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INTRODUCTION

Banana (Musa sppe) is one of the most important fruit
crops in India, Not only it is cultiveted dn a large
scale as a fleld crop, but it is also widely grown in
backyards of house holds, This crop s cultivated in
India in an area of 1,553,200 ha with an annual production
of 1,7 t© 2,0 million tonnes (Anonymous, 1961), Among
the banana growing stastan, Kerala ranks first with an
area of 49,262 ha vith an annuel production of 3,27,405
tonnes (Anonymous, 1983),

The average prodquction per hectsre in Kerala is very
low (6,70 tonnes/ha) when compored to the neighbouring
state of Tamil Nadu (17,75 tonnag/ha), Among the reasons
attributed to the low yield, the incidence of diseases
playa an important rola, The oot serious and wide spresd
disease of banana in the world is Panana 3disease (Vascular
wilt) ceused by FusoRiuMm QNYAROEME Schlect yak. guRenas
{(EoFe imith) Wollan W, However, this disesse is not
having much importance to Kersls state, The most
devastating disease of banana in this state is Bunchy MNp.
It is a virus disease tranemitted by the aphid

a4 Coqe  Other important dissase,in
Kerala are leaf spot (Sigeteoka) caused by Cergospors mISAS
24mm and Cordana leaf spot caused by Cordand musag (Zimm)
von Hohne The enthreonose disease cof bonana caused by

cellstotxichur gloecsposAoideq Pems (Jacc), the imperfect




stage of Qlomerglis gingulata Stonem (Spauld) and Shrenk £s
consjdered t© ba one of the serious post harvest diseases
in Kerala which also csuges some loss in the field, The
actual loss due t© this disease in Karala is not known,

to be 10 to 15 per cent (Demoderan and Ramakrishnan, 1964),
Though this is s important diseass of banana no study

has boen undertaken on this disease in Kersla, Th.utem,
an attempt has been made to study some aspects of this
disecase,

The detailed spptomatology of the disease, both in
field snd aftar harvest was not studied in Kerala,
Tharefore, in the present investigation, an attempt has
baan made to study the symptoms of the disease,

On parussl of the literature it iz evident that there
is some confusion of the nomenclature of the pathogen,
Thersfore morrhelogical stidy of the pathogen is undertaken
with the modern taxonomicsl concepts to avoid the confusion
regarding the nomenclature,

Kerala state is blessed with a gvod number of
varietics suitesble for both culinery and Jdessert purposes,
The relative mmminw/misum of these varisties
against anthrocnose disesve was not known, Tharefore a
study was taken up to scresn the varieties Ain vitro
against the disease,

The imsortance of biochemical constituents in the host
in fmparting resistance or susceptibility to diseases is
a well established factor in plant pathologye 7The banana



fruit is found to vary with regard to chemicsl constituants
at different stages of development, These chemical
constituents may be responsible for susceptibility or
resistance of bansna fruit to infection and development
of the disease, The influence of chemical constituents
of banana varieties in the incidence 0f anthracnose
disease was stressed by Domodaran and Romakrishnan,
19849 Thakur, 1969, Keeping this in view, chemical
constituents of banana frult of different varieties at
various developmental stages have been worked out to
study whether any correlation can be esstablished with
the inaidence of anthraonose disease,
To achieve the sbove goal, the presant investigation
was wndertaken with the following cbjectives,
1, To study the symptomatology of ths disease both
in the field as well as after harvest,
32, To study in detail, the morphological characters
of the fungus with modern taxonomical conoeptse
3, 7To £ind out the reaction of different banans
varieties to infection,
4. To £4ind out the blochemiscal aspects contributing
to susoeptibility/resistance in different bansna
varieties,
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REVIEW OF LITERATURL

The anthracnose of banana is consicdered, the
moot important and widely distributed post harvest
disease, This disease is also known as Gloeosporiwm
fruit rot, black rot or ripe fruit rot and in Traders'
language, it is Inown as 'finger stalk rot’, This
disease has been found vherever bananas are grown,
The fruits are licble to infection in the field, in
local markets and in largs consigmmonts during
transport especislly in the ripening time (Wardlaw, 1972),
Howvever, this pathogen has been reported to attack leaves
also by Petch (1917) from Ceylon, Campbell (1923) from
Fiji and werdlaw {1934) fyom Trinidad,

The incidence and wastage caused by banana anthracncse
has been recorded by various workers, Agati (1922)
recorded 15,62 per cent lossy Castellani (1956) observed
18 per cent loss and Damodaran and Ramakrishnan (1964)
recorded 10 to 15 per cant loss,

Gloecsporium WISAME Cooke and Masses was first
recorded (Grgys., J§s 3+ 1673) on the skin of ripe
banana fruit from Cueensland, Later Von Arx (1957s)
redescribed the pathogen as Collatptiichum pusas (Berk and
Curt) Von Arxe After the report of the perfect stage
of the pathogen Glomeralla sihoulata (3tonem) Spauld and
Shrenk, Von Arx (1957b) made & dutailed study in then



known species of Collstotrichug ond he placed Gloeosporiug
BUSALUR Cooke and Massee and Colletotrichun mMaos
as synonyms of C. glesesperipides (Pens) Sacc,

Symptoms of the disease are mainly seen on the
fruit, Detailed descriptions of symptoms in the fielad
have been given by Cobb from West Inciecs (19086);

Agati from Phillippines (1922)p Park from Ceylon (1930
and 1933)s Pacham (1935) from Fiji islands,

In India the symptomatology had been described by
Dastur (1916}, Chona (1933), Roy and Sharma (1952) end
Damodaran and Ramakrishnan (1958),

Cobb (31906) observed that in case of Cavendish
varieties, vhen the fruit attain more or loess three inches
in length, they began to ¢hange colour and to shrivel,
The colour changes rassed throuch greenish yellow,
yellov bhrown or french grey to almost black, 7The final
blackening was accompanied by pink eruptions of
Glecosporium acervuli, Agati (1922) also described the
symptomatology of the dissase and sccording to him,
the disease was marked on the fruit by small, ciroular,
black specks usually on skin, distal ends of hands and
flowars, These spots anlarged and advanced towards the
hands, then to peticle and finally to bunch stalk, In
the advonced stages of infection, the specks hecame sunken and



coalesced forming larger spots, In the case of severe
infection, the cntire fruit becowmes darke 1In these
sunken areas, he obsarved characteristic red bright
moist mass of spores which later dried, The infected
fruit were cbserved to ripen prematurely, finally turning
black and rottings In advanced cases the stalk became
stunted and dry arnd leaves drooped ani shrivalled up,

Park (1930) reported that the infection may begin
at the flower end which becamos black and the disease
spreads further to involve the vhole fruit which finally
becomes black amxi shrivelled, Sometimes infection takes
place from the stalk, infected finger turning black
progressively from the point of infection which was found
to be very common, The spore masses of G, HuBAEUm can be
secn on the small, shrivelled fruit. The spore masses
were at first moist and brijht pink and on drying
hecome a dull light pinks Park (1933) further confirmed
his earlier findings and in addition to that reported
that the main axis of the bunch wes sometimes infected
firset ond the disease may spread from there to immature
fruit through stalk end, The diseased fruit turned |
black from point of attack and then the whole fruit wvas
involved i1 a short timee The infected fruit finally
shrivelled and dried up hut remain attached to the
central stalk, G&oure times the whole bunch may be attacked



but more commonly ohe or two hands are involved,

Parham (1938) observed that the pathogen Ge BUSALVR
was commonly present on the persistent bracts of
Cavendish variety of banana, He also noted that the
disease in assoclation with insoct injury caused severe
rotting and cracking of fmmature fruit,

In India, the symptoms of anthracnose disease of
banana have been described by different workers, The
f£irst report of this disease in India was by Dastur (1916),
He observed that the disease firat appeared on immature
fruit of the plant ocourring as a distinct black depressed
lesions, Later the lesions coalesced and eventually
covered the whole fruit resulting in premature ripening
and shrivelling of the fruit, Such fruit was covered with
pink spore masses of the fungus,. Chona (1933) observed
tho stalk rot sym toms, The rots graduslly spread
dovnwards to the frult, Roy and Sharma (1952) agreed
with the symptome described by the earlier workers,
Damodaran and Ramakrishnan (1958), while working on the
di-ease, fully agreed to the symptoms describod by
Dastur (1916). In addition to that, they also observed,
eircular specks on the rachis and splitting of the rachis,
They also stated that tho symptoms are axtremaely variable
and seem to depend on the varieties, Wardlaw (1930)
has given a good account of banana fruit diseases, He
compiled the symptomatolo;ical studies of earlicr workers

also,



Pew workers have described the post harvest symptom
of the anthracnose disease (Wardlaw and McGuire, 1931p
Wardlaw, 1935y Damodarsn and Ramekrishnan, 1958 and
Meredith, 1960),

wardlaw and MaGuire (1931) studied the behaviour
of the diseases of banana in storage and transport with
special reference to chilling, wherein most consignments,
the attack of Q. migarum was found to be mors frequent than
other fungl, Wwhan the fruit reached maturity in the
ripening room after a long storsge, the pathogen infected
the fruit at the tip of the finger and the perianth
decayed and the disease spread slowly backwards from the
finger tip, This type of symptom was noticed both on
Cavendish and Gros Michel varieties, lLater the affected
tips became dark brown in colour with gradual transition
through a watery looking greenish margin to the normal
healthy skin, By that time the flesh with in was slowly
infected by the pathogen and the pulp became moist and
disintegrated with a watery margin, wherever deeper
invasion had tasken place, In advanced stage, the
brownish black region became covered with brownish
acervuli of the pathogen, Artificial inoculation alseo
showed the same symptoms which was observed in natural
infection,

wardlaw (1935) has described the symptomatology of
the disease on green banana before placing in cold storage



and after keeping in cold storage, If the organiem is
inoculated on green bananas, sunken black diseased aress
were developed, The same inoculated fruit when kept in
cold storage and vhen fruit approach final maturity,
these spots becams more conspicuous and consist of more
or less superficisl brown spots or patches contrasting
with the yellow skin, inder a moist atmosphers, thess
spots or blemished arsas becams more conspicuocus with
oran;e to salmon pink scerwvuli or conidial masses, ‘hen
the infected area was dried up, the acervuli sppeasred as
small coral pustules,

Damodaran and Remakrishnan (1958) also cbserved
browming and blackening of infected harvestsd fruits, The
expression of symptom varied according to the varieties,

Maredith (1960) reportod that the anthracnose
infection ves very negligible on mature Jamajican varieties,
Lacatan and Gros Michel, He cbserved only few lesions
at full maturity stage, ‘These lesions were small, more
or leas circular, light brown with a back ground of yellow
skin, He also noted that the infected, matured fruit
when kapt above T0°F, tho lssions incressed in diameter and
became black or dark browm in colour, Fhenever several
lesions were observed on one finger, theoy coalesced
extensively, At this stage, the fungus invaded the pulp
to a depth of several mm causing watery rot,
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Cooke and Massee (GEaVve 1§+ 3,1673) while describing
the G mUBACUM on the ripe fruit of banans, gave a conidial
mmmtofm!mum-uxdﬁ. Later
Miss wWakesfield has noted that the dimensions ranged
from 12 = 20 x $ 4 with a meen of about 15 x 5
indicating that the original messurements were if correct
(vardlew, 1972), But Leuwdert (1910} found that the
conidia of the pathogen on the banana fruit which were
mmmwrmsmaouasovlhmu
proposed the neme G» BURALMR YK Amportatume Keiger (1913)
isolated an ascosporic strain from the ripe banana fruit
and found the conidia on the frult measuring 15 « 17,5 x
c.e-c.opmmmmmmmsuymu
14-13:4.5.5.1/5.

Agati (1922) has given a detalled description of the
morpholocical characters of the fungus, According to him,
the mycelium grows sbundantly on almost all the media
tested, It was cottony white growth in the begimning
and mycelium was hyaline and septate, Later, it becams
dark brown and finally turned grey, lNumerous acervuli
have bean aobserved in the culturs as pink concentric rings
and the conidia were seldom attached 0 conldiophores as
they sesparate before they mature, Conidis wers borne
singly and apically on lon; branching conidiophores,

The conidiophores arose from abundantly packed mycelia,
The spores were hyaline, generally elongated, ellipsoid



and rounded at the ends, They were thin walled and
granular withing They varied in size and shape from
1145 @ 13,5t 2 345 » 9+49 /u in dimension, The young
ones were more rounded than older ones, The germ tube
generally arcse fyom one of the ends of the spore,
The spores germinated rapidly in a drop of water,

Toro (1922) indicated that this pathogen exists
as eleven morphological strains, with dicfferent conidial
measurements and the eolony characters, He also
indicated that, these strain variations will lead to
range in the pathogenecity, Ashby (1931) studied
the pathogen on two varieties of banana namely, Cavendish
and Gros Michel showing different type of symptoms and
accordingly he catesgorised them into three groups based
on conidial measurement anc cultural characters,
According to him the conidial measurements varied from
11« 16/u x S «» 7/ in different groups, He aleo
compared the G, BUSSEUR isolates from Trinidad, Ceylon
and India and found that all the isolates were similar
in grewth, oconidial production and measurements on
Brown's agar media and Cato meal agar,

Jain (15350) studied the pathogen on host itself
and found that the hyphae of pathogen wers inter and
intracellular, He also obsexved that at the time of
acexvuli formation, the acervuli accumulated in the
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vicinity of epidermal tissue immediately below the
cuticular region, The growth of conidiophores pushed
cuticle upwards and the acervuli in youn; stages were held
together by delicate mass of hyphae, This mass of
hyphae held the spores together, The size of conidia
variod from 7,68 « 2143 X 2,8 = 5,52 /u in dimension,
Chakravarty (1957) examined the Gros Michel bananas from
Jamaica and Cameroons and Cavendish bananas from Canary
islands on arrival in Britain, According to her all

the isolates are comparable,

Damodaran and Rsmakrishnan (1958) studied the
cultural characters of the fungus jn yityo and cbserved
four types of mycelisl growth and acervuli formation,

They were submerged mycelium without any black stromata,
aerial or submerged mycelium with few black stromata,
slightly aerial or white crust like submerged mycelium
with profuse production of lerge black stromata and
submerged whits mycelium vith acervuli in concentric rings,

Kriger (1913) reported that the ascospores of the
pathogen varied £rom 13,5 « 2045 X 446 « 8,5 fis  All these
types of spores were mainly allantoid but he observed
few straicht spores also which measured 12,5 = 17 x 5 = 6,3 fu.

