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IbntuDUC'llo1:4

Pe,t1per <fiLpUl n.';UlD l.1Dn.) oelon;p.ng to

the family f:1Qlrogeu, 18 a soandent per·nn1B1 climber

and is a maJor oash crop 1n \be humid .Parts or
tropical re~olai. The plant 1s a nat1ve of India;

and alJ. ava1lallle evidence. show that it has 1 \s 01'18111

1n tht:: mo1st ever gre. torests at the Western Ghats I

from where it has s,i;)read to t.be ot.her parts of the COWltry.

In Ind1a, pepper is cultivated in an area of

11 J, 900 hGcta:res, account1ng Cor an annual pr..xluct.1on of

31,8)0 tormes of black pepper. In 1}11-?8, t.he oo\.nt1'7

earned foreign exchange to the tune of 50.05 crores of

rupees by tn. .spurt ot pepper. ine state of Kerala

accounts r'~r 16 per cent of tho oountry to production v1th

21,560 tQ1nes trow 102,520 hectares. O.fatilev, 1)18).

'lhe average yield at pepper in the State is

only 0.227 kilogram ~r Y1ne per year. whereas 1 t is

tour kilo:ram in Malayasis. anti ttl1"e8 kilogram ill HrazU.

, tJvam1nathan. 1}78 ) • Tn. reasons f 0) tnis w1de gaP

between the .potential yield and actual y1e.ld of the vine

in 'the cwntry has been identif1ed to be tile poor genetic

stock, pre:,Utive mnnasement pracUces and devastating

diseases and pests.



kJoo6 tne c11sease•• the 'quick v1lt' also

tel'med as 'toot rot' caused by the fungus !J)1Y\ophthQa

Rw;1XOi7. (Butler) Butler 1s ident1fied as 8 serious

throat to the pepper plantations 1n all. ;1epj,">8r growing

tracts of the world. Occurrence of 'the disease haa

been reported by l.eetmana (19)lt) frol'll West Borneo,

VandeNoot (1934. 1935) from West 3orneo, JaYa and

Sumatra, Muller (1 i)36) frQ1D Indonesia. Holliday and

l10wat (1'}'71 t 1')63) trom Baravak and Sam f\aJ and Jose(196(;,)

trom Ind1a. Bam Haj and Jose (1966) baa eatimated that

20 per cent or t.he vines wen annusJ.ly destro)'ed in

Kerala. by tills d1sease.

The disease sympt<:IBs as ;'hey al>pear 1n the

fj.eld have been desor1bed b7 WID)' \lorkers and. some

~Jroph.ylat1c COl1trol measures have been suggested. But a

syst.ematic attempt has not been made so fnr to describe

and def1ne the SYt:1;>t.omatology or the disease trom 1ts

inc1deDco to the culu&1nation, through d1fternnt staaes

of development. Again, the correct stage at which the

disease can bo effect1Yely controlled by the app~1catlvn

of fungicides, 1s yet to be ascertained.. The \lork

on these lines 111111 be or 1IIUlense practl011J. utU.1t)'

since 1t v1l1 help in d1&3lJ<.)s1ng ~~e cl1sease in the



1n1t1al staaes 1tseJ.f and 1n ftDoerta1n1ng the stage

of' the d1se&Se at vb1ch, tbe prophylatio control

measures ,,111 be most ett101ent RJ1ci erfective. !his

stuclJ vas tnerefore unci.naken v1th the follov1ng

objective. in view.

(1) !ostudy the aymptollatoloQ ot the

quick \lilt di.sease of peppel" right from the entry of

tne ~(;it.hoaen into the boat t.18aue to the culminat.ion

of the host; and.

(11) 70 ascertain the staae or the disease at

whien tile prophylai..!c control meaSure. wil2 be effective.



REVIEW OF LITERATURE



the 1108' 1IIPonant 41.8... ot pepper <liaE
m.Rum LinD.) 18 the v1lt. !be ... disease baa been

DaJI8d d1tre:rent.1J b)t difterent volkers. Butler (1906)

oo1De4 the ten vUt tor the di..... ot pepp.r where

there vea a raPid death at the p].ant. Later, Muller (19)6>

reponed a a1.Uar twe of U_ tJ1C8 Dutch Baat lnd1e.
a:ncL

oauHd. _~~ Yar. aiR.rU"co1ned

\be tel'll root 1'0' tor 1t. In 1963. l:IoU1dlO' and Nova'

al80 reportec1 a a1mUar 41..... trOll Baravllk. In India.

the d1.._ 18 kllOVD as QUick vU'. !h1s 1s '0 differentiate

1t trOll another v1lt dlaease of pepp.r - Slow v1lt (whlch

18 knovn outs1de Ind1a as 1e1low1ni) were the death or
the plant take. place on1J litter -.0 to three years traa

the 1D1t1al 8111Ptom wh1le~ vUt, kUla the

plant w1 th1D • period of two '0 tbne weeka.

The loa. 1n 1ield due t.b1a d1aeaae ranged fro.

10 to 50 P8r out as reponed b7 Yarlou8 workers. !be loss

vaa 8.t.1Iaateci to be 10 per oent in West lJomeo (LtiefllJ8DS,

191t-), 20 per oent in Inci1a (Sam BaJ and .10••, 1966) and

,0 gel' cent 1n IndoDeala (Harper, ,~). Holliday aDd

Mowat (196) a8a8." a loa. ot 700 tonnea 01' black pepper



111 Saravak and Albuquerque (1966) eat4rlated that

more than JOOO tonnea of black pepper vaS des troyed in

MUdOll region due to this d1sease.

All parts ot the plant at aU stages of growtb

are suscepUble to th1s disease. three types ot

8J1DPtoms T1a. t lear rot, oollar rot and root rot are

aeneraUy observed. 10 a qu1ck v1lt 1nteot.ed plant.

Muller (19]6> observed 1nOOD8p1cUO\UI greyish brown

lesions up to 5 em in d1_'er near the Up and margin

of the lover leavea dur1ng the ect1.... 8pread of the

euaeaM. He noticed a tev drops of yellowish nU1d from

the under side ot the le8101U1. Saw Raj and JOS8 (1966)

found small irregular black patches on the diseased leaves.

Th1a later ragidl7 enlarl_ 1D a1.. aDd covered the bulk

of the leaf area. !hey also revealed that 1nJuI'7 at

bost ti88W1 vas not a pre-requisite tor suoc.sstul

1nfecUon.

Iiolliday and Movat (1963) aDd 1'urner (1969.,

, 969b) troll Sarav. and _bJ.ar and. Sharma (1976) rr~

Ind1a observed zonai;e lesions OIl the infeoted leafts.

~er (1 )69a) n<lt.ioed. that the lear lesions on rWr

811;1. and pepper bad a s1m1.lar margin. Howver, aonat1ona

were more iJronoWlOed on be\le nne leaves than on pepper.



Funnel' be oo••r,.d that on pepper leaves ooncentnc

nne8 wel'e tomed. aa11 uncleI' altemaUDg dry end .,

veather oond1Uan••.

Leaf surtace and ..turi t7 attec~ the

development or leaf lesions. !\arner (1969b) tOODd that

on artific1al 1nocula\1on lIOre 1..10n8 vere developed

on \be under surface ot \be leaves than on the upper

8U1"taoe. He alao noUced. tnat aD t.ature lea..s Y1s1ble

le81Ol'U.t, after art1t1cJ.al UloculaUoo. were dev'eloped

2lt to 36 hours after 1noc\IlaUOD. vh1le on llature leave.

1t took 36 to ..8 bourse Kxpoaure to b1gh humidity tor

a lang period of t1me .1ncreaaed the rate ot growth and

sporang1a1 deYelopment, on upper and lower surfaoe ot the

leaft8, being more abunclant 011 tne latter. lie observed

t1Jlbr1nte la.loos dur1ng oontJ.Jruawsly hUl11d cond1 t.1ons

and conoenu1oa.lly zooed. 18810118 under alternattng wt

and dr1 condit1ons. lle also DOUced the shedding ot

leaves eYen before tbe enUre l8ll1na beooming neorot1c.

Collar rot 18 the mo.' fatal t1,:.)8 ot i.nfection

1n pepper. BarJ.y 1ntect1on of the Oulla1" region usually

cannot be 1dentit1ed unt.1l foliar ye1lov1ng starts.

A detailed a;Y;lptollatolog1oal study of \he collar rot

\ype or infection vas conducted by JtkU.ler (19]6). He

l>



reported the.., , tiseased oortex rllPidly turned. frCJI

dark vatery green to blaok. Be also observed that the

extemal symptOlis wen visible 0Dl7 atter a complete

decaying and disintegration ot the internal tissues.

The soft parench1matous tissues or the cortex and

medullary rays quickly decayed t vb1le the xylem remained

intact aPart troll the slight brovn1ah d1scolourat.1an.

The bark often peeled otf and the central cylinder split

into bundle ot loos. xylem ve••els due to the rotting

or connecting tissues. In bis obaervat.1ons the infection

was usually noticed at 8 hei&bt of 30 CII trom the base.

Sam Raj and .rose (1966) obserftc1 that infeotion or nne

vaS more common at a height ot 25 em above the ground

level and it rarely occurred at any other region of the

vine. They also found that as a result of the disease

the affected tissues becalDe 80tt and deca.yed. f'ne diseased

leaves tumed pale, naccid and tall otf. Ultimately the

plant died. Turner (1969a) observed that the main

difference 1n the symptom of foot rot or betle vine and

pepper vas that 111 betle Y1n{ defollation WaS s11ght,

while 1 t vas high in pepper.

Lee (1973) reported about vascular brovn1ng at

points beyond the aite of 1nfection and suggested a



po.slble 1QyolftDIftftt of toxin in the cl8velopment of

the disease. He oorrelatecl the virulence ot the 1801ate

to their toxin production. When pepper plant vas

1JDmersed 1n the toxin solution of &x:JiopbtDora P.lpdYOD

1 t became diseased vh1le URv~ tUd not show

any S)'mptom. From this, Lee suggested that the toxin

of Phv\9Rbthora could be used as a marker for testing

res1sc.ance and susceptibility ot pepper varieties asa1nst

foot rot. Namb1ar and Sharma (1976) reported that when

the oollnr region ot the plant was infected the necroai.

progressed downwards to tn. under:&round. stem and then

to the 1'00t system rather than \0 tl1e u.iNard Part of the

stem. Sometimes partial death ot the side branches

alone waS noticed when one vertical half of the vine vas

infected.

In the case of root rot, the degree ot damage

depends upon the number of roots infected and the extent

of ro$t!ng. IIo1l1d~ and Mowat (195'1, 1963) reported

that the infection started trom fine roots at the plant.

Once the cortex got infected, the disease spread to the

main roots and then to the under:ground. stem. When the

stem became infected, visible symptoms appeared on the

above ground parts of the pJ.ant, i.e., a halt in the growth



ot the term1nal .hoo.., v11t1Dg. raPid 7ellov1Dg and

sbedd1ns of the lea.,.. and • ..:u aboou_

!umer (1969a) reported that .7J1Pt~ on tne

UDder:srOUbd portion ot peppel' nne vas the deYe1opa.'

of 111ster1D1 black 1••1ana. vbereaa 1rl beUe nn. \be

le810aa were brovn and 1t penetrated into vascular

ti.sue••01'8 d••pl,J. AloODero a ..... (1912) DOUced

iDteotlan of roots by zoospo.. ~ to ItS hours atter

1DoculaUon_ AS a result ot 1DtecUon, the root Ups

dalkenec1 and the 1ntecUoa .pnad acropeta]]y_ Roots

ven oompl.te~ deaqed anc1 ahoot.s v1lt.ed v1tb1n tour cla1a.

In 8OfI8 pepper P1aJ1~ th4l1 o08ened typ10al blaak lesions

Of) tbe roots w1thout aD7 tollar SJIIP,.... 1h'eDtbouab \he

1ntect1on w.. well deftloPtld 1D M1n root branches,

the collar re&1on at the~ 11ne l'8IIa1ned healUV.

