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ﬁanana‘is the wmost imgbrtaﬁt £ruit orop in Kerals,

ocoupying an area of over one lakh aores,
i_ This crop, ésranyﬁ'qthgr #r@p; is nusceytihle to a
nuzber Qﬁ’di&em&es\of‘fungél, virai aﬁ& bacterial @iiéiu. of

| the éisesses,,ﬂﬁuﬁéhy tqp”:aaﬁgeﬁ by a'V$rns\is theimoat‘ﬁgg»-

tructive one aifaetiﬂg-hanana/iﬁ %hig State, Next in impor

tence ave the leaf spots caused by a number of fungi,to which
- all thé; varieﬁies of banana ave suscepbible to & lesser or

greater ax§entf:-

One of the interesting features of ail”.ieaf spot

diseases of banena is that they ave gemerally eonfined only to

. thé a1der leaves, irrespective of the vﬁrietyiand age of the -
: glan%a;j?his}éhgn@menon,eeauré iﬁ“ceitaia Qﬁher’ers@afaséwﬂl.-
-Another feature 18 that thaié is a marked VE2£3££¢Q betveen
t§a7'vamig§iaé.iﬁ 'tﬁeir' susceptibility %a‘thesef diﬁeaaes,
:thdugﬁ'nﬁ variety ieleempl@tely lfxee frém: infeqfion. ~ The

‘xeaéaﬂs\qu thgse—ghénamaﬂa a¥e not clearly understood., It
wvae thought likely that the chenieal da&p&aﬁt@aﬁfef the leaves
may to some gx%éﬁ#'infxﬁenaé the suseeptibility of plants to

‘1nfeétisn. ' There ave ample instances to ecupport this assum~

ption. Tamnin, for which banans is well known, has been re-

- porbed to have 'fuugi‘coxté properties against certain fungi.

Qhe G/E'ratiq-of the leaves is also known to influence infec—
tion by fungi. o



y ' ﬁn attempt was, tnerefare, maéle ta etud;v whe’bherA .
some 6£ the éhemical aubs‘bames yresant m ‘banena leavesy
vnamaly, *zamin, sugam, total eambom;vémtas and %tal nitmgeﬁ
: have any :lmﬁueme on the im:wame af ﬁiseaﬁea a:ml on varie~

’ vm. suseeg'hibnzw. -

Qhaugh leat spat éieeases acaur anly en the 91&93 .
leaves,the atage cf ﬁavelapmeﬁt an the leaf aﬁ which iﬂfeetian
o ean take ylace is zmt kno In ‘the caae of Geraaggora musse;
| Stahel (193?) showe& khat cnly ‘the Hwo yaungest lesves wers
- very ausaegtible %o infection and tha eu@eesaive Qléer leaves ‘
,‘bware infeatea 1eas rea&ily. Eut an tha flrat eymptama taak a
H'esnaidarable time to aevalap, the yaung 1eavea apgeare& to be

4quite fzee frﬁm %he disease, aven thcugh they were iﬁfeeted.4 |
‘Xnaculatian exyeriments with g@gﬁ musae were aaﬂe o atudy‘
, mhether thia fungua alaa eauld infeet ysuﬂg leaves and r@main

1&'!:9111; as Ggrccmgom mg g

Bxcept Coxda m, the o%hex fungi vmiizh conmon=
:'ly peccur on banana :m Kerala have not been properly Mentiﬁe&
and simdieﬁ, An attemp‘s was, %herefore, maéie o 1:ist out the
. eammon fungi - tha*b zméux i.n anﬁ &zrcmna 'ﬁm Agrieultuml B@llege,

Vellayani

‘ mring the couxse gf 'the p:maen% ime@tigatim a
leaf s;,mt aauaa& ’by & s;;acies of W wag alsonoticed
| and tieae::ibeﬁ._ Thip disease is new to Indis.
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'REVIEW OF LITERATURE *

Ghemieal,composiﬁiah of the-planté haé-heen known
to influence the incidence of dicesses. While certain cheni-
¢al conatitusnts of the plants sze toxic to the pathogens
athers ‘favour their development and hence resietance and |

susceptibility of plants are often gaverned by these substances,

e Eannin and _Bone. phenelic derivativea of tannin
:present in the cell 8aD, have been considered as important
substances in eheeking the growih of gome fungi. Tannin has
also been reported to inaetivate viruses like Tobacco Mosale

- Virus and Tobacco Ring spot Virus (Thresh 1956). On the other
hand there are also instances about fungl capable of utilising
‘tannin,

Bavendamm (1927) reportFQ ‘that corresion fungi
.were ea@able of utiliaing tannin. A merked feature of the
- tamnin culture waa the fcrmation of faii sized deep brown to
" black halo round and below the mycelium, which he 1nterpreted
ag an indieatian af the alteration of itennins by the funsi.
: Rippel and Keesling (1930} reporte& that Penicillium spp.,
Aspergillug spp.and Citromyces spp. isolated f;om aoil were
able to grow with tanﬁiﬁias the gole source of carbon.
D*Oliveira (193%5) found fhat EndotHella gxgggg a fungus which
infectes the cork iayer of ecork osk, was capable of growing in



media eontaining‘tapnie‘acid upto. 2 concentration of 2.5
per cent. Buf the‘rate of growth was invereely_proportional
to the concéntration of tahﬁic'aéid“initﬁe media. Baens and
Yenko (1936) observed that the activity of Aspersillus niger
and Penicillium glaveum on thévfanﬂing{114§ete extracted from

betelnuts, bark e£;Aéacia‘@eeggrene;merigﬁalié edulis and

Pithecolobiun ‘dilee decreased the taniin content of theé -

extracts,’

l'*veoek“end Taubenhaus‘(19141‘ehowed that éléeéspﬁrium

'mﬁSarﬁm-wasIto“aQMe‘extent resistant to taﬁhiﬁ. The coni&ia
showed complete germination in & 0. 6 per'eent tannin eolution
but would not ‘germinate in higher eenoentrations. They
euggeeted-that_fﬁﬁgei growﬁh‘m&ﬁ eometimes'be‘etimulated‘by
low percentage of tannin, ‘fooid (1940) found from a study
of the tennin in species of'euréant (Ribes)4ehieh=marked1y
aiffered in their suseeptibility o Gronsrtium ribicola that

the quentlties preeent in the cells geve no. measure of their.
relation to the rust. But qualitative dxfferenees were found
‘and nothlng was known regarding them, - Butler and Jones (1961)
reported that it wae hard to get positive evidence of the
asction of tannins. They reported that Fomes ignariug causing
the 'Eeca‘ disease of grape vine penetrated the wood of the
host plant after tannin had accumulated in it. Ybung ones
with 1itt1e tannin content appeared to be immune from the

disease. But if tannin content was increased or if the variety
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wae one ﬁaturally rich in tamnin, infeetion might pursue a

more rapld course.

De villifers (1929) coneluded from the investi-
gatinns“aﬁ kée?ing quality of graﬁeébthat grapes having e
high acidity or temnin content in the eub epldermal layers
were less 1llable to injury from funsi, Walker and ILink
 (1935) found that the presence of protocatechuic acid in red
onions prevented the infeection by Qgﬁggggg‘g;ggggg and
" Solletotrichum eircinans. Barmell and Barnell (1945).ehowéd
that there was nearly four times,as much tonnin in the skin;‘"
as in the flesh of freshly harvested bahanasAandvﬁuring
storage, the amount f£ell in both regions at the phase of
incipieﬁt ripening. They suggested the existence of = cmusal
relationghip betwaén tannin content of the skin and Gloeosporium
infections, since the 'anthracnose’ spotting did not oceur
wntil the tammin poneentratibn vag very low. Johnson and
Sehaal (1952) showgd‘that the preéence of phenols in.certain
potate va?ieties wag & factor for thg rasistance o seab
disease by Streptomyees scabies. Chékravarthi (1957) found'
that the julce of green skin of benans had an imhibivory

effect on the germination of spores of Gloeosnorium mussrum
| poseibly due %o the presence of tannin vhich disappeared to
some exbent as the fruit ripened. PFrom incculation experiments

ghe f@unﬁ that Gloeosnegiuﬁ_@gggggg penetrated the cuticle of



the host by mechanical meens and in the young fruit the geru
tube feméinad in &n inactive condition in the 9uheﬁ$ieu1ar
regiaﬁa until the_fnuit reached & certain state of ripeness.
Then it grew end produced typiecal ‘anthracnose' lesions.

She aleo obeeived that %he-juicé of»the rip§ frﬁit skin way
have some stimulstoxy effeet on conidial germination. Grossman
{1958) raportea that ad&itian ef tennin even‘in very low
ueoneentration coused o marked inhibition of the pectolytic -
activity nf the culture filtrate of & highly pathogenie

strain of Fusarium oxyeporum, f.lycopersici. He further
suggested (1962) that the importanée of oxidised phenols foi
the disease reéistanee'was-based partly on the iﬁactivation
of pectolytic and othex extra—cellular enzymes of the pathogens.
Echandd and Pernandez (1962) reported that the presence of
phenols in coffee plants preventeﬁ inﬁaction by Geratoeggtig
fimbriata. Baruah et.sl. (1%3) reported that polymerised
condensed tannin from Acagls srabies wes to a limited degree
toxie to the spores of ?iricg;arié‘ggxggg. Bordoll et.sl.
(1964) found that polymerised condensed tannin from Casgia
fistuls and Agseia eétgegg wae-fungitoxic-en\the'spore ‘
germination of eallgtgtriéhgg faleatum at higher‘caneentrations.
Mahadeven (1964) reported that the phonol content of the

. cucunbeor varietj’eueeeptible to;g;a&gggggium gﬁggggggggg
inereased upto 48 hours after inoculayion and afterwards

declined with the appearance of symptoms., But the phenols in
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the resistant showed lititle change after'inocﬁlaxion.
Extracts in water and ethanol from the zesiaﬁant'iﬁhibited
fungal growth more than those from the suseeptible, Resi-
stanece was'assgciated with‘deereased gxodueiiaﬁ and activity
of pectinolytic enzymeé and decreased gréwﬁh of the pathogen.,
-ﬁoyer (1964) found ‘that healthy'whité pine tissue contained

~ phenolie substences only in the vacuolee.  But following

" infection by gggggggiggwg;gggg;g;~yhen@la were é@tecte&
histochemically and chromatographically in the e&toplaam and
on the ecell walls. In young leaves, infection caused the
yacuoles %e'fxagmenf althnugh the reiease& phenols &id not
appear to affect the grawth‘ef the paihagen. He éﬁggeeted
that, later ténbplast night collapse énd release the phenols
which are toxiartcfthe.ﬁyeelinm, ?ut the ieacﬁi@n was loeal
and not sufficient %o prevert systemic development of the

_pathogen..