Ashby (1931) had given a detailed morphological
description of G, gingulatss the perfect atage of
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G BUSSEMRe Accoxding to him the perithecia measured
120 to 122 A, Asei measured 60 - 80 x 11 - 13 A,
Ascospores measured 16,5 x 5 & with a range of 135 » 20,5 x
¢ =6

wardlaw (1938) also observed perithecia on the
Se BMESIUER infected fruit and according to him perithecia
are sud sphorical and cross aggregated without stroma
measuring 100 « 150 /&t with beaks 80 = 90 A x 600 A& at
baneandimg/'atﬂum Asci are ellipsoid with
a pedicellate base measuring 50 « 75 x 10 « 13 A,
Paraphyses are absent, Ascospores are allantoid, the
curvature being frequently pronounced measuring 14,8 « 23,8 x
4 « 5/ with a moan Of 19,4 % 4,4 /iy He also observed
a few straight spored ascospores either equally orx
unequally convex laterally with cbtuse ends measuring
1444 X 5,0 /u with a range of 12,5 » 17 x 5 « 6/, They
are hyaline, continuwus and granular with a clesr spot
at tho centre with equally rounded ends, The
obeservation on the sise of perithecia noted by loette
(1935) also confirmed the earlier findings of wardlaw,

Fow workers have made an attempt ¢to £ind out thwe
relative resistance and susceptibility of different
banana varieties, Agati (1922) conducted a survey and
found that the sweet varisties of banana were most
susceptible to infection by Q. ESISALNMS, than the culinary
varieties, He also reported that sweet varieties
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required six to tem days for {nfection and less sweet
varieties wvhich required 15 to 23 days, Similar
observation was noted by Toro (1922) who found that

the fruit of sweet verieties or Dwarf bananas

(M gavendishii lLewb) were more susceptible than those of
plantains (M. pasadisiass L. Rios (1931) supported the
earlier findings and stated that M. cavendishil was the
most susceptible variety to G, gugarug. Hardlaw and
MoGuire (1931) observed that the finger tip disease
caused by Gloaosporiug she wes more cossmon on both
Cavendish and Gros Michel varieties,

Park (1933) reported that under field conditions
the wvariety Ash plantain was more susceptible to the
anthracnose pathogen, Parham (1938) stated that Blue
Java bananhas were highly susceptible to the anthracnose
diseasa and even immature bunches were destroyed in
the field, Simwonds and Mitchell (1940) also suggested
that Cavendish variety was more susceptible to
anthraencse than the other varieties tasted,

Roy and sharma (1952) found that all table varieties
were susceptible to Q. pusskum in Punjab and Bihar
reaion of India, They also reportsd that the verieties
Kothia and Muthis were fairly resistant, Danodaran
and Ramakrishnan (1964) conducted a survey and according
to them, all commercial banans varieties were found to be
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susceptible to Go BUSSENS in Tamil Radu, Meredith (1970)
reported that most of the ‘Cavendish® clones sre more
susceptible to G, BUSAXWR infection than the variety
Gros Michel, Shilling FPord and Sinclair (1977) screened
five banana cultivars against anthracnose disesse and they
found that Valery was highly susceptible while Lacatan,
Robusta and Dwarf Cavendish were susceptible, The
tetraploid banana, Coded 65-340%.1 wvas found to be
resistant,

The infection caused by G, glc
of two typas, They are the infections occurring on
immature fruit in the £i2ld and the infections occurring
after harvest, Generally the young; fruit are infected
in the field, the infection remaining latent until favoursble
conditions for its development are brought by full
maturity and ripeaning of the fruit,

Shear and Wood (1913) have given a detailed description
of latent infection of anthracnose of banana, According
to thom wvhen the conidia germinate on the surface of fruit,
thick walled bodiss, the appreassoria are formed and at
first germ tube only penatrates 2 short distance and does
apparently a little danage to host cells, Thus the
pathogen becomes inactive and remain so until favourable
conditions for further development are provided by the
maturation of the fruit,
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Dastur (1916) also observed the latent infection
in the field which remained latent till favourable
conditions for their development occurred (Maturity
of tho fruit), Baker and wardlaw (1937) also noted the
latent infection in the field and according to them, this
infection could extend for a long perivd, This
obsdrvation was further confirmed by Wardlaw, Baker and
Crowdy (2939),

While working on latent infections of tropical
fruit in Queensland, Simmonds (1941) cbserved that the
species of Glogsporium snd Solletotrighum infect the young
banana fruit and that can remain in latent stage of infection
for Sk months, vhen the fruit attained maturity, the
fungus resumed activity to produce typical anthracnose
lesions &n the ripened stage., This observation was
further supported by Veitch (1941),

Jain (1950) noted that the funous G. gpigarm could
directly penetrate the immature banana fruit tissus,
Chakravarty (1957) reported that . ZUSAEUM Denetrates
the cuticle of green banana and remains in inactive
condition in sub cuticular region until fruit ripening,.
Later it resumes activity and produces typical
anthracnose lesions,

Meredith (1960) reported that the primary source
of inoculum for the fruit infection is from banana leaves
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and the spores reach thoe surface of the frult, goominste
and form appressoria in the course of 72 hours, The
appressoria were abwundant on the inner surface of fruit
near the finger stalk, Cardenosa-Barriga (1964) obssrved
that the infection of immature f£ruit and flowers is
by sundry wounds and stigma, Meredith (1964) reported
that bananas grown in humid tropics will have latant
infections of G glpeosporioides in the peel at harvess,
The infection by this fungus may take place at any time
in the development 0f the fruit when free water on the
surface of the fruit permits spore germination and
penetration to taks place, Murhesd and Deveralls (1981)
while working on the role of appressoria on banana
fruit infection by . gRigaRs Observed that the dark
appressoria remain Jdormant on unripe fruit and during
ripening it put forth the germination poge

Althoush the pathogen generally infects the
immature fruit in the field as latent infections, the
greater development of fruit rot by €. glosoeporioides
become evident in ripening room as final maturity is
attained, Apart from this type of infection there are
reports of getting infection after harvest through the
injuries cocurred during the harvest, transport and

BLOrage,.
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wardlaw (1972) stated that this typc of post harvest
infection is mainly due to injuries occurred after the
harvest,

Baker and wWardlaw (1937) end Baker (1938) reported
that duc to contamination occurred during transit and
from packing sheds and ripening rooms, the anthracnose
disease incidence will be aggravated., Green and Goos
(1963) observed that the water used for washing the banana
bunches after harvest is also a source of inmoculum for
fruit rot fungi including G. QUESAEME and stated that this
pathogen can enter the host tissucs to a depth
of five to peven mm and this deop seated infection will
be difficult to eradicate by funjicidal treatmont,

Green (1966) stated that the propogulcs of the parasitic
fungi causing banana fruit rot including G DMSAIUM are
abundant in the atmosphere and they fall on surface of
harveated frult and enter through the stomata or through
the lenticels.

Meredith (1970) had given a detailed review on mmjor
banana diseases. In his revievw he stated that the
banana fruit suffered varying amount of mechanical injury
resul ting in varying degree of fruit rot caused by many
fungl inclwiing Ce ENBASs Later Meredith (1971) further
confirmed the above findings,

The factors which influonce the infection process
of the anthracnose pathogen inclwie the climatic conditions,
presence of injuries on fruit, state of maturity and
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chemical constituents of the fruit,

Agati (1922) reported that wet weather is a very
important factor for development of the symptoms in the
field and damp conditions for developmont Oof symptoms
Quring storage, During reiny days, the inoculum
developed repidly resulting in high percentage of field
infections, Park (1930) also stated that in wet weather,
plantain bunches were often affected by Gloeosporium fruit
rot which makes its appearance soon after the fruit has set,

Since C. glosogporicides ic a weak parasite, the
importance of wounding had been stressed by several
workers for initiating infection, Toro (1922) stated
that the fungus cannot enter the fully matured or partly
matured green fruit without injury under ficld oconditions
even on nost susceptible varieties, Park (1930) also
observed that the fungus is cspable of causing the disease
only after wounding the fruit,

Simmonds and Mitchell (1940) had taken the ability
of the fungus to infect injured and uninjured fruit into
consideration for varietal resistance and susceptibility,
They observed that the varietal difference in susceptibility
cannot be Jwiged 1f the fruit are inoculated aftexr the
injury but there is a variation in the susceptibility
wvhen tho uninjured fruit were inoculated, On this basis
they stated that the Velmama variety is less susceptible
or more resistant than the Cavendish varieties,
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The state of maturity of the fruit and its level of
chemical constituents are the most important factors
governing the infection, Toro (1922) stated that the
completely matured fruit when placed under proper
conditions were easily infected wvhether injured or mot
when compared to immature or partly green fruit,

Wardlaw (1931) also reported that funcal ponctration
remained very limited in less matured fruit uwntil normal
saccharification has reachod, Deighton (1935) also
proved that G, BUSAZUR readily infected the ripe fruit vhen
inoculations were caxried cut in yitro on half grown and
ripe fruit,

The infection by the pathogen is high in fully
mature and ripe stages, then in immature green fruit,

The roason attributed to this phenomenon is mainly due to
changes in chomical constituents of banana fruit in
different stages of maturity and ripening, Geveral
workers worked in this line vis,, Belevel (1932);

Leonard and Barnell (1939)y Wardlaw and Leonard (1940)p
Barnell and Barnall (1948)p lLoesecke (1950)) Yang and Ho
(1952)7 Goldstein and Swain (1963)p Simmonds (1966)p
Lodh gt ale. (1971) and sinch g% al. (1980),

Balevel (1932) reported that there were two distinct
periods in the growth of the fruit, The first period
was that of starch reserve in the courgse of which the
fruit alwvays low in soluble sugar fixed its starchy
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reserve at the expense of the reducing sugars, The
next period was one of maturation and here soluble sugars
wvere formed from part of starch which after hydrolysis
ylelds invert sugars, Leonard and Barnell (19393)
stated that during the development of the banana bhunch,
sugars remajined at a very low concentration while staxch
rapidly accumulated,

wardlaw and Leonard (1940) have studied the
carbohydrate changes taking place during ripening, The
predominunt carbohydrate of green banasna is starch, which
is very largely replaced by sucrose, glucose and fructose
during ripening, lLoesecke (1950) also observed that the
moct important and conspicuous chonge in the maturation
of the banang is the conversion of starch tO sugars,
Yaung and Ho (1958) studied the changes in carbohydrate
metabclisn and respirstory mechanism during the course
of ripening which indicated the existence of a transition
stage betwoen maturation and senescence in which there
iz a marked and sudden rise of respiration accompaniod by
physiological and chemical changes, Starch is converted
into various sucaras like sucrose, glucose and fructose,

Simmonds (1966) sumarised the earlicr works and

reported that sugars were present in green fruit only in
very small amount averaging about one to two per cent of
the fresh pulp and they increased to 15 to 20 per cent at
ripening, Starch disappeers concurrently dropping from
about 20 per cent in the green fruit to about ons to two
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per cent in the ripe fruit, it bein; highor in the ripe
culinary bananas (about six per cent) than in dessert
bananas, Lodh g§ ale (1971) observed that the total
sugare were low until 100 days after shooting of the mamches
and increased markedly aftar harvesting in Dwarf Cavendish
banana pulp and starch concentration decliined during ripeaing,
Based on the biochemical stuiies on the developing and
ripening bananas, Singhgt als (1980) stated that a linear
increase in starch content occurs from immature to mature
stace, It was reduged to 40 per cent in ripening which
indicates a rapid change in carbohydrate metaboliasm during
ripeninge

Barnell and Barnell (1945) eatimsted a tannin fraction
in banana fruit, They found that tamnin is responaible
for the astringoency of the unrips fruit, They also cbsarved
that this fraction reduced in the ripe fruit to about
cne fifth of its velus in green hard fruit of banana,
This tannin content was threec to five times nore in the
peel than in the pulp and also fell sharply during ripening.
Coldstein and Swain (1963} have presented preliminary
evidences to show that the losas of astringency took
place durin ripening of bananas due to polymerisation of
polyphenols,

Many workers have attempted o f£ind cut the resistance
and ousceptibility of banana against anthracnose disease on
the basis of chemical constituents of fruits, Most of them
correlated this aspoct with suger and tannin, Agati (1922)
stated that the sweet varieties readily succumbed %o dineass
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wvhereas low sweet variaties showed a slight degree of
resistance, This finding was supported by Toro (1922)

who found the fruit of Dwarf Cavendish bananas to be more
sugeeptible, He corrslated thiz obsarvation with changes
in physical and chemical composition of peel including
sugar content and softening of tissues, The extent of
infection therefore appears to depend on the dGegres of
saccharification reached, Wardlaw (1931) reported that
funcal penetration remained very limited in less mature
fruit until normal ssccharification is obtained, Damodaran
and Ramakrishnman (1964) found that the reducing sugar content
of the fruit is positively correlated with incubation
period ani diameter of lesions caused by G. BUSADNR
infection, Thakur (1969) moted in different banana
varieties that a higher percemtage of total sugars in the
peel increased susceptibility to G. DuUssrun whereas low
sugar content decreased the susceptibility,

Cook and Taubenhaus (1911) found that the germination
of conidis of G, musalum was cent per cent in 0,6 per cent
tannin solution in the courss of 24 hours, but failed to
germinate in higher concentrations, Chakravarty (19%7)
reported that th: green skin of juice of banana fruit
has an inhibitory effect on the germination of conidia
of s BUSEIPuY possibly due to the presence of tannin
which disappears to some extent as the fruit ripens, Green
and Morales (1967) observed that tamnins from green banana



24

fruit latex inhibited the activity of ,b»wlu- produced
by G» EMERKUR Tesulting no spread of the fungus,
Reghunathan gt gles (1966) reported that resistant

leaves of banana t §. FIAANOME infection possessed more
phenols than the tissuns of the susceptiblo varieties,
However, Toro (1922) attempted to correlate the tannin
content of the peel with resistance to infection by

S¢ EUZAEMA but obtained negative results, He, therefore
concluded that resistance and susceptibility are proiably
correlated with anatomical characters,

Sugars and tannin were correlated with fruit diseases
caused by o gingulats in other fruit crops also,

Sitterly and Shay (1960) observed that lack of critical
concantration of sugars such as sucrose or fructose is
involved in immature apple (Pyrus malus L) fruit resistance
to fungi including G. gingilatas Hich amounts of sugar
vere prerecuisite for fungal growth in development of apple
fruit rot including G glososporicides, They also showed
that tannin content in epple imparts resistance to
infection in immature fruit only by virtue of its relatively
hich concentration as related to the low available |
carbohydrate concentration, Stretch and Cappellani (19€S)
reportod that in hich bush blus berry fruit, decay by
s glnoulata was inhibited in green immature fruit due to
lowar concemtrations of sugar, They concluded that
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the fungus require certain amounts of sugars in the fruit

to produce the ensymess for degrading the tissues,
Mohanraj gt als (1972) cbserved that the susceptible

tissues of leaves of various grape vine (Vitis vinifera &)

varietics to the anthracnose disesse (Glososporium sspelophacn

Sacc) contained more sugars, They also pointed out

the anthracnose disease 0 be a hich sugar disease,

L ]
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MATERIALS AND MUTHOGDS
Location of the sxperimont

The laboratory studies connected with the ‘varietal
screening of banana against anthracnose disease' were
conducted at the Department of Plant Pathology, College
of Horticulture, Vellanikkars, Trichur, The field
studies were conducted at the Banana Rasearch Station,
Kannara, Trichur,

Materials used

Iwenty-five banana varieties were grown under
uniform conditions of growth in the field as per the
package of practice recommendations (Anon, 1978), The
banana fruit of twenty-£five varieties at different
stagen were detached and brought to laboratory for
conducting inoculation studies, The 1list of varieties
is presonted in Table 1, Bach variety was inoculated
at different stages of maturity, namely, immodiately
after the faemale phase, one-fourth maturity, half
maturity, three-fourth mmity and full maturity,

The stages of maturity were detarmined based on the
number of days the bunch takes to mature fully after

shooting,
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Isclation and purification of fungus

The fungus causing the anthracnose disease of banana
was isolated from the infected parts of the banana fruit
of the variety, Robusta using standard isolation techniques
as described by Riker and Riker (1936), Pure culture
of the pathogen was maintained in the potatc dextrose
sgar madium and uwsed for An YiLEp studies,

All the microscopical studies of the pathoges -
measuremants and drawings were done using leits Orthoplan
rescarch microscope and its drawing apparatus under the
maximum possible magnification, All the tasonomical
descriptions of the pathogen have been done either from
the infected fruit or from the pure culture maintained
in potato dextrose agar medium in room tamperature,

Artificial inoculation exporiments

The fruit wers disinfected with mercuric chloride
solution ( 131000) and rinsed with three chenges of
sterile water and then smoared with 95 per cent ethyl
alcohol, Inoculations were carried out both with pinprick
injuries and without pinprick injuries on surface of the
fruit, Pricks were made on the fruit with a sterile sharsp
needle, The spore suspensions were made in sterile water,
The density of the suspension was adjusted in such a way that
the spore density was eight to ten spores in a low power
field of the microscope in all the inoculations,
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The fruit were then inoculated by placing aétvpot
spoxe suspension at one-fourth and three-fourth length
of the fruite, The inoculated fruit were kept under the
bell jar and humidity was maintained by placing sterile
wet cotton wool in the side and top of the bell jar and
by spraying sterile watar once in 24 hours, Four
replications were maintained, Sufficient mumber of
control fruit were also kept, The length and breadth
of the lesions were recorded at an interval of fortye
eicght hours,

The percentage intensity of the disease was worked
out from the formula,

Percentage intensity of the disease =

Area of the lesion x 100
Total aresa of the fruit

For thc purpose of caleulating percentace of infection,
the area of the lusion on a particular day after inoculation
was used for all tho varieties throughout the experiment,
The inoculated fruit were kept for ten days for observation
axcept in the case of full maturity where the inoculated
fruit wvere kept only for eight days as the fruit started
complete decaying after eicht days,

Symptomatoloqy

The symptom development on banana fruit of 25 varieties
mentionod in Table 1 was studied in f£ield itself, The
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post harvest symptoms were also studied,

Sympton development after artificisl inoculation
ib YitEQ was also studied in detall from initial stage
onvards,

Screening of banana varietiss against the disease

For separating the relative susceptibility and
resistance of banana varieties, the following criteria
(S5core card) have been uzed, The mean percentage of
disease intensity of all the stages of fruit development
has been taken into consideration and classified as
followas |

Above 25% - Highiysusceptible

Above 1S wpto 28% - Susceptible

Above 10 wpto 15X = Moderatesly susceptible

Above 5 uwto 10X = Moderately resistant

Above 2 wpto 5% Resistant

Bslow 2% - Highly resistant

Biochemical studies

The biochemical constituents of banana fruit namely
reducing sugar, total sugar, starch, crude fibre, crude
protein and tamnin were estimated at different stages of
fruit development vis,, immediately after female phase,
one=fourth maturity, half maturity, three-fourth maturity
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and full maturity, The valuss are expressed as
percentages on moisture free basis, At each stage, four
replications were taksn for analysis, The fruits were
dried in hot air oven at 85°C, powdered well and then
analysed,