Muller (19)6) "u the t1rst to ldtmt11)' the

pathos- of 'out rot or pepper .. BvWll1l\holA~

yar. PANna. Later, Vander Goot (193'1), lio1l1dq and

Hovat (1963), turner (1969b) and Alconero .til &I.. (1912)

alltO proved fillat toot. rot vaa caused by fo. del mugu.
M8D1 other 'WOrkers also 1aoJ.ated fh;diQQhSbotl tr~

1nfeoted peppel' Y1nes - Venkata bo, 1929, Leaf'1Iaft8. 193't

and Sam BaJ and Jose, 1966.



ld

!urner (1971) oaapand a larae DWDber or
isolates from difterent ceoara.Ph1c looaUons and bosta.

FrOID bia at.ud1e., he ooncJ.uded that aU .fbXt 9Pbtllora
isalate from~ 111 Soutb Bast M1a. belong to the s_

speoiea and should be retenec1 to as typ1cal atn.tn ot

1. ael_ygEa (auUe:r) BI.lUer. HoweYer, fsao and

twaakate (1917) baft reported d1ttennt species of

fl\V\9phtbgra caus1Dg U1e ... dile..e.

turner (1969a) reponed that the fungus p'OV8

raP1dly on oa' _&1 aaar JIed1W1 at 25 to 28°C. Holl:ld8J

and Kava' (1963) stated \bat. \be fungus fa1led to grow

beyODd 35°C. T\lrner (1962) obaerYed the formation of

oosPQn IrQ! a single lsola'- ot lAY1;oRQthQ" trc:.

diseased pepper. Brasier (1969) obtained oospore by

art1t1c1al inoculation at pepper leaves by c11fterent

isolates or ~pb1jhora. Ooapores vere not forraec1 at

300c and their production vaa taYDund by darkneas and

low temperature (20Oc) and tl1e1r tormaUon vas 1nh1bl\ed

tv 11gbt.

Boll1diQ' and Mowat (1963) round that difter_'

lsolates· troll pePPti r d1ttere4 1rl tne1r J.Il J1.trQ grovtb,

sporangial production and pathocen1c1tJ. !urn.r (1971 >



reponed that L MWmygra tr(D pepper V88 very

8peo1f'1c in 1ts bo) l'8l1Ie. Be turther shoved that

~~Qlr apec1ea tested troua Soutb-Kast Asia were h1ghly

suscepUb1e whUe those trom .Arlerlean tropics vere

resistant or s11ghtly to raoderate1y 8uscepUble.

!umer (1913) obaened \bat the ea. or \he leolate baa

a direct roJ.e in the patboleDicl1r;J. Most of the

tvenV-tour lsolates ot \he tunaus .tUdled by bill vera

moderatel)' to b1ghly pathostm1c 1;0 pepper in Sara,,".

Muller (1936) reported tb."it the ch1et souro. or
inrecUon was oontamnatecl so11 and d1.eased plant

retuM. Holliday and It>v.t (1951, 1963) and Alconero al .&I..

(1m) ob.ernd 'bat 1nrectloa atarted rru:~ the tine

roo'" • aupport.1.Dg tn. taot that 1ibe diS.8M vas so11 bume.

Muller (19]6) reponed tbat ~e S1lJPtam8 of \he

41sea.e were lIore pronounced under b1gh relaU.,.

tlum1d1ty (91 to 99%) and low '-aperature (19 to 2JOc).

!he patb0IOll rell81necl 1nactlye vbeb the nason vas dry.

S1m1laJ" oba8nnt1oaa were reported by Ho111dlQ" and

Mowat (1963), Sam Raj and Jo•• (1966) and l"arab1aJ" aDd

Sharma (1976). HoJ J1day and Jtnrat (1963) shoved. that

spread. of tn. di••ase vas rapid 1n Baravak due to &



conUnuou8 wet ••ason coupled. 'With aPpJ.1Cfltlon ot

large amount of orsanic fertU1••".

fumer (1967, 1912) noted the pathogen of pepper

toot. rot 1n tne faece8 ot giaat Atr1cpJl snall (Akhmtiua

~) and antrt.lll3. fbi. '7P8 ot spread was important

during the d17 ..ather when the DOltlal rap1d spread ot

the d1seaBe doe. not occur. Huller (19)6), Holl1day and

Mowat (1963) and An0lJYll0U8 (1965) susgeated that the

disease coulcl be transmitted 1lhr0UCh ra1n and wind.

washing tr1als conducted. 10 8ar&V8k an the root system or
pepper plants from the 1nteo,,", pepper lardens sbowed

that toot rot could be tranall1tted b1 root contact

(Ano~8, 1965). Iraportant reMrw1r of fJilYNRh\W>ra

intection was the so11 (lf1ckaan. 1958). lIolUdq and

Mowat (1963) observed that .fa. .a.uaaY.QlJl treu pepper

surY1ved tor about fifteen weka 111 soil. When fre8h

Yinea were planted in tile pl.e of aftected vines after

sis Ulontb.S 1t d1d not contraot 1nteoUon. this snowed

the low saPl'Opb;yUc &bUtt,- of the paV'lOIen•

.As general convol .easure of the d1__•

Huller (19)6) t Holliday and Mowat (1963) and AnonymOU8

(1976) have stresaed tne need tor adopting phytoaan1t<JJ7

lleaaures under tield oond1UC811 to reduce the :t.nooulum.



!be.. 1Doluded isolation or tb8 1nteoted plants t~

the wrround1Dg healtbJ· Y1nes, ...n.na bet'.r dra1Dap

tac1l1Ues, bum1na :1nteoMcl vuaea and aOocl tield

aan1t&Uon.

Muller (1J)6) reo..Dded. tn. tollov1nl oontrol

measures. (a> Portn1ght.11' application or one per oem.

Bordeawc mbture (b) shallow drain Wenches with ca'tob

piU and 1lJterYola to preYeD' the I'a1n va\ttr trom rUDDlng

otf OYer the 8011 surf_ (0) .ater1nl vitil t1Y. to ten

11\rea or one per cent copper eu1phate solut1on per sq.lI.

It VP found that 0.001 per .ent oopper sulphate :Ln

1JT1iation va\er vas adequate \0 k11l the patho.en UDder

controlled oond1Uona (AnOD)'llOU, 196;). Ho1l1dq aact

Mowat (1963) and Harper (191") reponed that v1lt

inteoUon was reduced v1th he.~ 4o.e at oopper ox1de

(penDas) and ouprous ox1de (SO~) respeoUvely.

Drench1ng. pa,at1n. and spraying of Bordeaux

Jlbture conVolled or preYent8d the spread ot the d1....

(Anol17JDOU8, 1916; 5..1ar _ Sham. 1976, 1971).

Tumer (1969b) talled to eradicate tne 8.tabUshed

1nteot1on by the tung101du 11k. Bordeaux mixture -



OIle per cent, auPJlOU oxide - 0.2 per cent, copper

oxycb1or1de - 0.2 per oen', l1Deb .. 0.2 per CeDt,
e

phEm71 -rcur:Y acetate - 0.2 per c..t, tripbi1ylUn

h1drouLe - 0.2 per OeDt. !hiram - 0.2 per oent aDd

M8Deb + n1ckel sulphate bexabydrate. Howyer, !ll:1r.

decreased the rate of spre. of lear l.es1on. In contrast,

all the tung101cle8 exoe,Pt1n& Z1neb, !h1ram and Maneb +

lI1ake1 sulphate, preyented. l..81oo tormaUon when

leave8 were treated. beto..e be1DC 1rlooulated. Turner

(1910) ob8eJ'Yeci gOOd prot8otlce comparable to copper

bJ WJ1ng Verb811 and Anvacol.. .Among the run~1c1d.s tested

'by !WI, drunol.u: and Neot171 wre t.be lIost .tteotlY8 8011

tUD&1clclea aaa1nst toot rot on pepper. Captatol. VId

found to be UHtul as a aoU drenob against~.~

OD pepper 10 SaravlIk (AI1oD;)'mOWI. 1')72). However, 1t vu

Dot erteotift 1D Ind1a (1aIIb1ar aDd ~at 1971).

Be1ger (1m> reported that eon aterU1zatlon v1th

Baaard.d-G prior to replant.1nS v.. good to 8aft the p1.ant

trom 1nteoUOll.

·.1



MATERIALS AND METHODS



AJ.l til. exper1lHDU weft conducted at tne

Pepper neuearch Station, Ye1l.-1Jrkara. !r1ohur attached

to tbe Honioul'tural CQ1le.e.

%be enUre voJ'k QD ff1JIP~tology and contl'01

ot Quick vut ot pepper vea oonduoted. on 1. year old

Pam1Joor-t variety or peppel' <a.aK mfLJ'1J.l L1nn.).

Pam1)'oor-1 18 a bybJ'1d r~ a oross between 'Uth1radcotta'

(teule parent) and 'Cber11'ak8D178kadan t (aale parent).

!he J'OOted cuttil1P or pepper used tor this _penment

vere obtained troll the Pepper lies.arcb Station, Pann17oor.

AU the seedlings were :raiaad \lDder un1forlil oonc11t1cma

of crawtll 1n pots.

The t\IDCUs caus1n. the dis.ase vas i80latecl

hom the lntect,ed leaftS and vines or pepper by ua1D&

standard 1solation _thod. (R1_v and R~er, 1936>.

The fungus vas lJ"otm an oat ••al qar (60 g oatil, 20 g



8.Iar-asar and 1000 al d1stilled water) end potato

dextrose agar (200 " ot potato. 20 i dextrose, 20 i

agar-agar and 1000 ml Ust1llect vater). S1nule

zoospore 1aolat1'.u;s wen done .cording to the method

c1e...elvi>«1. b); Rawlins (1933).

M:1.crosc .Jp1c dravin.s ot the patl'lJgen vere

done U81l1g Olympus research lI1oroscope witil ;i1ax1DNIJ

poss1ble ZGagni.f1cation.

5. JaoeYJ,atil.yP jBU~~.

5 •1 Cull.rijb \llld

One week old culturu 01" P.tlYt~l.plJtjlgrn R«W=+QJ9.IA

(autl ) Butl. lsolated troJll the diseased i>Opper leaves

and v1ne3 "'-"ld ;.Jain tained ill oat meal agal vas used tor

1n,)cu18t1~ stud1.II"

5.2 Angslla_

ZOos~ore sus,t>en;:i1una vera )re~}ered by put t.ing

Qne week (lIe culture in sterlle watoI' for three clays.

After three clays tw.;81 mycelia vere separated by

tiltering tltrough 8 .n.ne muslin oloth. ZOOSpJ"

suspension vas obta1ned trom ..ne f11~r.ate. nu. suspens1dn

contaJn1nd five &008;'01"8S pel" low pWGr (15x :x 10t



•
1 (

lI1oroaooP1c tield wen used tor 1noouJ.at1on studies.

In oont.rol, 1nstelld ot aooaPOft suapena10n the plants

were spraJed with sterUe vater.

!he inooulation esper1lleDta wre conducted

dur1ns June to AuiJUst, 1918 vn-n the atmospheri0

temperature and relaUY8 lmm1d1t)t ranged betwen 21 to

2S0C and 90 to 98 per OeD. reapeoUveJ.1.

For 1.DQCUlat1nl, Ule aooapore suapen.ion waa

sprqecl on upper and lover surt.esot tne leaves ot

dittereo t. ale groups. !be apr8Jecl plants were kept und.r

obaenaUon to stud)' the flTlIP"- deYelopmeDt.. In another

ae' of: experiment.culture b1. ot 5 _ d1ameter

oontaining m.YoeJ.1a and sPQhPl1a or tba tuncua _n
plaoed on the le.Yes and coYere4 b¥ moist cotton wool.