- The nitrogen andréarbonucuntents of the plants
‘also have been'known to influence the susceptibility of

plants to disenses.

-*_Geens'ahd'ﬁletz {1925} found from chemical

- analysis that celery 1eaveslinfected vy cgregsgégg‘gggg and
- Sevtorias zpii contsined a lesser percentage of nitrogen than
healthy leaves. Gassner end Franke (1933) found wide



- variation in théJﬁitéogen contént of dipsased and healthy
lenven of wheat plante infected by leaf rust. The total

) ﬁifrogen content o£ th§ Iear,wag”cqnsidetsﬁ to éxert~aamevv
influence on the'inxectieg by thie fungus, They observed
th&t the alder 13&?9& of wheﬁt plants had lesser nitrogen
_eOntent and were generally, aeveraly infected by leaf ruet.
aanzintzky'e (194@) biochemical studles showeﬂ that leaven
of sugar beet saverely affected by'gg;ggggggg‘gggggggg had
2 lesser content of total soluble and alubuminous nitrogen.
Tani and ﬁaito (1957) found no significaut difference of ‘
nitregen between diseaged anﬂ healthy Hibigcus eseg;entus.
Finkner‘gm.al. (1962) reperted that protein was degraded in
-the,leaves of_sugar beat infected by ,g;gggggra betiga;a_
and éeme of the degraded proteins were. tranelocéted to the
roots, Chakrabarti (1964) reported that there was epparenily
no rélationship with the level of infeetlion by ﬁercgsgara
'ggxggg}and nitrogen content of riee ylant.

Beach (193?) reporteé that roots of normally
felle& trees of tea have a hzgh caz%ohydrate eontent, but
% ¢ they were depleted of atareh before felling by ring bark~\
ing to prevent the passage of oafbohydraten frcm the folisge |
to the roots, they would be lese auﬂceptible ‘G0 Armillaxia
_gg;;gg. Grainger (195@)-repamte& thet ﬁha moat important



factor influencing infection by Hezg;ntg@ggorinmgggggég
causing leaf spot of oate,-ahd;Ehxtggﬁzhgra 'g;gg'

causing late blight of potato wes the tetal earbohydrate .
present in the leaves. He iaund 8 greater carbohydrate 3
content in the diseased planfs than the healthy. Ashworth
(1959) fbund that high sugsr ¢oneentratian in the seedlings
of Persian melon, prediegoseﬁ them to 1nfection by
Hacrophomine phaseoli. Gaumann (1950} euggested 'l:ha'i;
sugeeptibility of pine roots o myeorrhizal fungi increase&
vith increasing sugax content: Damodaran &nd Ramakrishnan

- (1963) observed that Gloeosporium musarum produced small

lesiong with early aporulation in variotiee of banana with
a high reducing augar content, where ag it praduce& largey
leslions with Qelayed aporulation in varieties low in sncrose
content. Subrameniam (1963) observed from & comparisen of
root carbohydrate content of 3 varieties of pigeon pea
suaceptible to Fuaarium wilt that the nosgt susceptible ‘

variety contained e very hzgh anount while the lees auaoepti-

B ble variety'registered a very low amount. When inoculated,

depletion of carbohydzaﬁe with progression of dieease wag
evident in.all the 3 variétieé;

\

Mortimore and Ward (1964) weported thet maige
plants with high.levals‘of'sugars in the pith at meturity
were resistant to root ana stalk rot caused by various fungi
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and bacteria. ?1anxs grown under high populaticn denslities
ana with late defaliatian were pwedisgoeed to etalk rot owing
to the xeﬁuetian in eugaz content whexeas resistance was

‘increased by pwaventing kernsl develoyment.

Eagel and Eeonaré (194@) studied the chemical

‘ ccmpositien ef healthy, ﬁiseaaed and pruaed plants of Beta
yulgaris. Pruning was done to aimulate defoliation csused
by the fungus. Thay’obaerveﬂ that the percentage of sugars
decreased in the diseased piants,~while %he amownt of total
, nitrogen inereaaed;in the roets and crown of the diseased
plants, The xoots and crowns Qf infecteé glants grown in
green hause,and field had high@r soluble nitrogen thaen the
correéponaing pruned and.heaithy glants. Nightingele (1963)‘
found that a relatively low carbohydrate and high nitrogen
content was correlated with susceptibility and the reverse
to resistence to blight by “ggig;§agxlavara,in;apple. Rajan
(1964) believed that ¢/N ratio may be one of the factors
influencing the aﬁec9§tibiiityigf%slder leaves of tapioca’
 and relative resistance of younger ones to infection by
Cercospore henningsii. The younger leaves conté;ned more
nitrogen and less of ﬁotal‘cai%ahydrates while ;he older
ones contained less of total nitrogen and more of. total

carbohydrates. Rangaswamy and Naterajen (1966) reported



13

thet in banena O/N ratio of healthy leaf widened due to
rédﬁctionswin,nitpegen ccntent and inerease in cérbahyarafe
content, with‘age. &heylfauﬁdfthat with fungai infections
‘the 0/N ratio of the 1eaf narrowed down, The diseased
+tisgues eontaineﬁ wore totsl nitrogen than tha healthy
tiesues of diseased leef and of healthy lenf,

Cordena mgggg;ia-tha most predominent organism
occuring on banana in and éround Véllay&ni. The leaf apot
cauged by this organiame was first repsrtea by zimmermann
(19@2) from Java, who nemed 1% as . cg;ego;riéhum._gggg Zimm,

. Von Hehnel (1923) renamed the yathegen as Oordena mugae’
(%imn.) Von Hohn. - In India this fungus was first reported -
by Subrememniam (1957). Tlizabeth (1964) reported this

funpgug from Kerzle and described the symptams,_éorphaiogical :
characters of the fungus, vérieﬁal'suaceptibilifﬁletc-“

»Stahgl (1934) ibund»thaf the fﬁnéua could be easily brought
into culture, Bowever,: the production of conidia wae retarﬁed
and never abundant. Elizabeth (1964) also got similar/rasults.'
Stahel (1934) made a detailed investigation of the entry and
infactibn of bansna leaves by this fungus. When conidia were
-piaceﬂ on living leaf pieces in noist Petri‘&iahes, the fungus
penetrated into the inner tissues af the first young leaf

only. I% reaehed the lower aurface‘in about 3 days, the result
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being a large brown spot. He found that the pathogen:rea&ily
entered the epi&efmis of otherfleavea upto the 13th but the
léyer of laxrge watercells'apnaréﬁfly acted rs é barrier to
‘further penetration, Pleld infection experiments yielded
pimilar resulte thraugh the efféct on the youngest leaf was
lesg evident, In the oldex Ieaves; the contents of infected
epidermal cells beceme yellow, then b:awn and pink, Elizaheth
| (1964 ) reported that the infection hypha penetrated directly
into the young gnd nld.leaf tissues, in maiet(?etri Gisghes.
" Howevey, che jepofted that infééﬁibn'aceurred only on the
lower moet two to‘three«leaveé, when iﬁneulation‘@as‘aoue on

‘potted plants.
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VATERIALS AND METHODS

. _ '?Gﬁﬁfvariétiaﬁ of banana #iz., gpnébagigaﬂ,
Pach ‘aan,wgzgggigggl.and,ggxpégggg.were‘used for tﬁg
estimation offtannin. The varie%ies Eﬁnabanixén ahd
‘.ﬁexgoavan wore used for the eatimation of tetal nitrogen,
: total sugars, crude fibre ané tatal carbahydrate.r The variety ~
vvgggabanizan is econpidered highly ausceptible 10 1eaf diseases
2 whiie the variety Neypoovan is cemyaratively more resietant.

The varieties § ‘sﬁicﬁal and’ Pachenadan are moderately

resistent to the leaf discases (Elizabeth, 1964). The plents.
were grovm in & plot of land ‘under identlcal cultural and

manurial conditions.

Eati ation of molsture,
The percentage of meisture vas aetermineﬂ by

dxging 20 gm of the leaf ssmples ot 395”6 far 6 hours in

a hot air oven. The oven ﬁried leaf material was powdered ﬂ-'

and steféd;in~sep&£ate glass g%0§§ereﬁ containers ineide a

desiceator, for the estimation of nitrogen and crude £ivre.