Reducing sugar

The reducing sugars of the sample using Fehling A and
B solutions was determdned as per the method described in
AGAC (1960),

Total sugars

The total sugars were estimated after inversion of
the sample at room temperature and using Pehling A and B
solutions as por the method given by A0AC (1960),

Starch

The total carbohydrate content of the sample was
first ectimated using Fehling solutions A and B as descoribed
in ACGAC (1960), From total carbohydrate content, the
total sugar content was subtracted to get the starch content,

Crude fibre

The fat free material of the samples was dried in
oven at 105°C and then ignited in a muffle furnace at
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600*C to get erwie fibre content and was expressed a8
percentage on moisture free basis as mentioned by
AODAC (1960),

Ctude protein

Total nitrogen percentage of the sample vas estimated
using Kjeldahl digestion and distillation method and was
multiplied by the faotor 6,25 to get the crude protein
content as mentioned by ACAC (1960),

Tannin

Colorimetric method of tannin estimation using
FollineDonis reagent as dsscribed by Renganna (1977) was
made use of amnd the value was expressed as perventage,

Statistical analysis

All the data obtained were asnalysed statistically by
using completely randomised design, All thc data were
transformed t0 angles by using inverse sin transformation
givcnbyi:é-m—_g_ Where Q 15 the angle corresponding to

VT
per cent P, Wherever thers wers large number of sexo

values, tho data had been transformed by using

IV i transformation,

The relative susceptibility and resistance of
different varieties of banana were analysed in all the



four stages of development of fruit and to know comparative
relative susceptibility and resistance of the different
varieties, pooled analysis of different atages of the

fruit had been made,
Coefficients of correlation between percentages of

disease intensity and each of chemical constituent:
under study were worked out,



Table 1, Banana varieties used for soreening
against Anthraonoce disease

sx,mm, Rame of variety

1. Robusta

2. Dwarf Cavendish
3. Falayankodan

4 Njali poovan

56 Gros Michel

6o Koduppilla kunnan
Te Poocha kunnan

By Adakka kunnan

%% Red bhanana
10, Piseng 14lin

11, Chintia

12, Matti
13, Bodles Altafort
14, Kenchikela

15, Nendra padaththi
16, Boodide bontha bathees
17, Hybrid sawai

18e Peyan

19, Kapok
20, Pisang mas

21, Vennssttu mannan
a2, Klue tsparod
23, Jurmani kunthali
24, Hendran
a5, Zangibar
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RESULTE
1. Symptomatnlogy

The disease has boen cbserved in the fleld and ia
the harvested fruit , The coneral symptom in both the
casee is that of typicsl anthracncss,

1e1. FPicld symptoms

Tha pathogen was found to attack the young immature
banana fruits in the field, The infection ususlly takes
place at the distal end of the bansna fruit and spreads
further downwerds, Rarely, the infection was also
noticed on the skin of the banana fruit where the initial
symptoms ware chlorotic specks, shortly becoming black
circular necrotic area, The necrotic areas increased
in signy and later boecare sumken and ovalesced forming
larger potches, In severe infections the fruit may be
sntirely covarsd with dark blemishes, Under humid
conditicno, cn the susrface of the black spots the charactebs
istic bright salmon coloured conidial masses appeared,

The infected fruit. became blackened, shrivelled and
mumnified,

Usually the attack by the pathogen was restricted to
a fow hands only but in certain cases it affected the whole
pnch also (Flate X & IX),



Plate I, Symptoms of anthracnose disease
on immature banana fruit in the
field (partially infected bunch)




Plate II, Symptoms of anthracnose disease
on immature banana fruit in the
field (fully infected bunch)




1.2, Post harvest symptoms

Symptoms sppasred as small irregularly round, browa
cbmodapoummmthmuwmgm Thees
' brown spots onlarged quickly and bocame dark brown to
black 4in colour. Thess spots coalsaced togethsr and
large patches were formed and this completely covered the
fruit wvithin a few days (Plate III), In a moict
atmcgphare, the affectad area was covered with orange
to salmen pipk conidial masses and on drying these
affected areas were very rough and the pulp of the fruit
at this stage exhidited a soft rot symptom,

Syrmptom development on acrtificlial inoculation

Oon artificial inoculation, the symptoms at threee
fourth and full maturity vere the same as described in
post harvest symptom development, In one-fourth and
half maturity, the infection was mainly duc to injury.
The development of inditial symptom was very slows, The
infected ares became irregularly dark black coloured
spots, These spots further enlarged all around and the
devalopnont of the spots was very slow when compsred to
the full and threewfourth maturity stages, 1In sdvanced
cases, most of the spots were smksn with a rough surface,

2 Morphology and cultural charactare

when sections 0f the infected fruit vere examined,



Plate III, Symptoms of anthracnose disease
on fully matured fruit after
harvast
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fructification of the pathogen was observed on the necrotic
area, The pathogen was isclated, purificd and monosporic
cultures were made as described in materisls and methods,

OUn potato dextrose agar, the growth was luxuriast
with extenzive mycelial developmant, At first, the
colonies were olive grey with white, young mycelial growth
at the edges, Later the entire colony becane dark, The
asrial mycelia formed felted mat, often with diurnal
sonations,

Perdthecia in young cultures were rare but abundant
in fifteon day old cultures, The ascocarp was aggregated,
globose, obpyriform, dark brown to black 90=370 /‘u
diametery wall upto six cell thick with pseudoparenchymatic
cells, ostiolate, slightly papillate and circular, often
with a lining of parsphyses inside the osticlar canal
(Figure 1),

Humerous, well matured perithecis were obzerved in
twenty day old cultures, Asci were fuormed from the hyaline,
pseudoparenchymatic cells at the base of the perithecium,
They were unitunicate, eight spored, clavate to
cylindrical, thickened st the apex and narrowed at the
base, 40 -« 80 41 long, 7 » 14 A& brosd, interspersed with
paraphysis (Figure 28), Ascospores are biserially arranged,
oval toc cylindrical, some times slightly curved, unicellularx,
faintly coloured in old cultures, 9 « 21 4 long and 4 - 8 &
broad (FPigure 2A),
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A good number of circular, loagitudinal, irregular
acervuli wvere observed on infected fruits and in cultures
but setose acervuli wers not obserwed, In cultures,
salmon pink coloured spore masses were cbserved on acerwvuli
beneath the olive green hyphal mat, Each acervulus
measured 40 « 120 & across,

Conidiogencus cells were phislidic, hysline and
faseiculate in acervuli, dolitary phislids on loose
hyphae were very cormmon in slide cultures, These were
aseptats, cylindrical to obclavate end 8 « 14 4 x 3 = 4 A4
in acervuli, Solitary phialids on loose hyphae weasured
upto 50 & long (Figure 3 8), Conidia were entercblastic,
produced on the apex of phialidic conidiogenous cells,
hyaline, cylindrical, oblong to elliptical with both ends
obtuse, base truncats, uwnicellular, amooth walled with
mucilaginous coating, 1 « 2 gutilate, usually 10,5 « 17,5 x
445 = 7.0 /1 often becoming hyaline or faintly brown and
uniseptate prior to gesmination (Figure 3A),

In the slide cultures, sppressoric were abundant both
in vegetative mycelis and on the apices of short hyphae
of the germinating spores, They were formed as aimple,
expanded ends of hyphae which were separated by transverse
septa, The whole structure was cut off and slowly thickened,
The appressoria from the vegetative hyphae were larger and
darker in colour wvhen compared to asppressoria formed from
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m»mem. The mature appressoria were generally terminal,
very rarely intercalaxy, aseptate, irregular with lobes,
with one or more germ pores, wall smooth, thick, dark
coloured and measured 12 « 25 4t x 8 = 18 £,  Appressoria
from the germinating conidie were smaller, elephant skin
coloured and measured 6 = 12 41 x 3 « 8 41 (Pig, 4A and B),

3, Screening of banana varieties (ip yitro) against the
anthracnose disease caused by C. glososporioides

Twenty-five bansna varieties were screcned jin Yi$Eo
against . gloeosporioides, the imperfect stage of
S« gingilata as mentiocned in materials and methods, The
screening was carried out at five developmental stages of
the banana fruit starting from imnedioctely after female
phase to full maturity, The inoculations were made on
the fruit with and without imjury, UNone of the fruit
kept as control took infection in this experiment, The
details of the inoculation experiments are given below,

Tnoculation with §. glospsporicides on banana fruit
Ss1e Innediately after the female phase

No symptom had developed on the fruit of all the
varieties tasted, when incculated with the pathogen hoth
on infured and wninjured fruit, The results indicated that
none of the varieties tested during thiz stage was
suscaptible to the pathogen,



A) Appyessoria of vegetative Nyphae
B} Appeessorie develapment of gexminsting oconidia
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342, Cne=fourth maturity

All the varieties tested at this stage showed a
negative reaction wvhen the pothogen was inoculated on
unwourxkied fruit ., However, twelve varieties expressed
symptoms of the disease when inoculated on the wounded
fruit . Even in this case, the symptom development was
very slow and took minimum six days to get the visible
necrotic area on the fruit:, The percentage of infection
on these twelve varieties varied from 0,03 per cent to
1,56 per cent, Among the twelve varieties which took
infection, the maximum infection was cbserved in
Koduppilla Jamnen (1,56 per cent) followed by ivocha kunnan
(0,85 per cont) and the minimum was observed in Bodles
Altafort (6‘.01’!;w ;gllmad by Red banana (0,05 per cent)
(Table 2),

The statistical analysis revealed that there was
sicnificant AiZferance among the varieties, ihen the
varieties were ranked and arxsnged in descending order of
suwtihiuty. RKoduppilla xunnan was found to take
miniman infection followed by Poocha kunnan, Adakka kunnan,
Kapok, Chinia, Venneettu mannan and lHybrid sawai, The
variety Pisang mas was found to be on par with lybrid
saval, Cther four varietiss also took infaction at this
stage namely Dwerf Cavendish, Zansibarx, Red banana and
Bodlea Altafort,
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Table 2, Diseazse intemsity of banana varieties at
onowfourth maturity

T T
1. Robusta 04,00 (!.00)
2. Dwarf Cavendish 0419 (1,09)
3. Palayankodan 0400 (1,00)
4o rjali poovan 0,00 (1,00)
S«  Gros Michel 0,00 (1.00)
e Koduppilla kunnan 1.56 (1,60)
Te Poocha kunnan 0,85 (1.,36)
8. Adakka kunnan Ce79 (1.34)
e Red bhanana 0.05 (1,02)
10, Pisang 1ilin 0400 (1,00)
11. Chinia 0043 (1,20)
12, HMatt4 0,00 (1,00)
13, Bodles Altafort 0,03 (1,01
14, Kanchikela 0,00 ‘1050)

15, Rendra padnththi Ce00 ‘1;93,
16, Boodida bontha bathess 0,00 (1,00)
17. Hybrid sswai 0,34 (1,16)

1&, Payan 04,00 (1,00)

19, Kapok 0,47 (1,21)

20, isang mas 0434 (1.16)

21, Venneettu mannan 040 (1418)

a2, Klue tsparod 0400 (1,00)

23, Jurmeni kunthall 0e00 (1400)

24, Hendiran - 0,00 (1,00)

25,  Zansibar 0,10 (1,05)

(Pigures given in parenthesis are the [x + 1 transformed values)
CD {0,05) betwoen varicties = 00,0099

Conclusions
Comparison of varieties

¢ 7 8 39 11 23 IT™W 2 a8 9 13
| , -
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303, Half maturity stuge

When the pathogen was inoculatad on the fruit at this
stage, tho infection was cbserved only on the injured fruit .,
Howaver, among the varieties tried with injury, only
fourteen varieties have taken infection and the Xest eloven
varieties vere found to© be fres from the disease.

Among the susceptible fourteen varieties, the range
of infection varied from 0,05 per cent to 1,22 per cent,
Here, tho maximum infection was obsarved on Foocha kunnan
(1+22 per cent) followed by Koduppiila kunnan (0,97 par cent)
and the minimum was on Zanzibar (0,05 per cent) followed
by Rendrs padaththi (0,06 per cent),

There was significant difference among the varieties
which were susceptibls at this stage., The maximm
infection was noticed on Poocha kumnan followed by
Koduppilla kunnan, Adakka kunnan, Venneettu mamman and Kapok,
The variety Red banana was on par with Kapok, Variety
Chinia was on par with Red banana while Gros Michel was on
par with Chinia, Variety Pisang mas and Dwarf Cavendish
were on par fellowed by Hybrid sawai, Bodles Altafort
was on par with lNendrs padaththi while Zanzibar was on
par with Nendra padaththi (Table 3),

3,4+ Threeefourth maturity

At this stage, the varieties tested had shown different
degreas of infection when inmoculated with and without injury,.
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Table 3¢ Disease intensity of banana varieties at

half maturity
L —_— — ]
3 v el
RS N e d
1, Robusta 0,00 (1,00)
2, Dyvarf Cavendish 0e31 (1,14)
3. Pslayankodan 0,00 {1,00)
4 lijali poovan 0,00 (1,00)
Se Gros idchel D48 (1.21)
6o Foduppills unnan 0,97 (1.40)
Te Poocha Runran 1.22 {1448)
Be Adakka kunnan 04,80 (1.M)
e Red banana 0.56 (1024)
10, Pivang 1lilin 000 (1,60)
11, Chinia 050 ‘1‘22,
12, Mottd 0,00 (1,00)
13, Bodles Altafort 0.10 (1,08)
14, Ka:chikela Q.OQ (1600)
15, Rendra padaththi 0.06 (1,03)
16, Boodida bontha bathees 0,00 (1,00)
17, Hybrid sawai o321 (1,14)
18, Povan 0,00 (1.,00)
19, Kapok 0457 (1.28)
20, Pisang mas 0e3¢ (1,16)
21, Venneettu mannan 0,67 (1,29)
22, Flue teparod .00 (2,00)
a3, Jurmani kunthali 0,00 (1,00)
24, Handran 0,00 (1,00)
25, Zanuibar 0,08 (1,02)
- e SRR SRR

{(Picuras given in parenthesis are the /X + 1 transformed values)
CD (0405) batwaan varieties = 0,0227

Conclusiont

Conparison of varieties

Tes n TV LA SH Lu T
™ T o T TR



43

In the case of imjured fruit, the symptom axpression
was s bit sarly and took four da s while the uminjured
fruit took six days t @mthibit the symptoms,

when the fruit were inoculated without injury, ten
varieties viz,, Robusta, Palayankodan, Kanchikela,
Hendra padaththi, Boodids bantha bathees, Peyan, Kapok,
Pisang mas, Klue teparod and Jurmani kunthalli did not
take infection, Out of thc fifteen varieties which toek
infection, Dwarf Cavendiish, Njali poovan, Gros Michel,
Pisang 1lilin and Matti showed gent per cent infection after
ten days of inoculation, Other ten varietics having very
low Anfection rates namely Bodles Altafort, Hybrid sawai,
Red banana, Zanzibar, Koduppilla kunnan, Venneettu mannan,
Adakka kunnan, Chinia, Poocha kunnan and Nendran were found
to be less susceptible andi infection rating ranged from
0.27 to 85,92 per cent,

whan the fruit were injured and inoculated at this
stage, only two varieties viz,, Palaysnkodan and
Jurmani kunthali d4icd not take any infection, All other
varigties showed different degrees of infection, Of
these, six varieties vis,, Robusta, Dwarf Cavendish,
Njali poovan, Gros Michel, Pisang 1ilin and Metti were
found to be highly susceptible and showed cent per cent
infection within ten days, The varieties, NHybrid sawai and
Red bananz wvare found to be moderately susceptible with
values 20,21 and 13,04 per cent respectively, Other eleven
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varieties namely, Pisang mas, Zansibar, Kapok, Poocha kunnan,
Klus teparod, Nendran, Veaneettu mannan, Chinia, Adakka
kunnan, Koduppilla lamnan and Bodles Altafort were found o
be less susceptible and infection ranged from 3,08 to

9,93 per cent, 7The warieties Nendra padaththi, Boodida
bontha bathees, Kanchikels and Peyan showed hich degrees

of resistance and iafection percentages recorded were 0,11,
0e15, 0,17 and 0,22 xespectively, even after ten days of
inoculation (Table 4).

