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INTRODUCTION



I PRODTCTTION

Clove, the dried wopened flower buds Of the tree

Bugenie ceryophyliata L. (Thunb.) is a ouch sought after spice

of coumerce espeeially in the orient. In India apd China
clove was vexry jopuler as o aplce and algo as an ingredient in
gome of the indégenous medicines, Todey Indis is the oecond.
largest consumer of clove, in the world, and the internal
production is far from satisfactory and we are importing clove
te the tune of Hupees two million ennually. |

G&ove is :meomtant ag 6 gpice and in nedicine it is a
sbimulative, antispasnatic and cerninative, Clove oil obbained
by the distillation of flower buds, flower stalks and leaves.
are used in the nanufacture of perfumen, & . soaps, bath salts
cte. ap flavouring agent in medicine and in dentistry, and ag
a clearing ageunt in mlcros"oypy.

The clove tree (Eugenia ceryophylleta) is a tropiecl
end subtropical plant, indigenous 0 the swall velecanic islands
of Ternate, Tidore, Mutir, Makyen end Bachisn in the lMoluecces.
Seversl speeies of Iugenia have got edible frouite. It io an
important crop yielding essential oilg also,

In India it is cultivated in the 8@6.’&65 of Kerala and
Tamil Vedu for the wnopened dried flower buds snd is a very
remunerative cash orop. In recent yeaas there is an ingreaeé
in i‘bé area of cultivation in Kerala and Department of
- fAgriculture is popularising ites cultivation. Txbensive



cultivetion of clove in Kerals résulted in new diseasc
roblens algo. A new leaf diseese of elove is fowd 40 be
prevelent in meny parts neay Trivandrum, Kerala from 1977
onwards. Seedlings and two b0 three year old planbs vere morc
casily affected by this leaf diseases The disease was severe
during July to Septomber, the period coinciding with the
pouth=west monseon, but is prevalent in o mild form j;hreu@zout-
the year. No information is aveilable on this disesge of
 clove plants and the present study wao vndertohen on the
symptonatology of the discase, i&law‘sion; norphology,
pa.{.hogenicity end host range of the cousal organisn, boxin
preoduchion by the organisn and leboratory evaluation of fow
. common fungicides against the pathogen.

. The experinental results obbained ave presonted in
thio dissertation. | | |
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RIVIEY OF LITERATURE

Infection of elove (Bugenia osryophyllate 5.) by
Cylindroclediun quinquesentobun Boedijn gt. Reltsma, was first

reported from Indonesia by Sloof (1941). Iater on Reitema
and Sloof (1930) reported leaf diceases of clove seedlings by
: nauveseptatun and also by Gloeogporium piveratun
Artificial inoculation stwlies eonducted by then indicatod that
£« guingueseptatun was highly pathogenic to clove leaves,
whereas &. pipergtum attacked only plants that had been
nechanically injured or weckened by infection with [
»gizing_ueaeptatum, ‘

Boedijn et Reitame (1950) vecorded C. quinguesentatun
on clove seedlinge in Java., |

Bao (1971) reported . guingquegcpbatun from rubber for
the firet time from Meleya. In India, thio fungus wes reported

on Buealyntus srendis end on teén other specico of Bucolyptus
causing éev,ere foliar denage in forest plantations in Kerela

by Schgal eb gl, (1969; 1975). A leaf rot (leaf spot) discase
of clove in Indie eauged by leinﬁg__aeladiﬁm quingueseptatun

was firgt reported by Sarme end Nambiox (1978)s The di:scase
was obgerved both on geedlings and mature trees, bub more covers

" on geedlinga, During the corly stages of infection, ninube
water-goaked opots appeared a1l over the leaf, Tho spote later
becane neerotic with a chlorotic hale, llature lesions were |
gbout 1 t0 3 mm in diometer and cecasionally hed o oleay wvhitigh
contre. After coalescence the marginal lesions progressed



Invoxd, ezﬁaibiting typléel leaf rot gymptoms. Rotbing also
cppeared from the leaf tip downuward, exbibiting o tip-burn
appearance; which occesionally involved balf of the leaf lamina.
Under high hunid conditions, the necrotic arecas often showed
faint vhitich powdery sporulating magses, noetly on the lover

- pide of the leaf, Leaf rob coused raﬁaiéi defoliation. dpread of
digease in nurocrics was repid Guzing damp weather with inter-
mi?aignt rains. In gevere cased, complete Geféliaﬁion and
gubgeguent death of seedlings occurred., In nmature trecd
gevorely affected branches remsined bare because of heavy
defoliation. In srtificiael inaéul&ti@n_ studies Serma and
Vambiar (1978) found that C. g uiag ueseptatun isolated from
clove wao pathogenic to other plants belonging to the fanily
HMyrtaceae, viZ., Bugenie jembolena, Pimento dioieaz, Ducalypbus

crondis, E. meculate end B. globulus,

A leaf blight diseese of clove caused by the mixed
inféction of C. guinguegepbatum end Colletotrichum capsici
wee reported from South Indie by tilson gb al. (1977). They
fomd that seedlings ac well ag 2 t0 3 year old plants were

affected by the leaf spot and leaf blight during reiny months,
The initial gymptons were nanifested op minube chocolate
coloured Bpobs, usually surrounded by em yellow halo, The
gpots enlarged rapidly under humid condibiong and appoared as
greyich brown lesions, often involving large portiéns of the
leaf lamina. A slight blistening at the infected yegion of the

lcaf lanina was often cvidents Under dry conditions, the



_-kesions were ashy grey in colour. At ‘times, more or less
indistinct concentric zonations were visible on the upper
side of the leaf. The yellow halo generally was not present
around the larger lesions., Most of the infected ;eaves shed
and eventually resulted in the death of the seedlings., Heavy
rainfall and high humid conditions were fowmd to be favourable

~ for the develogment of the disesse. Cylindrocledium csused

dirty brown lesions on the leaves end quletqtrichum'caused
grey spots with éaﬁk brown margins. When these two were
inoculéted together,‘the charaéteris%ic greyish brown to ashy
grey lesions were formed on the infected leaves.

The genus Cylindrocladium was erected by Morgan in

1892 with C. gcoparium as the type speciés. with the following
‘ characters - "Hyphae steriles repentes;. fertiles, erectae,
dicﬁotimice:rémosae& septate, basidia in apice ramorum,
subterns fusoidea, conidia cylindracea, 1 septata". C.

scoparium was found on dead pods of Gleditschia triacanthos L.

The same fungus was reported by Fllis and Everhart (1900)

on dead leaves of Agimine trilobg Dun. They considered it

- a8 an undescribed species of the genus Diplocladium and
described it accordingly as 1. eylindrogporun Ell. & Rvrh.

In 1912 Hawley erechted the genus Candelogpora with the type

s@ecies C. ilicicols growing on deéd~leaves of Ilex aguifolium

L, with the following charvacters - Hyphae steriles repentes,
conidiophoris erectis, septatis, hyalinisg, irregularitus,
ramogis, veleitium simplicitus, supra penicillatiuvm divisis,

conidis singulis in ultimis ramulis ortis, hyalinis, multi



septatis”.
 Pigueiredo snd Nanekajn (1367) recorded Calomectria
guingueseptebs s the pepfect state of Cylindrocladiwm

guingueseptebun for the first time in Bresil, The orgonion

wag lsolated from the leaf gpots on Anona sguemoss, Bugenie

patima, L. jercticormls, end B, cavvorbyllata, The perfeed

state was obbained in old cultwrs and on incculated leaves
kept for 5 %0 G days in bumid chazbar. | _
- Peerally (1972) in OMI descxiptions of pethogerde fungl

‘end bacierio hod given Caloncetzie guinqueseptata Figuciredo

& Nemekais as the perfect sbate of C. quinquegeptabum.
Horphology of the funmig | |
Boedijn end Reitama (1950) mede debteiled studies on she

conparative norphology of Cylindwocladium end Candelospors and

concluded that these two genera are the smue, the only

difference was in tho conidiss which in Cylindrocladium are 4wo
[ ] A

coelled while they ave many celled §in Condelogwora. They peve

&

detailed deseription of C. guir

lwesepbabun hoving the £olloving
charseterg. The comidiophore struchure éoncigted of yrimyg
cecordery and btevtiary sterignete. The ulidimatc brench of
tertlory oherignadte beavs the structurcs-phielides. Conidice
rhores 5 to & /s the primezy Yrenches neesuring 22 to 31 x -
%5 30 5,0 fsm; the secondary 17 t0 21 % 3 %0 3.5 ;o and the
tertiary 15 to 17 x 2 t0 3 pm, the ultinmate brenches bearing
2 %o 4 phielides, 11 50 12 x 2 %0 3 A, the-main exis is

gioud 2 Ao in width, gradually olongabing and beconing somnewhot



- elavabe towards the epex. Tho straight cylindrical conidia

preaﬁce& at the ends, 75 %o 106 x 5 t0 7 s eve provided

with 5 to © (mostly 5) septa. The cultures are tawny turning

to wine orenge, with & uhite cdge, of loose texture, redially

striate through darker fibres end with some indigtinet concen-

tric Zones. |
Peerally (1972) had given the deteils on the morphology

of the fungus o follows. Perithecia superfieial, oval to

elliptical, orange to chestnut » ‘36(}. to 580 Pu high, 300 to

400 o dismeter, perithecial wall roughened by maesses of

- large pseudoparenchymajsous cells, leaving a smooth papillate

63&;5.91?313.; Agel elub shoped, long stalked, hyaline. 8 gpored,

76 to 126 =x 13 to 22 jm, sscospores hyaline, veriously curved,

1 %o 6 septate, mostly 3 septate, 30 to 80 x 4 b0 7 Jimte

Conidioghore brencheg arise laterally from a gbipe; primary

branches non=gepbate or septate, 8.4 to 26.6 fzm long; secondary

and tertiary brenches nongeptate, 115 1o 15.6 jme Phialideo

hyaline, 13.0 to 15.6 o long. Conidia hyaling straight,

cylindrieal, 1 to O septate, usually 5 septate; 0ld conidig

in culture may develop more. then G gepta, 59.8 to 104.6 x

52 t0 '?.o';m in yivo, 728 t0 119.6 x 5.2 to 7.8 mun in yitre.

Sterile filanment ternminates in o narrowly clavate wvesiele 2.5 4o

3.0 B wide., Sobers et g_iz._. (1975) bed given the morphology

of C. guingueseptaten as follows. Ceonidiophores exbibit

prinary, seeondery end tertiary branching having 19.5 50 5041

X 4.7 B0 TaT Fat 1771 to 2442 % 4.1 A“b_o 6.‘5 o and 14.2 %o



231 % 4.1 40 5.9 JiBe regpectively. The phialides arc
reniform with 9.4 40 18.9 % 4.7 4o 7.1 Pl Conidia are 5
septate, 62.6 0 95.2 x 447 50 7.8 fon in measurement. The
nain axis (stipe) of the eonidiophore structure measurcd 126
50 299 X 345 0 6.5 pm uith e clavate vesiele of 20.1 to
384 x 4.1 50 71 JAne

uama end Namblar (1978) noticed the morphology of the
oz'ganism as follous - the eomdiozzhores were mrz.,fgnt. gephate,
occu:cmnb in magses, often on the loyer surface of the leavega,
erising laterally fron a stxpe. They ranged from 110 to
484 An in length axzé 4T 10 945 e in width at the base.
The primary branches measured 1149 0 28,5 % 2.5 40 4.7 /m
and secondary branches 11.9 %o 14.2 X 2.3 60 4.7 /um. Tersiary
branches were rarely observed. Each bremch had 2 to 4
pmalides meamming 9.5 10 2%3.8 x 2.5 t’é 447 ixm ultmt.ely
giving off eonidia. The main gxis of conidiophores becane
sterile thraaﬂs, 187 te 473 /zm in height, which terminated
in a club shaped structure 2.3 t0 4.6 /Jm in width. The
eenidm. ofhen appeared glued together in possen and vere
eylindr:.cal. meaguring 59.5 to 107.1 x 44T 50 T4 ',um with
3 46 5 septa. Conidla with 3 %0 5 gepta, were seen more
fr;equen’sly end nature spéres wéi*e sbtrictly five septate.
| Spores germinated within 4 %o 5 hours in free water on glags
glides incﬁbaﬁed_ in humid pe:*z;x-'i plates at 28 to 30°C. Geormi~
.nétion was seen both from poler end intercelary cells.



Cmmth of the funsmus in culburce
Serme and Nembiar (1978) recorded the growth of the

fungus, Cylindrocladivm guingueseptatun, on potato suerose
agar (¥SA). A fresh culbure on TSA showed light brown and
. fast groving upright hyphaec. Dight day-0ld mature colonies

of the fungus showed deyrk brownich gones slternating with light
brown to yellowish zones radiating from the cenbre. The

outer border was always dull white, subtended by & narrow
yellowish zone, Light brown to cresm coloured ae:ial mycelium
walch loter tummed brown appeared uniformly over the entire

/ colony in the beginning, but later zonase potiterns appeaved.
The back side of the petri plate with a meture colony showed
the zonate pa’c'bé‘rn cleerly, Sceretion of brown pigment was
nobed in ;hhe s@i‘iﬁ and liquid nedis., Sporulation :wsis abundant
on PSA oo compared with ceto eger medium, TFormation of
sclerotin like bodies were noticed in older cultures.

Host _range ‘
Peerally (1972) hed reported that Cylindrocladium

quinguegeptatun could infect Anona, Conellia ginengis,
Bucelyptus, Bugenie ceryophyliate end Hevee. Serma and
- Nembier (1978) condusted the bost range studies of T,

quing uegentatun on & veriety of plants, viz.; Hugenis jambolsns,
Pimenta dioien, Bucalyvbus .@' andis, S. pgoulata end E. globulusg.
Inoculated plents- exhibited the first sympton of water soaked
leaf gpots in about 48 hours. Ieaf rot gymptoms were noticed

| after 4 %0 6 days end sporulation cccurred on the affected
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patches; © 40 8 days after incculation, depending on elimetio
copditionss In Iugenio Jambolena and Piments dioice, the initial

gymptons pharted es uninute water soalked spots which later
coalesced to form ten coloured necrotic patches exhibiting
typical leaf rot symphonms.
Toxin production by the funsus

Toxle effect of the culture filtrate of Cylindrocladium
quingueseptatum, the ceueal orgeniem of secdling hiight of
Eucalyptus hybrid ves denonstrated by Anshosur gt al, (1976)
in Indias, The fungus wes grown in Czepcks®, Rlchards' and
-potato dextrose broths in 25C nl conicel flagks cach containing

100 ol of the 'raspecmve_media. The culture filtrate wns

colleched éepe.z,’atew after 20, 30 and 41 days. Uninoculated

medie served as control. To aosess the toxin production,

healthy cubtinge of Bucalypbus hybrid and Lycopergicon

eseulentug Hill were pleced in culture filtrates in test tubes
(10 ml in each test tubo) separately. IHealthy cubtings placed
in uninoculated media and sterile water served as control.