Hg gmﬁm of,_tenn

- Collection of saﬁpleﬁ for analysis:~ Four plants from each

variety were used for analysiﬁ and 4 samnles were callected

* from different positions of esch plant, ,The top most fully
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opened-lear formed the first eampie, the third leaf from
the top formed to second sample, the Fifth leaf fxom the
top formed the third sample and the bottcm maat graen leéaf

. , . _ /
formed the fourth semple, . ' . : ;

The fixst and second aamnlings were. &one when ‘
the plants were five and seven months old reageotively,
*when they had aeven to eight ful ly'unfolded leaves, About
45 &n of the leaf blade wag cut out and used from the middle .
of each 1eaf. Since the older }eaves were invariably affected
by leaf apote, care was taken %o eut ouﬁ only the healthy
poxrtions frnm.such leaves. They were. immediately put in
pelytheneAbaga and brought %o thellaboratpry. The leaf
material was separately weighed into two, 20 gm lots for
the estimation of tannin and dry ﬁeight-

Tannin estimation was done as per mathuﬁ descri-
bed in A.O,A.c. 1960 and Allen's organic commercial Anslysia
Vols- sl

Reagents_ﬁaedzv

ER Iodine solution, containing 5.2 gm of iodine and 7.6 gm

of potassium iodide pérrlitra. - )

2. 10 per cent sodiwm biearbonste solution {aqueous)
3. Carbon disulphide. - | -
4. Gelatin solubtion—-29 gm of gelatin waé‘aoakéd in saturated
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sa&ium chloride selution ‘for ona hour and then heated until
gelatin éissalved. @hen it was eoolea ‘end diluted.with
saturated sodium ehloride solution %o 1 litre, ‘

: 5. Aeid sodium ehloride aolutiun-975 ml of saturated
sodivm chloride solution was‘acidifieﬁ with 25 ml of con-
centrated sulphuric acid. | I
5. Powdered kaolin. R

, , The leaf material was cut into small bite and |
immediately’ boiled in about 75 wl of distilled water in & |
QSQ:ml beaker_fQIIEQ g;nutes. The salution was decanted

to another 250 ml bééker;. The residua was again boiled for
30 minutes after adding gbout 25 ml of dlstilled water and
the‘extract wae again decanted to the seme beaker. The de-
canted extraots were thenltiltered thxoﬁgh a piéce of

. ‘muslin cloth and the filtrate wag made uptn 160 ml by adding
~amti11ea water. '

| 10 ml of this extract was taken in a 100 mL |
.eéﬁical,flask to vhich 30 ml of 10 per cont sodium bicarbonafe |
vas added. 2*5 mlnsf carbon disulphide was'ad&advaefindicatdr.,
This was titrated againgt stanéardised iodine solution lelad
in a mxcraburette. The lodine solution was added drap by
dropy with constant atirring until a blue colour appearea
The titration wes repeatad “thrice and the aweragé quantity of
iodine solution was calculated,
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Since the leaf extract contains tamnin like
gubstancen elso, in addition to tunnin, the titrabtion was
repeated aftor precipitating tannin. . The precipitation of
tannin was done ag follows. 50 -ml of the extract was mixed
with 50 ml of. acid sodiun ahloride solution, 25 ml of
'gelatin solution and 5 gm of powdered kaelin. Ehe mixture
was shaken for 10 minutes in medhanica1 sheker emd thenm
allowed to ggttle. After settling 1t vas filtered thraugh
Vhatman Ho.I filterpaper. 25 ml of this filtra‘&e, (which

~ is equivalent to 10 ml of leaf extract) was taken in a

coniecal flask and titrated,against 1edine aolution 88 ner .
the method mentioned gbove and the average quantity of
iodine golution required was calculated. Tbe difference
between the first and second litre velues ie. before and
after precipitation of fanniﬁ, wag caloulated in oxder to
Iind’but the volume of 1odine‘saiutian~required o oxidise
tannin in 10'ml of the extract. Frem this.“the gquantity of
tannin present in the leaf was calculated-in terms of tannic
acid (1 ml of 1§din§ solution=1.42 ng of tennic scid).
.ggt;matiag of tgtal'n ' crude fibre end tote:
garbohydrate,

Seven monthe 0ld plante were used for this. Three

‘samples were taken from cach of the 4 plants, from different

positions. The top most fully opened leaf formed the first



semple, the middle leaf formed the second sample and the
Botﬁam,mqgt green leaf formed the third sample. .
| A1l precantione taken in the collgetion of same

plea for the entimation of tannin were taken for this also.

stimation of total nitrosen, .

o Iotal nitrogen ﬁas estimated as per method given
by ?iper (1950). - | | |

e Gna gran. nf the, ovan d:y, gowderad leaf material
wag taken in a 8@6 nl Kjeldahl Flask.  About 10 gm of
peﬁggagum aglphate and 1 gn of copper sulphate were added
to it £ollewe&lpy.25“ml oeroncentrafed suipﬁurielaétd. The
oonten#glwere mixed properly. The flask ?&9 918065 on 8.,
Kjeldahl digestion. stand and heated firzet gently end then
strongly until the. contents became clear.. The_eéntents
were cooled and dfiluted with. about 200 ml of distilled weter.
Few glass beads were put in the glaék and 1t vas then fitted
upon a distillation stand making 21l the necessary connections.
40 ml of Q.1 N sulphuric acid wae taken in a conicel flask %o
whieh 2 drope of methyl red were added as indicator and |
placed underneath the eondenger of dietillation apparatue
s@-that the end of the condenser dipped under the acid.
About 75 ml of 40 per cent sadium hydroxide solution was added
ta the flagk and distllled um;n abﬁu‘t 150 ml of the diatillate
was collected in the conical flask. The excess sulphuric acid -




~was back titrated with 0.1 N sodium hydroxide, From the
volune dflﬂ,j‘ﬂlauiphurie acid required the quantity of
nitrogen yreaant-in,the semple wes found out from the
following factor.

1 ml of normal acld = 0.614 gm of nitrogen.

Eatimetion of ggtal sggggg,
10 gn of the green leaf was cut 1nto small bite

and token in a 250 nl Erlenmeyer flask to which was aﬁded

- 180 ml of distilled water and 20 ml of cancentrated sulphuric
~ acid, The flask was grovideﬁ with a reflex eondenser and the
contents were boiled for 2% hours, cooled and neutra}ieed
&ith_sodium hydroxide. Then it wae filtered through Whatman
¥o.X filter paper into a 250 ml meésuﬁing flask and the volume
was made upto the mark by adding distilled water,

, 10 »1 of Fehling solﬁtion (5ml of 44 5 ml of B)
was meagured into a 150 ml conieal flask, brought to bolling
and the sugar extract was added frsm the burette. Yhen a

_ faint greciyitate wag obgerved 2-3 drops of methylene biue
wera added and the addition of sugar extract was continued

, till the eolour of methylene blue aieappeared. From the
volume of sugar extract required to react with 10 ml of
Fehling‘s solution, the quantity ofntotal sugar present in

each cemple was caloulated,
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Bstimation of crude £ibre,

' 2 gm of dry, powdered leaf maﬁerial wes taken
in'a 250 mi Erlenmyer flagk. About 200 wl of boiling’
sulphurie acid (0.925 per cent by weight) was added to
it end the contents were boiled for 30 minuﬁés“ Then the
- contents were filtered through a muslin cloth supported
in a flutea;funﬁel and the residue was washed free from.

acld with boiling distilled waser.

T

The reaiéue on the muslin cloth was transfezreé |
%o a flask to which 200 ml of hoiling sodium hydrawide
(0.125 per cent by weight) wae added ané the ceﬂtents were
boilied fex 30 mvnutes. Filtratlan was aone a9 above and |
the res;&ue on the muslin cloth was washed f?ee of alkali
by using boiling distilled water. Plnal washing was done
with & small quantity of alcohol,‘ The residue was treng-
ferreé to a silica dish. The last tracea of the residue
were washed down inta the éiah with a fine jet of water,
It was evaparated %o dryness over a water Eath, dried in
a heﬁ air oven at 105°C¢ for about 1@ ﬂinuﬁes, eeoled in

" a desiccatcr and weigﬂeﬁ. Then the resldue was ignited in
a muffle at 600°Q o whlte ash snd the weight of the ash
was taken. The difference between the two wezghts ie.
befexe #né afﬁer ignition gave tbe vezgh of erude fibre
in the sauple.
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@or the estimation of tatal carbohydrates, the
'total sugara and crude fibre eetimateﬁ seyarately wera |

" addeéd ana represented as per cent.

Iaoiétibn'and'vufe'eﬁltufé”affggxﬁgna pugge,

Ieolatian of Gorﬂana musae was made fr@m hité |
of naturally infected banana 1eaves.' They were firet
. washed well with tap water to remcva airt ete. ' Phe inﬁe- '
ction spota were then cut into amall bits of abaﬁtisxﬁ om
széQ'°0n1y spotQKShawing:éarly'stagéé of infection were

used far isalatien. The leaf bits were surface sterillsed
-with 1:1@@0 mercurie chloride solution for one minute and
weshed with 3 changes of sterile distilled water, to rem@ve'
traeee of mercuric chloride. They were—then placed in,
eterile Petri diahes previeusly pauraé with poteto dextrcee
agay medium and incuhated at room temperature. 'When the
Tungus grow%h wag vieible to the naked eye bits of myeelium

were carefully removed fwam the Petri dish by mesng of‘

. sterile inoculation needle and tranefered into P.Duho| glants,

After sporulation,»aingle’spoxe isolations were maede b %he
dilution plate method. The culture of the fungus was maine
tained on P.D.A. elants (Patata 200 gm, dextrose 20 gm,
agar-agar 20 gm, distilled water 1000 ml).

The fungus was also grown on leaf extraqt dextrose

agar medium with the following formule--leaf extract of
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200 gn of fresh leaf; dextrose 20 £ty agarwagér 20 gm

and the volune made upto 1000 n1).

Effeet of %anﬂie acid on the grawth of ¢ g&g gé 3

in culture.

The fungus was grewn 1n pctata d@xtrase agar
ﬂedium containing 0. 125 per cent, 0.250 per cent, 0 50
pér cent, 0.75 per cent and 1Aper centd tannic-aciﬁ. Sinee
| tanniclacid,ge%s.hydralysed by éu%oclavingg 1t was added
" only after sterilisation of the medium. Stiep%omycin ‘
- sulghate at the rate of 30/u gm‘per ml was‘added ‘o the
mediwm to prevenu baeterial contaminationa Media were
goured into 9 em ?yrex Petri dishe@ at the rate of 15=20 ml -
. per dish. Clreular discs of 4 um dlameter were then cut
from a culture of. the fungus grovm in ?etri dish by means
of a sterile cork borer an& placed in the cemtre of each
digh containing solidified medivm and ineuwbated at room
tenperature. Potato dextrose agar medium vias used as
control, Since tannic acid was added vithout sterilisation
there was conbtaminetion by other fungl, To overcome this,
sufficient number of dishes were used for/each treatmen

. to get at leaat 4 dishes Wi%hout cantaminatioﬁ.

 The radial growth of the fungus was measured every

24 hours. The firal observation was toeken on the 15th day
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by which time, the fungus in the potato dextrose agar
mediuwm had neazlyjregehed the edge of the Petri dish,

Germinntion of the qurea of Coxrdans vuspe in different

' substrates, .

| Germination of the épbiés‘of Corde ";;égg wag
teated in dietillea water, " tannic aeid in distilled water
and extraots from' top and bsttom leaves of Enrabggixan
and stnosv_‘ verieties, 'The leaves ‘were kept in the ice
‘compartment of - the refxiéerator for 243vhour3'and_then
_grogné well by means of pestle and mortar, %The erude

axtrect was clari:ied;by-céntrifuging for 15-20 minutes.

