trichoderma sp. (Limon er al., 1999) under in vitro
conditions. The failure of P, flowrescens in inhibiting the growth of the pathogen
under i vitre conditions may be due 1o the variation in the strain of the bio agent
used. Even though it did not show any inhibitory effect under in virre conditions. it

was ellective m controlling the disease under [ield conditions. Similar to the
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present results Rant ef af. (2002) reported that the pathogen could be controlled by

waler extract of citronella.

A pot culture experiment was conducted to investigate the management
strategies for rhizome rot disease of banana. Six treatments along with a control
without any management treatment were maintained in a Completely Randomized
Design. The treatments include the best fungicide (fytolan @ (.4 per cent) the best
antihiotic {streptocycline @ 300 ppm), the hest botanical (garlic extract @ 100 per
centy under in virro studies, Bleaching powder @ 8g pit™' lime 500g plt' and the
commercial formulation of’ P. flourescens. Based on the observations made on the
disease incidence and biometric characters, it was found that tytolan at 0.4 per cent
and streptocycline at 300 ppm were lound to be the most superior ones in
controlling the disease and these were statistically on par. None of the plants were
infected in these two treatments. Garlic extract was also effective in controlling the
discase. In the case of control the discase incidence was 100 percent. The effect of
antihiotics  like  streptomycin  sulphate,  bleaching powder, copper  sulphate
formulations and Carbendazim in suppressing the disease similur to the present
study has been reported by several workers (Lakshmanan and Mohan, 1986;

Chattopadhyay, 1987; Salazar and Duque, 1994; Nagaraj e¢f al., 2002 b).
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6. SUMMARY

Rhizome rot disease of banana is cmerging as one of the important diseases
of banana reducing the productivity of the crop in different parts of the world
including India. Hence. the present investigation was undertaken to study the
etiology. symptomatology and to evolve a suitable management practice lor the

disease.

The pathogen. Erwinia carotovora was isolated from the infected rhizames
of banana var. Nendran and its pathogenicity was established alter standardizing
the method of inoculation. Symptomatology was studied under natural field
conditions and under art¥ficially inoculated controlled conditions. The first visible
symptom of the discase was tlaccidity and yellowing of teaves. The infected plants
appeared weak and such plants toppled down with tn a week or two. When the
rhizome of these plants was cxamined, they showed extensive rotting. tissues
becoming soft with a foul smell. The internal cortex showed brown or yellow

waler soaked regions with well-defined dark margins.

The isolated bacteria produced pale white colonies of smull size shightly
raised with undulate margin on nutrient agar medium. On logan’s differential
medium, & specific medium {or Erwinia. the isolate produced small circular

colonies with purple centre slightly raised with a mean diameter of 1.5 mm.

Growth of the pathogen was studied on eight different solid media. It was
found that maximum growth was obtaincd on Sucrose Peptone Agar and King’s B
medium, while the slime production was maximum on King's B medium. PDA
and YDC. The bacterial isolate recorded good growth between pH range of 6 and
7. the maximum being at pH 7. Among the different temperatures tested, the

isolate showed maximum growth at 28°C.

The puthogen was found to be gram negative. motile small rods when
viewed under the microscope. It couid not produce any water soluble or insoluble
pigments. [t was found o be facultatively anaerobic and produced viscous strands

when mixed with 3 per cent KOH. The pathogen was found to be oxidase negative.
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catalase positive and could hydrolyse gelatin but not starch and casein. The
pathogen utilized organic acids viz. sodium citrate. sodium acetale and sodium
succinate, but not oxalate and benzoate. The isolate liberated HoS and preduced
ammonia from peptone, but failed to produce indole and levan from sucrose. It
showed methyl red negative, urcase negative reaction and could not reduce nitrate
and hydrolyse arginine. The isolate failed to produce reducing substances from

sucrose, The bacterial culture was found to show positive lipase activity.

Of the ten carbon compounds tested, the isolate of the bacterium produced
acid from glucose, ribose, maltose, glycerol, mannttol, lactose. galaclose and
sorbitol both in acrobic and anacrobic conditions. It did not utilize duleitol. The
bacteria caused rolting of potato tubers and carrot indicating its pectin degrading

ability.

The isolate of the pathogen was found to grow well at a temperature of
37'C and in the medium with 3 per cent and 4 per cent sodium chloride, [t was
sensitive to streplomycin, but was resistant to erythromycin and penicillin. The
isolate was characterised at the molecular level by doing the plasmid isolation and
studying the plasmid profile. On the basis of the morphological, physiologicul.
biochemical, and molecular characteristics the pathogen causing rhizome rot

disease of banana variety Nendran was identilied as Erwinia carotovora.