In a tb1rd .., ot upen...-t. ,detached l.a..... were aprqed.

v1t.h IIOOspore 8Uspena1oo an upper 01' lover surfaces of

the mature and 1aIature lea to .~~ the pattern ot

cU_... d.eYelopl.nt on 1 (furner, 1969b). the

sprayed. leaft8 veft plao'" in sterile petrJfliah88 tor

8)'J1!>tara deYe1opment. !be le.... 8PftV'ed with ater1le

vater vere kept aa clwok.
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Vines vere inoculated. at co1lar I"eg1on and

also at d1rterent pans 06 tb. nne. For 1noculaUng,

aterU. cotton wool Basked in aooapore suspeDs10n was

placed on the stem and brabOhes. %0 prevent dry1ng up

of the cotton pada ateJ'U. water was spr~ed on to 1t

ooo..1onal~. Un1noculated Y1nea served as the abeck.

Wbere:eftr, there wre more~ one bru.noh~~.:J on a

nn./ODe branch vas kept as \be check. Plants wre

observed for a per10d of \vent)' da;ys. 3,ymptoms were

graded a:> follows.

o • No syIIpt.-.

1 - Flaccidity of \he younger leaves

2 - Yellowing and drooping or y:JuDger leaves

and tlaoo1d1'J or the matured 18.'988

3 - Drying ot tile lea...

It - .tier011aUem

5' - Deatb of the nne.

Boll around the V1nes vas removed t1J.l the

root syste4iJ wan, ox.vo:..ed. PUty III of the zoospore

auapens10n vas pQu1"Qd on the expOsed roots and oovered



v1tb JIOut co'ton vool. PlftJlt roo~.drenched v1tb

sterUe water vas kept, .. abe_. &lell bits ot :root

sample vare taken and sJJDP'caa8 vere atud.1ed at a

reauJ,ar 1nterYal at a.B hours trom the date of 1nooulaUon

t1ll the death at tne plant. S711Pt4Ia were graded as

desor1bed &bOY••

The follow1Dg tunl101des vere uued tor tbe study.

1. Agallol - JO - (3~ Mercury as Me tnoX7 e\hyl
••roury olllor1de) - 0.2:'

2. Bqer 5072 - 70 WP (p..d1Jaetlvlaua1no-bCasened1a.ao
sodium sultanate) - O.2~

3. '.rh1r1d...75 ,WP (15}C Th1ram-tetra metlvl
th1uram d1auJ.pb1c1e) - 0.2%

.... D1thane Z.78 - 75 ~p (75% Z1nc ethylene
b1sd1tb10 carb_a"-) - 0.2%

,. D1thane M-45 - (16~ Manganose - 2_ Z1Dc-

Bthylene b1a-cU.tbio carbamate 62%) - 0.2%

6. Zlr1de - 80 Wi (SO:' Z1nc d1methyld11ib10

oarbamate) - o.~
? Bordeaux m.1xture - 1;6

!he same tung.1cide. at. the same C;)I)Centrat.1on

were used tor bio-assay studies, tor detached lear

exper1menta and tor pot cultun st.Udies.



!be method pertec\ed by Jent.llqer (19S;) w...

used. Radial gl'OVtb and cultural charac~rs ot thAt

tunaua were observed for a period or on. we_.
6.2 aMU.S9Di, tt" gn 4dAIAI4 ...DI

}I~Ullt;ic1dal trials on detached pepper lea....

asa1na' fa. R,lWgr , "'Ire dcme aocord1ng to the method

perfected by Turner (1969b).

Pot culture .twU•• vera oarriect out in plant.

grown in enrtllG. pots at \lD1tom S1H. In the first set.

ot exper1raeDt. the t'ung1.c1cles vere aPPlied betOl'8

art.1t1c1a1ly 1DoCNlat.1ng "'. p].aDt. In other 8e\, the

plants were first inoculated and 1ihen treated vitil

tungic1dea at. d1tterent. ~e"ala. fhe fungicide. vere

a.PPl1e4 1n the tollow1ng .aDDer.

1) Fung101clal aPpl1caUon tNo hours before

1nooulaUcm nth tuncua.
11) Funcl1014al ~pl1cat1a three da-vs t>etore

1nocuJ.aUon \11th fungus.

111) Fun61c1dal ~plloaUOD a1s clqa betore

1nooulaUoa w1th fUIIIUa.



1y) J\mg1014al aPp].1caUon D1D. clays betor(
1nooulat1an with tunaua.

v) J'ung1c1dal aPp11oaUoo one da.,y atter
1noculat1an with tulips.

Y1) Fungicidal aPP1.1ca\1on tw dqa after
inoculation ...-1 t..~ f'uDaua.

IrrespecUYe ot the type or inooulation all

tung1c1des, excep' Alallol, were apr~ec:l on the pJ.ant

and dl"8l'lche4 111 soU. Wh1le Alallal vaa used only for

d1'encb1na•

fhe 1nteDs1t,y at root 1nteot,1an after ~pl1cat1on

01' fun&1c1de vaa graded aa follows.

o - Hot 111fected

1 - Fine roots 1nteo tAd

2 - Flaoc1d1')' ot lea•••

3 - Death of the nne

All tbe eaper1aen'- wre oaJT1ecl out vith

aclequate .m.tIioer of repl1oaUons.



RESULTS



RlSUL.TS

1. CgI" Quam.

fAYtopb;U1ora Re1mJOlA (auUer) iluUer. the

pathogen oaus1ng t4u:lck v1lt or pep~r vas isolated and

studied in culture and boat tlllN•••

lilXA2?tPk4QM fAW\lYQlM (auUer) IJuUer.1J19

ioiIl.. 1Wl. Maa. 11I.- Ju.1. PulA, 1918-1'}19; 82

• lAYWRhtllarA arMY (col..) ?etDybr1dge.

Petb11tr1d&o, G. H. iQ. ~. Rgya], DubJ.;Ln

~. 1~' 529-5651 1913.

~cardo, P.A., ~. lWli. il' 861; 1'}12.

I: KJ:WlU Qel."Y2ft Butler.

iifa. lUIa. Uri,q. 1I¥'i., ~; 1. 8~;-83; 1'}O?•
: ljJJtQi?ht.bgra g,h.1.ma yare aWHi. ft\ll.ler

.....". J.r1I1. ,....11 tikGa, 88. ?o; 1936.-Waterhou8e, G.M. O.M.I. 8aac,J,lADI9Y'

pub11.cat1ODI 12, 13-16; 11~56.

Mycel1um hyalin., coenQcyt1c, intercellular,

ac.aet1mes intracellular. Uaua1l.y haustor1n passing to the

host cella, hyphae larae, ;}rofu8ely branched up to 6 ttJ 10 ,



in diameter. otten 1rrecular17 ftQUen, th1ck valled

ch181JYcloapores abundant 10 oat Ileal agar. Sporangiophore

3 to 6JJ. in cl1ame\er. usually branchttcl. The sporangia

t.rminal, occas1onally inteNell'17 (.111.1).

Sporang1w:J spherical to ovoid when ;young (}f'18.2) t

lemooshaped, oUpyrltorn1, ovo1d or elJ.1psoid when llatured

()"ig. 3), roeasuring 25 to 65 J1 (avorage 50 JI> d1ame'ter.

Apex broadly P8P1lla:..e with a shallow aP1cal tb1cken1ng

up to 10J1 occluded by 88pttU p~ug. !hey g.r1.J1na~

read1ly 1n vater. !he *X)spOI"8S first oome out through

the ap1aal opening 1n Baas (Fig.a.), sv1m, came to rest

and aet encyst.d. the encysted 2lOOSpOr&S meaSure

? to 10 ,. d.1_eter. !'he suual reproduct.1ve ori5ar1S wre

not obeeJ"ntu e1iber 1n culture- or in the hoat tissues.

2. iJ'iAPyateoJ.g'J

2.1 QR leaN

On art1t1c1al inoculation ~le first v1sibl.

symptom notioed Ob the lea'fts vas pal. co~oured vater

soaked regions 1n the !nt.oUon court. !his usually

aPpeared \d.th1n a period or ~ hours after 1noculation.

Tbis vater aosked area turned. to 11ght brown and then to

dark brown within one to "'0 days. SUbsequently the

1nfected region showed the s1gns or rotting. Once the
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FIG 1
-,::'hY~~91'.\i lJAblR1Y91&

\ p, ,i ;'miTJ sporangi ~ (b) In\erc~]lary sPQrl':',ng;.8
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J'ott1ng started, the apread ot the Usease vas ra.P1cl

and conred tbe .ut1r. leal an. V1 tlh1n a ahor\ period.

A tully deyeJ,oped lesion bad a halo neorot1c centre

aurJ'O\lDded b1 a brova pl.ala necrotic _one wb1cb in

turn vas SUJTOUl'ldecl by :reUow haJ.o wh.1ch slowly d1ftused

to healthy Usaues. fhe halo vas vell def1ned and

clear when the development of the lesions vas slow.

Lesions coaJ.esced or 81nlle leslon, J'aPitU.y u y nnc1ed

and covered. the large area at tile leaf (7able 1). the

size at the lesions varied from 20 to 80 DID in diameter

(PlaW I to Vll). the t1.nae talt.) for lesion deYelop~l1Clt

varied tram 2'+ to a.a bours d.epending upon the maturity

of the leaves (Table 2). lIImature leaves took infection

more eas1ly than too matured ones. When tne matured

le..... vere inJured before inoculation, tl1e time taken

f or the symptom developraent V8Jl alm08 t .ame as that

observed on un1njurecl 11Imatun leaves.

Generally the 18s1on8 apread in a circular

fashl.:m, but OOcasilna1.lJ' tbq apread 10ll&1tud1.Dally

along the vein. Wben tbe lea10na spread 1012&1tudlDal:b'

along the LD1d-r1b, the non-1nteoted portion of tbe

leavea set tv1stod marked1)t. Most of the lesions were

circular with indefinite mar&1ns. IrNgular l.sions

were also observed.



'bIale 1
Inoculat:lOD .tucu.•• oa J.ea....

D~
llwaber ot J.eaYes/d1nmeter 10 _ of leaf J.8.101'j size Belat1ve temPlratuJ'e Raintall

at r llUald:1t7 % C

1JJOCU- Maxi- M1D1- Kax1- .M1rJ1- -laUon I II m IV V VI VII VIII IX X .. JINII .. ..
1 10.0 12.; 10.; 10.0 B.O 8.0 ".0 9.1 10.8 0 9'1 93 28.3 23-2 62.3

2 10." 20.; 15.0 10.0 10.0 10.3 ''.If. 11.0 20.0 6.6 95 86 25.1 22.1 If.3-1

3 10.6 30.3 15.5 20.0 10.9 16.0 7.0 15.a.. 28.0 10.8 95 16 27.1 22.9 1].0

It 10.6 )0.3 18., 20.6 20.3 25.0 10.0 18.7 30.0 13.0 9&f. 83 28.9 23.2 1.9

S 19.5 33.S 21.7 30.0 "'0.8 29.; 10.S d:t R.S 2'1.0 95 78 28.8 23.2 9.6

6 20.0 35.0 51.; If.3.S clt 50.0 10.6 - ;0.7 "5.6 95 '19 28.8 23.1 8.1

7 U ",.8 60.0 50.0 - 53-6 21.0 - 57.0 53-0 93 15 2~." 21.6 2.8

8 - 10.0 13-" 61." - ctt 30.8 - 12.0 dt 96 19 .30•• 22.; "3.3

9 - dt 80.0 df - - 50.0 - 79.0 - 95 92 23.1 22." ..e.3

10 - - dt - - - dr - d.f - 91 88 28.6 22.3 11.4

dt - defoliated



Plate I
Stages in the development of leaf lesion - two dqs

after inoculation.
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ttab.1e 3
Bttect at _tun_ aa:ad surfaces ot leaveaOD S7DPtt:. deft1.opmellt

St.aae. or
lear

-

•Surfaces liW20er ...ber or J.....rage
ot le.... or leave. les1on8 DUmber or
1nocul.atec1 1noCUlated. d.eY81oped 10810na

per lear

llati.1.o at Ratio or le.1ona
lesions aD on ..ture:fllma
upperalover t.ure lear
aurface 8ul-tace

Upper LOVer

Lower 100

Lover 100

1'''.5

,.,1.320 0.2

18, 1.85

22, 2.25
8)6 8.]6

100

100

Upper

Mature

.f

• "~r of lesions counted ..8 aoul'S after inoculation



Bal' UD11'0I'II WeoUon. _ .. notioed lIbeD st4trUe

GO,toIl voo1 dipped 111 ..lok aOO8;lOft auspension vas

tied aroUDd tn.. .... aDd ttranobea.

the .i.nit.:1al ..t.0II on tbe at. vas the

aPpeUClce or a ".t.er aoeked reg10n a1m1lar to that

observed on the lear. !lUa vater soaked region \u:rnecl

dark brown w1th1l1 tW() to three days. !he 8vread was

more a1rcuJ.ar than lQDlitud1nal. %he 1nteot.od reg1,,>D

ailJ.JCtared vet and al1m;y to touch. three to au 410'

alMl' int.JOUlat1on, a.oid1ty ot yOUl1ger lea".

oocurred wh1ch vas followed b7 Jellow1ng ot yoUDC.1'

leaYe8 and flacc1d!V or matu1'8d. leaft8. La\er dl

the leave. droOped (!able 4 and Plate IX). When the

ro'Ung or the internal t.1asues beeauae .ever., the

leave. ahed and tv1gs e1ther got ••parated at node. or

dried aboYe the 1ntected reg1IJu (Plate X). Oocaaional],y

the nn.. split at tbe intected area.