’ I1i Sp@re auepenaion waa prepamed in the appropriate
media 80 as ta have 15«20 apares per micrnscopic field when
vieweﬁ under the low powdws. Drops of spore suspension ,
were ylaeed on clean, microscope slides and each.slide vas
4inverted and plaoed over two pleces of glasg rods inside.
Patri dish lined with moistened filter paper. The percen-
tage of apora germinaxion vag reoorded at intervals of 3,
Gy 9 and 12 houre._

. The 1engﬁh'af germ tubes was aleo recorded 6

hours after placing the spores in hanging drops.

The pH of the leaf extracts from top and bottom
leaves of Ennabaniyan and Neypoovan varieties was measured,
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-Inaeqiafgon‘atudies,; _ | )

, ;>Field in§cplé$ions'weie done to efuﬂy whether
young leaves could teke infection. Sgores\reguiredlfdr
Athehinoéﬁlation;wefe obtained by growing the fungus on
‘sterilised hoat leaf tissue.

... . . The inoculations w@;e:dapg,in the gfeni@g.lmﬁo

nethods px(inoeulatiah.wéra tried. In the fixgt‘method

’ .qurgs'from 15 ﬁags;elé culture_on1stgriliqéd'host tissue
_‘yere;géraye&,with & sterile needle ané placed &% different’
-lplages‘onkthg.legflsurfadelap& covéyed with molstened |

~ eotton wool,

iﬁ the second uwethod a heavy apore suSpensibn was
prepered in sterile water and it vas sprayed on both the

surfaces of leaves by means of an atomiser.

. The inoculated leaves were covered with polythene
bags for 48 hours,.arter which they were removed. OComtrol
plahte'were'also given similar treatments‘except‘thaj they
were aprayed with ;ﬁerile water instead of spore suspensions.
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RESULES
Tannin eogﬁant, Sl

‘ " the tannin content of the leaves decreased as

the leaves became elder in bvoth five and seven monthe old
.'planta of 211 ‘the varieties, This wes true on dry as well
as Iresh weight bsses. On dry waigﬁt-ﬁasis the average
ﬁannih éantent of the %op andﬁbnttom 1ea€es was 0.85 pey
cent anﬁ‘D;GB per cent in the éasé*of five nmonths 0ld plents,
vhile it was 0.83 per cent and 0,66 per cent in the case of
seven.months 0ld plantse On fresh weight basis, the average
: tannin cantent of the top and bo%tom leaves was 0,169 per
ceont and O 147 per eent in five months old plauts and 0,174
per cent and 0,161 per cent in seven m@nﬁha old plants, rese
pectively, The difference in tamnin content at different
stages of maturity 6£ leaves, was found %o be significant
(Pable T and Appendices A, B, ¢ & D).

On dry welght basis, the variety Pachanadan had
- the maximun tannin content and the veriety Neypoovan the
minimum, when the planis were five months old. The average

quantity was found to be 0.751 per cent foi Fachanedan and

- 0.708 per cent for Heypooven. No significant difference
was found between the $annin content of the varieties

Pag den and GrosMichel, Grggﬁichgl and ggaaban;gan and
§gg__§gix§g,and [pooven, when the plants were five monthes cld.
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There was no significant difference between the tamin
content of the four %ﬁrietiés, when the plants were seven
.manthanlaA,(Eable I‘and Apyendiees;A and B).

Gn fresh waight baaia the variety 2;,23&9@&3

had the maxirum tannin eontent ana Ennahaﬁixan the miﬁimum
when the plants were heth five and seven monthe eld. The
average quantity waa tbunﬁ %o e 0,165 per cent 1n Pachanadan
and 0. 153 per cent in Ennabani an, when the plants were five
monthe old, vhere as 1t Was 0.171 per cent and @.165 per cent
in seven montha ola plante. There wgs no eigniﬁicant diffe~
ronce between the tannin caﬁten§ of the varieties } ﬁacgggadan
and Grnaﬁichel and gexgaavan anﬁ Ennahggigan in five nonthe

old ylants. In seven monthe old plants the difference between

gachaggdan and Eézncuvan and Engahanixan gnd Grosﬂiehe; was
not signitieant.(wable I and.ﬁppendices G and . B).

The young leaves eontained more mitrogen wkich :
decreaaed gradualiy as the leaves became oia., This was true
for Neynoovan aglwell.as_ﬂnnshanigan varieties. The average
nit#ogentcnntenf was 2.37 per cent and 2,17 per cent in the
toﬁ leaf of‘ﬁegghavan and Ennabanixan»varieties, respectively,
on ﬁry welght basis, while, 1t was only 1.64 per cent aﬁd
1.61 per cent in the bottom leaf of the seme varieties.




Table

T

ggeegtage of. tannin in different verietics on_dry and

gnd fresh s welsht basges

T of. 4 glants}.;

‘Five nonths oldrgl anta

g averase

Average percentage ﬁf tanniﬁ {in terme of tannie acid)

Variety | I IT. oI Iv

Dry TFresh Dry Presh Dry Fresh Dry Freeh

whe | wﬁ. wh, | wtf_ whe whe Wt¢‘ ‘wtc
Neypoovsn 0,77 0,155  0.73 0,156  0.67 0.150 0.66 0.152
Ennebaniyan 0.86 0,173 0.72 0,154 0,68 0.150 0.60 0,135
Pachenadan 0,89 0,176 0,78 0.167 0,72 0.164 0.64 ©0.153
Grosifichel 0.86 0,172 0.75 04163 0,67 0.156 0,62 0.148

Seven monthe old plznts.

Average percentage of tamnin (in terms of tannie agié)
Variety I IT IIT v

Dry Fresh Dry Fresh 3&& Fresh Dry Fresh

Wﬁ. Whe i wt. W whs wt, whe wt.
Neypoovan 0.83 0,177  0.75 0,175 0,70 0.170 0.68 0,160
Enpebaniyan - 0,80 0.172  0.77 0.160 0,70 0,165 0.64 0,158
Pachanaden  0.83 0.178  0.76 0.171 .70 0.169 0.68 0.157
Grosifichiel 0.85 04772 0.75 0.166 0,69 0.164 0,65 0.162

I. Topmost fully openeéi leaf
II. Third leaf from the Sop
ITI, Pifth leaf from the top
iV. Bottommost green leaf.
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On freeh weight bagia,'nitrogen cunfen$ was Tound to be

0.634 pexr cent snd 9;603 per cent in the top leaf of Neypoovan
- and Enuabaniysn varieties respectively while 1t was only

0.463 per cent and G.424»pér cent in the bottom leaf of the
above varietles. The variety Heypooven hed a elightly hig&er
nitrogen content than Ennabantxan (Tables IT and IIn).

_ . On the other hand, the younger leaves of both
varieties contained less of total eugars and total carbo-
hydrates and these constituents increased as the leaeves became
older. Thie was true when calculation vas made both on dry
and freshfﬁeigh% basega

' Phe average total eaxbahydxate content was 50,08
‘per cent and 48,58 per cent in tha'tnp leaf of Neypoovan and
Eﬁnabanigan varieties respectively, on &ry‘weight basis, while
it was 58,66 per cent énd 58,72 per cent‘in the battom.léaf of
the abbve varieties., On fresh weight héﬁis»the'average total
carbohydrate was found to be 11.98 per cent and 11,51 per cent
-in fhe top leaf and 16.17 per cent and 15.355§er cent in the
bottom leef of the varieties Neynoovan and Ennsbaniyen res—
pectively (Table Ix and TIT).

| The carbohydratetnitrogen ratios (C/N ratios) were
1921 and 3611 in top and hottom 1eévas respeétively for bvoth
the verieties, while the C/N ratio of the middle leaf was 2431 ° °




Hae P.D.A. 6412§%'é;é5% 0.508 0758 1
(con- temnic tennic tennic tannie tennic
trol) . acid acld.. acid.- soid. acid

After 72 hra. 15,75 11.50 9,00  6.25 lNo growth No growth

" 96 M 19,00 14.40 .13.12  9.90. 5,00 "
M 120 % 25.75 17.38 15,25 11,75 5.40 .
" 14 Y 28.50 20,50 17.62 14,38 6.02 "
" 168 % 32,00 24,00 20,10 17.25  7.20 "
o192 " 37,00 28,00 23.00 17.50 ;?.89 "

" 216 M 42,75 32.62 26.60 21,25  8.25 "
" 240 % 48,50 36.62 30.25. 24.12.  9.30 "
" o268 % 5575 41.12 33,38 26,90 10.00 "

" 288 " 58.25 44.00 37.25 30,25 10.95 "

MO312 M 62,75 48,12 40.25 32,12 11,80 "

" 336 W 68,75 52.25 44,38 34,38 12.75 "
Y360 B 75,50 56,10 47.12 36,12 13,50 "




and total nitrogen in 'banana leaves.

Eab;g I
Percentage o:i‘ sugars, crude fibre, 'botal carbohydrates

ey weight

Freéx’h weight

K
S R - S
® © B8 Total Crude Total Total Totsl Crude Total Totsl
7 8 @™ osugars fibre carbo- 'N! gugers fibre carbo- 'H' .
& o Ry hydrate hydvate
1 I 21.08 28,80 49.88 2,55 5&4 6,88 11.92 0.620
IX 22,77 29.25 52,02 2,24 6.26 8,02 14,28 0.605
IIT 24,47 '32.30 58,77 1.69 6.82 9.36 16,18 0.471
I 20,70 27.25 47.95 = 2.56 4.92 6,49 11.41 0.619
g 2 IT  21.95 27.50 49.45 2,10 6.06 7.61 13%.67 0.581
- IIT  24.45 32.80 57.25 1.63 6.82 9.15 15.97 0.255
& - I 21,05 20.35 50,40 2,60 5.32  6.45 11,77  0.657
8 3 II  22.77 30410 52.87 2.29 6,37 .7.42 13,79 0.606
= IIT  24.70 34.65 59.35 1,63 7.20 B.96 16.16 0.465
I 22,32 29.75 52.07 2,56 5.77 7.07 12.84 0.660
4 II 24,18 30.40 50.58 2,16 6,85  7.57 14,40 0.600
I 18,99 20.50 48.49 2,54 4.45 6.91 11,36  0.505
| IIT  22.77 35.35 58,12 1.61 5,90 9.21 15.11 0.419
o I 19.81 29.30 49.11 . 2.55 4.75  7.02 11.77  0.611
q 2 IT 21,35 34.20 55.55 2,02 5,54 8.87 14.41 0.524
g - IIT 22,71 '35.50 58.21 1,66 §106 9.47 15,53 0.442
% I 19.48 29,70 49.18 2.57 4.67 T.12 11.79 0.616
& 3 I 19.40 34.45 53.85 2,22 5,05 8,96 14.01 0,578
g -~ IIT  23.75 35.65 59,40 1.58 5,80 9.50 15.30 0.421
- I 19.37 28.15 47.52 2,54 4,52 6.56 11.08 0,502
4 I 21,51 33,15 54.66 2.25 5,54 8,55 14.07 0.571
IIT  23.45 35.70 59.15  1.57 5,94 ° 9.49 15.43 0.216
I Topumost fully opened laaf
I Middle leaf
IIX Bottom most green leaf.