The statistical analysis revealed that there was
significant difference within thc treatment receiving
inoculation without injurye, The varietios were ranked
and arranged in descending order of susceptibility, The
varietiecs Dwarf Cavendish, Kjali poovan, Cros Michel,
Pisang 1lilin and Matti are highly susceptible than other
varieties tested and they showed cent per cent infection,
The varicties Nendran and Poocha kunnan were also found to
be susceptible to a lesser degree and they were on par,
The variety <hinia was also found to be on pax with
Poocha kumnan followed by Adakka kunnan which was on par
with Vennesttu mamnan, Vennoettu nannan was on par with
Koduppilla kunnan, 7The varieties Zanzibar, Red banana,
Hybrid sawai and Bodles Altafort were found to be in
almost same range, These were the least susceptible ones
and ware on par with each other, The vearieties Robusta,
Palayankodan, Xanchiikela, Nendyxa padaththi, Béodids bonthe
bathees, Peyan, Kapok, Pisang mas, Klue teparod and



Por m Q‘.ty of the

100,00(50,00)
100.,00(90,00)
0.00( 0,57}
1004,00(90,00)
100,0G(90,00)
9.69(18,15)
566(13,81)
9452(17.,95)
13,04(21,13)
100,00(90,00)
9,48(17,958)
100,00(90,00)
9+93(18,34)
O0e37( 2,38)
Ceil( 1491)
0e15( 2,22)
20,21(26,71)
0.22( 2.69)
5442(13418)
3,06(10,34)

8439(16.88)

7.52(15.89)

0,00( 0.87)
7.83(16422)

Table 4, Disease intensity of banana varieties at
three-fourth maturity “
L >
Sle
BOe
1+ Robusta 0.00( 0,57)
2, Dwayrf Caveniish 3“00‘(9@.ﬁ0)
3, Fﬁlﬁ?ﬂﬂhDdaﬁ 0093‘ 005?3
4, Hjali pocovan 100,00(90,06)
5¢ Gros Michel 160,00(90,00)
6+ Koduppilla kunnan 3,78(11,24)
7. Poochs kumnan 5027(13.,31)
8, Adakka Xuanan 5.02(12,92)
S« Red banana 2,80( ©,63)
10, Pimong 1lilin 100,00(90,00)
13, Chinla Se22(13,18)
12, Mattl 100,00(90,00)
13, Bodlec Altafiort 0+27( 2,99)
14, Kanchikela 0e00( 0.57;
15« Hendra nadaththl 0.,00( 0,57}
16, Boodiia bontha bathees 0,00( 0,57)
17. Hybrild sawai 2,685( 9,46)
18, FUY&R 6,00( °o57)
19¢ Kapok 0.00¢( 0.57)
20, Pisanc mes 0,00( 0,57)
21, Vemncettu mannan 4,29(11,97)
22, Klue teparod 0.,00( 0,57)
23¢ Jurmani kxunthaldl 0,00( 0,57)
24, Hendran 8.92(14,08)
25+ Zanufbar 2,63( 9,63)

-

-

CD (0,05) betwean varieties = 10,479

between varieties]
within trestment |™ 14827

3,86(11,39)

45

Mean

80,00 (45.00)
100,00(90,00)
0,00( 0457)
100,00(90,00)
100, 00(90,00)
6+70(15,00)
5.47(13,56)
7.27(15,686)
7.92(16,32)
100,00(90,00)
7.38(15,79)
100,00(90,00)
5.10(13,05)
0.09( 1,72)
0.06( 1,40)
0.08( 1,62)
11,43(19,73)
0.11( 1.91)
2,61( 9.28)
1.53( 7,04)
6o 34(24,54)
3.78(11,24)
0,00( 0,587)
6.,80(15,23)
3,05(11,39)

h.-:m_,n

{Picuren civen in mmtheais sre the sncular eranafumd values)

Contdessrsae
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Jurmani kunthali did mot take infection in this stage
but they were foumd t© be on par with each other,
vhen the infured fruit were inoculated there was
significant difference among the varieties, The varieties
are arranged in descending order 0f susceptibility, Here
six varieties vis,, Robusta, Dwarf Cavendish, Kjald poovan,
Gros Michel, Pisang 1lilin and Matti shoved cent per cent
infecticn after ten days of inoculation, All other
varieties have shown different degrees of infection and the
varieties Peyan, Xanchikela, Beodida bontha bathees, Kendre
padaththi were having hich degrees of resistance and the
varieties Palayankodan and Jurmani kunthali were found to be
free from the disease at this stage,

Aftar concidering the two treatnents in combination
with and without injury, statistical analysis showed high
significant difference arwng the varietics, The varisties
were arrancad in descending order of susceptibility,

The varieties Dwarf Cavendish, lijali poovan, Gros Michel,
Pisang 1lilin and Mattd were found to be highly susceptible
than other varieties as far as the disesse was concerned
followad by the varieties Robusta and Hybrid sawsd,
Hybrid sawali was found to be on per with Red banana while
Red banana was on per with Chinie as far as the disease is
concarned, The varieties Adakka kunnan, Nendrsn,
Koduppilla kunnan, Vennsettu mannan, Poocha kunnan and
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Bodles Altafort were found to be less susceptible when
compared to the former onesa, The varieties Zansibar,
Klue teparcd, Kapok, Pisang mas showed good resistance
while the varieties Peyan, Kanchikela, Boodids bontha
bathees, Rondra padaththi exhibited high degree of resistance,
The varieties Palayenkodan and Jurmani amthali
were conmpletely free from the disease at threesfourth
maturity stage and the order of susceptibility was as
followss Dwarf Cavendish, Njali poovan, Gros Michel,
Pisang 1ilin, Matti, Robusta, Wﬁ sawval, Red banana,
Chinia, Adakka Xunnan, Hendran, Koduppilla kunnan,
Venneettu mannan, Foochs kunnan, Bodles Altafort, Zsnzibar,
Klue teparod, Kapok, Pisang mas, Peyan, Kanchikela,
Boodida bontha bathees and Nendra padaththi,

3.5, Full maturity

In the case of injured fruit, the symptom expression
was 8 bit early and took thre- days while the wuninjured
fruit took four Aays,

At full maturity stage all the twenty-five varieties
had shown cent per osnt infection after eight days of
inoculation both in the case of injured and wninjured
fruit (Plate IVa,b and @), but thers was much variation
ameng the varieties when cbservations were taken aftex
six days of inoculation (Table §),



Plate IV a) Three varieties showing cent per
cent disease intensi after eicht days
of inoculation at full maturity stage
(After eight days the fruit were
completely ripened)




Plate IV b) Ter varieties showing cent per cunt
diseasze Antensity after eight davs

of inoculation at full maturity etage
{after edight days the fruit were ¥
complately ripened)




Plate IV ¢) Twelve varieties showing cent per cent
infoction after aight days of inoculation
at full maturity stage (After elcht
days the fruit were completely ripened)
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Table S, Diseass intensity of banana varietiocs at full maturicy

s, Per cent intensity of
o Variety — . ‘ . Mean
1s Robusta 3.58(20,78) 28,27(27.49) 12,39{20,62)
2, Dwarf Cavendish 2.36( 8,91) 14,13(22,06) 8,25(16,74)
3, Palayankodan 1300 6,55) 2,32( 8.72) 1.81( 7,71)
4+ Rjali poovan 42,91{40,92) €9,94(56,37) 56,43(48,68)
S, Gros Michel 6,40(14,65) 9,36(17,85) 7.,88(16,32)
6, Koduppilla Jamnan 5038(13,44) 6,86(15,23) 6.12(14,30)
7o Poocha kunnan 6a78(15,12) 11,17(39,58) 8,96(17,46)
8, Adakka kunnan 3,46(10,78) 3,84(11,24) 3,65(11,09)
Ss Red banana 7.18(15,58) B8,72(17.18) 1095‘1‘&‘3)
10, Pisang lilin 3,64(13,89) 13,45(21,56) 9,56(17,9%)
11s Chinia 3.42(10,63) 6,77(15,12) 85,09(13,08)
12, mattd 7.50(15,89) 9,09(37,56) 8,30(16,74)
13, Bodles Altafort 7.70(16,11) 14,89(22,71) 11,30(19,64)
14, Kanchikela 3,86(11,39) Se87{13.81) 4,77(12,66)
15, Hendras padaththi 0e682( 4,44) 2:41( 8,91) 1,52( 7,03)
16, Boodida hontha bathees O0,38( 4,44) 5,07(13,05) 2,83( 9,83)
17, Hybrid sawai 3,19(10,38) 4.36(12,11) 23,78(11.2¢)
18, Peyan 4.21(11,83) 5,11(13,08) ¢,66(12,%2)
19, Kapok 2.26( 8,72) 2:84( 9,63) 2.,55( 9,20)
20, Pisang mas 2,62( 9428) 4,16(11,83) 3,39(10.63)
21, Vennecttu mannan 4,08(12,79) 9,01(17.,46) 6,95(15, )
22, Klue teparocd 4,38{12,11) 11,82(20,09) 8,10(18,54)
23, Jurmani kunthali 1970 8613}  3,87( 9,80) 2.,42( 8,91)
24, Rendran 2,170 8,53) 10,70(19,09) 6.€3(14.65)
25 Zansibar

2.84( 9,63)

S469(13,81)

4027(11,97)

(Figures given in parenthesis are the amgular transformed valwes)
» 313,453

CD {0,05) between varieties
betwoen variesties ]
within treatment

i = 17,613

Contdeceese
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tion without injury, the
percentage ¢f infection varied from 0,56 to 42,91 perx cq)ut
six days after inoculotion, The maximum was found 4in
Njali poovan and the minimmm was found in Boodida bontha
bathees, Except Hjali poovan, all others showed less than
tan per cent infection, The varieties Koduppilla Jamnan,
Pisang 1lilin, Gros Michel, Poocha kunnan, Red bananas,
Matti and Bodles Altafort vere found to be moderately
susceptible and the infection ranjed from 5,38 to 7.7
per cent, The varieties Nendran, Kapok, Dwarf Cawvendish,
Pisang mas, Zangibar, lybrid sawai, Chinia, Adakka kunnan,
Robusta, Kanchikela, Peyan, Klue teparod, Venneettu mannsn
were found to be less susosptible and the infection rates
ranged from 2,17 t0 4,80 per cent, However, the remafining
four varieties viz,, Boodida bontha bathees, Nendra padaththi,
Palayankodan and Jurmani Munthali showed hich degrees of
resistance and their infection percentage wore 0.58,
0,62, 1,30 and 1,97 respactively,

when the fruit were injured and inoculated at this
stage, maximum infection was shown by Njalli pooven
(69,94 per cent) and the minimwu was shown by Pslayankodan
after aix days of inoculation (2,32 per cent), Njali poovan
was found to be highly susceptible, The varieties
Nendran, Poocha kunnan, Klue teparod, Pisang 1lilin,
Dwarf Cavendish, Bodles Altafort and Robusta showed
moderate susceptibility and the infection rates ranged from



52

10.7 per cent to 21,27 per cent, Other thirteen
varietios proved to be less susceptible and their
infection rating varied fxom 3,84 to 9,36 per cent,

They were Adakka kunmnan, Pisang mas, Hybrid sawai,
Peyan, Boodids bantha bathees, Zanzibar, Kanchikela,
Chinia, Koduppilla kumnan, Red banana, Vennsettu mannan,
Hatti and Gros Michel, The varietiea Jurmani kunthali,
Kapok, Nendra padaththi and Palayankodan exhibited high
dagrees of resistance and infection percentages recorded
were 2,07, 2,84, 2,41 and 2,32 respectively.

The varieties were ranked and arranjed in descending
order of susceptibility, The statistical analysis
revealed that significantly high infection was observed in
Njali poovan and was found to be highly susceptible when
wminjured fruit were inoculated, The varieties Bodles
Altafort, Matti, Red banana, Foocha kunnan, Gros Michel,
Plsang lilin, Koduppilla Jamnan were found to be moderstely
susceptible, but they wers found to be on par with ecach
other and alsv on par with less smmptibh varieties
viz., Vamnecttu armat, Klue teparod, Peyan, RKanchikelas,
Robusta, Adakka kunnan, Chinia, Hybrid sawai, Zansibar,
Pisang mas, Dwarf Cavendish, Kapok and Nendran, However,
the resistant varieties via,, Jurmani kunthali,
ware found to be on par with each other and also with
less susceptible varieties,
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When the injured fruit were inoculated again
significantly high infection was shown by Hjali poovan,
The varietics were ranked and arranged in descending
order of susceptibility. Tho wvarieties Robusta,

Bodles Altafort, Dwarf Covendish, Pisang lilin,

Klue teparod, Poocha kumnan and Nendran were found ¢to be
moderately susceptible but they were on par with sadh
other and also with less susceptible varieties like

Gros lidchel, tattl, Venneettu monnan, Red banana,
Koduppilla kunnan, Chinia, Kanchikela, zanzibar,

Boodida bontha bathees, Peyan, Hybrid sawai, Pisang mas
and Adaxka kunnan which were again on par with each other,
The resistant varieties, Jurmani kunthali, Kspok, Hendra
padaththl and Palayankodon were also found t© be on par
with each other and also with less susceptible varieties,

After concidering the two trestments (both injured
and uninjured in combination), statistical analysis showed
that the wariety NHjali poovan showed significantly high
infection and thus found to be highly susceptible as far
as the disease is concexnode The wvarieties Robusta,
Bodloa Altafort, Fisang lilin, Foocha kunnan, Duarf Cavendish,
Matti and Klue teparod were on par with each other and they
were found to be moderataly susceptible, The varieties
Red banana, Gros Hichel, Veansetiu mannan, Neriran,
Koduppilla kunnan, Chinia, Kanchikela, Peyan, Zansibar,
Hybric sawal, Adakka kunnab, Pisang mas were on par with
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sach other and they were found to be less susceptible,
All other varieties vis,, Boodida bontha bathees, Kapok,
Jurmani Junthali, Palayankodan and Mendra psdaththi were
also found to be on par with each other and showed only
very lass disease intensity thus exhibiting moderately
high degree of resistance,

The data regarding the screening of the bansna
varitéts againet the anthracnose pathogen, in all the
etages of development of fruit taken together have been
analysed and the results are given in Tabla &,

The statistical snalysis cloearly showed that there
were significant differences in the relative susceptibility
of the varieties against the disease, Among the varieties
tested, Bendra padaththi and Palayankodan showed high
resistance tc the disease with lowvest disease intensity
percentages of 0,401 and 0,423 respectively, IThe veriety
Jurmani kunthall (0,605 per cent) was found to be on par
with the veriety Palayankodan, The varieties Bgdida
bontha bathees (0,726 per cent), Peyan (1,192 per cent),
Kenchikela (1,214 per cent), Pisang mas (1,315 per cent)
and Kapok (1,436 per cent) were alsc found to be highly
resistant and they were on par with each other, The
varietics Zanuibar (2,048 per cent), Adakka kunnan
{24331 per cent), Klue teparod (2,964 per ceant),

Chinia (3,231 per cent), Nendran (3,327 per cent),
Venneettu mannan (3,469 per cent), Koduppilla kunnan



Table 6, Diseanse intensity of banana varieties, pooled analysis

ARSI SIS R

Per cent disease intensity
51,
no, 'oriety Revlisations Meen
I 1z 111 Iv ,

1. Robusta M”“Qﬂ”) 150515“03“’ lsum“o“S’ I&M‘Qggsz’ 150”’“.”‘)
2. Dwerf Cavendish 27,096(5,301) 27.193(5,310) 27,118(5,303) 27,088(5,300) 27,123(5,304)
3. Palayankodan 0509 (14228) 0,470 (1.212) 0,33(1.157) 0,3M4(1.172) 0,423(1.192)
4o N poovan 50,000(7a141) 35,655(6,054) 36,209(6,106) 34,483(5,957) 39,107(6,313)
S, Gros Michel 27.033{5.295) 27,029(5,294) 27,050(5,296) 27,003(5.292) 27,028(5,294)
6+ Foduppilla kunnan 3,011(2,003) 3,760(2,184) 3,606(2,146) 3,725(2,174) 3,528(2,127)
7. Poocha 3.744(2,178) 4,035(2,244) 3.985(2,233) 3.,899(2,213) 3.916(2,217)
8. Adakka kumnan 2753(1.937) . 3.086(2,021) 2,945(1. z.entt.ses) 2.93123.*90:)
9. Red banana 4,030(2,243) 4.030(2.243) 4,011(2,239) 4,110(2,261) 4.045(2,2¢47)
10, Pisang 1ilin 27,361(50326) 27.393(5.329) 27,378(5.327) 27.412(5,330) 27.356(5.328)
11. Chinia 3,210(2,052) 3,214(2,053) 3,224(2,055) 3.278(2,068) 3.231(2,057)
12. Matti 274335(5323) 26.823(5,275) 27.120(5.303) 27,033(3,295) 27,077(5.299)
13, Bodles Altafort 4.100(2,858) 4,108(2,260) 4.0868(2,256) 4.170(2.,273) 4.116{2,261)
14, Fanchikels 10213(1.469) 1,210(1,487) 1.211(1.487) 1,222(1,489) 1.214(1,488)
1S, Bendra padaththi 0e394(1,181) 0,409(1.189) 0,395(1,181) 0,404(1,185) 0,401(1,18))
16. Boodida bontha bathoes 0,831(1.353) 0,675(1,254) 0,697(1,303) 0,701(1.304) 0.726(1,313)
17, Hybrid sewai 3.,853(2.203) 3,935(2,221) 3,823(2,196) 3,926(2,219) 3,864(2,209)
18, Peysn 10205(1,423) 1.645(1.626) 1.013(1,419) 1,087(1,445) 1.192(1,478)
19, Kapok 10523(1,588) 1,.406(1,555) 1.,394(1,547) 1,421(1,556) 1.436(1.562)
20, Pisang mas 1.260(1,503) 1.020(1,556) 1,256{1,502) 1.325(1,528) 1,315(1.522)
21, Venneettu mamman 3,120(2,032) 2,876{1,969) 4.161(2.272) 3,713(2,171) :.miz.xn)
22, Klue teparod 2.962(1,990) 2,988(1.997) 2,921{1.,980) 2,987(1,997) 2,964(1,991)
23, Jurmani kxunthali 0662(1.289) 0,546(1,243) 0,611(1.269) 0,601(1,265) 0.605(1,267)
24, Nendran 0.313(2,077) 34337(2,083) 3,300(2,074) 3,360(2,088) 3,327(2,081)
28, Zanzibar 2,020(1,738) 2,049(1.431) 2.041(2,010) 2,083(1,756) 2,048(1,734)