' Marginal neorosis of leaves, leaf gpots and wilbting

' were the charactericbic synptons observed in both Ducelyphus

end tometo cubbings. Uith 20 day old culture filtrate, wilting

was obperved after 19 hours in Sz_e.,,"geks' nediun vhereas on;y

[ efber 40 heo in Rlchards® and Potato broth. Application of
culture filtrate obtained by growing the orgonien for 41 days
in three different medis, viz., Czapeks', Richserds® and Potato
broth was reported do differ in the toxic effect (Anchosur

‘et al., 1976). Vilting was observed with culture filtrate
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 fron Czepeks' and Richerdo' in 18 hve wiile those of potato

| broth took 41 hrs tec produce the same effcet. The healthy
cubbings of eucalypﬁus and tometo pla,cea in sterile water and h
minaculé.ted solutiong of Richards', Czapeks' and Pohato brot.h‘
renained unaffected, All these prelinminapy studies carvied out
by these ifoxflie:es led then 4o conelude that thig orgenism i
producing some toxic metabolite and the production was
comparatively more in Czapeks' then in 2ichards' and Potato
broth, | | -

Ratznelson and Richardgon (1948) reported that the

culture filtrates of Cylindrocladium aps grown in culture nedia

with acebic acid caused complete wiltihg of strawberry
peedlinga within 3 or 4 days. Froduction of toxic mebtabolites
heg been reported for & nunmber of lsaf gpobt fungi,. Brian

- b al. (1949 1952) found that eltermsric acid produced by

Alternoria golomi prevented the spore germinatlon of the fungua,

Uyrotheciwm verrucaria, at 1 per cent concentration., Iudwig

(1955) observed that the spore gemina’sian of Sclerotinia
frueticola was inhibited byl the toxin produced by E‘Ieltainthck
sporiun sativiem,. Orschanskaya (1960) reported thab the
culture filtrate of,Di;ploﬂia zege inhiblted the gernination of

malze geeds to e considerable oxtend,
Goodman (1960) reported colletotin, a toxin produced by

Co]._letotric}mm fugeun. In this assay, ghoots bearing four

terninal leaves of & topatc seedling 19 exciged and the stem

end of the eut tomato ghoot is placed in & vial containing th
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culture filtrate 0 be tested. \Activity of the texm ig
meagured by mtensitﬁ of the gymptoms. Toxin production
appearcd on the 11th day of incubation and its cffect on tomato
foliage beeamé more intense by the seventeenth ond eighteenth
dayo. |

.Seheffer ead Pringle (1961) reecorded the produchion of
a selective toxin produced by Periconia circinate, the causal
agent of the milo discase of certeln cultivars of Sorghim

vulgare ver, gg%,labreseene (grain sorghum or milo), The
culture filtrates vere collected fron cultures. of various
ages end tested for selective oxic oction sgalnst seedlings
of sorghun varﬁ.'etiéé;,uresistéml end gusceptible to Periconia
civeinata., They elso fownd that toxin production epparently
wag corvelated with pathogenleity end viznienee oi the fungus.
Govindan (.'3-916’;3) noted that metsbolites of Eyricularis
oryzag. inhibited seced germination end plumule elongation of

blast susceptible varietiecs of peddy.

Tuke gt al, (1966) reported the effeets of the patho=
toxin~victorin on the ultra structure of root amd 1eéf tlgoue
of Aveus species. They showed thab victorin ceuses perpesbllity
changes in susceptible cat plants which eventuslly leed to
wilbing. | |

Lekghmanan end Venterpool (1967) reported that phonie
acid produced by Fhoms medicaginis inhibited spore germination
of Penieillivn notetun, Fuserivn eulmorun and Aspezgillug niger
aﬁ 50 ppa'ecﬁcentration. Woite and Sterratt (1967) fownd that
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sinniol produced by Altornarie zinnise inhibited germination

of geeds of zinnia, tomato,; lettuce mia water melons

| Erishnagweny eb al. (1969) incubsted culiures of
- differcnt isolates of Pyriculexis oryzae in Gzépeks* Dox
nedivn for a pericd of 15 dayss to study the toxin production.
Sharme and Sherma (1969) reporbted the toxic metabolite

production by Colletoi:ﬁ.chzm Sioecogporicides causing citrus

. die back in India, They found that the toxin production

gtarted at & days growth and the toxicity iz}creaacd upto g
naximm of 22 deys growth, afber which it declined slowly upto
50 days. Twigs kept in the filtrates chowed nild symptoms in
8; 10 and 12 days 0ld culture, moderate resetion in 16, 20, 26,
. 29 and 30 deys old culturcs and severe gyunptous in 22 and 24
days old.

Kato gt al, (1970) reported Cylindrochlorin as o new
anbiblotic produced by ‘ICylizlﬂroclaéim 8Pe

In 1970, Nerain and Dap reported the toxin production

duzring pathogeﬁeais of Collctotrichum cansiei causing Anthracnose

of chillies. They filtered two types of preparations. Asseying
of both types of filti}atas were done on seed germinebility ond
elst on detached léaves and fruits of chillies.

Vidhyeselkharen b al. (1970) noted that the metabolites
of certéin seed borne fungl caused inhibition of seed germination
ond zoot and shoot clongation in peddy.

Studles conducted by Dulvedl and Singh (1971) on ho

percentage .ogcurrence of rhizosphere nicrogrganisns in the
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. presence of netabolites produced by certain fungl isolated
from the rhizosphere of Sndrogrevhis penieulatbn, revealed that

maximmn inhibitory effeet was exhibited by the mebabolites of

Aspersilius niger followed by that of Botrydiplodis theobrouse.
Rajagopalen (1971) observed that the culture filtrate of

Diplodie natalensis coused congiderable reduction in their

per cent germination of cucunber and snokegourd gseeds. The

per cent spors germination of Gloeosporium psidii end Yegtalobis

peidii was also reduced %0 a great extent by the culbure
filtrate.

Volr and Repalocichman (1973) hed reported the production
- of toxle metabolites by Collebobrichun capsici (Syd). Bubl, &

Bisby and its role in leaf spot diseages of turmeric, The
concentrated toxic netabolite from mycelium (endotoxin) end
that from culture filtrate (ezotoxin) were bicassayed on twmerie
leaves by employing drops of G,GS ml on one half side of the
leaves and lightly pricked under. On the other half of the
saeme leaf sterile vater was used as condrol-and treated in the
sa::ie way. In treatuents with endotoxin and ezetoxinjsolu‘sion,,
vigible alternotions in the inoculated aveas were noted within
4 nwe afber inoculation, The trested areas showed signo of
ncerogis. This necrotic arsa soon enlarged and. within 24 hys
they developed an yellow halo apound the necrotic spot. The
opot found by the exotoxin was smaller in size then that by

endotoxin, but both were similar in appearance.



19

Yang and Yu (1976) obgerved the inducenment of toxie
furéaoterghemme in gweet potato, in regponse t0 infection by

Ceratocystis fimbriata, Fuseriun oxyoporum £. batatas, Diplodia
tubericols ond Altcruaris sp. |

Park e;c; ale (1976) ‘reported the effect of the host
opeecifie ’aom Zron Alternaria Lﬁmemena on the wltra gtructure
of plasmanenbrancs ¢f cells in leaves of dapanese pear; The
fungus produced o host specifie toxin (AK-toxin) which eansed
imadi'ate changeg{ in pérmesbility of suséeptime leal bigssucs.

Posergon (1977) reported the isolation of two toxing
produced by Pyrenovhors teres and their slgnificence in disease
develomment of neb spot bloteh of borley.

Effect of fungicides on Cylindroclediun gninqueseptatun

Anghosur et al. (1977) conducted a laboratory evaluation
of fungicides ageinst C. quinc ucsevtatun, the censal orgZenicm
of seedling blight of HEucelyptus hybrid. The efficacy of 10
fungicides, at threo concentration was investigated by adopting
the poigoned=-food technigue. The fmgicides used were 'But;e,‘r
( :*i@nenyl tin hydroxide)y ‘Baviatin (2=lethoxy carbamyl)~
benzimidezole), Dithane M=45 (Zine ond menganese éthylene
bidithiocarbanate)y Blitox (Copper oxychloride), Zincop (Copper
oxychloride and zineb rixture), Hexaferb (Ferric dimethyl
dithiocarbamate), Dithane =78 (Zinc cthylene bisditbioccarbamate),
Capten (W-trichloro methyl mereapto 4-cyclo hoxene 1,2=
dicarboxinide), Thirun (Petra methyl thirmm disulphide) emd
+ Calixin (N-tridoyl (2—6 dimothyl morpholine), DBavistin end
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.. Calixin wore tested ab 0,050, 0.10 and 0.Z5 whereao other
fungieciden ot 0,15 0.20 end 0,50,

Davistin and thiren ab oll concentrationa end eznferb
st 0,37 concentration conpletely lnhibuted the growth of the

fungus, whercos calixin and Dithane 278 showed least inmhibition

of growth in all the concentrations, Dithone =45 and Blitox
at 0.1 and 0.2 showed lincor inhibition: At 0,37 concen=
tration Dithane 145 ves fousd %o be better then Blitox.
Duter, zimﬁ;a and Capten at 0427 and 0.3} were also found
to glve good inhibltion. Bavistin (0.05%), followed by Thirem
(0.2) 5 Hexaferb (0.31) and Dithane U=45 (0.30) wore fomd
%o be offective fungicldes in the control of seedling bligit
of Mcelyptus hybride

Horot and Doltink (1568) reported thob 8. seoporien
and . floridenum were conplotoly contrelicd by Dupant
fusicide 1991, Ingelnoxd (1971) have reported that Benonyl
peladivn
geoperinun rot of cums.nga rooting wder piot. In 1971,
Yeaver roported thot polscsium nitrste killed niercoelerotia
of Cylindroeladiun flovidenum in artifioislly infcoted soil
incubated at 5, 10 or 20°C. Dotk et sl. (1979) woportod thad
low temporature induces decrsesed germinabillity of
Cyiindrocladivn \cm‘yg:l_a&i@ miorosclorotias

drench could giva c@%*xple*e control of Cyl
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HATERIALS AND METHODS

Syaptomatology

Synptoﬁe of the disease were otudied by obscrving
the naturally infected clove plents ond alse following the
course of develoment of the diseage under arbificial
inoculation,
Igoletion of the pathogen

Clove leaves showing initial stages of infection were
colleeted fﬁqm & plontation at Pattom, Trivandrum District
and used for the isolation of the organism. The infected parts
‘wére cub into small bits, surface shterilized with O, 1 por ce__rit
mercuric chiloride solution for one to two minutes and waghed
in three chenges of sterilised distﬁ.lied waber., These bits
éiezjfé then placed in éterilizea petri dighep previously poured
with Czapeks’® oger medium. The diéhes were then incubated
at roon temperebure (28 + 2°C). After 2 0 3 days, when the
growth of the fungus was visible, mycelial bits were transferred
asepbically to Cgapeks' agar slents. Culbure was purified
by single eonidiwmm igpolation and the stock culture wes
- maintained on slents of Czepeks' sgar and potato dexbrosc
agar at room temperature by periodical subculturing.

Morphology of the funrus

The morphology of the fungus wes otudied by growing

it on Czapcks' oger mediun.



Terfect gbabe of the orgonian

Tor inducing the formasion of perfect state of the

orgenian, cmeldl twigo of 05 B0 1.0 e}:z"cvh‘i.a}snesa were cub into

bitg of 8 to 10 en length from clove (Zugenie caryophyllata L.),
caghev (Anacardiun oecidentale L.) end onona (Anons squamoga L.)

Threc to four of these bite were taken in 250 ml flaoks, 10 ol

distilled water was poured and ghoerilized by au’seélaving at
1.05 kg/emg for 15 minutes. The bark of the twig was slightly
injured before auboclaving end afbter sterilization the bits
were lnoculated by placing actively growing mycelisl bits
containing conidia; of tho fungus on the injured areas.
Inoculated flasks were incubated under lgboratory condition
(28 x 2°C), uwnder completc derlmess, inside leboratory cupboard
and aleo ab 4°C in a ::efrigemmx?. These bite vere cxamined
periodieelly for the presence of any perfeet state of the
OTEOnicm, . | -

Infeeted loaves ab verious steges of disease development
vas exemined periodically for the presénce of the perfeet otate.
Severcly affected stem and bark were also periodically examined
for the presence of porfect state.

Pathogenicity tests

Pathogenicity of i;hé fungug was tesbed by artificially
incculating two year 01d clove secdlings with 7 day old culture
of the fungus. Branches of clove plante in the field were
also inoculsted in the same ways Inoculated plants and branéhes
were covered with polythene bags to naindain @ high percentege
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of humidity. The leaves were surface sterilized by wiping with
cotton dipped in 0.1 per cent mercuric chloride solution and
repentedly washed two to three times with sterilized distilled
vaber. Inoculations werc done with and without injury by
applying thé nyeelicl bit as well as by spraying the spbrc
sugpensione In the cese of spray by spore suspénsion, the
concentration of the s@oré in the -sﬁmy gugpengion was adjusted
10 give approxinately 1;04 per ol of the suspension in sterilized
distilled waber. Using an atomizer the suspengion was spprayed
on the hesth planﬁs and covered with polythene bags for three
days. Controls congisted of clove leavés which were s_mri‘ace‘,.
sterilized, sprayed with sterilized distilled water and
‘covered with polythene begs and maintained under identicel
conditions. Young dejached twigs of elove also were incculated
in the peme mammer under lgboratory conditioms. The inoculated

‘ twigs were covered with bieil. jar lined with noiot cotton.
Suitable controls were also malnbained.

Tnoenlated plants were obaerved for the symptom
/ developent and the obscrvations recordéa?- 6 4o 7 days after
/ inoeulation, |

Host range of the pathogen

| The host vanse of the pathogen was studied by
artificielly inoculeting e total mmber of 16 host plents
iioted out below with culture Bit ag well as by opraying with

she spore sugpengion of the fungus.



A. Inocculation using :L‘-u'l_twe—bit

A1l the 16 test plents were inoculated using the
culture bit of the fungus with end without injury of the host
tissues, both on eut tuwipgs and on standing éxop. The treated
plemé vere coversd with polythene bagé, The obsgeyvations

were recorded 6 t0 8 days after inoculation.

BD. By spraying with the sporc sugpension of the funsug
Conidial suspension of the organism prepered in
sterilized distilled water was spreyed on all the 16 test
planto uged in the sbove cxperiment and covered with polythenc
bags. Observations were token © to B days afber opreyiung.

Thip study was also coxried out on cub twigs and Oon standing

CLODs

Elants uged for host rense study

Conmon mome Dotanleal nane

1. Tapioca - Menihot csculents Crantz.
2, Casghew Anscardiun oocidentals L.
5. Citrus | Cltrus sinensig Osbeck.
4. Guava - Psidiwe guajeva 5.