Transvera••ec'ian of \be freshly int.c......

raC1ons, shoved. YUOular 41acolouration b810nd the

point or Wecu.on. Later, tbe sott P&l'8llClllllatoua

U •••• ot the cortex and aeclu1l.&r1 rqa deaqed aDd

\he Jqlem veaae1.s tumed. 'brown. Intensity of oortioal



~abl. ...
IDocuJ.at1an atud1es on st.

DN: Nuaber ot at.-/1nf'ecUon f~rad.s .1aU... ~peratur. Ra1ntaU
a£ r

bwI1d1~ OCiDocu- _
lattoo I II III IV V VI vn VIII IX X' XI XII XIII XIV XV Maxi- M1n1- Mu1- 1I1n1- -BlUm .. Jl.1'Ia. ..

o , 0
-

1 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ SIt 28.8 23.8 O.s
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 93 15 29.8 23.2 0.9
3 1 0 0 0 0 0 1 -.) 0 1...... 0 0 1 0 0 96., 71.., 28.It 23.0 18.1

"v 1 1 1 0 1 Q 1,/ 0 1 1 1 1 0 0 0 96 v 93 v 28.~ 22.~ 82.3 vl ... " -5", 1 1 2 1 1 1 2/ 0, 2 1 1 1 1 0 1 9'l 79./ 2S.~ 22.2 aa.tj v .- v'

6 2 1 2 2 1 1 ~ ('J 2 ,J :J , 1 1 1 96" 92v ' 28.~ 27.1,..r 19~3v

" 2 1 2 2 1 1 3 1 2 2 1 2 2 1 2 9~ 81/ 28.9 22.~ 129.6 l./'
v ,,/ v - '~

V '17

8 3 ~ 2 2 1 1 .- J .. 1 2 2 1 2 2 1 2 98v 83, 26.0 22.2 'S~OL""".- -- It..;' ~~9V' 3./ ~ 3" 3/ 2,1 1" 2"" Jv' 2v 2 2 3 1 3 95./ 26-7 23.2 20.6",
./

10 It,/ 2", 3/ '~ ~ ~ ~ 2 ,
~ a 2 I a a 97v 11,,/ 29.9v' 28.;' 25." vv

11 It 3 It 3 3 2 It 2 • I 3 3 3 2 It 96,/ 15 30.0 23.0 'lrae. ,/
12 It,.;' 3 S 3 3 3 5,,/ 3 , 3/ 3 It It 3 It ~ 7lt1./ 29.6 V 23."\../ 2.1 .........
14 S""" 3 - 3 3 .3 - 3 - 3 .. , It At. 5 93v 10 29.6 21.6 18.2 V'

,a. - 3 - 3 3 ) - 3 - It At. - .. S - 92 v~ 7't 29.3 22.9 0."
15 -v' It - 3 3 J ,-,- - 3 - .. It - 5 - - 93 ",' 11+ 29.1 22.6 12.1 \../'
16 -v It - -/3 It It - ... - ... q. - - - '~v/ 76 29.6 23.... 1~8 V'1

11
_~ ... - ) .. ..

- A It - "./5 - - - - 92 -- 71", 25.7"" 2).3 -v 10.3 "-
18 - 5 - it It It - 5 - a. - - - - - 96_ 19"", 28.9 23.~ 70.);,-....
19 - - - .. 5 .. - - - 5 " - - - - 91 85 28.1 2].8 6.8
20 - - - , - 5 - - - - - - - - - 'J6 90 28.2 23.0 "'.7

C.,I
c:



Plate IX
Droop1ng of leaft8 due to stem 1ntecUon.
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~abl. 6
Brteet of tuDe;;1c1des on the ~1 of i.. R",'YOZP s.n Md1a

• .D1a118ter or the fungal. disc used. rQr 1noculation.
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The effie'" or ditterent. lung:1oides wen

the aUterent. tuI1g1c1de. _zoe sprayed t.wo hours

before the 1nocula't1-m ot the 18.". with fun,.:J.

propagulea (table 7). 1110 ditterence in tne fungicidal

treat.men' vas J3ot1ce4 since all \he fungicide. _re

ettect1T8 1n completel7 ki l11ba tn. pathogen.

sprayed on leaft. thne days betore inoculation are

presented 111 Tabl. 8 aDd 9. Bordeaux m1xt.UN vaa b

0011 tung1c1cle which rest.r1cted the tuDaus from causing

the dis...... All "- o'tbar fun,lcid•• were better tb.an

the COlltroJ. and oontroll. ~e cl1..... to Va.l')'iDg degree.

HOyeTer t ta... .tungic1des wre not a1p1ficantl1

different trom one anot.her.

lone of tb8 f'uDc1c1de. vas etrect1.-e 1D

compl.te~ oheokina t.be dise.e wnen the tungicid••

vere sprayed s1s cl&18 bator. th. 1Doculat1on or tne

pathogen (!able 10 aDd 11). But al11'lm&101de. were

better than the OODwol. AmoDg the t\mg1C1d••,

Bordeau m1nure flave the beat and D1thane K-Jt.5 anc.\

D1\h_e J-18 \he 1...., control Qt tbe tiseas••

•



rabJ.e 7

Bftect or f'un81c1dal t.reatment OIl the control or fo. 9811$.':9= on leaves;
leaves treatecl two hour. before 1noculaUon

Fun&1c1des
Uumberot
leave.
1Doculat.ed

Nl8ber of leaves
1ntectecl

.3orc1eaux m1xture T1 30 300 0

Be;,yer 5072 72 30 300 0

Z1r1de 7) 30 300 0

Dlthane Z-18 1't- JO 300 0

1b1r1de 'IS 30 )00 0

.D1tbaM H-lt, %6 )0 )CO 0

Control %1 JO 300 300

... %0\&1 or three repJ.1cat1ona

v..:..



IF

'rab1.e 8
Btl8O\ of .tungicJ.cla1. treatment. on the control or i.. pe1pdygra OIl 1_"8 i

leaves treated three days betore 1nocuJ.aUoD

Fung1c1dea ..Nu.t..ber
ot
plants

"bel' or
leaves
1noculated

"bel' or
leaves
infected

Mean or
1nfecUo.o

Bordeaux m1xture T1 30 )00 0 0

Bayer 5C1'12 'D )0 300 69 2).00

Z1r1de '13 30 300 82 2'/.33

J>1tbaae Z-78 %'+ 30 300 60 20.00

!b1r1cle !5 30 300 SO 16.71

J)1tb..- M-Jt5 '16 30 300 112 Y}.33

Control '1.1 30 300 300 100.00

F. ra.tio 191.68··
C " (0.05) 8.02.....

It: total of th:ree rei)1.1cations

•• Significant at 5 per cent. leyd



•

Table 9

Effect, of f\mg1cldal t.rea'tmeDt on the control. of ~ :IfN!9rn on l.eaves;
J,eaws treated three clays before inocula OD.

Analysis of vari.ance table

Source s.s. dr. Var1aDce F.

'fotoal 18f20.95 20

alack 2.)8 2 1.19 <1

treatments 1Ba.7'+.95 6 3079.16 191.68

Brror 2lt].62 12 20.30

Ranking T1 !?~---fJ+ ~ %3 T6 r'l

v...,
(...:



2ab1. 10

Mtect ot rwta.1cidal trt:;atlnen~ Oft tbe con~rol of L pN2IPY9ra on leans;
lea'l'Gs trea~d au dqs before 1DoculaUoD

..-.-....... -, -
Treat- '"'In.oer !iuuaer of lhar.Jber of MeQtl ur

hngic1.de. men' of 1eavea l.eB'f88 1nfecUon
lumbers plants inoculated. 1ntected

.
Borde-.ax .u.xt.\lre %1 )0 JOO 35 11.67

_er 5072 %2 30 ]00 16 25.33

Z1r1de %3 30 )00 166 55.33

111thaD. Z-78 t'. 30 300 220 73.33

!binde ~ 30 300 110 36.67

»1ttl.. -..a.; %6 )0 )00 239 19.61

Control 'f'J 30 )00 )00 100.00
.

F. rat:1o 16,3.lt1··
C.D. (0.05) 1.61

~, Total or tbree repJ.lcations

.~ Significant a~ 5 per cent leftl.

~>

c:.'



'fable 11

&fteet ot tung1c:1.dal treatment an tho control or iJ. RaJ,l1,UorO, on leaw8;
leaves treated. s1x days betore inoculation

Analysis or yariance table

aotlrce 0.8. elt. Variance F.

Total 18lt15.1&t 20

mock ,.It) 2 2.12 <1

Treatmen\s 18l+87.11t 6 3031.19 163.lf1

"'J"OI' 222.51 12 18.;S

Hanking 'l1 '1'2 ~ TJ T4 f6 T1

~

~



Hon. of the fl.m&1c1de pro'fed ettee'!ft 111
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days betore maculation. How.er, the intens1ty or.
di...... vas lesser 1n tuna1c1de treated plants than

betore inoculat1<m, the disease control oot.a1ned. was

leaser than 'Whon the tuDrp.c1des were 8pr:.lyed thref;:

completely eradicatius the patbogene

tungicides 'Wer. app~1ed une cIIq after inoculation, tbe1

reduced tbe tnteGUOD to .ome extent (I.ole 11+ and ,,..

Amoug 'the turaa1c1de., Bordeaux mixture, Bq(JJ" 50'/2 and

Zir1d. were IlUperior to other t'ung1c1dea.

1n ctatrol. On Jorcleaux mixture aPpl1ed plants, the

1ntect1on l18an vas onl)' 29.33 vll.1l. v1tb 1>1thane .H-lt5

1t waa 9S (table 12 and 13).

Whea .. .tuDi1c1d.. vere a.PP11... \lro 4878 after

inoculaUon, \b. control abBe"ed was COIIParat1 'f'e17

1nterior to tba' observed v.ben 1t. "aa aP.Pl1er1 one dq

after inoculation (!ab1.. 14 and 15.. ComPU'Gcl '0 a

a.an !ntecUon rat. or 2.33, 3.33 and 5.33 on 1••Ye.

ILPP11ttd vi th Bord'a\l2 labture f 3a;r.1' 5072 and Zir1de



fable 12
&ffeet or 1\mg1c1dal trentnumt on the control ot f.a. 2D1Nyora on ~eaY_;

leaves t.reate4 D1.ne d~a betore inocuJ.at1on

Trent.- *Nw4bcr Humber a! Nl.lmber or Me811 or
Fungicides sent or luaves ~eaY88 1ntecUon

H\lloers plants inoculated 1ntect.ecl

BoI'deaux rdxture T1 30 300 88 29.33

Bayer 5072 72 30 )00 119 59.67
Z1r14. 13 30 300 2)2 77.33
D1t,ilaae Z-78 1t+ 30 )00 2'19 93.00

fbir1de T5 30 300 21+2 80.61

D1thane M-a.5 16 30 300 285 95.00

Cont.r:>]. 'f7 30 300 300 100.00

F. rf,Ua
C.D. (O.05)

• fatal of three repli.cation
.... Significant at 5 per cent left1.