L

(Figures given in parenthesis are the |)Xy1 transformed values)
CD (0,05) between varieties = 0,1758

Conclusion »

Comparison of varieties
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(3,528 per cent), Hybrid sawai (3,884 per cent),

Poocha Jamnan (3,916 peroent), Red banana (4,045 per cent)
and Bodles Altafort (4,116 por cent) were found to be
resistant to the disease and they were on par with

éach other smcept Zansibar,

The varisty Robusta with 15,599 per cent disease
intensity was found to be susceptible tc the dizease while
the varisties Gros Michel (27,028 per cent), Matti
(27,077 per cent), Dwerf Cavendish (27,123 per cent),
Plsang lilin (27,356 per cent) and Hjali poovan
(39,107 per cent) were found to be hichly susceptible to
the disease, Thoy were on par with each other except
Njali poovan which showed the maximun diseass intensity,

L The chemical constitusmnts of £ruit of banana varieties
at different atages 0f davelopoent

The major chemical eonstituents of the banana frufit
of twenty-five varieties at five different stages were
analysed as mentioned in materials and methods, The
major chemical constituents estimated were reducing
sugars, total sugar, starch, crude f£ibre, cruds protain
and tannin, The results are given belows

4.1s Reducing sugars

The minimum content of reducing sugars was found during
the female phase and that two was varying in different
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varicties, At this state, the maximun suga: content
was observed in Dwarf Cavondish (1,412 per cent) and
minimun was in Zansibar (0,540 per cent), The reducing
sugar content of all varieties increased frum female
phase to full naturity state (Table 7).

The reducing sugar has been slightly increased at
ono=fourth maturity of the fruit when compared to the
femalc phase, The maximum reducing sugar content was
observed in fobuita (1,643 per cent) and the minimum
was in Zanzibar (0,634 per oasnt),

At half maturity slight increase of reducing sugar
was observed when WM to onewfourth maturity, Herwe
also Rohusta maintained the hichest percentage of reducing
sucar (1,955 per cent) and minimun was cbserved in
cansibar (0,687 par cent),

At threesfourth mamturity also there was increase in
reducing sugar content compared to half maturity,
However, 1t was found t© wvary in different varioties,

As in the cnse of former stages maximun and minimm

contents of reducing swors wvere cbsexrved in Robusta

(2,658 per cent) and Zansibar (0,808 por cent) respectively,
31isht increase of reducing sugar content was alao

oboerved at full maturity atage ovar threesfourth

maturity, Here also Robusta and Zanzibar recosded

maximun and minimum values (2,935 and 1,282 per cent)

respectively,



Teble 7 Reducing sugars at Aifferent stages of fruit
maturity s pev eevt,
5)e Variety ely after fourth mate fourth mate
no, female mature Urity mate urity
1+ Robusta 16383 1,843 1,955 2,658 2,938
2, Dwarf Cavendish 1412 1,593 1.841 2,300 2,M9
3. Palayankodan 10329 1,576 1,840 1,940 2,008
4 Hjl}-i POOVan 1348 1,541 1,806 2,408 2,006
5. Gros Michel 1,200 1,480 1,751 2,286 1,808
6. Koduppilla kumnan 1a342 1,409 1,676 1,978 2,582
7. Poocha kunnan 10271 14801 1,632 1,840 2,39
8, Adakka kunnan 10218 1,372 1,591 1,906 2,241
9. Red banana 12192 16335 1,563 1,824 2,387
10, Pisang 1lilin 1213 1,390 1,619 1,942 2,611
11, Chinia 12238 144435 1,506 1,509 2,801
12, Matti 1216 1,404 1,577 1,935 2,473
13, Bodles Altafort 10188 1,327 31,454 2,335 2,538
14, Kanchikela 1.149 1,299 1,421 1,621 2,662
13, liendra padaththi 1338 1,520 1,676 1,908 2,338
16, Boodida bontha bathees 1,353 1,473 1,602 1,962 2,496
17, Hybrid sawal 14193 1,375 1,546 1,068 2,43}
18, Peyan 16332 1,513 1.638 1,886 2,404
19, Fapok 16123 1,220 1,526 2.1» 2,5M
20, Pisang mas OuB4d 1,100 1,440 2,273 2,678
21, Venneettu mannan 10138 1,446 1,628 2,034 2,538
231, Klueteparod 10330 1,529 1,761 1,971 2,180
23, Jurmani Janmthali 02728 0,935 3,196 1,563 2,059
24, Nendran 04547 0,853 0,708 0,841 1,338
23, Zanziber 04540 0,634 0,667 0,008 1,202
GRS USRIR AR o P o - aee

CD {0,05) batween varietics = 0,0983

58
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Table 74 Contdesscess

Conclusion
Comparison of varieties at
(1) fmmediately after female phane

2146153231875 161112010179 13 14 2119 20 21 4 23

(2) oneefourth maturity
1234221518676 5 16 21 11 12 10 1789 13 314 19 20 23 24 28

{3) half maturity
1234223166 15197 2130811129 1719 13 20 14 23 4 28

(4) three-fourth maturity
1413252019 216 2216 160 3 12 11 1580 10 1779 14 23 N 28

{8) full maturity
1321262014 105 196 1315 211618 12179 78 22233 M 28
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Statistical analysis showed that thers was
significant difference among the varieties with regard to
reducing sugar content in all the five stages, The
varieties in all the five stages are arranged in descending
order with respect to their reducing sugar content,

The results are presented in Teble 7,

$+24 TOtal sunare

During female phase, minimun content of total sugar
was noticed and that too varied in different verieties,
At this phase, maximum total sugar was observed in
Koduppilla Jamnan (1,659 per cent) while minimum was in
Hendran (1,101 per cent), Total sugars increased
steadily from female phass to full maturity phase in all
the varieties (Table 8),

Total sugar content increased as the frult reached
one=fourth maturity, The maximum and minimum amounts
were seen in Peyan (2,100 per cent) and Zansibar (1,271
per cent) respoctively,

At half maturity stage, slight increase of total
sugars was observed further, Here Palayankodan
maintained highest ssount (2,308 per cent) and Nendren
maintained lowest amount (1,512 per cent),

During threseefourth meturity there was increase in
total sugar content compared to former phase and maximum
was observed in Dwarf Cavendish (3,447 per cent) and
minimum wes in Nendran (1,768 per cent),
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Tablo 8, Total sugar at different stages of fruit maturity,

per cent
oL Immediat- One- Half Three Pull
B e iR SEedf S5 2R
ek A ke AU
1. Robusta 1519 1,649 2,083 3,254 3,55
2+ Dwarf Cavendish 1845 1,928 2,170 3,447 3,007
3+ Palayankodan 1.598 1,911 2,308 3,042 3,801
4, Njali pooven 1,566 1,848 2,189 3,0 3,477
Se¢ Gros Michel 1519 1,828 2,266 2,950 3,519
6s Koduppilla xunnan 14689 1,957 2,094 3,276 3,M1%
7« Poocha kunnan 10634 1,907 2,182 2,929 3,59
8, Adakka Junnan 1,613 1,966 2,032 3,122 3,496
9+ Red banana 14582 1,911 2,196 2,948 3,521
10, Pisang 1lilin 1553 1,843 2,079 2,756 3,303
11, Chinia 1s817 1,909 2,096 2,75 3,360
12, Mattl 16533 1,044 2,191 2,941 3,457
13, Bodles Altafort 1,463 1,900 2,106 2,776 3,267
14, Kanchikela 1556 1,068 2,120 2,545 3,187
1S Nendra padaththi 1.642. 1,901 2,061 2,657 3,298
16, Boodida bontha bathoes 1,588 1,939 2,288 2,518 2,97}
17, Hybrid sawai 2.638 2,034 2,203 2,664 2,944
18, Peyan 1.643 2,100 2,299 2,768 3,216
19, Kapok 1941 1,93 2,202 2,880 3,162
20, Pisang mas 16617 1,979 2,128 3,148 3,278
21, Venneettu mannan 14573 1,933 2,019 2,626 3,138
22, Klue teparod 1.472 1,870 2,081 2,485 2,948
23y Jurmani unthali 16446 1,888 1,997 2,478 3,086
24, Nendran 3,101 1,307 1,512 1,760 2,127
25, Zanzibar 14302 1,271 1,548 1.,0%4 2237

AN o M

CD (0,05) botwean varieties = 00,0628

Contdysecsss
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Table 8, Contdyessee

Conclusion s
Comparison of variaties at
(1) immediately after female phase

617 215187 312083169 214 14 10 1 19 12 5 22 13 23 28 24

(2) onesfourth maturity

10 17 13 208 6 19 21 16 2 3 9 11 7 18 22 14 23 1 4 12 0 5 24 28

(3) half maturity
31816517 199 1242720 34 13 31612210158 212335

(4) threee-fourth maturity

2612083459 12719 1013 11 10 17 15 14 16 22 23 21 25 M

($) full maturity

2623719564 12111015 2013 18 14 19 21 23 16 17 22 28 M
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Total sugars further increased at full maturity
and here also Dwarf Cavendish maintained hichest
percentage (3,807 per cent) and minimzn was cbserved
in Nendran (2,127 per cent),

Statistical analysis revealed that there was
significant diffexence anmong the verieties in all the
five stages of fruit dewvelopment with respect to total
sugar content, The sdnimmm content of total sugars
was observed in female phass in all tho varieties and
maximum was found at full maturity, -he varieties in
all theo five developmental staces are arranged in
desconding order with regard to their total sugar
content and presented in Tabla 8,

403 Stareh

At female phaze, highast starch content was observed
in Pisang mas (1,560 per cent) and lowest was in Peyan
(1,003 per cent), However it varied with different
varieties, The starch content increased from female
phase to full maturity in all the stages of fruit
developuent (Table 9),

At onoefourth maturity there was increase in starch
content and maximun was seen in Nendran (6,071 per cent)
and minimun was in Falaysakodan (2,725 por cent),

During half maturity, egain the atarch content
increased end maximm was maintained in Zamsibar (20,026
per cent) and the minimum was £in Chinia (7,266 per cent),



Table 9, Starch at different stages of fruit maturity,

64

per cant -

sl m be Onye= Half Three. Mull

no, Variety &3 after fourth mate fourth mate

& mats urity mate urity

phase urity urity

L AU I . N—
1« Robusta 10236 3,205 11,244 13,673 20,077
2. Dwarf Cavendish 10119 2,967 10,970 12,973 18,951
3, Falayankodan 1153 2,725 11,374 13,504 19,285
4. Hjali poovan 1279 3,245 9,905 140244 20,448
8. Gros Michel 12356 2,879 9,748 14,437 20,59
6o Hoduppilla kuanan 1101 3,238 7,872 11,463 18,802
7+ Foocha kunnan 1231 3,843 7,609 11,323 19,6
8, Adskka kunnan 1321 3,213 7,619 11,918 20,64
9+ Red banana 16357 34321 7,659 13,278 19,709
10, Pizang 1lilin 14242 2,9%2 6,389 11,695 20,482
11, Chinia 1277 3,072 7,268 12,426 18,120
12, Matti 12205 3,082 7,460 13,890 19,5%
13, Bodles Altafort 10157 2,097 7,328 13,189 18,508
14, Kanchikela 16248 2,975 7.715 13,811 20,39
15, Nendra padaththi 1248 3,085 7,619 12,9 17,183
16, Boodida bontha batheesi,228 3,799 7,112 17,43 21,072
17. Mﬂﬁ asaval 1,098 4,782 10,372 18,631 25,018
18, Veyan 1,003 4,319 12,083 23,450 28,%%
19, Kapok 1561 4,783 10,098 22,048 29,33
20, BRisang mas 1,568 4,705 11,135 23,420 28,414
21, Vennsettu mannan 1304 4,818 11,097 18,577 28,410
22, Klue tsparod 1439 3,911 11,921 18,113 30,384
23, Juzmani kunthaldl 10343 3,764 14,896 18,927 29,386
24, Scndran | 16518 6,071 20,090 28,041 31,380
25, Zansibar 1549 5,968 20,826 27,679 33,218

" AU -

o
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At threesfourth maturity stage, Nendran (20,041
per cent) contained highest amount of atarch and
Foocha Nunnan (11,323 per cent) contained the lowest
amount,

During full maturity stage, starch reachsd hichest
level in all the varieties and maximum was noticed in
Zanzibar (33,218 per cent) and minimun was observed in
Nendrs padaththi (17,188 per cent),

As the stargh content in all the varieties at
different stages of fruit development 4id not show
any correlation with the percentage disease intensity,
the statistical analysis of the data m' not carried out,

deds Crude £ibre

The crude fibre content was present in very low
amounts at female phase, However, it varied with
different varieties, At female phase, maximun crude
fibre was observed in Palgyanhodan (4,319 per cent)
and the minimum was in Matti (1,526 per cent), The
crude fibre content increased from femnle phass to full
maturity in all the stages of fruit developwent
(Teble 10),

At onesfourth maturity, thers was increase in
crude fibre content and maximum was seon in Jurmani
kunthali (7,478 per cent) and minimum was in Hybrid sewai
(4,883 per cent),
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Table 10, <Crude fibre at different stages of fruit maturity,
per cant
D v M B, R pow n
00 female
1. Robusta 3,993 6,593 10,167 12,45 16,053
2, Dwarf Cavendish 3,309 8,808 9,957 12,7 16,561
3, Palayankodan 40319 To130 9,235 12,943 16.57%
4, Njali poovan 3,488 6,494 96506 12,150 16,037
S« Gros Michel 2.876 6,032 9,478 12,417 16,80}
8. Koduppilla kunnan 3,092 6,163 9,43 11,999 15,761
7. Poocha kunnan 2,967 6,415 9,711 12,037 16,445
8, Adskka luannan 2046 6,249 9,991 13,329 17,6
9¢ Red banana 3,296 6,471 9,201 12,337 17,942
10, Pisang lilin Is398 6,878 8,360 12,270 16,687
11. Chinia 1,951 4,978 8,386 12,350 18,MS
13, Mattd 14536 5,461 8,993 11,606 18,625
13, Bodles Altafort 2,700 5,545 9,638 11,380 17,3
14, Kanchikela 2,317 5,288 7,990 10,648 15,129
15, Nendra padaththi 2,945 6,474 9,802 11,078 19,987
16, Boodida bontha bathess 2,392 5,168 8,626 12,787 17,5
17, lHybrid sawai 1,009 4,683 8,025 10,368 18,748
18, Peyan 2974 5,417 9,968 13,387 19,99
19, Kapok 3,496 6,448 9,465 11,523 18,099
20, Pisang mas 2,096 5,634 8,150 10,119 17,267
21« Venneettu mannan 3.282 6,520 9,381 11,133 17,27
22, Kluwe teparvd 24924 5,977 6,288 13,297 19,362
23, Jurmani unthali 3."32 1Q"' 3&‘255 12,“‘ 17.‘“
24, Rendran 24412 6,726 9,455 12,1%9 16,090
28, Zansibar 2,633 7,010 9,659 11,994 18,772
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During half maturity stage, there was again increase
in crude fibres content and Jurmani kunthali (10,285 per
cent) maintained the highest smount and Kanchikela
{7,990 per cent) maintained the lowest,

At threesfourth maturity, crude fibre further
increased and maximum was odbserved in Peyan (13,387 per cent)
and minimum was in Pisang mas (10,119 per cent),