,ngaﬁiﬁaénts,»f

| ; . m I:t:c B ,';f b o II

II1

Dry Fresh Dry frosh  Dry Tresh  Dxy Frosh . ﬁmy Presh

W‘k. wt. ms ’ mg ‘ wtn W‘Bp W’B‘ ' Wﬁ: . 4 t V}ts

Iry Fresh

mt W‘!} -

Bugers |
Crude iiﬁmu,

Total
eafhohgﬂzatse

Potal nitrogen

6/8 zatio

28.79 | 5.26 29.31 6,38 33.99 T.06 - 29.16 4,60 33.83 5.35

21.20 6.2 22.92 7.6 24.6T 9.1 19,42 6,91 20.72 8.70

50.08 11,95 52.25 14.04 58.66 16.17  48.58 1051 54.55 14.05

2.57 0.634 2.20 0,508 1.64 0.463 2,55 0.603 2.17 .0.557
3113 B 245~ 3611 - 19:1 . 2531

35.55  5.9%

23,17 9.42

1,61, 0.424

2631

S !apmest fully apeﬁeﬁ leaf
1. iddle leaf
IXI; Bottom moet green leaf;
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for Neypooven and 2531 for Enmabaniyan. The C/N ratios of
the tvwo vérieties weie'not signifi@antiy'different.while
they were significantly different tn leaves at differenz

~ stages of ma%urity. (mable III and Appendix B)e

G‘rowth aﬁ- tho _fm:gua Soxday
_ 1. Potato dextrose ager,
‘ The fungus grew well on this medium with the pro-

o5 ; 12! 86115 maﬁia.

" duetion of profuse aerial wmycelium, The colony appeared
flufty end cottony white with entire margins. There was no
diffusion of any colour in the medium, The sporulation was

BOOY

2. Leaf ox >t dextrose agor,

| The fingus gréw well in this medium also. ?hé- '
hyphae wefé pertly eubmerged with comparatively lese aerial
growth. The mycelium was ﬁhitieh and aporulation was bettex
then in potato dextroselager. However, there wés‘ﬂo ptafuse
sporulation. o |

Effect of tannlo acid in the_g;awth of Copde
in culture.

The presence of ﬁannie aclid in the mediunm advéraely
affected the growth of the fungus. At concentrations of 0.125
péi cent end 0.25 per cent of taﬁnie'aeid, thevgroﬁ%h.af the
fungus was ia;rly satiafaetoxy.' It produced some growth even
at 0.75 per aent tannic acid concentration. The growth of the




fungus was totally inhibited, when the concentratién of
tannic acid wae one per ecent, in the medium. A brown hale
veg obgerved round and below the colony, when the fungug vag

grown in nmedium containing tamnie acid (Table 5--Fig.1).

Germination of spores of CGordsya pusse in ftannic eeid.

Only 24 per cent of the smpores germinated in 0.03
per cent tannie écid,~while 95 per cent of the spores gorni~
nated in distilled water, by the end of 12 hours, NHo germi-
nation occurred at higher cﬂnaéntraﬁians of tannic aeid,
tried (Table 5),

Germination of spores of Gordans musae in leaf extract,

‘?be spores germinated readily in distilled water
and also in'eoueéntrat&é ahd diluted leaf extrmcts. - But the
percentage of gemmination was lower in conricentrated leaf
extracts. At the end of 12»hbﬁrﬂ, the percentage of germi-
nation in distilled water was 92 per cent, while the percen—

tages of germination were T4 and 76 1n the conceutrated leaf
extracts of top leaf and 79 and 84 i the concentrated leng
extracts of hottom leaf of FYeypoovan and Innabanizan_varietiéé
respectively. There w&s no appreciable difference either
between the varieties or between the top =md bottom leaves,
in the pereentage of germination. Vhen leaf extract was
diluted, the percenﬁage of germination was comparable %o that
of distille& water {Table 7).




m. 1.

Growth of Cordana musae in media containing

tannic acid:

8o P. DA,

b. P.D.A.containing 0,125% tannic acid.
Ce P.DeA.containing 0.250% tannie acid.
d. P.D,A.containing 0.504 tannic acid.
e. P.D.A.containing 0.75% tannic acid.
f. PoDleomtunm 1.00’ tannic aecid.

N4
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Percentage of gormination of spores of Cordana mugae in leaf extract

HNeypoovan Ennabeniyan
Digti- ‘ o 7 '
Time iled Top leaf Bottom leaf Top leaf Bottom leaf
water — ‘ _
1 2 3 1 2 3% 1 2 3 1 2 3
After 29 12 31 33 15 34 35 12 3% 37 16 35 39
% hours _
Aftor 91 52 B84 90 S6 86 93 53 82 87 59 79 91
6 hours
After 92 75 90 94 74 89 93 T0 8 95 79 89 93
9 hours .
After 92 74 90 95 79 91 93 76 91 95 84 91 93
12 hours .

1. Concentrated leaf extract
2. 1 part of leaf extract + 2 paris of waber

v 4



e _in leaf exitracts.

;;uength of: germ: tubes of Cordams u#*f

28 A TR R AT

- The length of germ tubes was sharﬁer in leaf
-extraets than in.diatillea water. Inlboth tha varietiee,
' Ath@ gexm tube attained a greater length in’the aktréet of
bdttom leaf, At the end of 6 hours, the length of gexm
| tube s 6?/u in distilleé matar, 26.4/uAand 2312/u 1n
the concentrated leaf axtraet of top leaf and 34‘3/n and .
30.07/u iﬁ the eencentxateﬂ leaf ex%ract of b@ttam leaf of
:@nnabaniz and ﬁegpoovan varieties, raepeetively. ‘When the -
lvleaf extract was di&utea kdth water, there was stimulation |
 £or $he elongatieﬂ of germ tubes. Vhen one ml of leaf ‘
;extractvwaa.ailutea with four ml of water, the average
length of germ tubes was significantly higher than in water.
I% was observed that‘the gern tubes weré slight1y$ahorter in
the leaf extrsct of Neypoovan than in Bunabeniyen (Tsble )

wha extraat of %op leaf of gggghgggxgg had a pﬁ

of 6, whila that of gggguov it wes 6.5. The bottom leaf
extracts ef these varieties had a pH of 5.9 and 6.4 reepectiu
vely. |

Tnooulation, _
| . PFve éaya after inoculation extrenmely emall, darke
brown specks were ncted on.all the 1nacu1ateﬁ leaves. 3 to
4 apmts developed on leaves aprayeé wxﬁh spore suspension.,
| ‘Hbre number of gpots develaped on leaves inoculated with

eulture can$ain1ng apores.
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Length of gernm tubes‘iﬁdg'after 6 hours

{average of 3 obsertations)
| Pisti- ‘Extreet of  Extract of
Variety 1led . top leaf. - bottom leaf
water. ~
T 2 3 12 5
Neynoovan 67.00 23,20 63.90 97.00 30.07 70.17 95.80
Ennabaniyan  67.00. 26,40 63.00 103.40 34.30 68,60 98,10

Concentrated leaf extract
1 part of leaf extract + 2 parts of water
-l Qo -+ 4 parbts of water



It was observed that developuent of s@ots'on
younger leavesg was much élower‘thén on older leaves. After
one month the spots on the middle leaf (fourth leaf from
the top) and bottom green leaf vhich were the top anﬁ'miﬁéle
léaveg regpectively at the time of inocculetion measured

14 om % 6.7 um and 20-21 mm x 1213 My

. The spota had typleal sonations and were surrounded
by a yellowish vand (Fig.2). Control plants remained healthy.
It was fnrthex observed that the spota beeame larger at 8

fagter rate, as the leaves became still older.



Spots produced by Cordana musae
on artificial inoculation on
young leaf, after one month,




DISCUSSION




DISCUSSION

There is marked variatien in the suaeeptibility
of bananz varieties to infection by lesf spot fungi. vhder
similar environmentsl conditions thezvar;etg Neyvoovan is
highly resistant and thevvariety-nnnabanixan is highly
susceptible. The varieties Paéhanaﬂan and GrosgiMichel are
nmoderately resistent, Under field conditions, the yonngv’ ‘
leaves of all the verieties are apparently free from infe-
ction while ‘the old leaves are infected,

- ¥rom the edtimetion of tannin, it was found thaﬁ
there wae ne appreciable difference between the tannin
content of the resistant variety Neypoovan and the auscepti-
ble variety, Enmsbeniyen. It was also observed thet the
varietylyaehanaggn‘whinh is only‘ﬁédexately'reaiatant-héd a
higher ténnin content than thé\oﬁhar varieties inc¢luding
Heypoovan which ie highly vesistant. The differcnee between
the tennin content of the varieties E@gﬁa@g@gn,andigngggggggga,
~ baving the mazimum end minimum»tanniﬁ contents respectively
wag only 0012 per cent in five months old plante and 0-006
per cent in seven months old plants on frech welght basis.
It wae a&ae_fanné that the topmost Lfully opened leaf of sl}
tﬁe varieties tested had ﬁhe maximnm‘taﬁnin content which gra-
dually decreased with age. 'Qhe_aifference in tannin content
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between the top and bottom leavesn was only 0.022 per cent.
in five months old plents and 0.013 per cent in seven months

old pients on fresh welght basis.