5. Cherry : Malvhigia punicifolia I,
6. Zucalyptus Enealyptus grendis Mill,
Ts Uutmeg Hyristice fregrans Houtd,
‘8. Clerodendron Clerodendron infoétunatxg_;, Gaexrtn
9. Synedrells Synedrelle nodiflore L.
10, Tmcas - Lucos gonere .Sy:zfeng.}

11+ Croton Croton gperaiflorun llorong.
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12: Ageratam Ageratun conyzoides L.
15. Sida | Sida acuta L. |

14. Euphorbie Hup horbia: hirte L.

15, lfnona Avone gguanoss L.

16. Sapote Achras sapota L,

Grouth and gporulation of the fimsus on diffcrent culbure pedia

A.. Selid wedia

The Pollowiag culiure medis wore uged to study the growth
of éhe fwmgus,. |
1. Poihato dexbrose agex
2, Cmapelig' agar
%. Sebourauvd's ac;ar
4. Ot neal agew
5. GCoon's ggar
6.  Hogt extract egor
T Host extraet dexbrose agar
8. Richards' ager

The composition of the media used are given under
Appendiz I.

The pedia were preparcd and shterilized by autoclaving
at 1.05 Isg/{:me for 15 minutes. It was nelbted end poured im',b
) sterilized petrl dishes ab the rete of 15 wl in each digh and
allowed %o seliéif?“; Circular myeclial discs of 5 ma dlamecter
wepe cub oub by ncauns of a stér;i_.lc corl borer from the oﬁtez'
ec}é:e of 7 day old DA culture of the fungus and placed in the

centre of emch diah. The plates were theéz incubated abt roon
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tenperature (28 » 2°C). Observations were teken when full
growth of the fungus was obbained in any one of the medium
teated.

The following liquid media were used to study the

growth of $ho fanaug

1., Fries' medium

2% Gzépeks' medivm

3. Coon's mediwm

4. Poteto dextrose medium
5. Hicheris’ medium |

Conposition of the medim given undér Appendix I,

Fach nedium wvas prepared end @ou_réd into 250 ml conical
flesle st the Tebte of 30 ml and sterilized by outoclaving et
105 kg/,cma for a period of 15 minutes. Myee}ial. discg of § mm
éimatér were eut oub fronm an actively growing culbture of the
fmgms and inoc:ulétea into the flessks. The flacks were
inoubated et room tempereture (28 & 2°C), After 15 days of
incubation, the culbure wag filtered through previously
wéighea Yhatmen No,1 filter paper end the dry weight of nmycelium
was deternined, For éach treptuent thres replications were
naintained. | ‘ “

Bffect of i on the wradial prowth of the funsug

Cpapeks® broth was prepared end before sterilization

H was adjusted uging a Systronics pi neter. The pH range

was adjusted by eﬁﬁix;g 0.1 ¥ sodivm hydroxide ocr 0.1 I
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hydrochloric acid solutlon, The pd ranges tricd were 5, 44 5, G,
7, 8 and 9. An &liquaf of 30 ml each of the P adjusted

Czapeks' medium was transferred into 250 nl conicel flasgiks and
sterilized Ey autoclaving ab 1.05 kg/cmg for 15 minutes, Three
replicetions were naintained for each treatment, Mycelial

dises of 5 ma dismeter cub out from an achively gﬁowing culture
of the funsus wes inoculated into the flasls. Thay.wéré
ingubated at room témperature (28 £ 2°¢C) for 15 dayc and the
weight of tﬁe nycelial growbth wasg determined,

Growth of the funsus on media incorporated with diffevent oils

1. In golid medis

The fpllawiﬂg olle were used foé~ﬁhe‘study.
1. Clove oil | '
2.. Coconut 0il
Se Hucalyptus oii
4o Gingell&}oil
5. Lemongrage oil

The 'eil wag added inbo Cza@eké' agar nediun, at the
rase of 1 ml per 60 nl of medium snd thoroughly mixed by sheling
foxr 20 minultes in 8 votery shaker. The media.wefe ‘then
pterilized by anﬁociévﬁng at 1.05 kg/gm? for 15 minutea.
After sterilization 15 nl each of the medium wag troncferred
into aﬁérilizea petri disbes and allowed %0 solidify. Hyceliagl
diges of 5 mm Qiameteor were cut out from an gebively growing
culture of the Pungus end pleced in the centre of each dish,

Controles were algo run simultanecusly using normgl Czapeks'



agar pedium without any oll., The Qetri dishes were incubated
'at.room temperature (28 + 2°C) and observations on the radial
crowth were bteken on the third day of inoculation.

2. In liquid media

The effect of the sbove oils were tested in Czapeks’
broth also. The concentration of the verioug oils added wag
the same ag agbove. OSuitable céntrola consighing of sterilized
. Czapeks' broth without any olls were also mamtained « The
flagks were incubated ab room tenmpergture, AfLer 15 days
incubation abt room temperature (28 r 2°C), the nycelial growth
was filtered end the dry weight of the mycelium was debermined.
Eroduction of toxin by the pathogen

A preliminsry study on the production of toxin by the
pathogen was conduched, |

A. Iffect of various media on toxin production.

fhe following iiquid medis were used to aosess their
comparakive merits in supporting the production of toxie
metabolltes by she pathogen. | |
1. Host extract medium
2. Host extract dextrose mediwm
3. Richards' medium
4. Tries’ mediun ‘
5. Czapcks' mediun
6. Coon's medium
Composition of the media given in Appendix I,

Each mediun was prepared and teken in 250 ml conical
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| flasks at the rate of 30 nl and sterilized by eutoclaving at .
1.05 1:g/cm2 for 15 nminutes, The median was inogulated with 5 mn
diemeter disc of 7 dag‘vold gi*bw’r,h of the fungus on Czapeks' agar
mediwm. For cach treatment three replicationg were used. The
flagks were then incubated at roon teuperature (28 * 2°C), After
15 days of incubetion, the culture was filtered through Whetosn
‘No.1 filber poper. The comparative toxic achiviiy of cach of
the filtrabe wos studied by the following bioaagey technigue.
Bioagsay using hoot leaf: '

~ Gle{re leaves of wiforn age ‘were collected and placcd
ingide sbterilized petri dishes lined with noist cottone. On one
half of the lesves 0.05 ml of the culture filtrate was placed
and slightly pricked through the solubion. On the other half of
the same leaf gberilized wvabter wes spplied in the sane manner
which served as control; The dishes were incubated at leboratory
tenperature and observations ucre recorded after 72 hours and
expresged in four grades according 40 the necrotic avea produced
on each leaf,

‘B, Ixo and fndo toxin production

The fungus wes grown on liguid Czapeks' nedium for a
period of 15 days at room temperabure and the myecelisl grouth
. was filbered through a previously weighed Vhatman Ho.1 Lilter
DADCT, The mycelium homogenised in a lHomogeniger (Braun) by
edding 5 times itg.weight of water (w/v), This bomogenized

mycelimm was cenbrifuged at 1000 rpn for 15 minubtes. The super—

netant solution was teken and the pellets discexded and again
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Ceentrifused at 1000 2y for 15 opinubes. The oupernasoant ofter
aeeond centrifugaﬁ ion woo used ag 'endotoxin' and the culiure
filtzate used ag ‘exo toxin', These two test solutions (cndo

toxin and exo toxin) were sscoyed using clove leavel.

C. ZPropertics of the toxin prevarvabions

(1) ZIhyeical nropertieg

{a) 3Ffect of headting whe culbure filirate and nyecelial extroch
onn lesion production -

The effect of tenpevature on the activity of the boxie
me%*qbolite (both endo toxin.and e:xc toxin prepared as deosciibed
cbowo ) were studied by the following method. Hlve ml each of

the tegt solutions (exe toxin and ordo 'ﬁOA;..‘.'};.) were baien la
teat tubes and anboclaved at 1.05 g/ w fox 15 minubes. 1in
another set § 2l sach of the toxin preparation was bolied in a
chbivities of theee

yaser bath for 15 mi o3, The hoxic

i

differand ?}weﬂw&mu_ﬁ wvere bioassayed oan the alove leaves DY
nlacing 0,05 ol of the test golutions on the sueface or the
leaves and olizghtly priched thwough the solution. Uninoculated
broth and sterile waber served as eem',:eal’. The leaves uverec
ingcubabed in pebrd. dishes lmm with melgd cotton fox 485 hourg
and atter thet the observotions were toiien.

(L) fect of dilution and gterilisation of the preparation
on lesion produchion

Culture filvrabte used in the gbove Lesh was used oo the
test solution for thig puwrposc. One pard of this culture

filtrate wan sterilised by satoclaving at 1.09 Yzﬁ/cr for

\ 15 ninutes. Hn qliqu.ot of the sterilized ond wasterilized
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solutiong were diluted four times ‘iwv volume with gterilized
vater in oxder to reduce the eoneeniratien of the toxin %o
ene-fourth of the original strengbh; The toxic avbivity

of' the solubions were agsayed using the host leaf as deseribed

above,

(i) piologicel properties

(&) Zranslocation of the tozin

Actively growing young tuigs of eucalyptus (Bucalyptus

frandig Hill), cashew (Anocerdivm occidentale L.), tepioca

(Maniholt esculenta Srantz,) and clove (Bugenia eavyorhyllete T.)

were debached and used in the gvudy. Tulgs were dipped in the
tozin golution taken in 100 ml conical flaske at the rate of
SO mi per flapk by Just dipping the cub ends, The twlg was
Eép‘e in position using cotbon plug end the whole thing was
covered with bell jar lined with moist cobton wool and
incubated under laboratory condition (Temperature 28+ 2°C),
-A11 the cuttings wove meinteined wider identical conditions..
{/’ (/i:emyerature 28+2°C). Scparate conivols were hep’c. with
regpectlve winoculated nedia anﬂ gterile water. Oaservatioxm
vore recowded at an interval of 24 hours after the treatmczzt»

(b) ©Dffcet of culture filtrase on the germination of
fun;al 8pores

In this study, the fungus wos grown on Czapeks' broth
for 15 days and the culture filtrate was usecd. The offect of

culture filtrate on the spore germination of Colletobriclun

glogcosporioides end Cupvulevis op. was investigated.
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Spores were collected from 10 day old culbures of the fungl
‘and ppove Buspensions were prepered in the test solution. The
concentrasion of -ﬁhe gporée guspensiong was odjusted to -104'
spores per il of the molution., A omall guantity -~ .05 ol of
' the spore suspension was placed on elean, gresse-free sterile
plage slide wvhich was kept in petri dishes lined with molsh
cotbon wool. Controls kept consisted of spore suspensions
prepared in the broth arnd sterilized water and naintained in
the sane mevmer. All the dishes were incubated at room
tenperature (28 # 2°C). Observations were taken 48 hours
afber incubotion. The mmber of conidis gerpinaeted wes cownted
from 10 randon microsao;pic i‘iolﬂa mnder low power of the nicro-

seope, and per cent inhibition wes calculoted.

/ (¢) IEffect of culture filtrate and mycelial extract on
clove leaves of different mauuriﬁ,y

Thig study was conduchted by using the exo and cndo
toxin preporations .af-ter growing the fungus in Czapcks' broth
for 15 days at leboragtory temperature. '

. Theece stages of growth of the alove leaves, Viza.,
(1) tendeor (2) helf nature (3) moture were collected, surface
s%eriliz.ed and kepb in noist chambers, The test selution was
epplied on the leaves at the rate of 0.05 nl and they were
slightly pricked, Leénves treated in the sane manncr with the
broth end sterilized water were kept ao control and were
imubzitea at room temperabure (28 * 2°C), Observations were

tak,én 72 hours afber incubation,
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- B¥nluation of fumzicides sgeinot the pathomen
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The following fungicides at different concentrations

wero used for laboratory evaluation againgd the pathogen,

Tangicide

Bavisgtin

Daconil-2787.

Difolatan

Dithane M=45

Tytolan

iildothane

Ravral

Thiride

Active_;mgredient

2(nethoxy-carbanyl)=
benzinidazole

Tetrachlonisophthalonitrife

éis~ﬁé(1~1—2 tetrachloro=-

'cthylthia)~4ééﬁélahexene

1,2=dicarboxinide
ine ion and manganese
ethylene bisditbicecarbamate

Copper oxyebloride
2P

Thiophonate=nethyl (1,2=
bis(3 nethoxy earbomyle2-
thioureido) benzene)
3=(5,5 dichloro phenyl)t-
iso propyl carbamgyl
hydantoin

Tetra nethyl thiupam
disulphide

Concen~
tragtion used
Ao

2504 500,
1000

1600, 2000
5000

1060, 2000,
3000

1090, 2000y
3000

- 1000, 2000,

3000
500, 10004
2000

500, 1000,
2000

1000, 2000,
3000
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1. Inhibition of gpore germination of the fungus on pglass slides

Conidia collected from 12 day old culture of the fungus
‘@rawn in Czapeks® mediun wos uwsed, Spore suspension weg
prepercd in sterile digbtilled weter. The concentradion of the
gpore cuspension was adjusted to 104 per nl, The required
concentretion of the fungicidal golutions ﬁere prepaved in obterile
dightilled wabter. An aliquot of 0,05 nl of the fungicidal
aolutioﬁ and 0.05 ml of the spore suspension were placed on
sterile eleen, groase-froc glagss slides end mixed well. The
slides were kept in moist chambers in such a way that a henging
drop is forrped with the sporekeusyension and fungicidal golubion.
Obzervations wvere token at intervals of one, three, siz, nine
end tuelve aays”afﬁer-incubabian and the per cent of inhibition

of gpore germination by each fungieide wag deternined.