291t-.1t8"'·
a......



Table 13

&ttect or fungicidal trea'buent on 'the control or i..Dtt1II1XQlQ, on leafts;
l.eants t.reat.ed JI1..1I)e clays before inocuJ.at:[OIl.

.source S.S• eIt. Var1nnce F.
~_.r

Total 11157.14 20

Block 3....3 2 1.72 ~1

!rez}t~ents 11078....7 6 18lt6....' ~.1+8

.irror 15."" 12

•

!5 T4- f6l~anking !1 :£2 1:3 't'l



~able 1'"
Btfeet of tunglc1dal treatment 011 the control org,.~ on leaves;

1eaves treated cae day anC two days att.er~

%reat.- One d.ay after 1noaulat1QD !va days ~er inoculation
PuDg1c1de. lie'Nos. *Jlumber ...ber of I\Dber Mean or ..Humber Jlumber N\8ber Mean of

of leaY•• or int.- of or of 1nte-
plants 1Docu- leaft. CUoD plallts leaves leaves cU.n

l8te4 1nfected inocu- infected.
lateel

Bordeaux muture %1 30 300 1 2.33 30 300 62 20.67

SQ''' 5072 12 30 300 10 3.33 30 300 8S 28.33

Z1r1de %3 30 300 16 5.33 30 .300 15'6 52.00

l>1theDe z-78 ~ 30 300 97 ]2-33 30 300 222 ?'t.00

fh1r1<le J'5 30 ]00 79 26.33 30 300 116 58.61
D1tbane M-It5 ~ 30 )00 110 ]6.67 30 300 260 86.67

Control T.7 30 300 300 100.00 JO 300 300 100.00

•• ••F.raUo 1)6.15 1,l1..81
C.D. (0.05) 9.05 1.66

• !ot.aJ. or three l'uP11caUons... S1..;on1f1cunt at 5 per cent leve1
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Table 1S (a)

Kt'tect ot 1\mg1c14al trea~.n' on tiJo control ot .f.RNVayorl
OIl 18aft8; leaves treated one d~ after inoculation.

AnalysiS or var1anoe table

table 1, (;»

street of fungicidal treatmeDt Ol) the control or g".Q'IIiiY2D
on leavoa; lea.ves treated tv> days after inoculation.

Analj's1s ->t yariance table

.. T

Source

Total
Block
Tl'88:tments
Error

Ranking

• -
6.S. 4t. Varianoe F.

-..................... - .. ...•. I •

15601t-.95 20
8.66 2 It.33 <.1

15J()8.a8 6 2;»61.36 11+.81
228.Q1 12 19.00
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one day after 1noculation, the c\)rresponci1ng value

for the above tung10ides when aPpl1ed tva dnys after

1noculation vere 20.61. 28.33 and 52.61 respectively.

The mean 1nf'ect1on rate obS8rYed in oontrol 'WaS 100.

'lb. r1,ulult...., ot 'ine at\ld7 1. given in Table 16.

It 18 eY1dent from the table that none of the fungicide

eradicated tile r>athocen once 1t est·~lbl1shed 1n the Mat

ti8sue. But all f\lDi1c1de. RM checked the quick

d.veloil ~ent ot the lesion when oompared. to the untreated.

leaves. The averaae d1ameter ot lesion on the first claY

atter spraying w1th Bordeaux Illuture, Bqer 5012 and

!h1r1cle were 8.5, 1 and 8 reap"\!Yely. The corres1lOnd1..'1g

figures of th. above le.10ns on firth day attex' treatl'umts

vere 32 .0. 1).5 and 28.0 Nspect1yely. 7he dia~3 toar ot

les10n on Ull'treat.ed oontroJ. lea... on the first de)' and

f1fth day were 9.1 and 56. 'I. This snows that Bayer 5012

haye better .radio" aation than the other fungicides.

3.3 gp 'lJ,nt,

3.).1 1Vo hourfi 9trotl 1RoJ1~a\19n ax t,. Rn]miy'all

As vas obsi;rved with leaves, :3.l1 tbe fung1cides

vere uniformly ettect1va 1n checking the disease deYelo.t)l.2en't



%able 16
D"ad1cnnt, testa on detached leaves;

erfect of fung1cJd.. on 18&1011 en1.argement

• ..rage d1a- Average d1amoter ot 1eat 1.8s1on aft.::J' fungic1dal
Fung1c1de~ meter of leaf apl'ajina (in_)

J.eti1on before
spra~r1h& 1st dfO" 2nad8'1 )nl dq q,th day 5th c1q(111 ..) --

BordealD mUture 7.; 8.5 12.0 19.0 ~:5.0 32.0

na;,er 5012 7.0 7.0 1.6 8.9 11.7 13.S

rhlride 7.1t 8.0 10.0 15.0 21.0 ••0

Z1r1cle 6.9 7.6 9.0 15.0 21.0 31.0

D1tl1aDe z..78 7.0 S.s 11.S 18.8 25.8 35.0

D1i.haDeM-Jt5 7.0 8.8 16.6 29.0 )6.0 "'5.6
ControJ. 7.1t 9.1 17.0 JO.5 "'1.0 56.7

• Average or 10 leaves



4J

in riDe. vi1en \b.q ...... Weated with tuDa1c1d••

t. bOU1"8 betore SJaooulaUon (hble 17).

!he protecU.. etten of BoJ'd.eaUx m1xture

and Ba;rer 5012 we,. proaounoed vbeD tbe1 'Were treated

on 'tAe 'f1nea Ulna dll7. before 1nocUlaUoo. Both \be

funpaid•• cC8Ple\ely 1.nb1blted QIIptom d8.e!opmat.

!he protect1.,. Iab!l!t)' of D1than. Z-18 vaa poor and tne

nne. t:reated V1th t.h1a tunl1c1de aboved a mean infection

ra.te or 5.61. Boveyer, D1~ane z-18 was better than tb.

000\1"01. (table 18 and 19)·

_OIlS tne siz tun&1cd.dea tri84 on \h.e Yines

only Bordeaus mixture vas ettecttft in oomPletely prevent1na

tne :lllteoUan t vb. \be hn&101d•• wre treat.ecl su 487.

betore 1aooulat1oo (table 20 and 21). Oompared to the

oheck other tuna1c1d.. wen .-teoti'YfJ 11'1 varying order.

aq.r S012 with mean 1nf'eoUon rate at '.33 and D1than8 M-Jt.5

with intect.1ou ra1ie of 6.33 _n tne best and least

eUecUwe fUD&1014es re.~eou.Yel1.



~ab1.. 17

"feet, of tun&1c14al t.reatment on tJ1e control or f..a,l,lXQI"8 on nne.s;
Y1nes tnated tMo bOUJ"a 'be1'on 1DooulaUoft

Fuac1c1dea
~eat-110••

Bordeaux 1I1xtu:re '11 30 30 0

Be.Yer 5012 T2 30 30 0

.I1r14. %3 30 30 0

.D1tbaD.Z-18 1'f. 30 30 0

1'b1ride TS 30 30 0

D1thane MeltS lf6 30 30 0

Control 'f'} )0 30 22

• Aftrap ot three replications



-
~abl.e 18

Kt.tect or IUngicidal treat111ent. on the contro~ or .f.p,]rPygra on Yin••;

vines tre3ted three 4818 before 1noouJ.at1:.>n

..
'treet.- -l'4u.Qber
went at

Noa. plants

1iumber or
plan\a
inoculated

JiwJber of
plants
infected

Means of
infection

Bordeaux~ T1 30 30 0 0

Bayer 5012 %2 30 30 0 0

Ur1de t) 30 30 8 2.67

D1thane Z-18 Itt 30 30 11 C;.6'1

%b1r1c1e " JO JO 12 ....33 -
1)1thane H......; f6 ....33

...J
30 30 13 --

Control. 11 30 30 23 1.67 ~
..../

••.,. ratio 19.15'
C.D. (0.05) 2.01..

• A:f'erage or t.bree replication•_.
Slgn1f1cant at 5 per cent. l_e~



lfalale 19

&tree' or tuDs1c1dal \reatmet OD tbe caatroJ. or i..P".IY9r. OD Y1nu;
't'1Dea treatied. thre• ..,.. betore 1DoculaUaa.

".'781.8 of Yar1ance table

Source s.a. cit. Yar18DCe ".
lfoW 181.'" 20

BLoek 20.10 6 10.OS 7.91

Treatm-u 1-5.91 2 :1+.32 19.15

Bnor 15.23 12 1.2'/



l'able 20
Itten ~ fungiCidal. treatmen' on the con'boJ. ot f. p,leUgra on Yin••;

Yine. treated au day. betore inoculation.

Boz'deaux lI1xt.ure

BQ'er S072

Z1rlde

J)J.t.h.... .J-18

1b1r14e

Dlt.bde ....5
COII_o1

'.ratio
c.». (0.05)

!J'eat-- *a.ber of "be at JUmb.- or MeeD. of..~ plana p1anta pl.snta 1Drection
ltoa. Inoculated 1nrec'ed

~1 30 30 0 0

~ 30 ]0 It 1.33

23 30 30 15 S.oo,.
30 JO 18 6.00

" 30 30 12 ".00
ft 30 30 19 6.33

'f'/ 30 30 22 7.33

11....
1.88

• A'Yeraae or thz"ee np.l1caUoDa
.. Slgn1tlcant at 5 per cent 1wel



~e 21

Bttect. or tuD&1c1dal treaUent. em the control. o~ .f,.a,lmiygra on v1Des;
Y1Dea treat.ed 8U dqa betore 1Docul.a'i1on.

_alJs1s or yar!ance table

a.8. u. Variance

~o\al 162.29 20
8look 122.29 6 20.)8 18.20
!reab14mtB 26.58 a 13.29 11.87

JlriOJ' 13."2 12 1.12



Bordeaux mixture and 1.IIQ'er S012 were the only

fun51c1de. found et'f"ect1Ye in checking the v1ne infection

vheD tlley were aPplied D1ne d07s berore 1nooulat1on

(Table 22 and 23). All the other fungicides d1Ci not

reduo. d1.eaa. infecUon 8P.i)reo1a~ cOm.Pared to control.

The erad1cant .otton of the ditterent tungio1t:e.

vere com&>lete when t.bey were treated on the vines t one

day after inoculll,Uon (TaUle ~).

the erad1can t action at t.be fungioides when

sPl"IIYed two days after 1nooulation was not as pronounced.

as that ooserveo wnen the tun~io1de. vere spra.yed one

dq after 1nooUlaUon. !he t1.an infection ra\e or

Bordeaux mixture, Bayer 5072 and %h1r1de were 2.33, 4.00,

4.00 and ~ge vere 81gn1t1oan~ bett.er tl1sn t.ne other

treatl.lentS. f119 fung1c1de. Zir1de, D1thnne l-i-lt5, and.

D1thane z-;?8 _n not effecti.-e in checking the disease

as they wem on par witb the contrQl(Table 24 and 25).

3.4 On rooy

3.4.1 1"'9 ftOUD Qjt'qr, 3:n )lQU1alij,an b;x f· plAmI,XQla

AU. the t'uDgiclde. except D1't.flane H-1+5 oompletely



!able 22

Itt., ~ tuDa1c1dal t.re.'-nt em UIo contiz'Ql. ~ P.pabdyaJ"a on Y1n.. ;

viDea treated D1De dqa Detore 1nocuJ.at1on.