From the above facta, it appeara that tannin is
"not a factor that can be correlated wzth the resigtance of
);‘difterent varieties to leaf diseasea. @he ditferenee between
the young and old leaves is also so narvow thet 1t is aiffi-
eult to*auggést the existence of a relationship between the
‘Yennin content &b different steges of maturity of the leaves
and fungal infections, unless.all the fungl infecting the

‘leaves are sensitive to narrow rangee of tannin concentration,

Cultural studles. with Cordane musse, the predo-
minant érganism‘infeeting bansne in this locality, showed
" that it could grow fairly well in the medium contelning 0.25
per cent tamnic seid and produce some growth even at 0.75 per
cent tamnnic acid coneentiation. A brown haelo was formed around
the colony, when the fungus was grown in medium containing
tennic acid which suggested that the fungus was sble to utilise
small quantities of tamnie acid iﬁ the presence of other _
nutrients. A similar observetion vas made by Bavendamm (1927)
' vho repéxtéﬁ that corromion fungl were capable of utiliging |
ﬁaﬁniﬁ.‘ He fbund thet these fungl produced a fair pized, deep
brovn to black halo around the mycelium, in tannin conteining
nedia and intezyreted this as an indication of the alterations
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ot tamiin by them. Bigpal and Kbealing (1930) repaxteﬁ
that ?enieillium spgg, Aageggixlug spp. and Gitxagxaes sgy.<
-iaolaﬁeﬂ fram sail wera able to grow wiﬁh tannin ae the sele
carbon B0UreeS. ﬁ’ﬁliveira (1935) found that fungus /
Eggg&g;g;;gigxggg, infneting the cork layer af cork oak maa
: capahle of gxnwing in maﬁia can%aining %anaie aeié upta a
'eeneentratian of‘e 5 per cant. Geak anﬁ;waubenhaue (1911)
.ahowed that Glaggggarigg_mgggggm was %e snm@ extent reaiatant
- to tannin, the anidia ahewing eomylate gsrminatiaﬁ in 2 0.6 .
 @92 cent tannin salutica.‘ Butler ana Janea (1@61) xeperted
that grape vane with a highsr tannin gnntent wae nore suseaptin
ble to g@_gg”;gggggmg cauaimg tha ‘Esca‘ diaeaee' |

|  On %he other hand @evillifere (1929) reported the
1nh1bitgry‘e££eat of tannin in grapes against fruit infecting
fungl and Barnell and Barnell {1945) in.banana frulte against

infection by Glogogpnriggln_ggggg

. studies on thﬁ gexminaﬁian ef aparea of ﬁaréana
Amusae shnwaa that in the undiluteé loaf extracﬁa the percann
tage of garminatien and ﬂlso the elangatian of germ tubea A
‘were signifiean%ly 1@55@» than thoge in;aiatilled watex; but
whan the extract was diluteé with distilleﬁ water the per-
centage of gexm@nation a8 well ae elsﬁgatian of gexrm tuhes
werg found to ba‘as good as 1n wat@r, It was further noticed
that éhile thevre was no'&@preeiable difference in the |

A}



percéniaga of s#éié géimiﬁafiah éithé?~betﬁaén iéaf'extraets
of reaistant and suaoentible vaxieties er between the extracts
ef top anﬂ battem 1eavea, the 1ength of germ tubes yrodueed 1n
the extracts of ton leaves was slightly shorter than those
produced in the extracta of battom leaves, mhis showa that
7tbe tannin content. of the. 1eaf aap of euaaeptible and reai-
stant varieties, at aifferent stages ef growth, dnea not
apparently affeet the sgora germination of gordaﬂg e,
Qh&kravarﬁi (1957) faund that the Julce of green skin of bamana |
had an inhibitory effect on the germination of spores of |
Glogosporium mgsaium gossibly due ﬁe the p:eaenée afvtannin.’
‘?his«éffé&t disappe&red'fo some extent;as the fruit ripened,

when the tannin content was ceﬂsiaerah1y~reduceé. -

| The redu@%ian in the lengﬁh of germ tuhes gro&ueed
in the extracts cf younger 1eaves, nay net solelv be due to
the presence of & slightly higher ‘tonnin content of young
| leaves, It is likely that other factors may alsa contribute

to this phenomenon.

4 The anélyeis 6f total nitrogen, t@tal sugars and
totél éarbohydrates of the leaves oi the two'varieﬁiee’ét '
ﬁifferent etagés of growth indicated that these factors could
‘possibiy ﬁe eowmeiateﬁ with aiéease incidence, The youngér
| leavea eontained more of total nitragen, end less of sugars

and total earbohydrates, while the older leaves contained
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less of total uitrogen and more of sugars anﬁ total carbo-
hydratas. Hence 1t appears tham the widening of carhohydrate:
nitrogen xatio (/8 ratio) as the 1eaf m&tures nay be Qne of
the faetors influencing the suaceptibility of olﬂer leaves to
1nfeation by les? spot fungi«

The effect of sugars and total caxbohyarates on‘
infection by fungi has been reported by variaus wnrkera.~
| -‘Grainger (1956) reported that- the most important factcr in~
flueneing 1nfection by H@lm;nthosnog;um gyenae caueing leaf’
apot of oats ana Phxtoghthara esj 8 causing 1ate blight
of potato wag the total earbohydrate pr@sent in the leaves, -
He found & greater earbohydrate content in the diseased
plants then healthy,  Ashworth (1959) found thet hish suger
congentration in the geedlings of Persisn melon predispoced
them to infection by lacrophomina ghageﬁlg. Subraﬁaniém (1963)
repoxrted thet the raots'éf'yigeqn;§éa nost sueceptible to
Fugarium wilt had & very high amount of carbohydrates, while _
the less eusceptibles had a low amount. Rajan (1964) reported
that the younger leavea of tapiooa contained more of total
nitrogen anﬁ less of total carbohydrates anﬂ reducing augara;
while the older ones contained leos of tatai‘nitragan'an¢,mqre
éf'totai carbohydrates and reducing sugars. He believed that
the Q/ﬂ ratio wmay be one of the factors 1nf1uencing the suscepti-

bility of olderx leaves ana relaxive reaiatance of younger ones

to infaection by Qercosnora henningsii. BRangaswemi & Natarajsn



(1966) reported thet in banana the ¢/ zatia of healthy
’ 1@&! widenad due %o reduction in nitragem aanten% and
increase fu carbohyﬁra%e cantent with ags. '

The enalysis fuxther showeé the’ there was no
significant difference in the ¢/N ratios of leypoovan and
’Ennahanggan varieties. Hence the vazﬁeta; susceptibility
lcaul& not be correlated with C/N ratio. Bﬁwever, it vas
- obgerved that %heivaxiety Neynoovan which 1s reaietant had .
a higher toial nitrogen content in tho leaves than the
suseeptihla'varietylﬁnnabanigan.’ @aésnat and Pranke (#935)
observed that the older leaves of wheat plants had lesser -
nitrogen eontent and were‘generally\aeverely infected by
1eaf rust, It is thevefore possible thet the higher total
niﬁragen:aan%ent in the leaves of szgé@van may be one of
the factors contributing %o ite grester vesistance to fungal

'1nfe¢ti0n$, B . o , -

AAmara detailed study of the tat&l nitrugen,
BUZAYS, tatal carbohydrates and.amina aelds in thﬂ leaves
of different verieties at differcnt stages of maturity is
| likely tp,thraw more light on these afipecta. 3tawar&-g§ﬁg1.
‘,(1966) in their étudie@»on the physioleng of banona plants
a8 influenaed by nutritionsl deficiencies renorted the pren
sence of 15 anine seids. Eangaawamy and Natarajen (1966)

»detecﬁeﬁ 13.amina acide in the leaves of a banana variety
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atudied by them. They found that younger leaves' contained

more quantitiea of eystine whiéh deereased.wiih gge and
suggested that this amzno acld may have an inhibitory effect

on fungal myeelium and may bve xesponsible for xesiatance ta

~infection in young lesves, ?apavizas and Davey (1963) sugges-

ted that eystine hed an inhibitory effect on Aphenomyces
causing root rot of peas., A detailed quslitstive and quanti-

tative study of the amino zeids in the young an&’aldileaves

‘{ef_aiffaréﬁtAbanana‘ﬁarieties’would ke necessary for obtain-

ing a cbneiusive eviﬁénce on this aepeet.

Eram artxfiaial inanulatien stu&iea with Cordana

Eus 85 1t was found that young leaves elso toak infection.

. 8tahel (1934) elso got similar resulis, though the effect on

youngeat leaf wes lese evident. Elizabeth (1964) reported

that infection oceurred only on the lower most two o three

‘leaves, when artificial inoculation was done.

The development of spots on the young leaves was
much “slower then in older leaves, It ook about one month
for tﬁa'lesloﬁs on the youngest leaf to beqéme conspicuous,
by Whieh time, 1% had become the fourth leaf from the tep.‘

In nature slso minute infection spota could be observed on the

Ayoung leaves, which took considerable time %o develop into

mafure spots. In this respect Coxrdens musse appeares similar

to Cexcospora musae which according to Stahel (1937) mostly
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infected ﬁhe youngest leaves, But the symptoma took 24 to
27 doys to develop and hence the young leaves nppeered quite

free from the digease.

A narrow C/N ratio, the presence of higher quane
tities‘of‘cyétine in the,yopng 1eavea_§gs~regegted vy
| Rangaswémy‘ana ﬂétérajgn,l1§635 aﬁd prééencé of slightly
highar.qugntitiea of_tannin,_toggtﬁer méy be some of the

gossible faatox$ coatributing-ta the alow deve;opment of

Cordans mugae in the younglléavesa

» It is also probable that the young leaves of banana
may produce certain ahtifungal7coépeun&s‘poet 1n£e§tiona11y ‘
which inhibit the dévéloymenh of the pathogen. Calpouzos
(1962) suggested that the banana leaves might preauee aueh

'antifungal oompounda aince three te four weeks elapee& from
| the tima of penetration to the development cf nature lesions
in the case of mgosph.aem;;a pusicola whereas mature ‘sized
'fungal coloniea were formeé in six to seven days in ¥ vitro.
Further study 13 necessary to establish the nature of the
inhibitnr, it any, nvclve&.