2. Iphibition of growth of the fungus - poigoned food techaigue

(a) On so0lid medium
 The 'hoigoned food technique' deseribed by Zentuyer

(1955) was adopted in ordex to stuvdy the effect of different
£ungici&es on the grouth of the fungus, Welghed out the required
quantity of each of the fungicide anﬁ.aﬂ&eﬁ e S0 nl of
sterilised Ozepeks' agar nedium o g;ve'thﬁ requlred concen~
t:a&ion, nixed well and poured i;ﬁg gterile pebri dishes ab

the rate of 15 nl per dish. ﬁfter éolidifiea&ion, the dishes
wgre‘inoculamed by nycelial diges of b mm diemeter cub out fron
an aekively growing colony of the fungus. Controls conpisted of

unemended Crepeks® eger mediun inoculated in the same way. ALl
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the dlghes were incubated at room temperature (28 * 2°C)a

‘Obgerved daily for the growth of the fungus and observations

were baken when the growth was completely covered the plates in
the control. Per cenbt inhibition of growbh over eontrol wos

calculated by using the formula,

Per cent inhibition = C-T % 100

C .
Yhere ¢ . = radizl growth in control
T = radial growth in treatoend

(b) In liquid medium
The effect of fungicides on the growth of the fungus
in liguld nediun was studieds The reauired guantity of fungicides

were weighed oud in 250 nl conical flasks containing 50 ml

, N : ,
. sterilized Csapek8' broth. They were mized well. The medium

was inoculated with 5 nm diameber myceligl discs cub out fron
an ectively groving culture of the fungus, The flapks were
incubated ab room temperature (28 * 2°C). Controls were also

maintained using unsmended Czapeks' broth inoewlated with the

. myeelial disc. Observations were talken on the /15.th.day of

 incubotion. Cultures were filtered through proviously weighed

Whatnen Wo,1 filter paper and the mycelial mat driecd at 65°Cy
t111 o constant weight was obtained. Per cent inhibition of
growth over control, on dry weight basis, was calculated by
the following formula,

Yor cent inhibition of growth = C=T =z 100
¢

tlhere € = dxy wéight of mycelium in control

T = dry welght of myceliun in treatnent
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%, Dffcct of immorsing culture discs in fungicidal solution
on the viebility of Cyiindroeladivm guinqueseptatun

The method followed by Sahel (1969) was adopted for this
otudy. The fungicidel gpolutions at the required concentrations
werc prepared in 50 ml sterile distilled water conbained in 250 =l
conical flagks. iviycelial diges of 5 mm digmeter were cut out
fror the acbively growing culture of the fungus grown on Czapeks'
agar nediun were imnersed ia the fungicidal solutions. After
adding the mycelial disce the {lasks were r@téﬁeﬁ periodically,
A% inbervalg of 30 minutes, 1 hour, 2 hours end 24 hours the
diges vere removed from the fungicidal solution, rinsed in sterile
‘waber end pleced on Czapeks® ager medium in petri diches, Dishes
were then incubsted ab room temperature (28 + 2°C), Three
replicabions vere run for esch treatment with guliable controls.
Gbsémtions on the growth of the fungus were recorded at 24

and 48 hours after incubation.

Statisbical analysig

Data relating to different exporiments were analysed
ptatigtically following the methods of Snedecor and Cochran (1967).
‘T Sest was carpied oubt by anelysis of variance method and
sigificent results were compared by workiag oub the crisicel

difference,
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EXPERIMENTAL RESULTS
1. Swptonatology |

The leaf blight dicease of clove initiated as ninute
brown Spobs on the upper surface of the leaves. ihen fully
' pature they devcloped greyish white centre with distinet,
well defined brown morging and meesuring 2.85 to 4.85 mm in
ai;-ameizer,j The nunmber of Spots on each leef waried from 10
0 15. The epobs developed on all perts of the leaf lamina.
Several cuch spobs coalcsced forming lexrge brown patches.
Leaves of all stages of growth, both young and old were found
%0 be cquaelly susceptible to infection, In young ieavesa;

" dowmwerd rolling of the leaf morging were also noticeds In
the edvanced Stages of infecbion; the opote developed all over
anﬁ e@m@}-eﬁély covered the gurface of- the lamina. A the spoto
grew older, the colour changed %o dark brown (Plate TABIn
severe cages, Arying of twige was also nobiced. Leaves of
the infected twigs becane brown end eventually dried up.

The lcaf blighting and shedding occurred in well
 edvanced ghages of the dlsease. Dxanination of the infected
leaves and | twigs rovealed the prescnce of asexusl fruckification
of the fungus. |

During thig investigation a mixed infeetion of
Cylindrociadium guingweseptatws and Collctotrichum eapaici
conning leai‘ blight of clove was also observeds The indtial

sypptons memifested as minute chocolagte coloured spots
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usually surrounded by en yellow balo, The gpots cnlavged
ropidly Guring humid conditions and appeaved as greyich brown
lesions invelving lerge arces of the leaf. Blictering at +the
infected region of the leaf lemina wes evident, Under dry
corditionsy the lesloms were ashy grey in colour. At tinem
nore or less indistinct concentric zonations were wvigible
on the upper side of he lesion, Host of the infocted leaves -
abscenced and eventu:ally a nunber of geedlings died off,
Over 50 per cent infection vas nobticed in ﬁhe affected
gardeng,
Igointion of the pothogen

The caugal orgenism, Cylindrocladimm quinqueseptatun,
was isolated from the tissucs of infected leaves,; brought into

pure culture and mainbained on Czapeks' end potato dextrose

agai' plants after purification by single opore isclation.

Horphology of the causal orgenism

Table 1 gives the mérphology of the ca:dsai orgenian
in detail.j

'Ieiyceiim was fouwnd £o be seétate,- bighly branched anﬂ
’ hya-iine + Conidiophores wéz*e geptate, brenched, arise laterally
ﬁem a gbipe. Goméia were found to be produced om a broon
ghaped atructire consisted of primary, secondary end terbiery
' st;éri@;aata. Prinary sterigmata sepiabte, ranged from 10.20
to 21,66 amy secondexy and tér’bia‘ry sterignata nonsephate and
measured 12.45 $0 19,50 am and 9435 to 13.13 mm in length
respectively. The tips of the tertiary sterigmata end ia



Table 1. Horpbelogy of the causal organimm Cylindrocledium quinguegeptetum

Hyeeliun

- Phialides

Conidia

St erile

Prinary Secondery Tertiary

sterignata eterigmets sterignata filement
Septate, highly Septate Non= Non~ Hyaline Hyaline, The main oxis
branched epd 10.20 to gepbate sepbate T30 %0 straight of the
hyaline, 21.66 PR 12.45 %o 9.15 %o 1545 }'Jl,m with conidiophore
Conidiophore 19,50 Y 14{:30-}1&1 rounded structure
branches arise ~ -’ ' endc. conbinued %o
laterally from 1 b0 5. grow +to form
a obipee or b the sterile
Conidia vere sepbate ‘filament,
found $o be usuelly wvhich terni-
preduced on & . 5 . rated in &
broom shaped - geptate. narrowly
gtructure %644 S0 - clavate
congigted of 29.0 ® - abracture
PLinery., 4.0 te (vesicle)
secondary and - Ta0 o having 15,30 =
tertiary e 15.60 % 75 =
sterignota. - Bel2 /u-m
The tipas of ‘
the teriticry > :
plterignate
end in poall
phialides.
Chlanydogpores
vere formed
with browm

cells in chaing
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encll phialides, vhich noasured 7,80 0 25,48 an in legthy
on uwnich the conldia were borne (Fig.ie)s Conidie were hyaline,
gbralght, cylindrical wvith the rmmae& enis and 1 40 6 usually
5 septate end meagured 3644 40390 X 4.0 to ‘7.{3 JB in size
(Fig,1b). The main axis of the conidiophore atruchture

' cantinue& to grow end formed the storile filament, which
terninated in e nerrowly clavate structure which meesured
15:39 # 15,60 £ Te5 ©08,23 /_*Am' in oize. OChlomydosporecs were
formed in chaing as thick brown cells (Plate 2). Baged on
thé .above morphologipal features, the fungus was identificd
as C;;lindrccladim quinquesepbatun Boedijn & Reitaua,

rerfect shtate of the prgahim

The perfect state of the fungusy viz., Calonectria

quinqueseptata was cbtained from the twigs of eclove, caschew

and anona wien incculated with the gpore sugpension and culture
bits of the orpganien and incubabed st mbomtory conditiong
(Pavle 2). To perithecial stebe could be obitained from the
infected twigs vhen Lept ab dark, inside laboratory cupboard
and at 4°Cs It ves found to be produced only on twigs which
were kept at laboratory condition,
| Perithecia superficial, ovel to elliptical, orange %o
chestunt, 320 £,450 An high 237 0363 pn dlenctor.
Perithecial wall ig rougheneds Asel are club sghaped, long
gstalked; hyaline (Pig.2a). The éscesz}cres were hyaling,
variously curyed, irréesulexly crowdéﬂ.;, fusoid , faintly bent,
1 %o 5 septate,; mostly 3 or 4 ceptate measured 21.0 0 20,0 2



Teble 2, Morphological cheracters of Cylindruclediun guinguesentatum -

Perfoct stape -

Peritheeis

dzci

Ascazpores

Yerithecia. superficial,
oval to ellipticel,
orange o chegtmut
520!450/um.high.
257=383. v dlaneber
perithegial wall

is roughencd

Club shaped
long stalked
hyaline

Hyeline variously curved,

irregolerly crowded, fusolid,
f2irly bent 1 to 5 sephaba,
nogtly 5 or 4 sceptate meagured
21,0 50 206.0 % 4.0 %o 6.0}&2
in gize.

).©
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440 %0 6.0 Jm in slze (Flg.2b, Plate 3).
Pathogenicity tesha A

Artificiel inocculations revealed that the fungus could
infect clove leaves of all stages éf‘ growth, The organicn
wag found: 0 infect hoth uninjurefl and injured leaves. Dub

when injured, the spréad of the disease was found 0 be nore
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'rapid ,(i.:'able 3)e Uninjured young leaves were. nore gugeepbible

than anin,mred mtuz;e leavos. ‘Buccessful infection wag
'6b’dained when inoculated with 'sfspor.é smopension ag well ag by
cultm‘e bits of the :organisni. The gymptong produded in both
cacaes'ware found %0 be iaéntical t0 thome produced under
natural conditions, The initisl SyRpLONS were noticsable
within 3 b0 4 days after inmoculation, bub it ook 6 Lo 7 days
t0 produce the typical smptomé,_, ehm*acteriatié of natural
infectiong,. |
Hogh remge of the pathog@ ‘
A Inoculstion uging culbuve bit

A fobal number of 16 hosts incculabed with oulture bit
oif‘ the fungus showed that nll of then were izgf‘ectea and
Sympbong pro;iizceé within 4 %0 5 days after inoculstion. 'It..

wag noticed ” that injury of the tinsues waé a pre-yeguisito

for i;he succesaful development of gymphon expression in the
cage of mature tiseues. Intensity of infection varicd with
+the age o’i’- the tissue algo. Inju:r_'ed yomg leaves were found
40 be more susceptible than injuré@ mature en.eé.i, Hoat range

studles were carried out using the spore sugpension algo, in
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Table 3. Pathogenicity of Sylindvocladium guingueseptatun

Method of inoculation

aﬁsérvaticns eifter 10 days |

of leaves incubation , _
' Injured Uninjured
leaves 1eaves
1. Inoculated with
culture bit on the
standing erop b 4
2+ Inocoulated with
culture bit on cub
-{;wigg LT S
3¢ Inoculated with ppore
gugpengion on chtanding )
crOP 44—4*:!'.' Y
4« Spere suspension '
sprayed on cut ‘twigs xasls +e
5. Control ~ Sproyed with
sterilized distilled
water - -
- o gymptons
AL Smell minute spots
wre pota enlarged in size and spread
+ete Spote enlarged and coalesced with adjacent

smt,so :
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standing crop ag vell as on cut twigs with and without injury.
Symptons obtained on cub twigs and on standing ¢rop were umore

or less similar.

Papioca (Mehihot esculenta)

~.’.S:;mptoms appeered on the third day of indeulabtion s a
. blighted area on the pupface of the leaves which soon btumed
ashy groy end profuse while mycelial growth of the fungus wag
also oboerved on the affected leaf surfece. Infoction sproad
rapidly and covered gbout two {;hirﬁ of the leaf area., A
ganeral chlorosis of ths plant was- aleo 'ebaervea es a result
of infection (Plate 4A).
Cashew (Anscerdium oceidentols)

Infection initiated on the third day of inoculation as
gnall browvn opecks vhieh goon enleavged, The spobs varied in
gice, meaguring 2,5 to 4.0 mn in dlancter. Thege ‘s;éote; goon
coslesced giving o blighted appesvsnce of the affected ovens
Infeetion extended to the leaf stalk also resulting in
defoliation. Twig drying wes olso noticed: On the infectod
tulga brown lesiong with distinet mavging were ocbgerved. |
Hhitis’h mycelial gmﬁ;th was cbgerved over the infected portions
(Plate 4B). ’

Citzus (Citrus sinensis)

Neerotic area was observed on the fourth day around the
inoculated region, which extended to two=third of the leaf

surfece, Infected portion turned dark brown in colour, Thick
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vhibtiah growth of the mycelium was obeerved on the wnder
su:z*face of the leaveo. )

Guava (& ‘sa.an.un @ga va)

Symptons were noticed on the next day of inoeulation,
Blighted areas were obaerved on the leaf surface which goon
eovered three=fourth of the lemina, Shedding of infeched

leaves within a fow deys was also observed,

Cherry (Malphigial muaicifolia)

Spall browm spots appeared on the leaves exbending to
larg e arean ..vmg ratehy browm appearance, Infcoctlons developed
on the thiwxd &ay of mﬁaulatmn and defolmti,on oceurred on
the sixth day.

Fucalyptus {Zucalyptus @ ndig)

Symptons appeared on the third day of insculation as
black necrotic areéa;. Infected young leaves rolled downward.

. Thiek white myeelim-,- wag obscryved aw the under su_rface of the
leaves. Defolistion was also observed (Plate 40).
Nutmeg (lyriskica frarrans)

Blighted neerotic areas on the leaves vere initiabed
within three to four days which lé‘be,r on ealarsed and exbended
to aboubt two~third of the leaf area (Plats 4D),

Clerodendron (Clerodendron infortunatun)

" Symphoms developed on the fourth day of i_noculation ag
dark brown blighted neerotlc peich which leter extends %o the

wholc leaf surfaze, Shot hole gymptong were algo observed.



Piate 45, Dueslyptus leaf artificially inoculatod in
, ihe culture bit of Cylimdrocledivm
guinqueseptatum.

' Plate 4D, Fuatmez leaf inoculated with culture bit
| | < of Cyiindrocledium guinguesepbabum.







infection spread rapidly resulting in aefoliation,
Synedrella (Syn cdrella nodiflora)

Davlc browm spots appeared on the leaf gsurface whiech
1ater conlesced with o blighted eppesrance: An yellowish

f@em Kalo wao algo observed around the blighted portion.

Tncas (Luces aspers)

Small brown necrobic avens surpounded by yellouw holos
were developed atb firot. This ncerobie patches coalegced and

laver extended 40 the uhole leaf,

Croton (Croton spawsiflorug)

Synphoms Sterted 2o smpll brown necrotic specks on the
leaf surfoce. These specka enlarged in size and colour turned
%o block. Deaves beeonc blighted end lost the turgidity.

Ageratun (Lgergtun conyzoides)

Drown necrotic sreas vere developed on the leaf surfece
by fourth dsy of inoculation. Around-the necrotic area, oa
vellovigh green halo was 0@@@1@36 « Alter one weel, the
necrotic poprticng turned black ond dried up.

Side (8iga rhombifalia)

Daxrl: colouwred necroi;ir; arcag developed around the
incenlobed portion by the fourth day of inoculation. ITater
this ncerobic ares exbended and covercd the whole lamine,
thitlick nycelial grouth observed on the upper surface of the

leeves.  Severcly infected leaves defoliated,
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Buphorbia (Bupkorbie hirta)

Synptong developed on the fifth day of inoculation as
small brown necrotic spots. These neerotic aveas ineressed in
size and covered nearly the entire lemina. Severely infecthed
aveas turned davk brown in colour.