J'ung1cjde. heat- *JbIber or IiwlJer or Humber Hean.or
me' plants plant.a or P1ant3 infectS-em
Boa. InocuJ.nted Inrecte4

Bordeaux m1xture fl JO 30 5 1.67

Bqer S0?2 ~2 JO )0 6 2.00

Zir1c1. %3 30 30 18 6.00

J)1tbarae a-78 t't 30 30 21 7.00
!b1rjd. %S 30 10 17 '.67
DltbBDe ~5 %6 30 30 20 6.61

CantJ'oJ. 'rJ 30 JO 22 1.33

".ratio 5'.98··
C.D.(O.OS) 2.98

... AYerap or thr_ repJ.1eaUana
•• Signlfioant at 1 per cent 1....1



2able 23

Mt.ct or tung1cidal ,"atment em the con'tl"Ol ot .f.all,'1[9m on 't'1ne8;

vines treated D1ne day8 betore 1noculn\1on.

Source s.s. elf. YaJ'1ance F.

Tote1 131.:It 20

.a1.aok 2.95 2 1.~ ~1

trea~ 100.57 6 16.76 S.96.... »'72 12 2.81

Rank1D&



~. :1+

FZ.feet ot tuDg1c.1dal t.reatment.on the cout.rol or f~YOXA on Y1nea;
niles treated on. day and \vo tia;ya atter aUon

.~. .
On(l drq atter inocUlation 1'v> d818 atter 1nocul~t1on

treat- -
Fungicides MDt *}twow 1iuIIber lNmbar Means "Number lumb. JlUmber Meana

.Oft. or of of or of or or or
plaD~8 plallta plallts 1..1')1'"e- plants plants plante 1111"0-

1nocU- 1nfe- CUOll 1rwou- 1nfected etlan
lnt.ed eted lated

lilt M ......-.....
Bonleaux mixture T1 30 30 0 0 30 30 'I 2.33
Bqer 5012 T2 :;0 )0 0 Q 30 JO 12 ".00
Arid. ~3 30 30 0 0 30 30 16 S.33
Id.~ a-~~8 1't 30 ]0 0 0 JV JO 20 6.61
~Sd. 1'5 30 30 0 0 JO )0 12 ".00
D1thaPe .....S l'6 30 30 0 0 )0 JO 18 6.00
ContrQ1. 'f'J )0 30 25 8.33 30 30 21 7.00

F. retio 3.0"

C.D. (0.05 ) 2.99-
• -.rot.al of thr•• replieaUona

... S1&n1r1c~ at 1 per cent, lo.al



ttQl. as
..re~ ~ t\aDg1c1c1al Veat.-\ on the contrQl or l.RI'JlDQD on vines;

nne. mated two cbq. after 1Doculat1oo.

_al7a1s or .ar1ance ~e

s.s. UJ.' 'far1ance "'.
£

Tot.al ea.." 20

lIlock 0.09 2 o.oo&tS ~1

%rea__ta SO.9S 6 8."9 3.0

arJor 33-91 12 2.83

•

liaDldJl& ~~



tiu

PJOMct.ed the roo" tJ'OSI~ tnfecUon vtl.a

the roots wre Vested v1t:.b hna1c14•• tva Dours

betore 1DoculaUon(taJ:ale 26). lIowftr, 8fti') D1thane M-lt5

vi th a ..an 1DtaoUOD raM ot 0.23 vas be'.r than t.he

ooatrol <-. 1nteoUQD raM 2.21).

the protective etteot or clitterent tun&1C~"

\0 1'00' 1Dteot1on. vbeP \be roots were treated three

days before 1nooulaUon 18 Pftsentle4 in the table Z7 and

28. !be reBUlu show -.t A&allol, Bordeaux mixture ..

B878r 5012 w1-.n 0.31. o.~ and 0.6) ..an 1n1"eoUon rates

vere better \han other Veat.l.nts. J')1thane M.lt-5 was lea8t.

etteot1Y8 1n oheok1nl tbe 1nfectton.

!he ProMC\ant proper')' or Aga1lol was re4u0e4

when 1 t v.. _plied Six da;y. betore inoculation compared

to the pro1;ecUon it .&aft. when it was drenched three

4ays before iDoC\Uatioo (table 2'1 and 30).

'-'hen 't..'lo).e roots _:re expesed to the tungs!

propaaules n1118 dsys attar tung1c1dal treatmen'ts, tile



-raol. 26
attea\ or 1''UD&101.daJ. treatment on the control of 1..QU,.aX9D OD root.s;

roots treated two hours betore 1Doculation

o
Fung1c1daa %reat.- • JlJLDber

ment ~
loa. plants

IntecUOI1 gracl1Da Aver...
_--------------.. :1rIrect1on

1 2 3 index

Bo1"deaua atxture T1 30 30 0 0 0 0

'181101-) Q. %2 30 30 0 0 0 0

"".1'5072 %3 30 )0 0 0 0 0

Z1r1d. !It 30 30 0 0 0 0

D1\baae ~78 !5 JO 30 0 0 0 0

tb1J'1d.. !6 30 )0 0 0 0 0

D1tbaDe ....5 T.1 JO .2lt S 1 0 0.23

Control ra 30 3 2 9 16 2.27



%ab1e rI

area. or tuDs1c1dal Vea'" on tbe control or f.;aAlumra em roots;
1'00\8 'rea~ t.hrtle 4"'8 betore 1DtJOulaUoD

Pmlg1c1dea %reat- -»UlDber InfecUon graduag

meat of
Boa. plaa'ta 0 1 2

Borcleausm1sture %1 JO 20 8 2

Aga1lal-] G T2 30 20 9 1

B8.1er 5012 %J 30 1; 11 It

Z1r1de t't 30 12 8 6

.01t.bIIDe ..78 %5 JO 10 6 ,
2b1r1de .. )0 1" '/ 6

1)1tbeDe Jl-It.S '1.'/ 30 S 6 8

CODtro1. fB 30 2 2 It

F. ratio
C.D. (0.05>

• %otal of thr.. :repllcationa
•• S1gn1t1cant at 5 per cent 1eYel

•
Ayerap
1Dtect101'1

3 1ncla

0 ••1tO

0 0.11

0 0.63

... 0.97

S 1.2)

3 0.90

11 1.80

22 2.53

1+.SS··
O.~



~ab1.e 2B

ittfeo' of fl.Ul&1c1d.al treatment, on tJJe contrQl or L.pa] m;L,v.gm on roots;
roots V'8ated three dlqa be1"ore 1nocula~1on.

AnalySi8 of yar1ance tabJ.e

Source S.S. dt. 'fartance P. -
~otal 12.51 23

lIlock 0.]0 2 0.15 ].125'

bea'tlHD"-s 11.60 7 1.66 1t.580
B:n'Or 0.67 ,..

o.~



%able 29
Bft8C~ ot tuDa1c1dal treataent OD the cantro.1 or l..pglliDOla aD roots;

roots treated six d.a bet'ore 1DocuJ.aUOD

!reat.- *JJuaberlIeD' or
50s. plante a 1 3

AYer...
1JJteet.1on
1ndex

Bordeaus mixture 71 30 13 1 'I 3 1.00

A&allal-3 G T2 ]0 8 'l 8 '1 1.It,

_81' 5012 %3 JO 10 8 9 3 '.17
Z1r1de tit 30 S 8 6 11 1.80

D1tb8De Zo-'l8 %5 30 S 6 9 10 1.80

~ 'f6 30 1 9 9 , 1.1to

J)1~ """5 'I.'l 30 3 6 10 11 1.97
Control T8 30 3 2 6 19 2.31

F. ratio
C.D. (0.05>

.. %otaJ. of three npllcat10na
•• Sign1ficant at 5 per cent 18Y81

••



Table 30

Brteet of fung1cidal treatr3ent on the oontrol of .£.ae15!911 QI2 roots;
x·o::>t.."1 treatecl s1x d.ays betore 1nOCU1'lU(X'J.

ADnl.yS18 ot yar1ance \able

Source a.s. M. Variance P.
..

%otal ".68 23

Block 0.11 2 0.055 2.12

Tre.'tmenu ".21 ., 0.601 2).12

Bl"JlOJ" 0.)6 1It 0.026



number of plants iDfected v:-;.t'~.ed (!~ble 31 end 32)

w1tnthe dUferent .tuIJg1014es. Bordeaux m1xture,

1'hiride and Bayer SOn with a mean infection :rate or

1.21, 1.a.o and 1....3 reapeoUvel1 vere s1gnificantly

bet.ter than the other tNa\ment.s and oont.rol. AU tne

fun~c1do8though. be'ter \han the oontrol did not

dUrer signifioantly one .-.other.

80

tne" w.. no tatlJ'kec1 d1.tferonce 'When the roots

were Veated w1tJ1 the 1'W1&1c1de£ OI1e d~y alH,; two dnys

after inoculation. AU tung1c:1de. 8XC81.>t D1thane M-J+5'

were ettecUTe in coapJ.eieJ.y check1na the 41aease. with

1>1\hane ,....." ttle inteo\1on indu of 0.13 and 1.10 tor

ona dey 8Pd t.wo clays ot 1nooulat1on tboJJgh poorer ~

otber tung.ic1d•• "Ore better than t.he con\rol (laOle 33).



• rotal of three repl1.cat.1ona
** 81gn1.f1cant at 5 per oint 18Y81



Table 32

Kfrect of fungicidal treatment 011 the CODUol. of ot. Pll m1Y9D on roots;
roots treated w.ne d~s before inoculation.

Ana1)rs18 ot Yal'1anCe table

dr. Variance P.

~otal 3.75 23

mock 0.05 2 0.025 <.1

~at;:a_'- 0.35 7 o.lt-19 19.16

Irro.r 0.35 11t 0.025

-
" A"!6'. T3



%ab~. 33

Mfect 01' fun~1cldal treatment on the control or'.Q~9la on roots;
roots treated ODe and two da)'s after 1nocu nt1on.

'l\i-> days after .1noculatloD

.. iiuclHtr IntectL)[; grftcung Averag!
or infection
pJ.ants 0 1.. 2 J index

--------~-- .........-- -----
Infection ,~r:,rtini

(mo day after 1nucu~at1Jn
ir<

Treat- lh.ICl,,;er
ment orFungicides

Average
disease

o 1 2 ~ 1ndex_________________-.,;;.._..:-_ ............__061.-.__

"aJlal-3 G

Bayer 5012

Z1r14e

D1tbane Z-78

!lUr1de

D1t.'lane .M-At?

Control

T1

72

%)

tt.

30

30

30

30

30

30

30

.30

30 0

30 0

30 0

30 0

30 0

30 0

'Ii) 3

1 3

o 0

o 0

OJ

o 0

o 0

o 0

a 1

9 11

o

o
o
o

o
0.73

30
)Q

30

JO

30

JO

30

JO

30 0

30 0

300

30 0

30 0

30 0

1'" ...
1 6

o 0

o 0

o 0

o 0

o 0

o 0

7 5

7 16

o
o
o

o
o
o

1.10

2.33

• ro~al or tJ~e replications



DISCUSSION



tU

DlSCUSSIOI

!be IlJIIPtoM\Q'1OQ or the Q\I1ok v1lt cl1.....

or peppel' VU deHr11Md '" II8D7 -volkers UJMlw field

OODd1t1cm.. ....t eYeIl nov tbe ~.h 87JIIP"-atol087

of t.be 418" hu DOt •• pl'OPer17 underatood. Ih the

pre••' SJrfNUpUGIl • a''''p' ....ad. to 8tudJ the

ee.p1ne SJIIP'-s oE \be dS._ rrc. .... 1n1t1al nages

to the .-pl", .....ttl ~ tbe pl.'.
Ibt fir.' Yia1b1e .-'- OD 1••".. arter tbe

lDoeulaUOD VM DOU". vltIdD a PU"1od or 2It- \0 36 b0UJ"8

ora S-atun 1__8 and 2It to Its hou:ra aD _tun leave8.