RESULTS - PART I



PART IX

A NOTE ON THE PUNGI OCCURRING ON BANANA

A large number ef diaeaaez caused by fungi have
been roported on banana from different parta of the worlﬁg
In Kersls, almoat,all the varieties of bansna are found
- affected by leaf diseases. Diseases affecting fruits snd
peeudosten are aleo imown to ocour. Iut very litile is
known about the organisms involved. 4n attempt was, there~
fore, made to 1ist out the common fungi that oceur on banasna
in and around the Agriculturel College, Vellayani.

RUsaS (Zimm.) Von thn.

In India, the diseage eauseﬁ by this fungue was
firat reported from Madras by Subramenisem (1957). Elizabeth
(1964)'repsrtea this disease from Kerala. A preliminery
study of the dieeaeg'ﬁaahmadé by her and ske found that the
cultivated varieties of bansna had varying degrees of suscepti-
bility to this disease, QheAfarietiea Gnalipoovan and
Ennabaniyen ere highly susceptible while the variety Neypooven

is'resiatant.

The infegted-leaves‘deﬁelopeﬂ small oval epots
with delicate concentric gonations (¥ig.3) which later on

turned into large, pale brown patches. Brown, septate,



Fige 3 Leaf spot caused by Cordana musae
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conidiophores were produced in large numbers on the under-
gide. Two celled, lightly coloured conidia were produced
singly or in clusters of 4-6 or more, mostly at the nodula~
tions of the conidiophore. Vhen young, conidia were hyaline
and one called (Fig.4).

2. Septoris keralensis,
The leaf spot caused by this fungus was first

recorded from Kerala by Eligabeth (1964), It has not been
reported from anywhere else. From the preliminary study made
by hct.l she reported that the varisty Nendran was highly
susceptible to the disease., However, in the pruon§ studies
the variety Eappa (both red and white types) was found %o
.\uuin maximum damage a\u to the disease (Fig.5). The fungue
produced numerous, extremely minute dark coloured pyenidia,
mostly on the upper side of the infected regions. The pycnidia
contained, hyaline, filiform, straight or slightly curved and

1 to 5 septate nconidia (Pig.6).

3. Macrophoms musse (Cke.) Berl. & Vogl.

Leaf freckle caused by Macrophoma musee was first
reported in India by Butler (1905) and is now known to be
widespread in the banana growing regions of the country. The
disease is also reported to be responsible for the fruit
disease known as "freckle". Only the "lcﬁt freckle" stage

of the disease was observed on the varieties Ennabaniyan,
Pachenadan, Peyan, Honthan ete. in Vellayani area.



Symptoms,
Infections were characterised by the formation of

very large number of pyenidia on the surface of leaves, ren-
dering the surface hard. Pyenidia were formed on both the
surfaces of the leaf., Frequently they were aggregated form-
ing circular, raised, blackish spots (Fig.7). Individual
pycenidia were also present., Vardlaw ({958) reported that
only the older, debilitated leaves were attacked. But, here,
otherwise healthy and green leaves were also found infected.
However, the damage due to the disease was not severe.

lnngng; Pyenidia subconical, partly embedded, shining black.
They are not beaked and thi ostioles are not conspicuous., The
conidia borne inside are densely granuler and oval or irregu-
larly shaped, single celled and with s thick, hyaline

envelope (Fig.8).

lMeasurementa:-

Pyenidia Diameter 69-150/n Average 110 2
Height 69—115/n . % A

Conidia Length 10.4-19.0/u . 19.2 /n

width 6.9—10.4/n " 8.1 /u

The elze and shape of pycnidia and conidia are in agreement
with those reported by Carpenter (1918, 1919). The sperma-
gonia. however, were not observed, slong with Pycnidia as
reported by him, |
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Fige 9 Bunch infection by Gloeosporium musarum
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4. Glecosporium muserum Cke. & Massee.
This ie mainly kmown to cause fruit rot of banana

in storage. Dastur (1916) reported that it may also occur
on immature fruits on plante causing ‘anthracnose'. Accord-
ing to Andal and Seshadri (1965) this disease is widespread
in our country and is known to cause serious damage during
storage and transit of banana bunches,

In Vellayani area the disease was observed during
the monsoon months affecting the bunches of Adakkakannan,
Zeykannon, Yennettumannan, Ennsbaniyen end Vannen varieties.
Young fruits, 2-4 weeks old were found affected, the infe-
ction starting from the distal end and slowly proeooding‘
towards the proximal end (Fig.9). The skin turned black,
the fruits becoming mummified and covered with characteriatic
pink acervuli. In severe cases the entire bunoh was affected,
In certain cases the main stalk of the bunch was also found
affected, characterised by the black discoloration. Occagion-
ally, the pseudostem of mature plants was also found affected
by this fungus. Infection appeared as longitudinal dark
coloured lesions on the pseudostem, under highly humid
conditions. The presence of the fungus was detectadle only
at advanced stages when the pseudsstem broke off, at the point
of infection. Vhen the outer sheaths of such infected plants
were pulled out the infection could be seen to have penetrated
deep into the pseudostem. At times mycelial growth of the

- e &= ~3
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The only report of this fungue causing pseudostenm
infection is that of Chona (1933) from Punjab, who observed
infection of young suckers.

Tungus,
The fungus produced pink acervuli on the fruit

surface. Numerous closely packed conidiophores emerged from
the acervulus on the tip of which conidia were borne. The
spores were exuded in a sticky mase, when moisture was abun-—
dant. The spores were single celled, varying in size and
shape, with a hyaline envelope and granular eytoplesm (Fig.10).

The measurements of spores:-

Average length 13.0 /u
Range 10.4-15.5/u
Average width 5-5/“
Range 44369 p

The measurement of spores agree with those given by Ashby
(1931). Vhen the spores were inoculated on young fruits
after wounding, symptome developed in 6-7 days.

5. Botryodiplodias theobromee Pat,
The pyenidia of a fungus resembling Botryodiplodia
theobromae were observed on the banana fruits along with

Gloeosporium infection.
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Diplodis musae Died., was reported to occur on dead
fruits of benana in lesam, Wardlaw (1961) believed that
Diplodia musae reported from Assam was probably the same organism

as Botryodiplodia theobromase, which is an important parasite
of banana in storage. :

The fungus observed here had the following morpholo-
glcal characters.

Pyecnidia dark coloured, flask shaped, ostiolate with
a beak, almost superficial and densely gregarious with a dia-
meter of 260-320 Joe Immature spores hyaline and one celled;
mature spores 2 celled, darkish brown with longitudinal stria-
tions and measuring (average) 21 x 12 p. (Fig. 11).

The morphological characters of the fungus und-r

- ptudy are identical with that of Botryodiplodia theobromse
and is therefore referred to this species,

6. Leptogphaeria sp.

A leaf spot of bananas not previously reported in
India was observed early in 1966, in the Agricultural College
Parm, Vellsyani. The variety Elavashai was found to be mostly
affected., Infection spots showed the presence of perithecia,

asci and sscospores of a species of Leptospheseria. On further
examinations, pycnidia and spores of a species of Stagonogpors

were also observed in the same spots.
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Symptoms,
The infection started as water soaked, yellow dis-

colouration mostly towards the margin of the lamina., This
gradually became ashy grey in the centre, with a definite dark
brown margin. A characteristie yellow halo could be observed
around the young spots. Fully developed spots were oval to
oblong measuring 10-25 mm in length and 5-15 mm in width, In
severely affected leaves, the spots coalesced forming patches
of diseased regions, eventuslly causing a downward curling of
the leaf margins (Fig.12). The fructifications of the causal
organism could be noticed as extremely minute, pinhead like
protuberances on the upper surface of the infected lesions,
These consisted of pyenidia as well as perithecia.

Ihe causal orgenigm,
The fungus was brought into pure culture on P.D.A.

and the host leaf extract ager medium by single ascospore
isolation. In P.D.A., the colony appeared whitish, gradually
turning brown and in leaf extract agar, it appeared dark grey
with profuse aerial mycelium, Minute, dark coloured fructi-
fications of the fungus appeared in culture in about 12-15
days. These, vwhen examined, were found to be pyenidia, con-
taining spores. Pyenidium wae dark coloured, flask shaped
and provided with definite ostiole. Pyenidiospores were
light yellow, oblong to elongate, 1 to 3 septate (mostly 3
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septate) and with definite constrictions at the septa.
Young spores appeared hyaline and non-septate (Fig.13).

Perithech began to develop, when the cultures
were 2 months old. They were dark brown, spherical to sub-
globose and provided with ostiole. Asei were hyaline, oblong
to eylindrical, stipitate bitunicate, rounded at the top and
containing 8 a'ooupoiOl‘alenged approximately in a biseriate
fashion. Slender, hyaline and filamentations paraphysis were
also present interspersed with aseci. Ascospores yellowish,
3 septate, fusiform, constricted at the septum and almost
pointed at the extremities. The middle cells were slightly
bigger and appeared swollen (Fig.14),

The measurements of the pyenidia, pyenidiospores,
perethecia, asci and ascospores produced on the host as well
as in culture are presented in tables.qg & 10,

Pathogenicity.

The pathogenicity of the fungus was proved by
artificially inoculating the leaves of Elavaghai variety of
banana with young cultures of the fungus. Typical symptoms,
as those observed in nature developed on the leaves, within
7=10 days after inoculation.

Zdentity of the pathogen.