During full maturity, the orude fibre ocntent reached
the highest level in all the wvarieties and Kendss padaththi
contained the maximumm (19,967 per cent) and Xanchikela
the minimum (15,129 per cent),

As the crude fibre content in all the varioties at
different stages of maturity d4did not show any correlation
with percentage disease intensity, the data were not
analysed statistically,

448, Crude protain

The meximum crude proteia content was noticed in
female phase but it was found t© vary among the different
variaeties, At this phase, the highest cxude protein was
noticed in Boodida bontha bathees (3,838 per cent) and
minismun was in Gros Michel (2,948 per cemt), Cruds protein
content steadily decreased from female phane to full
maturity phase in eall the varieties (Tsble 11),



W

Table 11, Crude protein at different stages of fruit
maturity, pexr cent

-

Immediste One= Half Three- Pull

;2: Veriety &h mate :::; mate :?w
1. Robusta 3,085 2,066 2,238 1,971 1,525
2, Dwvarf Cavendish 3.0 2,800 2,318 1,908 1,59
3. Palayankodan 3,377 3,038 2,507 2,087 1,889
4, ljali poowvan 2,951 2,708 2,401 2,116 1,577
S« Gros Michel 2,948 2,701 2,468 2,153 1,589
#. Kodwpilla Munnan 30301 2,777 2,425 2,003 1,637
7. Foocha Xumnan 3,348 2,895 2,277 2,072 1,713
A, Adakka Jamnon 30213 2,837 2,461 1,974 1.7®
9« Red banana 3,576 2,965 2,393 2,048 1,76
10, Pisanx: 11lin 3,599 3,028 2,386 1,887 1,813

" 11, Chinde 3,290 2,708 2,31¢ 1,988 1,3%¢

13, Mattd 3,477 2,783 2,385 1,600 1,403

13, Bodles Altafort 3,807 3,249 2,648 2,121 1,59

14, Xanchikxela 3,439 3,095 2,567 32,009 1,061

18, Nendra padaththi J409 3,1M 2,742 2,138 1.578

16. Boodida bontha bDatheas 3,838 3,301 2,911 2,53 2,158

17. Hybrid sawai 3,008 3,230 2,921 2,227 2,152

18, Peyan 3,309 3,118 2,774 2,381 2,081

19, ¢ R’ 30311 2,519 2,328 2,033 1,74

20, Pisang mas 3,232 2,862 2,544 1,008 1,338

21, Vennesattu mannon 3,193 2,923 2,448 1,060 1,42

22, Klue teparod 3,648 3,550 2,742 2,141 1,613

23, Jurman! kunthall 3,388 2,979 2,617 1,845 1,317

24, Hendren 3.202 2,072 2,463 2,027 1,495

25, Zanuiber 3,485 3,002 2,695 2,222 1,668

CD (0,05) between variety » 0,2003

(Contdsecessee)




Table 11, Contdyeess

Conclusion

Comparison of varieties at
(1) immedistely after female phase

216 17 22 13 10 9 15 12 25 14 18 23 3 19 6 11 24 208 21 721 24 §

(2) one=fourth maturity
22 16 13 17 15 318 34 3 10 25 239 21 19 7T 2 24 20 1 0 1264 11 8

(3) half maturity
17 36 18 15 22 25 13 23 14 20 19 3 4 5 24 8 21 692 10 122 211 71

(4) threeefourth maturity
16 18 17 25 522 15 134739 19 24 14 6 11 81 2 10 21 23 20 12

(5) full maturity
16 17 18 10 229 8 19 7 3 28 14 16 2 5 15 4 13 1 12 2¢ 21 312 21 23
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Crude protais content was decreased slightly in ones
fourth phase vhent gompared to formar phase, The maximum
crude protein was present in Klue taparod (3,550 per cent)
and sdntmum was in Gros Michel (2,701 per cent),

At half maturity, the arude protein contant further
reduced and highest amtnwmt was found in Hybrid sawai
(2,921 per cent) and minimun was in Robusta (2,238 per ommg).

Again crude protain contant decreased in three-fourth
maturity vhen compared to half meturity. 7The saximum
and sdnimum percentages of crude protein were observed in
Boodida bontha bathess (2,53 per cent) and Mated
(1,800 per cent) respectively,

At full maturity phase highest amownt of crude protein
was cbserved in Boodida honths bathees (2,158 per cunt)
and minioum wvas found in Jurmani kwmthalli (1,317 per emnt),

The statistical analysis revealed that thers wes
sicgnificant difference among the varieties with respeest
erude protein content, The maximus amount was observed
in fexale phase in all the varieties and minimum was foumd
at full meturity, The varieties are arranged in desecending
order in all the f£ive developmental stages with respect W
their crude protain contents and pressnted in Table 11,

4.6, Tanndn

Maximm tannin content was cbheerved at femsle phase
and was found to vary with different verieties, At this
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phase, highest swount of tannin was noticed in Palayankodsn
(2,697 per cent) and the minimum wes in Red banana
(1,820 per cent), The tannin content steadily reduced
in all varieties from femesle phase to full maturity stage
(Table 12),

The tannin contant was slightly reduced at onsewfourth
maturity vhen compared % the female phase, Palayankodan
maintained maximum amount (2,532 per cent) and minimum
was seen in Piseng mas (1,594 per cent),

At half maturity, tamnin was further reduced snd here
aleo maximun was observed in Palayankodan (2,233 per cent)
and minisum was in Venneettu mannan (1,293 per cent),

Tannin again reduced at thressfourth maturity and
Palayankodan maintained hichest amount (1,916 per cent)
and Dwarf Cavendish showed minimun amount (0,749 per cent),

At full maturity stage, the tannin content further
decreased compared to the former stage, The maximam
tannin was present in Matti (0,989 per cemt) and minimum
was seen in Dwarf Cavendish (0,396 per cent),

Statistical analysis showed that there was sionificant
difference among the varieties with respect to tannin
content in all the five developmental stages of the fruit,
The maximum tannin content weas observed in female phase amd
ainimum was found in full maturity stage, 1IThe varieties
in all the five developmental stages of the fruit are
arranged in descending order with respect to their tamnin
content and presented in Table 12,
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Tsble 12, Tannin at different stages of fruit maturity,
pear cent
W Cnee mt Tht‘.- Fall
B5le Variety ely after fourth mate fourth mage
NOe female mate urity made uricy
phase urur urity
- e MR

1, Pobusta 2,311 2,032 1,064 hm 0,889

2, Dwarf Cavendish 2,146 1,988 1,768 0,749 0,596

3. Palayankodan 20697 2,532 24233 1,916 0,048
4 ﬂ’&l’- poOovan 24155 1,986 1,93 OQQﬂ 0,009

5. Cros hichel 2,206 1,928 1,627 0,871 0,737
6y Foduppilla Xunnan 24035 1,754 1.5¢1 1,367 0,753

7. Poocha kurnan o049 1,763 1,588 0,974 0,748
8¢ Adakka Joannan 50120 14,723 1,352 1,005 0,608
D¢ Red banans 14820 1,665 1,338 0,85 0,623
10, Pisang 1ilin 20319 2,094 1,849 0,968 0,787
11. Chinia 30932 1,721 1,310 0,976 0,768
12, Mattd 2e216 1,936 1,944 1,389 0,969
13, Boules Aluafort 30977 1730 1,472 1,119 0,968
14, Xanchikelu 22335 2,040 1,984 1,825 0,876
15, Rendra padaththi 24218 1,962 1,615 1,841 0,833
18, Hoodida bhuntha bathees 2,327 2,038 1,893 1,738 0,977
17, Hybrid sawal 2,048 1,701 1,566 1,380 0,863
16, Peyan 24456 2,160 1,945 1,701 0,826
19, Kapok 24048 1,798 1,625 1,303 0,963
20, Plsang mas 14837 1,594 1.480 1.273 0,046
21, Veuneetitu mannan 14954 1,618 1,293 1,166 0,908
22 Klus tapacod 26344 2,024 1,991 14613 0,854
23, Jurmani kanthali 2681 2,453 2,105 1,890 0,91
24, Nendran 24262 1,992 1,819 0,971 0,798
25, Zaasibarx 2,172 14983 1,593 0,994 0,787
IR " _ SN

CD (0,05) betwasa varieties » 0,0606

Contdesecesene
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Table 12, Contdessose

Conclusion
Comparison of varieties at

(1) immodistely after female phase
32318 22 14 16 10 1 24 15 12 5254 26 7 19 176 13 21 11 209

(2) oneefourth maturity

32310 10 14 16 1 22 24 4 25 235 12519 76 136 11 179 21 0

(3) half maturity

32322 14 18 12 4 161 10 24 25 19 153 257 176 20 1369 11 21

(4) three=fourth maturity

3231513411618 22 19 20 17 13 126 21062547 3¢ 11 1059 2

(S) full maturity

12 23 23 16 19 21 14 14 17 22 20 3 15 18 24 25 10 11 67 589 2
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At ripe stage, the reducing sugar content and total
sugar content reached highest level in all the varieties
tasted, But starch and crude fibre contents, though
increased from immediately after female phase o full
maturity, fell down sharply at ripe stage, However,
tannin and cruie protein contents were minimum {n all
varieties at ripe stages 7The results are presented in
Table 13,

Influence of chemical constituents of banana fruit on
infection and intensity of disease

The major chemical constituents were found o have a
lot of variation from the female phase to ripening stage,
The reducing sugars and total sugars steadily increased
from female phase to ripe stage, The starch and crude
£ibre were having an increasing tendency till the full
maturity and during ripening, these two conmponents showed
sudden decrease, The tannin and crude protein have shown
a steady decresase from female phase to ripening stage,

The infection pattern of G, glogoaporicides in different
stages of developmant of fruilt sas shown much variation,
At the stage immediately after female phase, the pathogem
did not infect the fruit sven after giving an injwry
indicating irmunity to disease at this stage, At
onewfourth maturity and half maturity stages, the pathogwn



Table 13, Major chomical constituents at ripe stage of different banana wvarieties ,

per cent
5le Variety Reducing Total Starch Crude Crude Tanin
nOe sugars sugar fibre protain
1, FRobusta 6,230 16,4124 0e763 2,176 1285 0,532
2. Dwarf Cavendish 64903 16,210 Ge992 2,004 12242 0. 50%
3. Palayankodan 13.312 17,039 2101 1.701 1342 0,82
4, Njali poovan Tei54 17.098 1,457 1.579 1345 0,707
S« Cros Michel D420 18,580 1950 0,809 1,343 0,630
6, Koduppilla Xkunnan 10,626 13,155 1e243 1.5 1+ 260 0,683
7« Poocha kunnan 94708 12,418 0,887 1. 709 12127 0,869
8¢ Adakka kumnan Sed43 11.767 1.832 1454 1.349 0501
9. Red banena T.T11 2.797 1985 1287 1.028 0,533
10s Pisang 1ilin 642682 11.185 14243 1,03 0953 Ce €09
11. ©hints 6235 18,077 1.598 0,809 0,927 0,67
12, Matti 7575 13.478 1.570 1,402 0,981 0.751
£33, Bodles Altafort T.122 12,604 1.595 0,922 1173 0.753
14, Kanchikelas 8,784 13,332 1390 1.029 1,022 0,498
15, Hendra padaththi 64108 14,546 1375 1215 1.099 0,571
16, Boodida bontha bathees Be423 13.429 20587 04915 1,408 0,653
17. Hybrid sawai 8,974 15,243 3.542 1,053 1.503 U496
16, Peyan 6,062 16,811 34219 10252 1,315 0,662
19, Kapok 7.672 13,508 42746 Oe811 0.8 0,637
20, Pisang mas 6,648 13,261 S491 10373 1,029 0,566
21. Veaneettu mannan Be242 13,538 3.521 0.767 1,001 0,741
22, Klue teparod 8,966 14,845 44560 1.261 1.167 0723
23, Jurmani kunthali S«B16 12,947 2033 1. 345 1,049 0717
24, Noendiran 6679 11.472 4,485 1,046 1. 48 0,862
28, Zanzibar 5.605 10,826 5.869 0.966 1.228 B.m

GL
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could enter the host tissues only after giving pin prick
injuries and that too in few varieties only, showing
that these banana fruit werxe resistant to the fungus
(Tables 2 & 3), . when the fruit became more mature

and reachcd threesfourth maturity moast of the varieties
were found to be more susceptible, At this stage,
fifteen varieties have taken infection when uninjured
and all varisties axcept Palayankodan and Jurmani kunthali
have taken infection when injured (Table 4), ‘vhen

the fruit became fully mature, all the varieties were
found to be highly susceptible and swven without injury
the pathogen could infect all the varieties (Teble 5),

In general, youngar fruit were more resistant to the
pathogen and when the fruit are more matured the
susosptibility increased,

In younger stages, the tannin and crude protein were
maximum and these two constituents decreased towards
maturitys On the other hand, reducing sugars, total
sugars, crude fibre and starch increased till full
maturity. This clearly indicstes that when the tannin
and orude protein contants were high, the resistance
of the fruit against the pathogen was very hich, Wwhen
the reducing sugars, total sugars, crude fibre and starch
increased in all the stages of fruit development till
maturity, the susceptibility also increased, Thus when
these chemical constituents namely reducing sugars,
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total sugars, stareh and cruie fibre were more, the
fruit becane more susceptible to anthracnose diseass,

As far as the diseass intensity is concerned, from
one=fourth maturity to full maturity there is an increasing
tendency., The reducing sugar, total sugar, starch and
crude fibre wore found to increase from imnedistely after
fennle phase to full maturity in all varietiss tested,
But tannin and crude protein were found to decrease till
full maturity (Tables 7, 8, 9, 10, 11 and 12),

The atatistical analysis of the data showed that there
‘was positive correlation between intensity of disesase with
reducing sugars and total sugers, Even_though the starch
and crude f£ibre contents increased they did not show any
sionificant correlation with the disease intonsity
(Tables 14, 13 sna 16),

The cruds protein and tannin were found to decresse
towards the maturity and thore was an increase in disease
intensity from onesfourth to full maturity, Statistical
analysis of the data clearly indicated that thece was a
negative correlation between crude protein and tamina
content of the fruit and disease intensity (Tables 14, 15
and 16) (Figures 5, 6 and 7},

The coefficients of correlation between percentage
intensity of infection (when injured) and major chemical
congtituonts at onesfourth maturity were 00,0508, 0,2200,
=0,0299, «0,0621, ~0,3329 and «0,4952 for reducing sugars,
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Teble 14, Rslationship between chemical constituents (x)
and per cent disease intensity (y) at one=
fourth maturity (injured)

" Chemdcal Correlation _ Regression equation
conatituents coefficient(r) y wa ¢+ bx
Raducing sugar 0.05%08 -
Total sugar 0.2209 -
Stcarch «0,0299 -
Crude fibre «0,00821 -
Crude proteln wly 3335 -
Tannin =0, 4952¢ ¥ e 22,4422 » 1,15180 x

* Sionificant at § per gent level
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Table 15, Relationship between chemical constituents (x)
and per cent diseass intensity (y) at half
maturity (injured)

" Chemical " Correlation . Regrassion equation
constituents avefficient (r) y =8 + Ix |
Reducing sugar 0,1572 -

Total sugar 0,1180 -
Stareh «lly 3322 -
Crude fibre 001311 -
Crude protein «0,4G52* Y » 4,045¢ » 1,6080 x
wwuiin w0, 8788 %* Y = 11,8462 = 0,9109 x

* Significent at 5 per cent level
t4 g4gnificant at 1 per cent lovel



Table 16, Relationship between chemical constituents (x)
and per cent disease intensity (y) at threes
fourth maturity

Chenical | | Ngture of tion
constituents injured uninjured

" Correlation Correlation

coefficient (r) ooefficient (r)

Reducing sugar 0.,4550¢ 0.201)
Total sugar 04218 003123
Starch =0, 3481 =0, 3040
Crude fibre 0.31433 De1429
Crude protein ol 3317 =0, 3152
Tamnin =0, 3740 «0,4870+¢

AT DRSS ORRMREHI A PRI SRR

* Significant at 5 per omnt level
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total sugar, starch,crude fibre, crude protein and tannin
respectivelys All these valucs were not significant et
five per cent level except for tannin,

The coefflcients of correlation between percentage
intensity of disease (vhen injured) and major chemical
conatituents at half maturity stage were 00,1572, 0,1180,
«043322, 0,1311,-0,4052 and «0,6738 for reducing sugars,
total suger, starch, crude fibre, cruwle protein and tannin
respectively, All these values were not aignificant at
five per cent leval except for tannin and crude protein,

At threes=fourth maturity stage, the ccefficients of
correlation between percentage disesse intensity and major
chemical constituents were 0,4559, 0,4238, «0,3481, 0,1433,
«0¢3317 and «0,3740 wvhen injured and 0,2813, 0,3123,
=04 3040, 0,1429, «0,3152 and «0,4878 (when injured) for
reducing sujar, total sugar, starch, crude fibre, crude
protein and tannin respectively, All these values were
not sicnificant at five per cent lovel except for reducing
sugar, and total sugars (vhen injured) and tannin (uninjured),

At full maturity stage, the correlation coefficionts
between perventage intensity of the disease and major
chemical constituents were 0,1624, 0,1611, «0,1775, «0,3378,
«0, 1359 and 0,0172 when injured and 0,1481, 0,1897, «0,1744,
w0y 2927, =0,1007,.0,0421 for reducing sugars, total sugar,
starch, cxude fibre, crude protein and tannin respectively,
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All these values were found to be not significant at

five per cent lewal,
Thus reducing sugars and total sugars were major

chemical constituents responsible for susceptibility of
the disease and crude protein and tannin were responsible

for resistance to the dissase,
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DISCUSEION

The anthracnose disease of banana caused by

the imporfect stage of G, CAnUlANA

is mainly conzidered as an important post harvest disease
of banana, Howvever, this disease can aled cause Aumage
o the crop in the field, In the present investigation
an sttenpt hae been nmade to study the disease i viyp and
40 YASER.