On the .. and braDObe. tbe UP....a1on or ird.t1al

Q'IIP-' vas del87ed vMD .-pared '0 tbe 18aft8 (two to

tift claJa). tbe 1ft1'1&1 QIIP\ca an t1M ~s "u

noUe. v1tb1n 2If. to ItS Jl<NJ'a of 1DoeulaUon. turner

(1969b) obMrYed th. 1D1Ua1 .,mp~ 011 the cl8'-bed

s.atun aad ..ture leaw. W11al1b 21+ to J6 ah4 36 to Its

hour. re.peoUY'e~. 1'b1a 1. 111II0.' 111 ..re..-t with

the PN88Dt f1lld1n.s. !he cle1., in the expre8a1on ot

1rl1t1al~ 011 the ....n 1e.... may be due ~ tb10k

and h.aJ'd ep1d8Nal 1••1'8 of upper aurtao. ot \be lea...

vb10h aq obstruct the eAIJ7 penetraUon or the path0len.

!b1. 1. supponec1 by the obaervau'on tbat the u..
... _ 1DJuJ'8d aature 1e..... to take 1Dtect1on vaa the



,
lJ...

._ .. tbat 11'1 s........ 1._.. thick, haN

fttMl.... eplclel"8al 1.,.. ot the .t. aDd. bnnohea

&lao 4e1.,ed the apr••eian or 1D1tr1al BJI'P~.

A1.oonero ...... (1912) aD..... t;be tirst nalb.l.

8J1IP~ 14 tb1D 12 to , .. bow. QIJ VOUDded ._. !he

dUter... 111 the t1M taken tor toe apre.alan or

1DitLal QJlPtcaa ill tb.e pnaent atUd7 and tilat obaerwd

b7 Aleonero .. .11. (1972).., be atV1buted to the taot

tbat the latter pl.-cl tn. pathos- an ~ vounded

pol"Ua 8Dd 1t hfllp.t tbe pa,tbopa in e&87 penet,rat.1<m

to the hard .a' ti...a. .1' alao reponed. lDrecu.on

at tine roo\8 vi th1D ~ • a.a boun.A a1ld1ar t1Dcl1rJS

vas recordec1 111 the pn_' 1rmtat1&aUon &1ao.

!be 1n1t.1al T1a1b1. _1t.P"- of ~e cU......

OD tbe ~e.... vaa paJ.e eolouncl vater .aed nl10na.

&.11111ar obu",aUan vas alao reaoJdec:l _ H8IIb1ar aDd

8hanIa (1916). lfoveftl'. I'd]. (19)6) noticed dark anen
pa\obes 011 leaves w1 tb1D 12 to ,.. houn or inoculation

tilth tile a008pons. alt ill \be pre.ent studies auch

II1IIPtc.a 11181'8 not DoUe" In1Ual qaptaa. on ate.

and branab were 8al18 as that obaerYed 011 1...,... The

d....e1opzaet of vater .oak. nl1011a 1D the infection

court ma;y be due to tbe "ONt.1on of _aceraUna en.,....



.., the pa"_ (Brov.a, 1965 and Wood, 19(7).

Mool'd1Dl to \hem ....ral ohealloal SUb8\anaeS OaP

....ra'e ep1cleftla1 t:1uuesJ the......tanc•• JI1gbt

haY_ be••0,"W'b7 '5b8 ,atboaen tor .ot\eD1ng the

boBt t1..._ tor e&87 ~et.raUQl'l. Un];j ke 1D leaT8.

and Yine. t tbe 1Il1t1a1. na1ble IJ7IIptotl on tbe roo' vaa

a bJ'OlllD18b cI18OO1.ouhUon. Ih1a 1181 be due to the

tac' ~t" Oft \be roots 8 ...11 U \be va'ter M)aked re&1oo.

weN pre_, 1t voul.d DO'Daft beeD clear due to tbe

eon aIJ4 ne., Datu" of t1ne I'OOU.

On the le.... the lee10n .eYe1OPIHnt. vas lIore

on tb.e low.r lIUJ"faoe, .cap.... to the upper surface,

~ both 8UJ'taoe. _1'8 iDOGUl.tied UDClez- lmUOJ'II

00Dd1t.1o.na (fable 3). &i.l&1' ob••I'YaUona ....... "e ...

hrDeJ" (19690). !be 1noh.... lea10na on the lover

~ao. -.Y " due to t.be larpr "".z- of ....ta,

tb1n CNUcle aD4 more ...aalation of JI01ature 011 \he

lower avt•• as 1" 1. not, d1reo\l7 uposed to the

aW11.1gbt.. !he poas1b111'J of v.-bing otf of the 1Docul_

trc:a tb• .-oot.b 8Pd &loa.,. \lPPer auJ'f'ace ot 'the lea...

a_lOt, &lao be ruled <alt..



The va"'r soaked. reg10u in tbe 1nt.cU:)I1

ooun or the lear, .... andbrtUlch.. wen CODYertecl

tratl l1lbt preen '0 l1p't bJ-ovn and r1n~ '0 daJ'k

bl"OVD cQJ.oured "801"0\10 ana w1thiD ODe to 'yo dlQ's,

1nd1cat1ng oo1.fJIJ1aat1on or the pathopn 1ft the hoat

U.IN... !b1a MCroUC aI"8U on the leaves enlarged

v1th a1gas or wet ro't1DS. A tully cle-.elopec1 lea1.;n

had. a holoneorotic Oen'" aurroundecl b7 b~

pl••ionecroUe ana wb1Gh in wm surrounded by yellow

halo which 810147 dUlu.. to th. adjacent healtby

t1au... Under h1gh iDaatcU.V oond1 t10n the les100s

deft10ped qUickly V1tb a tJ'1nled marl1n. Turner (1969b)

also ao..ned as mil.,. '7941 ot lear SJIIPt~. %he development

or holo-neoro'io area 11IO' be due to the coll.apH ot cell

walls b7 \he aoUon of pecUc and cellulose decomposing

811"'" or a(88 obr tox1c pr1no1pl.•• wb10h m18b' haY. been

Hor.t. by tis. patholeD durin, its cl.Ya.lo~ent, 1n the

hoa' U.sue. Brown (1965> and Woocl (1967) alao recorded

81.m.1lar t1nd1np wo%k1ng v1th £.~.8'tana. Cunn1nihall

(1928) and Aka! (1951) repor'-l that the probable

reason tor bro1llD1ng or the U .... 1D pl.s1oneorotio

are. JD-'y be a part1al oollePs1ng and d1s1ntegraUon

or tn. t18sue.. 'ar1ou. to111oo10118 path0lena

haft been reported to produo. tonne .1.u. J.1.tz:p



(Lu.4v15. 19601 Wbnler and Luke, 19631 la1¥an.undarara

and Q1aruda\taD 1966. Woo4, 1961, Ovans, 1969). Ihe

rell- halo sunound1Jts tbe les10n indioate a pop1ble

role ot aome \oxic pr1no1plea prodUced 1J7 the pathosen

dur1ns the1r srowth. d1ttua1ng to the bea1~ tissue.

tor ahead the area ot oolaD1zat1on.

Yellow halo 8UJTo IIDd1ng ~ 1..10n8 vas Dot

noUoed 1I41en the 1e81on8 ....e1oP*1 and eW.arged rap1d1l'

W1del" 8&tura\ec1 bUlUd conditions. A probable reason

tor the abaenoe of )'ellow balo UDder h1ab hua1d cood1t1on

mfi1 be that the growth rate at the pathogen under such

a 8U1table cond1t1cm .to' lie .. a taster rate - e...en futer

than tne d1tfU1on rate of the toxiD.

!be o1rO\llar uft].op.-at of t.ne lea1un8 VU

.ore C_EIOll in the c... of lear 1b1'eeUoll. the oircUlar

d.'t'81.oPII.t of tbe la81on... be due 1;0 tile radial

IJ'O'ftb ot tbe patb.o&8ll ina1. b hoat U88U8 from the
•

int.oUoD c~. Muller (19)6), Ho1J 1d81 lind Howat (1963),

turner (1969a and 1969b) and. liallb1ar and 8narma (1916)

alao obaerYed a1.t.d.J.a.r D80roUo 1881011 d....elop8l8l1't on

peppu lea..8. !he ap8l'la1on of 1.s10ns alons 'M Ye1D8

or in the \1..... betve. 1ib. ....1D8 VU alao notioed ....17

raft17. Such QaP\c8a were Dot. noticed by earUer workers.



ID1~ c1eftlOJMD' of 1..1.a an U. branche.,

a.. .. J'OOU vaa alao o1na1ar 1.n ~. On tbe __

the 1.81on spread and ...... tne ..tift a1reumterenoe.

!be 1..1011 deYe10praeut on branches aDd Rea vas botb

uPWaJ'd and! dovnvard. JIg, the upvarcl de'ft1oPlleDt or

1••1oa. vas BlOI8 raPid tben tbe c1ownva:rcl spread hom \be

a1te of WeoUon. On t.be roota onl7 upwaJd apre8d ot

~ 1••1oa. vas ob.erYe4." !be upward .pread ot 1.8100•

.. ..... and roots Jlq be due t.o tbe upvanl pull ot X)'l

••••ela. Daatur (1935) on beUe nn•• Muller (19,)6);

Ho111da-y and )Covat (1963), Rupel & al. (1965) and

Aloonero al ..... (1972) em .Pepper also obsened II1mllar

'ype or spread or 1••1=.. HovenI'. I_biu and Sharma

(19'/6) stated ~8t the _01'081. pr0IJ'••sed dOVDVU'd8.

'aaeular cl1aoolouraUQD be)'ond the oQ].on1ae.

regLon or boat t1aaue .. obsened 1D brenches t atu end

r~a. 1'b18 pb.8DOJ'd2'aa 1Dcl1oahs a poaa1bJ.. 1nYOl....,

of IOU \o:d.o ..tabol1te. du1"1ni patboaenea1.. ".a1D
and Ke1aen (1959) reponed that the pa~oaeo 0...111&

too' and root rot clear- botb pect,10 8Dd oellulo••

aubatanoea b7 • .,..aUG aoU0D8 aDd .,.ery rarely b7 toxin••

.Le. (1913) al80 oba.ned .-11ar Yuoular DecroDa and

de"'oted ... ~c .etabol.:1 tea of the pathoi8D 111 llqUid



'/u

culture. Ib1s oultan ~l1t,ra" ".. uaec1 by b1m t,o

sor.- peppel' varietS.a aiit' nat the toot rot tis.....

)qculara1laaran8, B-1-3 IlUOaDS trcaa tbe GUlture t1ltra'

ot DxJ;oPAtRQJ'D a.10D'''', l.&~ and ~ -'MP'11II

var. a~ were -,Para," b1 Keen .Ill .... (197;).

Ph7tot,osic nature at tl'Mt~ an 807abe8P, cocao and
~

to.a~ vaa also ..tabl1shecl b7 tbg. In "light ot the

abOY. t1nd1nas 1 t 1a reaaonable to "Mae that

fa. al1.!yora which 1nEeo\a the pepper plallt can al80

prOdUOe SO_ tioai.n.. J\u1ib.er atud1.. an th1. respect 1.

needed to oOlTe1ate the t.ox2n producUon and the d1.e_

1no1denee.

IoDat101lS 011 Use leaf le.lona wre not:1oed VbeD

altemate vet and c:lr7 condlUuna pre.8.Ued dur1nS \be

8pread 01" the J.ea1ona. D.r7" hot hQUJ's ot the _

reduoed tbe IJ"Ovtb at tbB pai-.boleJl 1n the leal u.asuea

"hUe t.be growth vas taa" VbeD the atmo8phere beCalM

cool and vet. Ibis type of aonaUon vas alao obaerted

by .Dastur (1935> in ~j,RI" JJd.\Ileat intected b.Y

RhytoRilYwlA. HnJlidq and Mowa' (1963); turner (1969a

and. 1969b) and H8IIb1ar and 8banIa (1976) also oba.rncl

a1lIllar IIODaUons on tbe leaf l.a1ona \It lb.1;JipQhthgra

attacked pePP4'J' lea••••



/ (

Deto11.Uoa of 1•••• vas aD 1raponant

87JI,PtoaI or QUick V1l,. th1a ooouned d\U'1D8 the

P.~leD.a1.1r,..peoU_ 01 1ih8 po1Dt at 1nteot1on.