The host range studies of the pathogen on five different hosts viz. heliconia.
canna, ginger, turmeric and colocusia under field conditions revealed that the
pathogen did not infect these hosts. But it produced typical soft rot symptoms
when inoculated on potato tubers and carrot under in vitro conditions. The
pathogen survived in sterilized seil in the presence of infected rhizome for 180-

185 days.

Out of the 240 accessions of banana screened for the resistance to the
rhizome rot discase, 1l varietics were found to be infected by the disease under
natural ficld conditions. The results of the disease incidence and percent mortality

of the accessions of banana screened showed that the genome AAB is the most



susceptible among the genomes screened and the variety Poppoulu (AAB) was the

most severely infected one.

An in vitro study was conducted to find out the inhibitory cffect of (welve
different antibiotics, seven fungicides, five botanicals and two bioagents against
the pathogen. Among the fungicides tried, fytolan at 0.4 per cent concentration
gave the maximum inhibition on the growth of the pathogen followed by fylolan at
1.3 per cenl. Amony the antibiotics tried, streptocycline at 300ppm was found to be
the most cffective one in contrelling the pathogen. Among the botanicals tried
garlic extract at 100 per cent concentration gave the maximum inhibition on the

growth ol the bacteria.

A pot culture experiment was conducted on the management of rhizome rot
disease of banana var. Nendran. The treatments were evalvated based on the
observations on the disease incidence and biometric characters, The treatments viz.,
fvtolan at 0.4 per cent and streptocyctine at 300 ppm were found to be the mast
ctfective ones which were statistically on par. Garlic extract at 100 per cent
concentration was found to be the next best one in controlling the disease which

was on par with Pseadomonas flonrescens (T2) and bleaching powder (11).
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APPENDIX -1

A. Composition of media

1. King’s B medium
Peplone
Glycerol
K> HPO.
MgS0;
Distilled water
pH
Agar

2. Thornley’s semi solid medium
Bacto peptone
NaCl
K,HPO,
Pheno! red
L. — Arginine Hydrochloride
Bacto Agar
Distilled water
pH

3. Hayward’s semi solid medium
NH, H2 POy
K1
Bacto peptone
Bromothymol blue
Distlled water
pH
Agar

4. Sierra’s medium
Bacto peptone
NaCl
CaCl».H>O
Bacto agar
Distilled water

5. Luria Bertani (LLB)medium
Tryptone
Yeast Extract
NaCl
Glucose
Distilied water
pH

20¢
1.0g
0.15g
0.15g
100ml
72-74
2.0g

1.0g
5.0g
03.¢g
0.0Lg
10.0g
3.0g
11

72

1.0g
0.2g
0.2¢g
1.0g
(0.08g
1t
7.0-7.1
3.0g

10.0g
5.0g
0.1g
17.0g
11

10.0g
5.0g
5.0¢
1.0g
11



6. Nutrient Agar medium

Peptone - 100
Yeast Extract/Beef extract - 5.0g
Agar - 20.0g
Distilled water - 1l
pH - 6.8
7. Thornton’s Standardised agar
Mannitol - l0g
Asparagine - 0.5
K:HPO, - 1.0g
KNO» - 05g
MgSO;y - 02g
Ca(Cls - 0.lg
NaCl - Qg
Ferric Chloride - 0.002g
Agar - 20.0g
Disulled water - 1l
pH - 74
8. Basal medium for Organic acids
Peptone - L.0g
NHg Hz PO_1 - lUg
KCl - 02¢g
Mg SO, 7H>0 - 02¢g
Bromothymol blue - 0.03g
Agar - 3.0g
Distilled water - 1
pH - 740
9.Starch medium
Peptonc - 10.0g
Beel Extract - 5.0
Starch solution - 2.0g
Agar - 200g
Dustilled water - 1l
pH - 7.0
10. Peptone water medium
Peptone - 10.0g
NaCl - 5.0
Distilled water - 1l
pH - 7.0
11. MR broth
Proteose peptone - SUg
Glucose - 5.0g
K>H PO, - 5S¢
Distilled water - 1l