In the field, the pathogmn was found tu attask
immature benana fruit and leaves, Howvever, during the
present study r0 leaf infection was cbserveds The
symptom expression was seen on young ismature benana frudt
and infection usuwelly occuered on the distal end of the
fruits ancd later spread dovmards, 1If the infection was
noticed on the skin of the banara fruit, the initial
symptoms ware chlorotic epecks, shortly becoming necrotie
areas which furthor develuped and increased in sise, later,
these sreas bogame depressed, cocalegcesd forming large
patchas, In severe infections, under hvmid conditions,
the conidisl messes appeared on necrotic areas, The
infected fruit  became bleschened, shrivalled andé
munaified, Generally, the spread of the disease was
restricted to few hands hut rarely whole bunches also,
The present fimniings agree with the description given by
earliar workers (Cobb, 1906 Dastur, 19167 Agati, 1922
Park, 1930 and 1933) Chonma, 1933) Roy and Sharma, 1952p
Demcdaran end Remak:ishnen, 1958),




The infected banane fruit . generslly exhibited
conspicuous symptoms after the harvest, Hare the
symptome appeared as small, irregularly round, hrown
coloured spots contrasting with the yellowing skin,

Thie incdicates that the symptoms will be more pronounced
during tha vipening staga, At this stagoe these opots
enlarged very quickly, ultimately becoming dark brown

to black in coiour, Thos» spote coalescad together
forming large patches and covered the fruit within a

few dayse The activity of the pathogen was more and

the production of larye masses of avervull was observed
on intfentad firuit, Several workers (vardlaw and Me Guire,
1931y vardlaw, 1935 and Meredith; 1960) have described
the post harvest symptoms of banana fruit vhan attacked by
this pathocen, Present obsexvation confirms the asarlier
£indinge,

Dusmazieres and lontagne (Apfle 5Qie Hake 3112902335,1049)
eroatad the genus Glogosporius o accomuoedats straight
spored acervalus fungl vhich are not naving any setae or
appendages on the ascervull (Sscc, 1884}, Later on, lot
of alteraticn, modification amxl segregation of the genus
ccocurred, The molern concept of the gmus was established
on experimental bLaais by Shear end wood (1913) resulting
merger of lorge number of Glpecsporiug to the earlier
. pLEichum Corde, (Souxn's Jsutschle KE» £
Part 37 IXXp 43, 1837), A wide range of hosts belonging
to mony families of higher plants has been zeported to be




infected by different species of Colletotrichum end
Glososporiym (Ibrahimov, 1951 and Morxgan, 1958), A
large number of CRLlaSREXichum snd Glgeg

t111 then distinguished by slight and inconsistant
morpholocical characters and mgpposed fixity of host
relationships were made synonymous with G,
Penz (Ssca), the conidial phase of §. gingulata (Gtonem)
Spauld and Shrenk,

The sbove workers also found that in different
isolates of C. glosogporioidag s straight spored
species, there 15 a great variation in size, shape, setas,
appressoria and morphology of the fructification, The
inoculation experiments also showed rost of the isolates
would produce charscteristic symptom on the other hosts
and further, there is avidence for strain differentiation
among the isvlates which were axanined,

Thus, a broad concept of these two particular ganers
came into being, with the morphological characters in
artificial cultures, natural infection and cross MM‘
tests on a wide range of hosts determining the limits of |
variation, Arx (1957a) £inally undertook a comprehensive
taxonomical studies in which he expanded the symougmy of
600 nemes which included about 100 species of Glospsporium.

sfmmmmmamwumwntorm‘
fungus they studied om banana fruit, G. gusarum (ssce, 169
8 very scanty description was given, Further studies on




this funqus were conductad by Kfuger (1913), Agati (1922),
Toro (1922), Ashby (1931) and wWardlav (1933), But none of
the workers has emphasised on taxonomical position of

this pathogen, Kiffiger (1913) cbserved the ascospores

of this pathogen, but he did not identify the perfect
stage, Ashby (1931) had given a detalled morphelogy

of asaigerous stage of G, puSapum and identified es

Ge ginculatas but he did not rearrange the imporfect
Wardlaw (193%) also observed the ascomycetous

Thare also, no taxonomical rearrangement of
Lastly Arx (1957b)

stage,
stage.
the imperfect stage was mades
undoudtfully namned the imperfect stage of the

@ siogulats as C. glosomporieidas snd mo other
imperfect stage vas observed for this asocomycetous
fungqus, Ferusal of literature showed that even after
making g, @UEAZUD as a synomym of C.» glogosporioides, it
is dnown in two different namcs, Ge CNSACUR oand Ce ENES.
In the present study, the imperfect and perfect
stages description of this pathogen fully agreed with
the description given by Keger (1913), Agati (1922),
Toro (1922), Ashby (1931), wWardlaw (1933), Jain (2950},
Damodaran and Ramakrishnan (1958), Thus it is very
reasonable and realistic to nane the pathogen as

€» gleseopporiolden, the imparfect stage of . SARGUARSA.



The strain variaticn proposed by Tero (1922) and
Ashzby (1931) on the basis of sli;ht variation in
cultural characters and dimensions of tho spores cannot
be accepted for a pathogen like C.
is having more than 1,000 host range., Only after a
detalled study of severity of pathogenecity, host ranges
and varistions in the above aspects Af any one can
propose strains =nd forms, Till such a detailed study
is nade, there is no Justification making this pathogmn
into different strains,

dventy-five banzna varietics wvere screened jpn YiSES
against the anthracnose disease coused by G, glsscsporioldes.
As the pathogen is considered to be weak, it enters the
host tissues mainly throush injury (Toro, 1922p
Park, 19307 Simmonds and Mitchell, 1940y Meredith, 1960),
Therefore, two types of incculation methods namely with
injury and without injury were adopted, The infecticn
was more in the case of injured fruit in all the cases
vhen compared to the wminjured ones, In the sarly
stages of fruit development (Tables 2 and 3), the
infection was noticed only atter giving infwury except in
the case of female phase, Without injury, no infection
wag obzerved on fruit at one-fourth and half maturisy
stages, At threesfourth naturity stage, all the
varieties ook infection vhen injury wes made except
Palayankodan and Jurmani lamthali, But ten varieties
namely Robusta, Palayankodan, Kanchikels, Nendra padaththi,
Boodida bontha bathees, Peyan, Kapok, Plisang mas,
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Klus teparcd and Jurmani kunthali have not taken infeation
vhen injury was not given, At full maturity stage, the
pathogen infected all the varieties even without any
injury but in injured fruit , the symptom expression

was very fast, These results clsarly indicated

that when there was an injury, the infection was too
hich and without injury only hiohly susceptible varieties
ware infocted, These findings confirm the earlier
chearvations that infection is mainly due to fruit
injury. (Toro, 1922y Park, 1930y Simmonds and Mitchell,
1540 Meredith, 1960 Cardemnsa « Barriga, 19649
Horedith, 1970.ivardlaw, 1972), However, the varieties
which were harvosted at full maturity stage were
infected sen without injuxy coineiding with the earlier
repores (Toro, 1922 and Deighton, 1938),

There was no infection of this pathogen during the
fenale phase even after injury was made on thao fruie,
This 18 nerhaps due to the chemical constituents of the
fruit during that stage, In general, in all the
varieties tested, the crude protein and tannin contents
were hich and reducing sugars, total sugars, starch
and crude fibre were very low (Tables 7, 8, 9, 10, 11
and 12), The variation and proportion of chemical
constituents of tho frult at this stage might have
attributed to the adverse condition for penetration
and development by this pathogens
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During onowfourth phase only twelve varieties got
infected after injuring the fruit at the time of
inoculation (Table 2), The low symptom expression wes
observed only after six days of inoculation, This
indicates that six days after harvest of the fruit, some
biochemical changes probably have occurred facilitating
favourahle conditions for development of the pathogen
{(Tebles 7, 8, 9, 10, 11 and 12),

At half maturity, only injured fruits took infection
and the number of varieties infected 2lso increased o
fourtesn (Table 3), At this stage alw, visible
symptoms on the hoculated fruit; were observed only
after #ix days of inoculation, The reason attributable
for low and delayed infection may be the same as in
onesfourth maturity, ‘verdlaw (1931) stated that 4n
less meturesd fruits, the pemetration and dovelopment
of the pathogen remained very limited and the present
study confirme this observation,

During threes=fourth maturity, fifteen varieties,
get infected wvithout any injury and twentyethree verieties
were infected vhen injury wes made (Table 4¢), In case
of injured fruit. the symptom expression was noticed
four days after inoculation while uninjured fruit
took infection after six days, During this stage,
crude protein and tannin mmts decreased while the
contenta of sugars, starch and cruds fibre increassd,
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Thase night have attributed for the incressed infection,
However, two varisties, Palayankodan and Jurmani kunthali
did not show any infection even aftar injury was made.
Crude protein and tananin contenta of these two
varieties were high when compared to the highly suseeptible
variety Duwarf Cavendish and sugars were found to be low
(Tables, 7, 8, 11 and 12), The symptom expression
steadily incresased upto eight days and after eight days,
the increase of Aisease intensity was very rapid le,,
by that time fruit. started ripening, reducing and
total sugars increased considerably and starch content
declined, The crude fibre, ¢xrude protein and tammin
reached the minimum amounts &uring ripening of the
fruit (Table 13), It is probable that due to these
bio=chemical changes occurred during the ripening, the
pathogen iz able to grow very rapidly thereby increasing
the intensity of disease considerably.
At full maturity, both the injured and uninjured
fruit of all 25 varieties have shown varying degrees
of infection and the symptom expraession was noticed only
after three days in the injured fruit and four days after
inoculation in case of wninjured fruit, Later on the
symptom expression was very rapid in all the varieties,
This may be due to the fact that, by this time, the
fruit are almost ripened, 7The reducing sugars - . . &
.. and total sugars were dgonsiderably increased at
the expense 0Of starch reserves, 7The contents of tannin
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crude protain and crude fibre decreased to the minimuwm
which favoured the rspid growth of the pathogen resulting
in quick expansion of symptoms on the ripened fruit
(Table 13), After eight days of inocculation, 100

per cant infaction was cbserved on all the 15 varieties
both in case of injured and wninjured fruit, But

there was much variation smong the varcieties, when
observations were taken after six daye of inoculation,

To get a comparable susceptibility/tolerance limit
during this stage, the observations were restricted

on sixth day and statistical analysis was carried out,
Here, out of 25 varieties tasted, Hjalli poovan wvas

found to be the most susceptible variety and the varieties
Palayankodan and Nendra padaththi were the least
suscaeptible Ones,

All the 25 varieties tested had shown varying
degree of susceptibility during the different stages of
developnent, During early developmental stages ie,,
one=fourth and half maturity stages, the varieties
¥oduppilla kunnan and Poocha kunnan were found to be
most susceptible ones and the varietiaes Robusta,
Palayankodan, Njsli poovan, Plsang 1ilin, Mattd,
Kanchikela, Boodida bontha bathees, Peysn, Klue teparod,
Jurmani kunthali and Hendran were the highly resistant
ones, But these varieties did not show that trend
during further developmental stages, lHowever,at three.
fourth maturity, the varieties Dwarf Cavendish and
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Kjali poovan were the mpst susceptible ones and the
varicties Nendra padaththi, Palsyankodan and
Jurmani kunthali were the least susceptible ones
(Table 4), At full maturity atage almost the same
trand was observed as that of threeefourth maturity
and the varieties Njalli poovan, Robusta and Bodles Altafort
were found to be highly susceptible and least susceptible
varieties ware the same as that of thress=fourth
maturity (Teble 5),

when all the developmental stages of the fruit
vere taksn into considerstion, all the 25 varieties
were found to be susceptible with varying degrees of
disease intensity, The wvariety Njalli poovan was found
to be highly susceptible, followed by Plsang 1ilin,
Dwarf Cavemndish, Matti and Gros Michel, TIThe varieties
Nendra padaththi and Palsyankodan shoved high resistance
to the disease with lowest disease intensity percentages
of 0,401 and 0,423 respectively, The variety
Jurmani kunthali can aleo be ¢ategorized along with
these two varieties with 0,608 per cent dissase intensity,
The chemical constituants of these varioties are
presented in Tables 7, B, 9, 10, 11, 12 and 13, The
varietios Boodida bontha bathees, Peyan, Kanchikaela,
Pisang mas and Kapok were also found to be highly
resistant having less than two per cent disease intensity,
The varieties Zenuibar, Adakka kunnan, nmtapa:od.
Chinia, Nendrap, Vemneettu mannan, Wma kunnan,
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Hybrid sewai, Poocha unnan, Red banana and Bodles
Altafort were found 0 be resistant and their disease
intensities were in the range of two 0 five per eent,
None of the variaties testsd was found t be moderstaly
resistant ( 5 to 10 per cent disease intensity) or
moderately susceptible (10 to 15 per cent dissase
intensity). The variety Robusta was found to be
susceptible showing disease intensity in the range of
15 o 25 per cent, The highly susceptible varieties
showed more than 25 per cent disease intensity, They
were Gros Michel (27,028 per cant), Matti (27,077 perxr
cent), Dwarf Cavendish (217,123 per cent), Piseng lilin
(27,356 per cent) and Njali poovan (29,107 per cent),
Perusal of data on chemical constituents of these
varieties revealed that thers is very little variastion
swong them (Tables, 7, 8, 9, 10, 11, 12 and 13),

The reducing sugar gontent of the fruit was found
to be minimum in all the twentyefive varicties (0,540
to 1,412 per cent) during the female phase but they
increased during further development stages, However
the increese was very slow, At full maturity stage,
the reducing sugar content was cbhserved to be ranging
from 14282 to 2,935 par cent only, The total sugars
also showed the samo tendsncy from femnle phase to
ripening stage, lHowaever, the starch content during the
female phase was very low in all the 25 varietioes (1,003
to 1,568 per cent) and there was a steady increase upto
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full mature stage, The maximun starch was obtained
during full mature stage in all the 28 varieties which
ranged from 17,185 to 33,215 per cent, In the esrly
developmental stages, the increase was low but during
the latar stages, the starch content increased markedlys
This finding fully supports the investigation of
Lodh gt als (1977) who worked on Dwarf Cavendish banana,
When the fruits started ripening, most of the starch
got hydrolysed resulting in sudden increase of reducing
sugars and total sugars, The starch content of these
25 varieties was depleted to low amounts Quring ripening
(varied from 0,763 to 5,800 per cent), This has
rosulted in marked increase of both reducing sagars
(varied from 5,608 to 13,312 per cent) and total sugars
(varied from 10,826 to 18,580 per cent), This kind

of phenomonon was observed by several early workers who
reported that matured fruits will have maximum stasch
and during ripening it was converted to different sugars
(Belevel, 1932) Leonard and Barnell, 1932 loesecke,
19507 Youmg and Ho, 19358y Simmonds, 1966 and 3ingh gt als
1980), The present investigation fully supports the
earlier findings,

More sugar contant was observed during ripening
stace in sweet varioties like Robusta (16,414 per cent),
Dwarf Cavendish (16,210 par cent), Falayankodan
(17,039 per cent), Hjali poovan (17,098 per cent),

Gros Michel (16,580 per cent) and Chinia (18,077 per cent),
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Tho starch content in these varieties was depleted
very low amounts during this period le., 0,763 per

cent in Robusia, 0,992 in Dwarf Cavendish, 2,131 per cent
in Palayankodan, 14487 per cent in lNjali poovan,