A leaf spot disease of banana was deseribed by

Cooke (1871) who named the causal organism as Hendersonia
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Zable 9
Stagonospora=teasurenents_of pycnidis and pyenidiosnores.

pyenidia | . pyenidiospores

Substrate Dismeter 1n)u ~ Teight inm Bengthfin)u | Width in p
‘Renge  Average Bange  Average Range Aﬁerage Raﬁge , Averagé
Yoot ' 90120 - 102 ‘?05~ﬁ6§ 130 10.4-20.7 158 2,6-4.3 : 3.7
Leaf extract ager 105-165 . 142  120-195 172 10.4-22.4 16,9 2.6-4.3 3.7
, ‘ Table 10 V
&agtesghaeriawﬁeaggggﬁenﬁe'eﬁmggggjhecia agel and ascospores.
?eritheéia. - : Apei ‘ - Ascospores
Diameter . Height Length - vidth Tength width
Substrate Ve B ' Va Ve Ve Y

'Haﬁga-hverage'ﬁange Ave~-  Range Avem Range Ave- Range Ave- Range Ave-~
. rage rage rage rage rage
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to the genus Stagonosvors musae (COke.) Ssce. Stevensen.
(1926) reporsed the occurrence of Leptospheeris musarum
Saec. & Berl., on the leaves of Jusa paradisiacs in Ceylon
and ?oétugeae 8%,Thomas. The morphélogieal eharacﬁerﬂ of
"&ggtogggaexig muéarum Sacc. &iﬁerl.,,giQen by Stevenson
‘(1926)_ére peritheqia 166/u in éiameﬁer; asci'60x10¥12/u
and triséﬁtaté spores, 15=-18 x 5~6/u. |

. Simmonde (193)) noted two species of _ggﬁggg@ggg;@
with 5 end 3 septate spores reanectlvely and observed &
@loae resemblsnce of the latter species %o Leptosphoeria
mggggg@ Sace, & Berl, Stshel {1937) reported the presence
of perithecia of Legﬁesghaaria S ha?ing 4 eelled spores
and Pyenidie of ﬁéndersogia sp. having 4-6 celled spores on
banane leaves. Since both these.spox@-foims gave rise to
‘identicallmycelia in pure culture, he reported that
Lsgtosghaewia ‘sp.and Hendersonia sn. are two stages of the

same sanrophytic fungus,. -

_ ,The_measuraments of the present fungus fall almosi
wlthin the range quoted -for Lentogphaeria musarum»Sacc.& Berl.
Therefore,>baseé on the morphological cﬁaractérs oflthe fungue
and its pathogenicity to banans leaves, it is tentafively
identified ag Legtg@nhaerié nusarym Sace. & Herl.

The spores of Hendersonia are dsrk coloured while

that of Stagenosnora are hyaline, Hendersonia sp. reported
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vy $tahel (1937) produced 4-5 eelleﬁ sp@ms. ﬁtaggmsgom
mueae daaﬁri‘bad by Saecarﬂa (1@64) gwaéuce& hyaline, tri-

- geptate sg@x*es, meaaw:ing 1254 }1 (avemge). !:?ha pyenmial

| stage of 'Eme greaen‘i; fungus on ﬁh@ },eaf ap@*‘s and alse &.n :
culture preéuces hy&line t6'1 s&@tgallow, 13 se:g;«%ate (maatly
3 se;atate) a;;csres measuring 15.2x§.7 /.1 (avemge) :"d: 18
themefam %entative‘w iamﬁm@a as ﬁﬁ@g&@.m mg%
(ﬂwke‘) Smec. . . . .
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| SUMMARY AND CONCTUSIONS

There i considerable variation between the
varieties of banana, in their susceptibility to leat apot
aiaeasee.' But, 1n all the varieties, tha yaung 1eavas are
appg:ggtly free from infection while the oldex onesxare

infected.

. There was 1o apnréeiaﬁ1e differénce in‘tﬁa tannin
' eontents in the leaves ef eusceptible ‘and’ resis%anﬁ varieties
and hence it may not be 23 pasamble factor that eould be
correlated with varietal registance. It is aleo not 1ikely

‘ that the resistance of younger leaves $0 infeetion is due o
the tannin conﬁenﬁ, aince th@ difference between the tannin
content of leaves at different stages of maturity wae very

JNarrowe.

, The analysis of total ﬁitrogen, tc%éi sﬁ%ara and
total carbohydrates of the leaves of two variefies, at
‘different stages of growth showed an inerease in the total
carbohydrate content and a decrease in the to%ai'nitgogen
content ag the leaf became older, thereby resultiné in the
widening of the carbohydrate:nitrogen ratic, The widening
of the C/N ratio colncides with the disease incidence in
" older leaves, pussibly indicating & positive”cnrreiatinn
between the two. There was no signifieantfﬁifferencez

between the C/N ratios of the resietant and sueceptible
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:varietiea. Howover, the rasietaﬁx vériety'ﬁad a aliéh%ly
higher percentage of total nitrogen in the leaves, which
may probably be one of the factore, ‘contributing to its

greater resistance.

w Cordang musae grevw fairly vell on potato dextrese
agar medium containing 0.25 per cent tannic acid and proéuced

': aone grawth even a% 0675 per eent tannic aciﬁ eancentrations.

.. There was No. appreciable differenée between the
percentages of germinaﬁicn of ‘the sporeés of Gardanax*gggg
f:'either in the 1eaf exbtracts of the resistant and susceptible |

Ivarieties or in the extracts of the top ana hottom leaves of
:-them., But the 1ength of germ tubes: preﬂuce& in- the ‘extracts
.iof,togvleaves was slightly ehorter $han those produoed in the

’ extragts.of bvottom leaves,

Tnoculation experimente with Cordana mugse showed

that it could infect even the youngest leaf. Bub tﬁs deve;opé
‘ment of spots on the younger leaves was very slow, typleal
symptoms @ppearing only when such leaves becane él&ér. it is
suggested thet this ney be due 4o the special mutritionsl
requirvenents of the fungus, $0. the presence of eertéin un-
favourable factors like cystine in higher concentrations or

to the praduction of certaln anbifungal compounds, post-

infeetianally, in the young leaves,



Gggﬂgng usae,. & gg; gexa;ensig, Gloeosp
| musaxum and, é@gr@gh@g@ gpeae are the more cammonly eccurr&ng

fungi en haaana in and sround vellayani. A leaf sp@t of
,hanaﬁa, new. te India, caused By 8 speeiea of gegtagghaggig
'was recorded during the eaurse af t&e etuﬁy, Fron tke :

: mar§halﬂgical chaxactera and gaﬁh@p@ﬂieity ta ban&na leavas,
the fungus e %entatively iée@tifiad a8 a@g%esghaegia

. :mngarum gaee,.&‘ﬁara.,and.ita yy@n&éi&& stage a8 Stagangﬁgoéa

musae {Cke.) Sace..
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APPENDICES



Sunm of . <. "P'ratio 'F*' ratio Vhether

Source SAUBTEH . d.f, ?agxanc@ ¢aleula~ from Tables signifi-

: ted(0.05 {(0.05 ~ ecant or

level) 1level)s = not

Total 0,57 63 o .
Variety - 0.02 5. 0,007 3.5% 2,81 Significent
‘Pogition = 0.40 ¢ 3 0.133 65,0t 2,81 - Significant
Position x 0.04 9. 0,004 2,86 2,11 Tot oignifi- .
variety ' ‘ : ecant.,
Error EERT 48  0.002 |

6.9.(0.05 level)=0,032

Variety . Mean.
Heypooven ~ 0.708
Ennabanivan 0.715
Pachanadan 0. 751
Gxosiiehel | 0.725

Hean tennin content in diffe:




Aggendix B

algsis of variance af data in Toble I (Tannin content in seven
months o0ld plantain dry welsht basis)

‘Sum of a.f "P'rvatio 'F' ratio Vhether

Variance

Source sguares. caloula=- from = slgnifi-
. +ed(0,05 Tables cant or
level). (0.05 not
level).
Total 0380 63
Variety (V)  0.005 3 0.0017 0.7 . 2.8 Not signi-
- ) ficant,
Positition (P) 0.250 2 0.0800  32,0%% 2.81 Significant'
PxV 0,005 - 9  0.0006 0.24 2,11 ot signi-
, . . ~ ficant,
Frror 0.120 48 0.002%

 Mean tannin econtent in different positions

Positions , o Hean
I - 0.83
I1X 0.70




Appendix C
Analysis of vexiance of dota in Table T (Tannin content in five months

0lé plants on fresh welcht bagis

Yhether

Sourece S8 d.f, v tpe R ratio
ratio from table signifi-
- cant ox
nos

Total 0.011 63
Variety (V) 0.002 3 0.0007 8,75%* 2.81 Significant
Position (P). ©.004 0.0013 16,25%* 2,81 Significant

. fieant.
Error 0.004 '

- 48

0,00008

Pean tanunin content varieties

Variety Mééﬁ
Heypoovan 0.153_
Emmaebaniyan 0,152
Pachenadan 0.165
grosMichel 0.160

¢.D.(0.05 level)=0.0064

Mean bennin content in different pogitions

Hean,.

Position

1 0.169
1I 0.166

1T 0,155
Iv 0. 147

C.D. (0.05 level) = 0.0062



Aggendix D

is of varisnce of data in Table T (Paund
| months 01& plants_on fresh weis

Source 8.8, d.%, v tpY 'RV patio - Whether
N Co ratio from table signifi-
o cant or
nst

‘Potal - 0.0032 63 :
Verdety (V) 0,0004 3 0,00013 6.5%* 2,81 significent

Poaition (P) 0.0015 3 0.00050 25.0%% 2.81 Significant
PxV 0.0003 8 0.00003 1.5 2,11 Not elgni-
Brror 10,0010 48 0,00002 ":ficanf'
; ?arioty B - Weem, q
Neypooven . 6.0
Ennabaniyen 0,165
pachanadsn T 0T
grosiichel 0,166

CuDe (G 05 level) = G.0032
an tennin content in different po ition

'Fositions ’ &B&ﬁ; .
A | C 0.174
IX , S0,

~III 0167

’ . ' 99161

.D. (0.05 level) = 0.6032



~ Source 8.8 d.f. Variance ‘'P'ratio 'F' ratio Vhether
) ' . : ecalenla~ from . signi-
. ted. tables @ ficant
- (0.05 ° or not
} level)
Total 1225.18 - 23 : o |
Variety (V) . 2,30 1 2,30 - 1,90  4.49 Not signi-
‘ N A A ' . ficant.,
Position (P) .1199.93 3 . 389.98 336.60%% 3,24 Siggifi-
PxV  3.87 3. . 1.29. 109 3,24 Yot oigii-
. » o Lo ficant,
Erroxr ' 19.08 16 119 '

" Meen /N yetios of positions

" Positions ) Mean,
T : 19,28
I | 36419

€.D. (0.05 level) = 1.15 -
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