pH - 7.0



12. Gelatin medium

Peptone - 10.0g
Beef Extract - 5.0g
Gelatin - 120.0g
Distilled water -l

pH - 70

13. Tryptone broth medium

Tryptone/ Caesin digest - 10.0¢g
NaCl - 5.0g
Distlled water - 1

pH - 7.0

14.Simmon’s citrate agar
Ammonium dihydrogen

Phosphate - 1.0g
Dipotassium Phospate - l0g
NaCl - 5.0g
Sodium citrate - 2.0g
Mg SO, - 0.2G
Agar - 15.0g
Bromothymol blue - (.08g
15. Logan’s medium
Nutrient agar - 28.0g
Yeast Extract - 5.0g
Glucose - 5.0¢
0.5% 2.3.5-tripheny!
Tetrazolium chloride - 10ml
Distilled water -1l
pH - 70
16. Potato Dextrose agar
Potato - 200.00g
Dextrose - 20.0g
Agar - 15.0¢
Distilled water - 1l
pH - 7.0
17. Yeast Extract Dextrose Calcium Carbonate agar
Yeast Extract - 10.0g
Glucose/Dextrose - 20.0¢g
CaCO; - 20.0g
Agar - 15.0g

Distilled water - 1]



18. Urease medium

Peptone - 1.0g
NaCl - 5.0g
KH»> PO, - 2.0g
Glucose - L.0g
Agar - 20.0g
Phenol red - 6ml
Distilled water -1
pH - 08
19. Sucrose Peptone Agar
Sucrose - L0g
Peplone - 0.5g
K;HPO, - 0.05g
MgS0,. 7TH-0 - 0.03¢g
Agar - l.5g
Distilled water - 1l
20. Meat Extract Agar
Meat Extract - 1.5g
Yeast Extract - 3.35g
Peptone - 6.0g
Agar - 150
Distilled water - 11
pH - 10
21. Nitrate reduction test
KNO3 (nitrite Iree) - lOg
Peptone - 10.0g
Beel extract - 50g
Distilled water -1l
pH - 7.0

B. Buffers and Solutions

I. Resuspension buffer
50 mM Tris ClpH 8.0
10 mM EDTA
0.2 mg/ml RNase A

2. Lysis Buffer
200 mM NaOH
1% SDS

3. Neutralization buffer (for plasmid DNA isolation)
3 M Potasium Acetate pH 4.8

4. Gel loading dyc
Glycerol - 60%
TAE bulfer - 30%
1% Bromophenol blue - 10%
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ABSTRACT

Rhizome rot disease of banana is one of the most serious discases of banana
in Kerala.The pathogen was isolated from infected rhizomes of banana var.
Nendran and the pathogenicity was established after standardising the method of
inoculation.. The symptomatology of the disecase was studied in detail under
natural field conditions and under artificially inoculated contrelled conditions. The
sulient symptoms of the disease were [laccidity and yellowing of leaves and soft
rotting of the rhizome. Based on the morphological, cultural. biochemical,
physiological and molecular characters, coupled with its pathogenicity. the
pathogen causing rhizome rot disease of banana var. Nendran was identificd as

Erwvinia carotovora,

Studies were conducted on the host range of the pathogen on five hosts vic.
heliconia. canna, ginger, turmeric and colocasia under field conditions. The results
revealed that the pathogen failed to infect these hosts. Studies on soil survivat of
the pathogen revealed that the pathogen survived in the sterilized soil in the

presence of discased rhizomes for 180- 185 days.

Out of the 240 accessions of banana screened for resistance to rhizome rol
discase under natural tield conditions, the genome AAB is found to be the most
susceptible one among the genomes screened. The variety Poppoulu (AAB) was
found to be the most severely infected one. The commercial variety of Kerala viz.,

Nendran was also found to be highly susceptible to the disease.

In vitro inhibitory effect of antibiotics, tungicides, botanicals. and
bioagents on the growth of the pathogen was tested. Among the fungicides, fytolan
ar (.4 per cent concentration gave the maximum inhibition followed by fytolan at
(.3 per cent. Among the antibtotics tried. streptocycline at 300 ppm was found to
be the most superior one. Garlic extract at 100 per cent concentration was the best

botanical for inhibiting the pathogen.

Pot culture experiment on the management of the disease revecaled that

among the six treatments given. {ytolan at 0.4 per cent and streptocycline at 300




ppm were found to be the most eftective treatments in controlling the rhizome rot
disease of banana. Garlic extract at 100 percent concentration was also found to be
cticctive in managing the disease under field conditions, which was on par with

Pseudomonas flourescens (T2) and bleaching powder (T1).
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