14950 per cent in Gros Michel and 14598 per cent 4in
Chinlas, The culinary varieties vere found to have

hish stareh content during full maturity stage., Here
alsc the starch content denleted during ripening

stacge wvhich was found to be little higher than the

sweot varieties, They were Kapok (4,746 per cent),
Pisan: mas (5,491 per oemt), Klue teparod (44560 per
cent), Nendran (4,485 per cent) and Zanzibar (5,669

per cent), All other varieties showed less than four
per cont starch during fipening, It iz very interesting
t» note that all culinary and dual purpose varieties
contained high starch at full maturity and only a

part of §t was hydrolysed, This finding 45 supporting
the cbearvations of 8immonds (196G6) who stated that
hydrolysis of atareh is more in dessert banasnas than in
culinary bananas during the ripening of the frudt,

The status of tannls during esarly stages was found
to be high and it gradually reduced as the maturity
advanced and it was minimum during ripening stage,
Lugin: tho female phase the tannin content of
25 varigqties ranged from 14,820 per cent t© 2,697 per cant
and at full maturity, it varied from 0,598 per cent to



0,989 per cent, Murther, the tannin content

reduced during ripening time and {t varied from

0409 per cent o 0,862 per cent, The astringency
character of unripe fruit is due to fairly large contant
of tannin, The softness of fruits after ripening is
due to low content of tamnin, Loss of astringemcy
occurring during ripening is due to polymerisation

of polyphenols, The reduction of polyphencls about
1/5¢th of its value from the green hard fruit to the
soft ripening fruit was observed by few easrlier
workers (Barnell and Barnell, 19457 Goldstein and
Swain, 1963), 7The present study fully supports their
£indings,

The ecrude protein content was more in all the
varieties during early stages of development, During
female phase, the c¢rude protein content in different
varieties ranged from 2,948 o 3,838 per cent, Till
ripening steady decrease was obtained and reached
minimunm during ripening which varied from 0,879 to
24.503 per cent, Ferusal of the available literature
showed that the importance of ¢rude protein for the
gquality of the banana fruit or its relation to
anthracnose disease resistance was not investigated by
earlier workers, In the present investigation, an
attampt has been made to study the crude protein status
of fruit at different stages of development,
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The atatus of ¢rude fibre was just reverse
compared to that 0f crude protain, The minimm crude
fibre was observed in female phase which ranged from
1526 to 4,319 per cents, 7Thuare was a steady increass
till tho ripening stage vhaxe the status of crude fibre
was found to be maximmm in all the 25 varieties analysed,
When the fruit started ripening, the crude fibre content
decressed considerably and it was ©00 low in ripened
fruit which ranged from 0,767 to 2,176 per cent, A
perusal of literature did not reveal the status of this
chemical constituent during developgental stages
of banans fruit and its importance in the anthracnose
disease incidence,

There are good mumber of reports stating that the
chemicel constituents of fruit and leaves have a direct
relationship to infection and intensity of development
of Aisease coused by £, glpeosporioldasg, the imperfect
stage of G. gipgulatas Results of the present
investigation also revealcd that the chamical constituents
of banana fruit have high influsnce on the anthracnose
disease incidence and intensity, Among the chemical
constituents tested, reducing sugsr, total sugar,
crude protein and tannin have  rofound influence on the
disease intensity, The reducing sugar and total sugar
have clearly showed a positive correlation as far as the
disease is concerned, But the correlation coefficients
wers found to be aignificant only during threaefourth
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maturity (Table 16), During the early dsvelopmental
stages of banana frult, the sugars were present in

very low amounts and the disease intensity was also very
low in the early stages, The pathogen did not infect
the f£ruit in many varieties, More over even if pathogen
gets mmmmmmtotmmlmmm
these stages of fruit development, At three-fourth
maturity the ovefficients of corfelation between percentage
disaase intensity and reducing sugars and total sugar
(injured) were found to be 0,4559 and 0,4238
respectively (Table 16),

The dealay of tha development of symptoms on fruit
in earlier stages may be due to the fact that the carboe
hydrate: were present in vary amall anounts, During
ripening, hydrolysis of starch occurred leading to formation
of sugars and it was found to be essential for good
symptom sxpression, Uthen the fruit started ripening,
the symptom expression vas rapid in all the 25 varieties
toested and within eight days after inoculation, cent
per cent infection was noticed in rost of the varieties,
By that time, almost all the starch content present in
fruit was converted into sugars and maximum sugay
content was observed at ripening stage, The earlier
wvorkers (Agati, 1932y Toxo, 1932y Wardlaw, 1931y
Damodaran and Ramakrishnean, 1964 and Thakur, 1969) also
observed the samc trend and stated that the pathogen is
more active only when the sugar contents of the fruit are
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The influence of high sugar content on infection by
S. ginoulaks wes also observed on other fruits like apple by
Sittexly and Shay (1960) and High bush blue berxy fruit by
Streteh and Cappellani (1968), They reported that high
infection by §» gingulaty ocours vhen the sugar content 4s
high £n thess fruits, The influence of sugar in leaves
of Grape vine on anthracnose disesse intonsity was observed
by Mohanral gt Al (1972), Thay found that high sugar is
responsible for high disease intensity due %o infestion
(Glecemerium amalguhaiy) «

The inportance of polyphonols in the disease resistance
and suseeptibility is a well eatablished factor in plant
pathologye lifgh polyphercl contents always give recistance
to the plunts especially acainst fumgal pethogens (Wood, 1967).
In banans fruit the tannin coatent wes found & b3 vexy
hich Suring early stages of development and w
decreased during £inal maturity and ripening. 7The samnnin
content has a negative correlation with the disease
intencity in the banana frult, Significant correlation
was obtained mostly in early stages of fruit develspment
wvhen the tannin content was very high (Tsbles 34 and 18)
(Pigure S and 7). The correlation cvefficients for temmin
st one-fourth maturity and half maturity (iajured) were foumd
to be «0,4982 and «0,6758 respectively, The Gorresponding
value at thresefourth meturity (wninjured) was «0U4SW,

At full maturity and ripening stages, the tamia content
was very low and at these stages, fruit vere found




100

to be mora susteptible and development of symptom was
veory raspid, The findings of earlier workers (Cook and
Taubenhaus, 1911, (hakravarty, 1957p Green and Morales,
1967 Raghunathan et al, 1966)8lso showed that high
tannin content adversely affectsd the infection and
spread of anthracnose disease on banana,

However Toro (1922) aid mot get any correlation
batween tannin content of peel of bansna frult and
infection by g, PUSSEUMe High status of tannin was
observed in immature apple frult and at this stage,
the pathogen G.ginoulats oould not infect the fruit
(sitterly and Shay, 1960), Similarly, Cheeran (1974)
obgerved that on tender lesves of Tegtons grendis having
high content of polyphenols during that stage, the
pathogen G, QlOMQSROXioides could not infect, Even if
the pathogen infegts, the symptom expression is observed
only wvhen leaves are matured indicating that the pathogen
will be active only when tamin content is low, The
present study fully supports the earlicr works
(Cook and Tatibenhaus, 1911y Chakravarty, 1957y Green and
Morales, 1967 Raghunathan gt als 19667 Sitterly and
Shay, 19607 and Cheeran, 1974),

In the present study, the crude protein content
of different banana varieties in various stages was found
o have some influence on infection and disease intansity,
In the present investigation it has estatlishcd a negative
correlation and was significant only in early stags of
maturity (Table 15)(Fig, 6)¢ The cosefficient of
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correlation for exrude protein at half maturity stage
was found to be «0.,4033, The available literaturs 4id
not reveal any influsnce of crude protein content of
banana fruit on the infection of ¢, 4lONORDOEiCidNSe
Althouch the chemical constituents like reducing sugars
and total sugars have a positive correlation with the
disease intensity and the tamnin and orude protain
contennts have & negative correlation against anthraonose
disesase, the sum total of all these chemical constitusnts
and their relations and ratios will have more response for
the susoesptibility and resistanee charactars, One
factor alone cannot be taken for determining the relative
susceptibility or resistance, Apesrt from the chemical
constituonts, the anatomical characters of fruit may
also have their own role in infection and disease
intensity, Among the responsible factors on the
influence of disease, the chemicsl constituents play
only a parts Therefore, it is worthewhile % explore
the role of anatomical charascters of fruit along with
chemical constitucnts to £ind out the factors influsncing
the infection and intansity of anthragnose diseese,
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SUMMARY

1+ The sctudy entitled "Varietal screening of banana
against anthracnose disease” weas conducted at the College
of Horticulture, Vellanikkara during 1963=83, The field
studies were conducted at the Banana Research station,
Kannars, The laboratory studies were conducted at the
Department of Plant Pathology, College of iHorticulture,
Vellanikkara, Trichur,

2, The detailed symptomatology of the disease has been
studied i ¥ive and i YASED.

3¢« The pathogen was found ©0 atiack the young Sfmmature
fruit in the field, The iafection usually takes place
at the distal end of the banana fruit and sproads
downvards, The initial symptom was chlorotic speck,
shortly becoming black cireular necrotic sres. In
advanced satages, the infected fruit became blackened,
shrivelled and mumified, Usually the attack of the
pathogen is restricted to few hands but in certain
cases it affocted the whole bunch,

4+ Aftor tho harvest, symptoms appeared as small,
irregular brown ccloured spots eoﬁtmtinq with yellow
skin, which later became dark brown to black in colowr,
These spots enlarged quickly and coslesced and large
patches wvere formed, The entire ffuit: became black in
colour in course of timm,

S5« lone of the varjeties has taken infection at
fmmediately after female phase, Only injwured fruit:
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took infection during ones=fourth and half maturity
stages, At threesfourth and full maturity stages,

the pathogen took infection without injury sleo,

6s At cne-fourth and half maturity stages, the
developnent of the symptom was very slow vhen inoculated
artificially.

7+« The symptom expression at threesfourth and full
maturity stages was very fast and same as in the case of
post harvest symptoms, when tested An vitio.

8, Tha causal agent of the direase was found to be
elictotrichun closomporioddes Pens (Sacc), the tmperfect
stace of Glomeralla singulata (Stonem) Spauld and Shrenk,
9s On PDA, the growth of the pathogen was luxuriant
and large nuwber of acervuli were formed, The
conidiogencus cells vere found to be phialidic, hyaline
and sclitary phialids on loose hyphae were common in
slise cultures, Conidis are enteroblastic, straight
spored and are produced on spex of conidiogenous ecells,
10, Huncrous peritheciz ware found in cld cultures, The
ascl are wmnitunicate, elght egpored, cluavate to cylindrical,
thicken~d at the epex and narrowed at the base,

Ascospores are hyaline, bis erially erranjed, oval to
cylindrical and unicellular,

1le Tventyefive varietlies of banana fruit were screcned
in yitro in different stages of dewelopnent against
anthracnose disease,
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12, Tho varieties showed different degrees of
sunceptibility at various davelemoatu stages of the
fruit, The pooled analysis of the data showed that the
variety Nendra padaththi followed by Palayankodan,
Jurmoni Junthali, Boodids bontha bathees, Peyan,
Kanchikela, Pisang mas and Kapok wvere found to be highly
rasistant,

13, 7The varioties Zanzibar, Adakka kumnan, Klue teparod,
Chinia, Nendran, Venneettu rannan, Koduppilla amnan,
Hybrid sawaei, Poocha kunnan, Red bananz and Bodles
Altafort were found to be resistant to the disease,

14, The varioty Robusta was found to be susceptible,
The varisties Niali poovan, Pizan; 1ilin, Dwarf Cavendish,
Matti and Cros Michel were found to be hichly susceptible,
15, The majcr chemical constituents of banana fruit
vize, reducing sugars, total sugars, starch, crude fibre,
crude protein and tamnin at different stages of twentyw
five varieties were analysed,

16, Minimun content of reducing sujar wes found Quring
female phase and moximum during ripening stage, At
female phase, tho maxinmum reducing sugar content wvas
observed in Dwarf Cavendish (1,412 per cent) and minimum
was in Zanzibor (0,540 per cent), ILuring ripening
stage, the hicheet sucar was present in Palaysnkodan
(13,312 per cent) and lowest wes in Zanwibar (5,608

per cent),
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17, The total sugar content was minimwm at female phase
and maximum was observed at ripening stage, At female
phase, Koduppilla kwnnan contained maximum total sugar
(14659 per cent) and minimus was observed in Nendran
{1,101 per cent), During ripening, highest total sugar
contant was present in Gros Michel (18,580 per cent) and
lovest was found in Zansibar (10,628 per cent),

18, The starch content increased steadily from femele
phase and resched maximum level at full maturity and
it deolined at ripening phase, During full maturity
stage, meximum starch content was observed in Zansibar
(33,215 per cent) and minimum was in Nendrs padaththi
(17,185 per cent),

19, The crude fibre content increased steadily from
female phase and reached highest amount at full maturity
stage, but it declined at ripening stage, The maximus
content of crude f£ibre was obhserved in Nendra padaththi
(19,967 par cent) and least was in Kanchikala (15,129 per
cent) at full maturity stage,

20, Highest crude protein wes noticed at female phase
and minimum was observed st ripening stage, At female
phase, maximun crude protein was obsexved in Boodida bonthe
bathees (3,038 per cent) and lowest were in Gros Michel
(2,948 per cent), During ripening Hybrid sawai contained
maximen crude protein (1,503 per cent) while Kapok
contained mintmm (0,879 per cent),
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21, Haximum content of tammnin was obsexrved in female
phase and minimum was seen in ripening phase, At femule
phase, tennin was highest in Palayankodan (2,532 per cent)
and minimum wvas in Pieang mas (1,594 per cent), During
ummmew:nmmmmmm.m
per cent) and minisam was in Pisang 11lin (0,409 per oemt),

22, 7The biochemical constituents of fruit are having high
influence on infection and apresd of the disears,

234 When the fruit contained maximum tannin content and
minimum reducing sugars and total sugar, the pathogen dia
not infect the fruit: without iajury, At‘ﬂ.pming stage,
maximum eymptom developmant was ocbserved due to high
content of sugars,

24, Reducing sugars and total sugar have & positiwwe
correlation with the disease intensity, The tannin

and crude ;rotein have a negative correlation with the
disease intensity,

25, The sum total of all the chamical constituents

and their ratios and relations will have more response for
susceptibility or resistance t the disecese, |
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ABSIRACT

m-onm and field studies of the "Varietal
screening of banana apgainst anthracnose disease” wvere
at Banana Resesrch Station, Kannara respsctively during
19811983,

In the field, the infection started at the distal end
of the banana fruit end in course of time the infected |
fruit became blackened, shrivelled and sumsified, After
harvest, the symptoms appeared ss srall hrown spots which
enlarged quickly snd coalessoed forming larger natches,
The affected arcss ware covered with orenge to salmoa piak
coloured conidial masses, _

The detsilod morpholeacical stucies of the fungus proved
that the anthrooncee dlsease of banana $s csused by
sellotetrighin slescmaricides Cooko and Massee, the
imperdect stage of Glomatella sipaalata (Stonem) Spaumld
and shremk,

Twanty-£ive varieties of danana fruit were screened
40 vitEo at different stages of development agalnst
enthraenose disooses T™he verlctlies showed Slfferent
degress of suscoptibility at varinus dovelopmantal stages
of the fruit, Ths pooled smalysins of the Gata showed
that the variety Nemdra padutithi followod by Palaysahodan,
Jurcani kunthalg, Boodida bontha bathoes, Peayan, Kenchilela,
Pisang mas and Xepok were found o be highly reaistant,
The varietiss Zanziber, »dakke kummen, Klue teparod, Chinia,



Nendran, Vennosttu mssnan, Kodwpilia kunnan, Hybrid
sawai, Foocha mnan, Red banana and Bodles Altafort were
found to be resistent tc the disease, The variety
Robusta was found €0 be susceptible, The varieties
Njalipoovan, Pisang 11lin, Dwarf Cavendish, Matei and
Gros Michelwsre found to be hichly susceptible,

The major chemical constituants of banana fruit
viz,, reducing sugars, total sugars, starch, crude fibre,
crude protein and teannin at different developmental
stages of twentywfive varieties were analysed, Thas
reducing sugars snd total sugar wers found to increase
steadily from immediately after female phase to ripencd
stage in all the varieties, The starch and crude fibre
contents, though increased steadily wto full maturity,
declined sharply at the ripening stage, The crude protein
and tarmin contents wege maximam at immediately after
female phase but steadily decreased and were minimum at
ripening phase,

There was a significant positive correlation between
reducing sugars, total sugars and per cent disesse intenaity
at theeesfourth maturity, High sugars were responsible
for susceptibility to the Alsease, A significant negative
correlation wes obtained between crude protein and per cant
diseane intensity at half maturitys A significent nsgative
correlation wvas alaso obtained between tamnin and per cemt
disease intensity at ones=fourth and half maturity stages,
High crude protein and high tennin contents were
responsible for resistance o the diseave,
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