Anona (Anone sguemoss)

Infection initiated within five days of inceulation as
blighted brown necrokic areas. This blighting soon extended
ond reached all over the leaf avea.

Sapota (Achraes sapots)

-Infection sterted on the fourth day of inoculation as
brown rotted areas vhich later turned black in colour. Robtting
exbtended and covered the whole leaf, and the peverely infected
leaves defoliated.

B. By soraying with the spore suspension of the funcus
Soparate lots of all the plants were gprayed with the
apore suspension also. ALl the hogt plants sprayed geve posi-ti"ve
results and thé gynptoms were identical to those described
above. In this case also injury of the host tissues wag
found t0 be a pre~requisite for the development of symptom.
- Expression of gympbton was observed on all hosts, ten 0 juclve
days of spraying. . |
Growth end sporulation of the fungus on different culbure medig
A. B0lid nmedia | :
The effect of different solid media 6:1 the growth of

the pathoge;x was studied. Czapeks® agar, potato dextrose agar,
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Saboureud®s ager, oat nesl agar, Coon's agar, host oxtrach
ager, host exbract dcxirose agar end Richards' ager were uoedy
The mean radial gmwbﬁ and the growth chavacters of the
orgeniem in diffevent media are presented in Igble 4a. The
vesuits of the atwldy revealed that potato dextrose agar was
found to be the best medium for its growth followed by Coon's
agar and ezaﬁél‘:s" aoa (Fz,g.':”s»ﬁ) + Good gporulation also was
obtained on potako <aextéose agar, Czapcks' ager end Coon's
eYarzh o8 |
Analysis of the dabta revenled that potato dextrose
agor vas aignificantly superior 0 .9.11 other nmedia uged
(Appendiz I1)s
Bs Diquid melis .
0f the five diffevent liquid modia used, meximum dry
wéi@.t of +the myceliun was obtained on pobato dextrose brothy
followed by Czapeks®, Fries' and Richords' media, Coom's
broth ivas found 0 be & poor substzate for the growth of the
fungus. On all the medin growth sterted on the third day of
inoculation (Table 4b, .App_enaix TI1). ‘
Iffect_of pH on the radial prowth of the fungue
| Among seven dlfforent pH levels testeéd ranging from
3 %¢ 9 on the growhkh of the fungus, maxim dry weigat of
Dyceliun wag obtained at pH 9 fo‘&iﬁ#ea by p2 7 and p01 8
(Table 5). It io found that oo the pH decreases (Lrom 6 40 3)

the nycelial dry weight was also found o be decreasing.
The optimum pH wange for the growthk of the fungus was found



" Teble 4a. Growth end gporulation of

% 2cplications)(Solid)

C. auinqueseptatnm on Gifferent culture media (Average of

Sl.

A ‘iieﬁ-im Nesn colony Colony chamcterg
No« dismeter in mn
1. Potrato de’xtrasé: 9000 Cottony whitish grey mycelliun ab the edges and
agay : the renaining part brown with enbdire nargins.
o Good aporulation. Concentric zonmes observed.
2 Sabourend's agor o 48&‘5 Cottony white myecliun, gporalation moderate.
e Czapeks® agar 65 «33 Myeeliun white at the edges and the remaining
. axrt brown between loawvny end zinc orguge. vomne
' indiotinet concentric zones odbacrved, good
S _ sporulation.
4o Oatmeal agor 10,5% Greyish white nycelium nmingled with brown colour,
: fair sporulshion.
5e Coon's agar 66«67 Cottony white mycelium on the edges, brown
between Yowny and ochraccous tawny rodially
striate with concentric zones, good sporulation.
Ge Hoot exbract agar 2733 Growth was very thin, grey, uwhite to brown colour,
I - meagre gporulation.
Te Host exfract dextrose 26..00 Papery vhite to brown mycelium, fair sporulation.
agar _’ : :
B Richards' agar 17,70 Cottony vhite mycelimn with enbire margin, fair

agporulation

GV

A~
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Table 4b. Grouth of the fungus on different culture pedia (3iguid).

No.

Hedium

*Dry wei@zt' of Cultum}.. characters
Bycelim in ng '
1 Czapdk's mediunm 402,50 Cottony white myceliunm which covered the smrfacc
or brotn 0f the nedium. The nediun durned dark brown in
colour within one week. Good gporustion. o
2 Frica' medium 38750 Initially cottony white nyeeliun on the surface
and dark brown on the unider surface of the flagk.
Liguid turned to daxk browm and falr sporulation.
3 Coon's mediun 168.50 liyoelium popery white in colour, nediwm turned
t0 brown and gporulation ocourved.
4 Potato dextrose 564,00 Abundent cottony white mycelial growth. Hediuvm
nedimm turped derk browun to red in colour. The nyecelial
nat burned into o herd shtructure. Lxcellent
sporulation. . - .
5 e Mchards® nedivm 25100 Papery white to cobttony whlte pyecelium on the

wppsy” surface and o light dark colour on the

wder surface, Toirly good sporulation.

¥Average of 3 replications

7~



Peble 5., Iffech of pi on the redial growth of the fungus

Hean

 of br:;r weig}it of Lycellm in mg;
nedivn 7 | R R

. st 2 3
3 0.151 ~ 0,165 - 0,172 04163
4 0.141 0.175 0186 0.967
5 0.216 0,200 0,211 0.209
6 0.271 04225 0.254 04250
7 0.266 - 04341 04275 04306
8 0.302 0,304 0.235 0,303
e 0.320 | 04564 0.334 0341

4’7
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%0 be 7 to 9 (Fig.4).

Thd growth of the fungus at p¥ 9 wes significantly
superior to all other ranges. Howover, pll 7 was found to be
guperior to pi 8. ,

Growth of the funsus on media incorporated with different .oilg
1. On _eolid media

The am-,rabe calen,y dioneter of the fumgus grom on
solld nedimm amenﬂeﬁ with different oils swe presented in
Table [.a. ‘Ehe fungus could grovw on media a.uenaed with oilg,
0f the five different culs usea, the maximm growtih was
obtained on medimm emmdeﬂ with gingelly 0ll; follewai by
coconut and clove oils. The grm:‘c.h wes least in medivm with
eueelyptug o:r.l and there Was no gromsh on medi.m uith lenon-
" greon oil (Plﬂte 57

The &ata reveezled that *hhe growth of bthe fungus on
me{i‘ié anended t‘a';.th glagelly oil and coconut o‘il vas not signi-
ficantly Giffere‘aﬁst.- The effect of elove oil and coconut oil
ves elso on yar {(Appondix V).

2. In Hguld media

lsazé.mm dry weighy of the mycelivn wa.s eht:ained in

tho nediun enended with gingelly oil which was followed by

poconul c%l. The dc.ta are pregented im Table 6,h.Coconut
oil uas .E‘ollm:ad by clovc oll aﬂﬂ ewalyptus oile But there
Was no growth in the case of leﬂmngmss oil. OShatishical

- analysis revealed that treetnents €, and control sve on par

| amd supe:e 07 %0 ethei- treaﬁm;nts. Clove and eucalyptus also

arc on par énd superior ta lenmongrass oil in which there was
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- Table 6.2 Growth of the fungus on pedies incorporated with differeat oils (1) On solid media -

Czepeks® medium

*Hadial growth -

Colony charachers

anended with of the fungus
different oils in o
Clove 0il 42410 Whitioh nycelium intermingled with brown colours
Concentric zoneg obgerved in the culbure., Good
. sporulation,
Coconut 01k 54423 Cobtony srowth of the myeelium mich burned brown inA
: eolonr after 5 ﬁays of the growbth, faizr sparulatwn.
Lenongrass oil .00 Ho growth | |
Gingeliy oil 51425 Myeelium cottony white ot tlc edges and the romsining
| ) part brown with concentric zomes. Ixeellent sporulation.
Bugalyptus oil 15 .45 Greoylsh white nycelial growkth on the upper surface
: "with bro win colouration on the under surface of the
plate. TFhir gporulation.
Contarol 9000 good gmwth of the mycelium, eottany white in colour

which turned to bwown in due course, excellent
Sporulation.

®Average of 3 replications
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' no growth (Appendix Vi),
Production of toxin by the pathogen.

A. Effech of various media on toxin mroduction

Bioassgy using host leaf: Oboervations on the toxin
roduction of the ‘fmf;,us is preoented in ZTable T7a. TFrom the
table Lt cen be scen thet moximm erea of necrosis/lesion
woo produced in the case of Richards' and Jzepsks' culture
filtrates followed by Pries' and Host cxtrect dextyose
filprates vhen compared with regpeciive media end sterile
water contzrol.

Be Ixo and fndotozin production

The cbservations on the effect of exo and endoboxin

on. syepton/lesion development on hoot leaves erc presented in

Teble Ths It was obacrved thasp spowing; gf lesves wnd obtained
uith ex_otbogiﬁ (culture filtrate) affer T2 hours of observation
followed by endotoxin after 72 hours, I% is seen that as the
ineubation period incresses, there is & proportlonate incroase
in the length of the lesion (Plate 64 and B).
C. Proverties of the culture filirate

(1) Zhypicel properties

(a) BEffect of hoabing the cultwre filtrate and nyeeligl’
extract on lesion producticn

The obgervations erc presented in Table Ba. The
Amt:eeated cvliure filtrzixta produced logions of 6 em length
vhereas those boiled for 15 minutes end aubtoclaved produced
lesions of 4 $0 6 cm. The treatments do not reduce the toxic

effeot of i_;he culture filtrate esppreciably. The nycelial



Table ’Za..,

Observation after T2 hours)

Effect of various medie on toxin produetion (Bioapsay using host leaf =

Treattzent

Culture T£ilh rate : HMedium Sterile wuoter (CO"ZLtI’Ol
g Ry i I R, e A S
1, Hoot extdach 4 * 4 - - - - - -
2. HOpt exix T re a4 . * & - - -
dextroge
%+ Richards! ehadd oy PR > - -~ - - -
4. Pries" +5% e 444 - - + - - -~
- 5. Czapeles' FhFbp tbd FL LR - 2 - - ~ -
6. Coontyg R ey “* + - - - - -
- 1To leglon produéed
+ Tecion length less then 1 cm
4 Lesion length between 1=-2 cm
rer Legion lengbh between 2-3 onm
sasd Leoion lengbh between -4 cn
vl Lesion length more thon 4 cm

¢S



Table Tb. Effect of IExo apnd Bndotoxin produced ‘by L. guinqueseptatur on clove © leaves |

Treatment Exotoxin afier ndotoxin efter
48 by 2w g 2B

By By By Ry B By Ry Wy 8y Ry Ry )
Culture
filtrate ¢ $ad R X ) Sod4d e +4 +4F &4 XY *+¥4 ¥
Vediun -
Sterile waber
(Control) ’ - . - - - o- - - - - - -

e
L2
B

¥t

Vo symptoms/lesions
Synptoma/lesions upto 1 en
Synptons/lesions between 1 - 2 cn
Symptoms/lesions betueen 2 - 3 em
dSymptons/lesions between 3 -~ 4 en
Symptons/lesions nore than 4 em

€S
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Table Ba. Bffest of heating the culture filtrete and mycelial
exbract on legion production on clove leaves,

Preatment Production of lesion after
72 hr
N R,
Culture filtrate Ry PR PR
Mycelial extract Srdes . e
Boiled culture filtrate a P  wes
Boiled myceliel extract P ' + +4
Agtoclaved culture £iltrate v ses "
Autoclaved pycelial extract +4 v >+
Uninoculated broth - - -
Sterile weter - - -

%
rre
EFE e

Fo bbb

No symptoms

Neerotic orea upto 1 cn
Necrotic area between 1 t0 2 cn
Dfecﬁatic area bebween 2 40 3 e
liecrotic arvee between 3 t0 4 en

Uecrotic arca more then 4 om
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extract of the fungus also produced lesions on leaves, but ehe
cffoct was more with the culture filtrate. The treabed pycelial
exbract also showed nore or lesz similar effechs as the

tpeated enlture filtrate, The resulbe show that hesting wes
not effcetive in climinating the tozlc offect of the extrect
end ind:ic:at;ed that the tozic prineiple is thermostable,

{b) I[ffect of dilution and sterilization of the proparation
on lesion produchion

The undiluted and unsterilized culbure Liltrate produced
the maxinum lepion after 48 hours., The diluted bu’s masterilized
culture filtrate also produced lesiong the effech of which was
more then the diluted ond sierilized preperation. In 2il cages
the lesion length increased as the incubation period, aficr
inoenlztion vas inereased. Diluting the culiture filtrate to
4 times its volume showed a reduction in the teuic effect; the
reduction being more when the filtrate weg diluted and
sterilized, MLowever, the treatuento 414 not completely
elininated the toxic effect of the ére;mationﬁTaP.l_iﬁb Do

(i1) piclogical mroperties

{s) Tronaslocation of $he_toxin
The boxie effect of the culfure filtrate trenslocated

ond profuced wilt sgﬁptams fPolloved by defoliation om the

cubt twigs of Buealyptus (Bucalypbus prendig Hill) taploca
(gnihot eéculenta Creatz), cashew (Anscaxdiunm oceidentale T.)
and clove (Bugenie eceryovhyllate L:)e The leéWes of the treated
twigs of the nlantsa loot turgidity and the young lesves showoed

- a8 downwerd rolli,ngg Young growing leaves turned pale and



Table 8b. Tffect of dilubion end sterilization of the euliure

£iltrate on lesion produetion in elove leaves,

06

Cwater)

Treatment m;@-» o 7 ‘?ﬁadﬁctien of 'ieg_;zibn . af%.@_r 7
_ tiom 24 be _48 he .
By By By = - B
| Tnoterilized 3
 cultbwe £iltrate § 130 s sen *e e v *
’ Unoberilised g
. eulture filsrate. 17 S L S & - A s+ =
Sterilized § |
culture filtrate © 120 4+ 4+ = o e .
 Sterilized §
cilsure L£iltrate g 124 .- * - e - M
. Control | 3
| (Stertlized :
5 - - = - - - T

¥

5%

No legicn

Lesion produced below 1 em )
Leslon produced in between 1 t0 2 om
Lesion yproduced in bebween 2 40 3 en
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defoliated first folloved by mature onep. Defoliation was
found 40 be more in the case of cloye followed by cashew ond
tapioceca (Plate The »

(b) Effcot of culture filtratd or the germination of fungzal
8pores

Spores of two fungl, viz.s Colletotrichun plocosporioideg
ond Curvuleris gp. were used in onder 1o study the effcct of
.@ulfbure filtrate on theiz' gernination. Gormination of spores
wag recorded 48 hours efber incubation and the results of the
observabion of ten nlcroscopic field were recorded for cach
genple (Table -2. ). Bighty nine per cent inhibition was

obtained in the case of Colletotrichum gloeosvoricides and

pixty one per eent inhibition in the case of Qurvularia sp.

on comparison with sterile water control. Uhen compared to
Czepck's broth, the per cent of inhibition wos 88 in the éase
of C. gloeogporioides and 58 in Curvularis sp.

(e) ©Effect of culture filtrate and mycelial extract on clove
leaves of @ifferent maturity

The c¢bservationg on the effect of cultwre filtrate and
nyeelial extroot on ¢love leaves of different nmaturity were
glyen in Table 10. Both preparations produced lesions on
leaves of different ages. The offcet vas more pronounced on
tendor leaves. Tha cultuve filtrate induced lavger lesions
than the mycelial extract in all typeo of leaves. Injurying
the surface of leaves was conducive for the develozmegt of

legions »



rlate 6B Uffect of Imdotoxin on clove lond -~ lesions
doveloped 72 hours efter incculation.

Yiate Ts Tronglocetion of toxin - wilting type symptons
13-
Y]

on Pwlygs oF ealyptos -~ T2 hours after trectacnd,






Pable G« Dffect of culture filtrate of C. guinguesepbatim on geymination of gpores
of few other fungl. ' ’

Test fungos _ ) Per cent inhibition over
Sterile ‘ Gzapeka"” | Culture ’ Caapél:xa" Sterile
water broth filtrate broth waker
Colletotrichun ,
slocogporioiden 83,57 75 | .9 83400 65420
Curvulexls op. | U 9%402 ' &6 %6 58415 61430

84



Table 10.

fIffect of culturc filtrete and mycclial extract on clove leaves of different raturity.

stage of
maturity

Production of lesion after 72 hours

Sberile ustor

of lecves Cultwwe filtrate ¥yecelial extroct Czapels® broth (control
' (Control)

I ! It I B R ¥ B B, R
TOH&G‘I‘ Fp e desb g op kot & 3 - A k2 2 - P “w - -~ -
Half mature R, &4 + 4 b + - - - - - -
Vature e + + + . + o - o - - -

- Yo gymptons

+ Heerotic arca upto 1 cn

4 Hecrotic area bebtueen 2 40 % oo

e tecrotic avea betwesn 3 %0 4 en

TrSd Necrobtic arce nore than 4 oo

6G



Ivolustion of fungicides gipinut the nebhosen

1. Inhibivion of opore gemination of the fungus on
glacs slideg ' ,

Phere wes conplete inhibition of germination of gpores
of the fungus with all the cight fungicldes btesbed.ls
Doconil=2787, Dithenc M=45, Fytolan end Thiride vere oble 1o

cause 94, 97y 94 and 95 por cent inhibltlon of gpore gedni-

B

whion respechbively uwpbo 12th day at mezimum concentration

teabed (B000 pmn)s Dub at 2000 ppm only Dithene =45 and

=3

hizide could csuse S0 por cent inhibition upto tbwelth day.
ol at the minimm concentraticn (1000 ppm) noue of then
could inhibit 90 per cent gorminstion on the twelth dey.
Howeter ot twelth day, Dithane M=45 exhibited meximwum per cend
inhibition at the highest concentrabion, followed by Thiride
and Daconil-2767. The deba ape presenbted in Table 11.
Paviochin wves eble %o ceuse moye than 90 per cend

e

irhibition only at the noximvm concentration (1000 ppm) on

3

the third day. Difolaton was eble 4o cause 94 per conb

122

inhibition of gormination of the gporcs ot all concentrations
only upto third day. After thab it was found thab the
‘per cent of inhibition wes decweasing ot all concentrationg
az.d reachsd o ninimm of 49 por ccnb.

lore or leos similar resulés was observed im the case
of Mildothanc. Mildothsme inhibited 954 95 ond 98B por cenh
geroination at 1000, 2000 and 5000 pom wespectively upbo

third day, but at pazimun congentrebion this inhibition wao

ghgomied. whae the sizth doy which thercefter decrenaced.

L

60



Table 11. Effect of fungicides on the gerninabtion of spores of Cylindrocladiun |
- gquinguesentoebun. .

rungicide Concens~ FPer cent inhibition of grore germinoiion
tration _.reriod of observation {(in days)
(ppa) T 3 5 9. 72
Bavishin 250 100.00 8379 62440 41480 24.75
500 10000 88-67 a0 053 54,40 50.00
. 1000 100400 93.37  80.63 68.68 5%1.29
Daconi.l=2757 1000 100.00  91.15 85 .48 B8t1.32 56 400
2000 100,00 94433 88.55 Bl.63  72.35
' 3000 10000 9784 97.00 = 95.35 94407
Difolaton , 4000 100 .00 04.94 - - 71.32 64,66 49433
2000 100.00 G6.13 TT«27T = 6568 50445
3000 10000 9790 97.94 9194 60.91
Dithone =45 1000 160,00 91472 89.46 87.24 7546
2000 100.00 98.68 . g6.56 95466 92,06
3000 10000 94,42 98,86 96.88 96,50
Fytolan 1000 100,00 97 0% 94..67 . 92,16 T4 .86
2000 100..00 0725 95 .07 93,71 86431
: 3000 100,00 99.44 95 95 C 94,31 9411
Mildothane ‘ 500 - 100.00 92.86 §0.00 56455 3907
: 1000 160.00 95,55 88419 7392 44,27
- . 2000 10U.00 96,28 96..23 7750 7556

conbinued.eee



Table 11 continned

Fungicide

Conecen- Per vent inhibition of pnore germination

tration _reriod of obscrvation (in deys)

(ppaw) 1 3 © | 9 12
Rovral 500 100,00 94,35  93.33 85.55 72.29
‘ 1000 - 100.00 - 94.81 - 95.59  86.49 80400

2000 100,00 96,88 . 94,24 | 86449 85.12
Thiride 1000 100,00 93.91  92.69  92.32 85,72

2000 100,00 99.36 98.04  86.35 91.95

3000 100,00 99437 98,78 95.43 95.18
Control 29,09 =499 618 1426
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Bovral could cange more than 90 per cent inhibition
upto eixth dey 2t all coneentraitions tegted i.€.y 93, 94 and
94 per cenb at 500, 1000 and 2000 ppa respectively.

2. Inhibition of growth of the fwisus

Poisoned=food technique

(o) On godid mediwm

| 0f the eight WQiées tested, each at three
concentrationg, t;hére was eomplehe inhibition of growth of

the fungus on Czapeks' ager mediun conbtelning Bavistin 250 pmi
400 pm and 1000 ppng Dithene M=45 1000 ppns 2000 Fpa and

3300 ppmg t&imo‘bﬂane 500 ppms 1000 prom and 2000 ppo and Thiride
1000 prm, 2@00 1)39{21 and 3000 ppm (Table 12a). mey were found
%0 be aignificantly superior to all other fumgicides teoted
(A?;ﬂenﬂix Vii)s OFf the remai -ffﬁmnv fungicides, Difclatan
wag found to be superior to Fybtolam, Daconil~2787 end Rovral.

| Daconi1-2787 wag found to be supez;ior to Rovral at

3000 ppms Tovrel was least cffective in inhibiting the

g*wth of the fungug (Plate 8(AY,(B) er»d (0)3.

(")) In liguid medium

Gamplete inhibition of growth of the fungus was
obtained on Czapcka' solubion conteining Bavistin, Difolatan,
 Dithans =45 and Mildothene at mil concentrations bested
(Table 12b).« They sare significantly superior over all other
fungieides tried (Appendix VIII). Daconil-g787, Pybolan,
Roveal and Thiride 3id not completely inhibit the growth of
the fungus even at the maximum eoncentration tected.



Table 122, FEffect of different funglcoidés on the growth of
the fungus (a) On solid medium.

Fimgicidé | »G_éﬁam— | *E@ean colony "~ Pep aén'h B

tration diameter inhibition
(in ppa) (in om) over contrpl
Bavigtin 250 0400 100,00
500 0,00 100.00
1000 0.00 100.00
Daconil=27687 1000 43,30 51.88
2000 44430 5077
3000 - 24400 T5.33
Difolatan 1000 29.00 56,67
: 2000 30400 66.67
o 3000 22,30 75422
Dithane =45 1600 0.00 100,00
2000 0.00 100600
3000 0,00 100,00
Fytolan 1000 44,50 50,56
| 2000 33.60 57.11
| 3000 : 29,60 67.44
Mildothane 500 . D400 100.00
1000 0,00 100,00
2000 0.00 10000
Rovral - 500 : 56460 4378
1600 48400 5778
2000 3730 58.56
Thiride. . 1000 0.00 100400
2000 0400 100,00
3000 0.00 100.00
Control - 90.00 , -

¥rverage of 3 roeplications



“labe 8A,  @rowth of Gylindvoelad 1 quinguesepbatunm in
Punglcide incoxnorated Caepews® comy Deditm,

Oh-&-—o
1. Bovistin 2. Fysolem
2. Daconil-2757 6. Mildothane
. 3¢ Difolaton ' T+ ZRovral
4. Dithane U=45 8. Thiride
I = Control

250 pm of Bavistin, 500 ppn of Mildothane and
Rovral; 1000 ppm of Daconll=-2787, DPifolatan,,
Dithane M=45 » Sytolan and Thiride

ate 8B, 500 ppm of Bavietin, 1000 ppn of llldothane
abe &8 én& f%g:vlral, 2000 pzx?x of 3990:111*2787,m o
Difciatan, Dithane =45, Tytolen end Thiride.






Plate 8(c).

Ewowth of Cylindrocledivm guinquesevnhobum
in fungicide incorporabed Upopeks’ ager nedium.

1000 ppm of Bavistin, 2000 prm of Hildothane
end Hovral, 3000 ppm of Daconil=-2767, Difclatan;
Dithang ¥=-45, Tytolan and Thiride,






Table 12b. Effect of fungicides on the growdh of the fungus
(b) In lignid mediunm,

Concen~

*er weight

Pex cont

Fungicide |
tration of mycelium - inhibition
(in ppr) (in ng) over control
Bavistin 250 0.00 100,00
500 0.00 100.00
1000 0.00 100,00
Daconll=2787 1000 180,00 75451
’ 2000 164..07 7768
3000 150..63 79457
Difolatan 1000 0400 100,00
2000 0.00 100,00
, 3000 0,00 100,00
Dithone M«=45 1000 0.00 100.00
2000 0.00 100.00
N 3000 0400 100400
Fybolan 1000 143,33 80450
2000 104431 85 <81
| 3000 96 .66 86 .65
Uildothane 500 0.00 100.00
1000 0.00 100,00
| 2000 0,00 100,00
~ Rovral 500 450,00 38,78
- 1000 524,19 55 .89
| - 2000 275439 6280
Thiride 1000 530.00 27489
2000 513,56 5741
. 3000 239457 67.41
Control - ~ 735.00 -

*Ayerage of 3 replications



6t

5« Iffcoct of immersing culture dises in fungi cidal solutions
on the viability of €. guinguegentatun

Bavisgtin and Thiride Weré able 0 inhibit the growth

of the funpgug even abt the nmininum concentrations tested
(250 ppm of Bavistin and 1000 pp of Thiride), when the
culture diges were temtod for the vliebility of the funmus after
immexgion for o ninimun period of 15 minutes in fungicidsl
golutions. Hildothone and Dithane-i=45 inhibited the growth
. of the fungus at the niddle concentraslon (1000 pzm and 2000 poo
respectively)y vhen the culture dises were tegted for the
viability of the fungus efter immersion fod one hour in fungle
cidal gsolution, Rovrsl was able 4o inhibit the growth (et
1000 and 2000 ym caﬁnéﬂmmtian) -é.fter' o hours lnnersion of
the culture dises. ‘ |

. Fytolan end Difolaten were oble to imbibit the growth
of the fungus at the meximm conceéntrebion (both at 3000 ppm),
only after 24 hours irmcrglion in the fungicidael solution, The
datae ave presented in Table 13,

Minimom concentration of Bavistin and Thiride (250
and 1000 fais al res;oecﬁively)- were found -S@ be enough for the
inhibition of growth of the fungus even after 48 hours
incubation period on Czapeks' ager mediun by immersing eulture
diges for 15 minutes in fungicidal solutior;s.;

Mildothene and Dithane =45 inbibited the growsh of

the fungus at the maximm concentration tested (2000 and 3000
ppm reppectively). Mildothane imhibited the growth affer 2 hours



Table 13, Cffect of trecting nyccliol discs of the pathogen in fungicidal polubions on its viability

Imgicide Concon~- Viability of the pathogcn .
tration ATLor o4 hours ' T ATtcr 40 hours
{in pim Perpiod of tycatuent of nyecelial disc in fungicidal golution
15 0 50 1 1h 2h 24n 15 0 S 1h 2 b 24 b,

1@00 ha - - Lo g - - - - -

Daoonii-27ay 1000 g b R TN TR - g e b >t o+
2000 s + 8 * ¥ o ot 5o B - +
2000 b A + ¥ & - B> i 4 S d e ERE -
Difolatan TO00 T +% N » NN R P PP -
2000 P %4 & * + > r A AR s - o=
200 ey s + b - e P & o -
Dithaﬂe H“45 . 1000 R AR o ¢ <+ rs &b e }4 & o
2000 = X - - - AR WS + -+ %
300@ RE A P - s - A EROY 2 I 5 ERENENVY eate .
}"y-bglm o 10006 Rk X R T S T A ¥ T X P T b SR R
2000 ek ¥ o ] ) & S 5 ot oA o <o 5 > b
5000 Ble R Gl et - el T % e g -

Table continnelda..e.



Table 13 conjinmcd e
Fangielde Concen=- , Vigoility of the pathosen _
tration . Aftor 24 hours After 48 hoyrs
(in ppm) Joriod of treatiical 0% rycciial dioe in Punbioiiol colubion
e e B n . 20n 18 24b 244 5 m 20m ih 2.5 2t.b
Hildothane 500 4 4 & + - 42 ERrs E EARS -
' 1300 DR 34 - o - el T 5 » +
2000 R dara - - - & Fava 4 - v
ROVvVIal 550 < b A + % “% » r ¥ g RS + ¥
1000 S A > - - T h G 5ot o P s
2000 T b - - - LS 5% e o
L l i Vl@_e 1 OO — - - L g - -ty L) - o sy
201 O - o - [ [ - s - — -
ot - Liinute h - Hour
e - Ho growth :
* - 2 50 3 Lyphae protruding out upto 1 cn diameher
AR = Hyvhal growth upbto 1 = 2 co disneter
TR « Iyphal growth bobtucen 2 -~ 5 en diaﬂe*'
@ntd - m‘ymal growth between 3 - 4 c;; 18 omekon
ek ok = Hyphal grounh betweon 4 « 5 on d.l, anetor

89



immersion of the culture disea in the funglcidel solution
whercas Dithane =45 inhibited ofter 24 hours imnersion of the
culture dises in the fimgicidal golation. |

Rovral wog able 10 inhibit the geowth of the fungus
&% 2000 ppm when the culture dises werc immersed inm the
fungicidal solution for o pericd of 24 hours,

Difolatan inhibited the growth of the fungus at 3000 ppm
é.fter 24 hours inmersion of the culbure dices in the fungicidal
solution, axd Fytolan could not i—nhiﬁit even ot 3000 ppa.

Daconil=2787 wag cble to inhibit the growth of the
fungus at 3000 ppa when the culture dises were lmmersed Lor
24 bours in the Hungicidal solution.

de)]



DISCUSSION



DISCULIION

The fongno, Cylindrocladivn quinguegentabtum Docdljn

ot ABltona, was found t0 couge leaf blight disessc of clove

HONGS

(7

at FPatton, Trivandrun Dic mc‘a, Xeyalo. Seedlings
found to be more sgusecpbible tlm nobure planto. Besides
leaf blighting, 1t also caused twig drying of the infcctcd
planta,

Sioof (1941), leitenm ayd Sloof (1950), Doedijn and
Reitome (1950) and Soymo and Fambiar (1978) bhave yeported

the leol disenges Of clove plants causcd by C. guinguesentotum.

1

=

loon gt al. (1977) reported a mized infection of clove LY

-———i

G. guinguesgeptotim end Collebotrichun cappiel cemsing leof

-

blignt of clove in South India.

The funpuo was icolated from naturelly infected
clove leaves and brought into pure culture on FPDA and Coapsks'
ager media. Horphological chapyacters of the fungus wag ctudlcd
in detail end it was co*mmr*d with theose meported by Boedim
and Beiteme (1950), Pcowally (1972), Yobers ct al. (1975)
and Sorma and Nanblar (1978). The detalled morphologsical
stulica corricd out in the present investigabion has :3110‘« Hedl
that oot of the meogurcnents weye in ggrecmont with those
reported by Feerally (1972)., Production of berbiory
gterignata wao obaerved veory freguently in the present obudy
while Sormae end Nombler (1978) recorded production of the

tertiory stepigante ¢ o »arc phenoncnon.



Azbificlal inoculations conducted pevealed that tho
fungus was able %o infect clove leaves of all gbages of
mabturlty, infection was severe copeclally ot younger obtageg.
I’h‘;}ux'y of the hoat tissue was found 4o be a pre~vequisite
for the guccessful infection by the fungus,. However, it is
nobiced thet detached young clove leaves, vhen ilncculabed
with myecelial bit as well asp by spraying with spore suspongion
got infeeted wil‘ahin 8 %0 10 days oven wvithout injury. BSarma
end Vambiar (1978) deseribed the syomptons developed on

artifieially inoculated Hugenio Jambolena, Piments dioica,

Iucalyptog grandig, D. moculeta and S. globulus.

Host range shudies indicatbted that the fungus could
infeet & lavge wumber of plantss In this sbuly pew additlonal
hogts such as taploca, cashew, citrug, guova, chermy, nubics,
cle:md@dmﬂ, gyunedrella, lucas, cgoton, agjerabun, slda,
eughorbia ond sapota were recoxied for the organiem. .

quinguesepbatum could infect l‘sngna,. Canellia pinenaisg,

Ducalyptus, Zusenis coryorhyllate and Heves (Peerally, 1972).

The organicn is glgo lmewn 0 infect e verieby of hogt »lanito,

viz., Pugenla jombolana, Pimenta disica, Iucalypbug grandig,

Ze poculats ond . globulug (Scama cma Z‘-Eémbiar, 1978)s %he
fact that sthis fungus hag o wide host range axd 1t conges
infcetlion ﬁo pany inporbtant crop plants is of great concern

in the cultivatlion of these erops. Purther the wide hoot
range of t‘xﬁs fungun bag epideniologlcel gignificance and this
Oégezzism can be & potential pathogen for nony of the imporbant

crop plants in futurc.



The fumngus oo able 0 grow well on & nunber of
culture nedia. CGood gporulation was obitalned on potato
dextrose agor, Coon's agexy ond Czopncks' ogor. It grew well
on o nuwmber of liquid culture modia. loximum dry weight of
thce mycolivn was obialned on vobato dextroge broth followed by
Czopelis’ and Fries' brodh. Samo and Naobiger (1978) reporsed
good growbth of the fungus on povato gsucrose azar (PEA).

studies confucted on the growth of the fungus on solid

E)

nedivn incorporabed with different oils indicebted thah anong

the five different oils used,, maximm growth wag obiained
on gingelly oil amended mediunm, viiech was followed by coconub
and clove oils., Studies with ligquid medium omended with oils
oloo shoved pimilar rooults.
' Growth of %‘1@ fuamus at p}i S wag found %0 be éigmii‘i-
cantly superior, Hazimm Ary weight of the mg;eeliﬁ::z was
obboined at thio pl.

| The toxie effect of the culbure filirate bicagoeyed
agaizim the hoot leaf reveanled “Lil{?:t paxism lcsion longth
ﬁroﬂuce&i wlth I%ticaa;zﬂs and uza@eks culture filtzatc afier
72 hours incubotion. Shaymo ond Shavas (1969) 2eporsed
Richerds® liquid nedium as the besh nedium for the pexivetion
of toxin. Exotoxin productlion was found %o be more thon

endotozin. The exoboxin production of Colletotriclmm cansiel

ig fomd 40 be lcsser than endotoxin (Wair and Remakrisghnan,

1975). The culture filuvrase of £, glosognopieides showed

toxicity to Citrus limettoiden, ¢ 8, curangifolis, C, auraniium,

o




C, liman, C. paxine, €. reticulata, . mediea, C. ginensig

var, mnosambi, C. pinensis ver. nairang, “arisss cerendas and

Cicer arietimm. The toxiclty was eéxpressed in the fomm

of dropping down of the leaves, conplete wilting of twi@s,’
defoliation and change in the colour of leaves and twige
(Sharoa ond Sharva, 1969). As the incubetion period .incres_;woa.
| tho:ee wag o proportiongte inerecase in the area of lesion.:

;he effeet of heat on the toxin rroduced by the fungus
vas studied. The eulture filirase virich was boiled for
-15 minutes and thet autoelaved at 1,05 I;g/c‘m2 for 15 minutes
Produced lesions. of 4 t0 6 cm length vherceg the wtroated
filtrate produced lesions of O cm length, The mycelial ekﬁrwﬁ
6f the fungus aisa produced lesions on treated leuves but the
effect vas more with the culbture filtrate. Thepe ctulies
indicate that ﬁhe-%axic principle produced by the fungus :1:53
*hcmost gble, | ‘ |
| The wndiluted and unsterilized culture filtrate
produced the maximunm lesion lengbth after 48 hours. The
diluted wsterilized xeulture £iltrate elso produced lesion
bub the effect wes less than the wndilubed omes, The results
roveal that the toxin cen withotend a dx.lut.wn of 124 without
loosing its effect. CThe offect of dz.lutian of culture
filtrate on toxicity of Colletotrichm glocogporioides ahowed
that toxloity decrcaged With the dllwtion. The filtrete
Teteined 1to cetivity upto 10 timeo ailution though it was
decreased to a great exbent with Qilution (Sherms end Shorme,
7969) .
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Toxic effect of the culture filtwate translocated on
the cut twigs of plante phowed wilt like gynptomg followed by
defoliation. Deaves loot their turgidity and curled downwards.
Defoliation was found to be nove in the case of clove follewed
by cashew end taploca. Tozxic effect of the culbure i’ilﬁra—be
of €. quinguegeptatun, the causal organlsn of seedling blight
- of Ducalyptus hybrid, vas denonsirated by Anehosuz &5 al.
(1976). Eatznelson and dicherdson (1948) veported the toxic

effect of Uylirdroclodivm sp. on complete wilting of strawberry

seedlings. Mazginsl necrosieo of leaves, leaf opote and
wilting wore the characieristic. effects observed by then. The

cultuwre filtrate of Colletotrichun sloeosporioides way Lfound

to be tozxic to Citrus spp. (Jharme end Sherns, 1969),

The spore germination of Colletotrichun glocosporioides

and Survulapis ope were lohibited by the culture filtrate.
Bighty nine per cent inhibition was obtained in the case of

L« glocognoricides, ond sizsty one per cent with Curvularia sp,

Toxin produced by Helninthosporium gativum could inhibit

the spore gormination of Sglerotinia frueticole (Tuduig, 1955).

Mlternaric seid produced by Slternaria golanl prevented the

spore germination of lyrotheciwm verreuearia, at 1 per cent
concentration (Brion gt al., 1949). Thomie aeid produced by

Zhona mediconinis inhlbited the ppore germinabion of Zenieilliun

notatum, Puserium culnorum end Agpergillus niger at 50 pm

concentration (Pokohoonan sxnd Vanbterpool, 1967). Duivedi

and Singh (1971) =zeopoxrted imhibitory effect of meiebolites

mroduced by Botrpodiplodis thecbromae on the ogcurrence of



mi.ércorganis@ma in the rhizosghere of Andrograrhis panlculatas
Rajagopalan (1971) noted imhibition of the gporve germination
of Glocosporiui poidii end Eeogtaloble pgidii by the culture
filtrates of Dinip&ia m&alenﬁisg ceuding fruit rot of guave,
Sharma end Sharma (1969) reported thet the culture filitrate

of Collectotrichun sloeosporioides was toxie t0 the spore

gormination of C. gloeosporivides itself. ©Species of
Diplodis erc lmown to produce nebabolites toxic to the
germination of maizes:' cucumber and snokegourd seeds
(Orehanckays, 19603 Rejagopalen, 1971),

Effect of culture filtrate and mycelisl extract on
glove leaves of differemb s\‘;'ages of matu:‘eiby indicate thab
voth preparations ere toxic end produced legions on leaves of
different ages. Dub the culture filtrete induced larger
lesiong then the nycelial extract in all types of leaves
with injury. Activity of the toxzin produccd by
Solletotricinm fuscun is meagured by iwvtensity of symptoms'
(Goodmon, 1960) . |

The studies on the production of toric metobolites by -

Cylindwoeladiv guingueseptatun end its role in the pathogenesin

of leaf spot of elove, gave positive reﬁml*bé and thege z'esﬁlts_s
are ouggestive of the role of e %oxin(s) produced by the |
orgenion in the pathogenesis. Howeyer, nore detailed otudies
are necegsary to establish the exect chemical nature of toxie

netabolites and its role in pathogenesis,
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Besulis of the iabora'ésory evaluation of fungié‘ides
indicated that tho growth of the fungus was completely
inhivited by Bavishin at 250 ppm, 500 ppm and 1000 ppmg
Dithane M~45 at 1000 pma, 2000 ppa and 3000 ppoi Mildothane
at 500 ppm, 1000 pmm end 2000 ppm and Thizide et 1000 pgm,
2000 pox and 3000 pmo; when testcd by the'polsoned food
technique’ using Czapcks® ager as basal nedium, Pavistin
and Dithane M=-45 have been reported 4o be effective in
cheeking the grewth of many fungi in nubrient media (Zachos
| gt glsy 19633 Sen end Kapoory 19753 Kateria and Grovers 1977).
~ In fungicide ineérporatea iiquia medivm, growth of the fungus
vag completely inbibited with Bavistin, Pifolatsn, Dithene
=45 and Mildotheme ab all cﬁncen%ratiﬁns-; whercas Doconil~
2787. Tytolan, Howral exnd Thirvide did nob veempletéiy inhibit
the gmwbh of the fungus even at the maximm conecntration
testeds  However, Bovral was reported b.fa en effective fungi-

cmé for the control of Botrg-tis gineria cauging grey rot of
grepes (Boley et gl., 19765 Schuepp, 1977). Dicept |
Difolaten and Thiride, all the fungicides showed similar
‘effects, both on eolid and in Liquid mediun. Difolaten is
known: %0 Do effective for the control of boll rot of cobton
coused by Dipledia gossypine (Chen and Yu, 1967) ond pancl

neerosis of yubber coused by Botryodiplodis theobromae
then the efficacy of fungicides was tested by the

szar culture disce immersion method, it woo noticed thaby



Bavistin and Thiride verce gble to inhibit ths @ewm of the
fuasug et the minioum concentration (250 ppm of Bavistin and
1000 ppn of Thiride) when the cvliure dises weve teated fop
the viability of the fungus aftey lonersion for 15 minutes
in fungicidal saluﬁiﬂns; Hildothene and Dithane =45
inhibited the growth of the fungus at the middle concentratlon
(1000 ppm and 2000 ppm vespechtively)s when the culture dices
wvere tested for the visbility of the fungus after imnersion
for one hour in fungicidal solution., Rovreal was able to
inhibit the growth aftey 2 hours imacrsion of the culbture
disco in the fungicidal solubion at 1000 and 2000 ppa concen=
trations. '

Fytolan and Difolaten were mble o inbibit the growth
of the fungus ab the noximmm concentration (botk at 3000 ppm)
only after 24 hours immersion in the fungleidsl solubion.
Daeconil~2787 was eble to inhibit the growth of the fungus &t |
2000 and 3000 ppo concendratione when the diges were irmersed
for 24 bours in the fungleidal solution.

Obgervetions token after 48 hours indicated thab
ninirum concentrations of Bavistin and Thiride (250 pm
ond 1000 ppu respeetively) were enough to inhibit the growth
of the fungus by immersing the culture dises for 15 nminutes.
Hildothane end Dithane M=45 inhibited the growth of the fungus
at the maxizmm conentration tested with slight difference.
Hildothane inhibited the growth afber 2 hours immersion of
the culture dises in the fungleidsl solution, whereas



Dithane =45 inhibited ai‘ter 24 bours immersion of the diac
in the fungicidal solu’sicn. Rovrat was oble b0 inhiblt the
grouth of the fungwe et 2000 ppn vhen the culbure discs were
immersed in the fungleidel solution for & period of twemty
four hourss Difoletan inbibited the growth of the Ifungus
at 3000 ppu after 24 hours irmersion of the sulture dises
in the fungicidel solution. Bub Fytolan could not inhibit
cven at 3000 prz.

Daconil=2737 was eble to inhibit the growt: of the
‘ﬁmgus 6t 3000 ppe when the culture dises were méersed Zor
24 hours in the fungicidal solubion.

In the experiments conducted bo study the inhibltion
of ppore germingabtion Gi‘ the :umgus on glegs z:alide..;, it vas
noticed that there was complete inhibition of f“emmatmn
of spores of the fumgus ab all concentrabions of the eight
fungicides whon observed 24 hours afbcr treatment. Daconil-
2787y Dithane k=45, Fytolan snd Thiride were able to ecaupe
94, 97, 94 and 95 per cent inhibitlon respectively upto 12¢h
day abt the maxinun concentrabtion tested (3000 pm). Bub ab
the niddle concentration (2000 ppm) tested, only Dithone H-45
snd Thivide could cause 90 per cent inbibition upto 12th
days end ot the ninlmin eoncentretion (1000 ppm), none of
thege could couse ninebty per ecend inkibition. lildothene
was sble %0 ceuge 95, 95 end 98 per ceat irhibition ab 1000,
2000 and 3000 ppl respoctively upto Sxd days but ab nexinun
coweﬁtmﬁien thio effect was retained upto oth day of

choervation and thereafher deoreaged.

7t
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" Rovral could cause more than 90 per cent inhibition
upo Gth day ot all eorncentrations tested, Uone of the
fungicides could effect compleve imhibition upto the 12th
day of obgervetion. However on the 12tk dgy, Dithane H<43
exinibited maxinum por cent inhibition ot the wmaximm concens
bration followed by Thiride end Jaconil-2787. ITaboratory
eveluation of fungleides against €. duingueseptatum has been
reported by Apabosur gt al. (1977). They studicd the

efficacy of 10 fungicides at three concentrations by the
polooned food beclmigue, Oub of the 10 fungiecldes tested,
Bavietin and Thiren st all concentrations and Hexaferb ab
0.3 per cant concentration completely inhibited the growih
of the fmgus, whercas Calixin and Dithane %-78 showed least
inhibition of growth at all concentrations.

@:I:’ the sight funglcides tested Doy the in vityo
contzol of the fungus (C. quingueseptetw).Bavistin, Dithans
l=45, Mildothane, Thizide were fomnd %o be equally effective

in 211 the 3 concenfiradions by tho poisoned food tecbnigques
However more detoiled in wivo otudieas ave required before
any one of them can be recommeaded for the field control

of the discasec.
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SUMHARY

 Cylindroeledium guingueseptatun Boedijn et. Reltona

causing leaf blight disease of clove at Patton,; Trivandrun
Digtriet, Kerala was isoleted and brought into pure culburc.
;ﬁrtii’icial inoeunlations revealed that the fungws wes patho=
genic to clove leaves of 2ll ctages of maturity.

Host zange studies of the pothogen indicated that the
fmgas could infect a lerge number of plante including cashic,
tapioca, citrus, gueva, cherzy, cucalyptus, mubmeg, luecas,
croton, sida, anong, Horphologieal cheracters of the organism
sgreed with those réported by other investisabors.

Cultursl studies indicated thet the fungus could grow
well on potato dextrose egor, Coon's agar ond Czapeks' agar.
Avundent growth and gporulation was obtained on potato dextrose
agary Coon's agar and Czapeks’ agar. It c‘éula alse grew well
on ¢ mumber of liguid culture mediao. Megimm dry weight of
te nycelim was obtained on potato dextrose broth followed
by'Czapéka’ axdl :%ies'; |

Growkh of ?she fungus on media incorporated with
different oils indicated that the fungus could grow well on
media amendea with gingelly oils F.egar&ingl its. pi requirenents
Al 9 wes found t0 be best for growth and sporulation.

The toxic effect biosssayed against the hoat leaf
revealed that mazimum area of gymptom exression was obtained

with eulture filtyete of the ovganimms ' - grown in Richerds’



and Czepels’ pedium. Ixotoxin production was founmd ¢ be nore
" than endotoxin.

Hoating effect on the culture filtrabe chowed that the
untreated culbure filtrate produced more 1esi@néa areag than
those bolled for 15 minutes and entoclaved. 5Studies on the
effect of dilution of culture filtrate wvevealed that uwndiluted
wnsterilized cvlture filtrate profuced more necrotic areas than
diluted unsterilized onc.

‘TPoxic effect of the culture filsrate translocstod on
cut clove twigs shoved more vilbing sympboms than athér buwigs
trcated, The culture filtrate of the fungus inhibited the
gerrination of spores of folletotrichun gloeosporioldes end
. Curwularia sp. Actlvity of the culture £iitrate-en differcnt

steges of maturity of the eleve'leaves ghowed that it could
produce lesions on all stages of grovth of the leaves.
Tabovatory evaluation of fungieldesi~ Regarding the
tests conducted (40 study the inhibition of opore germination
of the fungus on glags glides, it ves noticed that therc was

complete innibition of gernination of spores of the fungus,

8]

with all the eight fungleides when tested 24 hrs afber treatment

irn ell the concentrations, Dithane M=-45 and Thiride could
cause nincty per cent inhibition upto twelth day ab the middle
. gonecntration bested (2000 ppm)a

Rovral could cguse more then ninety per cent inhibition
upto gixth day at all concentrations testeds None of the
fungleides could effech complete inhibition upto twenth day of

obaservation,
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Inhibition of growth of the :'c-‘%mg;us on solid Czapekg!
nediun incorporated with different Pungicides by poisoned food
technique, reveeled thaty Bavistin, Dilthanc Me4s y Hildotnane
and Thiride could completely inkibi} the growth of the fungus
at all the concentrations tested, In fumgicide incorporated
liquid medium, growth of the fungus was completely inhibited
with Bavistin, Yifolatan, Dithanc M~45 and Mildothene at all
concentrations tested. |

then the efficacy of fungicides wes tegbed by the a{;ar
culture dise immersion method, it was nobleed that Davistin
and Thiride were gble to inhibit the growth of the fungus at
the minipun concontration (250 ppm of Bavistin and 1000 pmm
of Thiride), vhen the culture discs were ‘teobed for the
viability of the fungus ofbter imnersion for 15 minunies in
fungioidal solution. Vhercas Mildothane and Dithane K-S
inhibited the Zrowth of the fungus ot the middle concentration
(1000 ppm and 2000 ppm respectively) tested, when thoe cultuve
diges were bested for the viability of the fungus alter
imnmersion for one hour in fungicide golubions -

Rovral wes able o inhibit the growth after 2 Lours
immersion of the culture diges in the fungicidal scl‘gﬁim at
1000 and 2000 ppn concentration. ‘

rytolan end Pifolatan vewve able. t0 inkibit the growih of
the fungus at the nexinw concentration (both at 3000 pmm)
only after 24 hours immersion in the fimgicidal solutlon.



Dagzonil—’z'ia'i wag able ’c..e? inhibit the growth of the
fongus at 2000 and 3000 P concentrations vhon the dises were
inmersed 24 hours in' the fungicidal solution,

Observations talien after 48 hours, indicated that
250 ppn Bavighin and 1000 pme Thiride vere enough t0 inhiblt
the growth of the fungus by immersing the culture disecs for
15 minutes in the fungicidal soluﬁiens.-

. Hildothane and Dithane l=45 inhibited the growth of
the fungus at the maximun concentration tested,

Rovral wes able to inhiblt the growth of the fuagus
at 2000 ppm when the cultwre diseo were immersed in the

fungicidal solubion for o period of 24 hours.
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APPENDICES



Potato dextrose asar nediw

Pealed and sliced potabo - 200 g
Dexbrose . | - 200 g
Asor agar - 20,0 8
Bigtllled wober - 1000 ol

Cnapcksg' asar meldium

: NgSO4,7 HQO ' - 0,50 g
TH,T0, - 100 g
zel . = 05048
@egg4 ' -  0.01 g

e
Sucrose - 30,00 g
Agapr ager «- 20,00 g
Dippilled waber - 1000 ml
Sabouravd's nedium
Glucosc o =~ 40,00 g
Yepbone =« 10,00 g
Ager agaz =  20.00 g
Distilled waber , - 1000 nl
Oatb meal azer
Rolled oais - 40,00 g
Apar ager : =« 20,00 g
Distilled waher = 1600 mi
Coon’e anox
Hgs0y .7 H,0 - 1.23 g
Sueroge - T.20 g
Dezbrose - 3.00 &
KHOS - 2,20 ¢
Agar agar _ - 20.00 g
Pot.acid phosphate - 2,72 g

Digtilled water _ - 1000 nl



' ADPENDIX I continued

Host extracht sgar

Clove leaves
Agar sgar
Distilled water

Hest extract dexbrose azew

Clove leaves
Dextrose
Agaxr ager _
Digtilled wabex
Riechaxds' agor
KO,

2
EH2P04
G50, »7 Hy0
Feﬂlg
Sucrose
Agar ager
Disbilled water

200,00 g
20,00 g
1000 ml

200,00 g
20400 g
20,00 g

1000 il

10,00 g
5400 &
2:50 g
0,02 &

5000 g'

20400 g

1000 1l

Soupcct  Source book of labbraxory exercises in Plent ,
pathology, Source book committee of the American
Fhytopathologicel Soclety, pp. 366+368. i

Prics’ medium (Pringle and Scheffery 1963)

(181, ) 0
EH 20,
MgSO4
NaCl
Caﬂlg
Sucroge

-

1.00 g
1.00 g
050 g
100 .00 8BS
30,00 g



Appendix I continued

MRS0,. 7 Hy0 - 10.00 g
E’aso4 - 20,00 myg
Boric acid ‘ - 1,00 mg
Cuse4 - 0,10 myg
ZESOQ - Ce01 mg
Distilled water - 1000 mi

For the preparation of lignid medium agar agar

was not added.



APPEIDIX 1IX

Anslysis of varience table
{Growth of the fungus on diffcrent solid nedia)

Sourge 8.3, af M.3. RS
Treatient 141,376 7 20 197

- _ 7567
Rrror 19,060 16 04506

C,D. for comparison = 13.03

APPENDIX 111

Analysis of variance table
(Growth of the fingne on different 1llguid nodia)

A

Scurée. ‘A | | Sede ag MaSe : B
Tosal 48031170 19 |

Preatnent 308237 20 4 - 97059.30 15.61
Brror 92074.5850 15 - 6138.30 Sig




APPENDIX 1V

Mnalyels of veriance teble
(Effoct of ¥ on the radisl growth of the fungua)

SOﬂI’Gé | A Seds aft - MeSe P
Pobal " 0.0420 20

Treatnent 10831 6 0.1805

Hrror | 1.0411 4 0.0743 2.43

CeDe = Og47 )

AFPTIDIX U

Anslysis of variance teble

(Growth of the fungus on wedie incorporated with different
oils = on solid nedia)

sewrce $.5. - ag I ?
Pobal | 22957.68 23
Treatnent 21076 .77 5 4215 .35
| | - 40,34 Big
Lypeor ) 1830 591 18 104.50

) G.Bl < 15 113'8



APPENDIX VI

Analysie of veriance hable

(6rowth of the fungus on media incorporated with different
ollg = on liguid mediz)

Source 5.5,  af LS. P
Total  471726.50 25 | |
Treatment 434084 5 80816480

Erpor - 37644,50 18 2091.36 41,51

APPEDIE ViI
fpalysio of variance teble

(Effect of different fungicides on the growth of Cylindroelsdium
uinduegeptatum on colid nedium)

Source = S.8. .  af  M.S. T
Trestment 2020,5 24 16,752
37,876

Error 22113,0 50 442.260

C:De Lor conparison between fungicides = 6.
.D. for cammr}.san betveen levels = 10

\QW



APPENDIX VILI
hnalysis of varienco table

(Bffect of fungicides on $he growth of the fungus on ligquid
: ‘pedivm) ' ,

&
L 03§

Source «Se ag 1.5 b

Total | 2597851400 |
Treatment 203865375 24  GA943.00

A | | 11,83
Hpror | 3BOVTTH61 50 7185355

CeBe = 139:09
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CLOVE



Toaf blight discose of clove ecaused by Lyiindrociodiun
4 Doadijn of Roitama weo lnveotigatod. The fungus

inquoggubat
infooted clove leaves at all stages of noturity, but the ocedllinge
vere found to bo more sugcoptible 40 the diseaso thon pature
plembo. Injury of the host tigsue ves found %0 bo o pro-reguisiic
for ouscessful infeotion by tho fungus.

The organion infoetod o wide verdety of planto including
song of the weed plents on artificlal inocculation. |

rowth and sporalation of tho funguo wes obtained on
potato deztrose a8
In liquid sedis, oogimum dry weight of the nyceliun was obtaincd
on potato dextrone broth, followed by Czopeke’ broth.

Mazirm growdh of the fimpus was obbainoed on modiua
onended with gingolly oil followsd by cocoput cud clove ollos
In liguid nodie, oostiom dry welght of the nycclun wos obtaincd
in the medius anended with glngelly oil followed by cocomut ond
- glove oilas. Optio
fourdd to be 7 t0 9e

" Rieliords® brovh was found to bo the best nodiua for the
production of toxin followed by Ceopcko' and Prios' molia.
Gxotoxin production wns found $0 be nore thon cndotozin. The
toxio netabolite 1o found to be thernostable., Diluting the
cultupre £iltrote 40 4 tincs its wolume showed & moduction in the

oy foliowed by Coon's agor ond Ozopeizd' ogas.

o pil range £op the growth of tho fangus was

toxic offcot. Howeven, tho treatiints did not cenmpletely
elininatod the toxie offect of the proparation.
The toxic offect of the sulture filirnite txenslocabod by



- defoliation on the cub twigs of planbts. Culture fx,ltrate of the
fmzc,m inhiibited the spore germidnation of Solleto
clovogporioidesn asd Cuavularia eo,

The cuddure filtrate as well as the nyeclial cxbract producod

logions on clove lama of different moturity, with proncunced
e?i‘mt on tonder lesves..

Spore gemi.mtim 053 ﬁhe fungus could be conpletely inhibited
with all the cight fungicideo in all amm-umticna on the firost day
of absemtieﬂ. Doaponil=2707, Dithane 145, Pytolan and Thivide
wore able to cause 94, 97 94 and 95 por sent iphibition of spore
| Germination mapecﬁ.,vely wyﬁe« 1%%: doy at m&xﬁm&a conccmmtien

teabod (3@@3 hy;2 3 I |
" Crowth of the fuAgun was conplosoly tanibited with Davistin
250, 500 ond 1000 ppm, Dithano 45 1000, 2000 cod 3000 pp;
T ldethane Si}@, 1000 and 2@@0 Pt and Thiride ‘)@@Q. 2090 ond )ﬂ“ o Pk
} when tcoted in uzapd»:s agax' m&mm. in Gzajczm' solution Davmtm,
Ohmn, Dl‘c.hme 45 azri mmaﬁmﬁs at oll eoncentrations teobody
thcre was oconploto mbitien ef growkh of the funs,
" 'Doviestin ot 250 pm ond Thiride ot 1000 pm wexc bl to
..m.ibm tha growvth of thc fmma W F‘ mimzbas ..merﬂim, when the
sultura &isea were tosh ea :E’@r the viubility af the ﬁu:w:; - Ilim@thaz
ami Dithang 1= 4.9 mubite«i thcz Gmwtix of thc fanguo ab 1@3@ and 2300
za:n regpoctively, when the culturc disos uerc tested for the viabilit
~ OF the fungus ﬁ’ber irnmeroion for one hour in fungleidal colution.
i’:y%olm argl Eifa..atsn WoTQ abla $0 inhibit the growth of the funsus
o the meximm concamtration (both ot 3000 ;;z:z:z)--. only after 24 hours
ionersion in the fungleidal solution. | |
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