But t.ba proce•• or Wol1aUon vaa cl1trereot with

lear 1DteoUOD and v11ib iDt'eoUan QD other pans or

\be Y1D•••

WbeD the 9&\00,- 1nteoted the 18•••• detolla

Uon t.ook i»J.- vi tb1D t1" ~ ten cliV. or 1nteoUon

depenc11n& \lPQJ'l the ol1aa\10 oonditione and matur1ty or
leavea. !he s1.. ot ttle le.1onl had no 1Dtluenoe on

detol1aUQIl. Under; vet ht.Sd condition )8Vell a spot or
81.. 20 _ 111 d1••'-r 011 ~eat r.sulted callus formaUon

011 the peUole ani aub.equeD' d.tollat1on.

De'nl.opment or &oc1d1\7. droop1nl and d.erolla

tion or l.a"". were \be llarkad 87a.t>\als dur1n& t.be

prog.s. ot b ti.... wh4tn \be 1ntect1on vas on stell,

branob•• , vl'roots. %he tlaoc1d1ty qllP'kIu on the

leaye••q be due to tJ1e d_,e oooul'J'e4 to \he canduc\1ve

ti••••, reaulUng in 1lbe obA1'uOUOI1 ot upward moY.-rat

of vater. the time taken tor the 4evelapment or

t1aoo1d1ty 818Ptala var1ecl 8IOOOJ'd1na to the nature at

1nteotion. the deYeJ.oPlIeDt or naoo1d1ty 8yJIPioma 011



pepper nne. VU'8 aleo aotrloed WeD tbe patbo88D

.'tacked l'OOtta or OG11ar I'8l1ona(Hlallv 1936.

110111481 and Mowat 19631 Iv.mer 1969a and _.b1ar

and Sharma 1916~. Followed by the naoo1dlty 87JDPt.~a,

all tn. lea•• abon the 1ntec\ed "&101'1 became pale.

Under vet lmm1d oond1tlan the leafta r all ott.

Def'oJ.1aUon Va. Dot l'10Uoed under cb7 cond1tion. Under

tb1s co1'1CU.t1on the drooped and dr1ed up leaves nma1necl

on \b. 'fin. vltb.out shedd1DS. !he nason foJ' detol1at1Oll

under wet humid condition ~d c1l'71l'1& under W8J'18 per10cl

18 not olear4 known.

8eYeral worker8 .'tempted to oontroJ. the

Quick v1lt eli_a_ ot ~pper b;r using fungio1dG8

(tlIUer, 1:J361 Holl14q and Mowat, 196); AnOlJllDous,

1965 and 19761 turner 1969b and 19711 Barper, 1971+;

8811b1ar and Bbarlla 1976 and BeJ..er, 1971). 8IIt the

re8\ll\a obta1Ded b7 til. wre not cODsistent. *ller

(19]6). tumer (1969b), AnOPJ1l0U8 (1916) and JiamlJ1ar

and ShaI'JDa (1976) str•••d the Dec•••lty or proph11at1c

sprqiD& at .t\In81cld.ea aaa1J18t the dis..... Howeyer,

ttl&)' cU.d not study tne ette.t of tuDs1c1dal treatment

before and artier art1f1c1811nocull1tlon wlth the

patho,eD.



'td

!be Id.o-...., .\\ad.1e. ua1D1 f.p"g'yon as

tne 'aa' orl8D1811 .hawd \bat all tna funa101d.s u..d

complete17 checked b tuDpl arovUl tor the f1rst

tJlne dqs. HoweYe:r, tunaal growth V88 noticed 111

raecl1a 1noorporaW w1tb D1tbane H-Jt.5, D1thane Z-78 and

Zirlda, atter thr.. dqa. Probab1.7 tha tungu. m1ght;

haY. degraded the tuft&1oU. into DOD-tone oompounda or

\.he degraded. .tung1c1el. JI1..iht, baYe been 1... toXic to

the tuDpa. fil. check 10 tungal grovth by the other

tung1oU•• useel vaa OOlI,Plde ttuougbout the period under

o.ervation. A a1IIllar • __ conduoted. by Wilson .Il ~.

(1971t-) vitb AvwpoNMKa species laoJ.ated from oarclaraQI

ahoved tIla .ftecUnM•• of _"'1'81 fung1c1des 1n

checkiDg the grovtb or the tulaius 1D. ntro•

.AU the tUDg1c1•• vbeD sprayed or drencbe4

two hours before 1Doculat1OD oCIIPla~ obecked the

d...elopment ot tbe di.._. JI:we....r. D1thane J4-lt.5

\reataell' or roots faUed to cbeak \he 418a•• oomP1.et,ely.

When the tw'lgua was 1DoeulaW on the 8Urtaoe where the

tuDg1cUa " .. IPreyecl two bours before the inoculat1on,

tha propQlU1ea vere adua11.7 placed on the Wldegraded

tung1c1de and t.h1s kllled or 1Ith1b1teel the propcagules

.trective~.



A pzoDabJ.. reaeoa for DOt cetUna comp1_.

control with 1>ithaDe~ OaD be attJ-1butec1 to t.be

1aProper oonraa6 ot \he tun&101d.e on the root. surface.

In ••Deral. 011 aerial paru. \be cU......

oontl'01 obWned vas b.'''1' WeD the tuDg101d.a were

aPpl1ed. 3\&-' before 1DoGUlat101l. As the t1me laP be.en

tuns101d81 aph¥ and 1nooulaUon \1me 1ncrease4, there

vas a PI"Opeulve reduot1oD in the control ot the

UH_ ob\a1D8Cl. !be ~ral ob\a1ned vaa max1alm when

tbe 1'UDI1c1d.e. "re at>>>l1ed "'0 houl's betore 1nocu.laUon.

!he tuDgio1clal pro"eny 810vlJ eroded vith 1i1.rae and when

the 1nooulaUan vas clon. D1De 4878 after tWll1c14al

app11cat1on the control obta1necl va. cOIlParatiYeq poor.

hen Bordeaux mixture vb10b 88ft complete control at the

eu....a wen aPplied three deJa betore inoculation lave

onl7 88 and 70 per cent oon\rol vheD the leaves veft

1noculated au and riDe dqa reapect1vel.)' after the

trea\meDt. .Almost a a1m11ar trend vas noticecl with

ot.ber tuDs!c1des also. these ob.ervations abow \bat

the flmg1.c1dea might haY. been washed. ott during the

heavy raiDs v.b1ch vere hequent during the experiment.

Kwn funs1c1d.ea w1th Soocl at.1ok1ng property lot vashed

ott during bea'¥)' ra1n. Burohtield and Goanega (1951)



tOUDd that t1re\ 0.5 1Dohes or ra1n remoftd

10 per oent at Bordeaux m1xture deposits trom the

leavea aDd only 10 per .eDt ~ in1t1al residue rema1lled

att.er e1lht inch.. ot ra1J'J. During the period at

exPer1lleD' the total l'a1nt811 reo.iye vas 1+ 1noa8••

This expla1Da the poor tuDa1c14a1 property or most of

the turagio1de. One 1ntereat1ng oba8M'at1an notioed

dur1ng the oatil'S_ or tbe stuq "aa with Bqer 5012
•

tung101de. ~s tuns101de vas 1Dter1or to !hiride and

D1thane a-?8 when tb81 vera apr81ec:l on tbe Jrd dq.

Wh1le when tt.7 were cOII.Pared on 6th clay and an 9th

dlV Bqer 5072 prOYed sob be'ter then all other

fung10ides exoept Bordeauz II1xture. ~er 5012 1s a

system1c xyl_ transportable fungio1de (H1lla, 19(2)

and. so) once the tuna1c1de baa ga1ned entry 111to the

plants 1 t controls the Usease tor a longer period ot

t1me. !he .,..tem1c acUoa of JllGrer S012 is further

prov. 10 the .radioant "aU conductect with the

detached lea.... (Table 16). !he 1..10n size ot -..rer 5012

treated J.eaf waa ,., _ ODe _ atter the tuna101dal

treatmCJt. !h18 11101'__4 alov~ and on ~ 5th dq

atter fungic1d.al treat.-n\ 1t wu 0Dl7 13.5 DIll. me
cone.pOllcUng f1guns tor Bordeaux !I1xtuJ'e treateel

l.a..... vere 8.5 and 32.0 _ reapectively. 7Ms abovs



that the eradioant propert,y of Blqer 5072 16

ottect1Ye under laboratory oond1t1ons 1Il111e it 1a

not so etfectiv. under field conditions. Probable

N850ns tor tbia are ita de\eriorat:Lon and 1naot1YatiOD

by Ulum11laUon (lfUla and Leach, 196:') and ita poor

st1ck1ng ,Property on the p1ent surtace.

!be d.tacl1eci leat aper1Jlen\ also showed.

that other tung1c1cle. ex.ept J)ithane MoJt.5 are as

etteeU.. as Borcleaux II1xture 1ft cheoking tne established

intection. !he poor perfoNanoe at th... fung1c1d•• t

vh10h haft taired better UDder laborato17 cOlld1UOO8

shows that these fungicide. are either deteriorated or

they hnY. '001' at1ok1ns proper\)' coDijlfd*l to Bordeaux

mixture. Purbr atud1•• OIl tJ1e.8 line. v1l.l giY. more

light an tb1. &Spect•

.Almost similar trends were observed vb.en the

nne. were treated with d1tterent tung1c1dea.

BordeaUX mbture and Bayer S0?2 cOI:lPJ.ete17 ohecked the

eU.eas. on the tb1rd da;y. On the ninth da1 also th.y

vent tar superior to otber fw2g101de.. On the ninth ctq

the effect of treatments with fung1c1d•• other thaD

Bordeaux nl1,nure and Baver ~0?2 vas not 81gn1f1can~



d1tterent from ~ Gontrol. !he Vines of 1* year

old pepper plan' used in the present study was ve17

smooth 6rJd theretore the tw:lg1cide. m1Jht haft washed

ott at 8. taster r~te trom the Vines tban tro!!t the

leaves. Only those fungicides w1th good sticking or

penetrating property :reDla1ned on tne vines.

Wben 1ih.e tunglo1d.. vere drenched 1n 80il t

1 t VaB poaa1blo to oontrol the d1aeue enn up to a

pertad of n1ne clIO's. AU the fungicides were better

than the OQDtroJ.. On the third dlQ't Agallal V88 the

best tunateide in cbeck1ns the di".M, vt1lla on the

ninth and sUth dar Agal101 was 1nter1or to Bordeau

mixture, fb1ride and Bqer 5072. !h1s clearly indicates

the unatable nature or Agallol. 5:he degradation of

IHrcury fungicides in soU V88 reported by j\1mura and

M1ller (1961+ ). Bordeaux ftI1nUre t Thirid.e and &\yer

5012 were Wl1torual.1 .tteotift t whaD the tuDg1c1•• vere

aPVlied to 1Ihe 8011 t1u"H to nine c1a¥8 betore inoculation

of \be l"Oots. Jt1cbardaon (195") tound. that Til1ra.m

persi8ted 1n sandy soU tor Oftr tvo lIOutba. fbi. 1110'

probably be due to \be tact that the fung101des tn"

the callo1dnJ. fona might haYtI been adsorbed on ttl. root

and soU surtace and tiler. wouJ.cl be lesser leaching



oompared to that obaerwd 10 abOft iround parts.

rue ettectiftD8•• ot Bordeaux m1xtun fIIa1na'

~ok wUt or pePper waa repor\ed by Muller (1936>,

~8 (197') sPel Bamb1ar and Sharma (1976).

S1mllar ob.."aUona vere also lIede b7 SUndara a_an

(1929). J)aa\ur (193~), &lbraaanian and Venkata Rao

(1910), Antony RaJ d ..... (1913) and Naraa1mban A1 JW....

(1916) working With tuD3101dal cOIlt,rQ]. of betJ.e nne vUt.

!he resulu clearly sbowed that in general

fungicides weft more eft'eoU.. 'When they were drenched

in the 8011 oQilPared to aprrq1D& W1 aer1Bl par\s during

hea.". and continuous ra1n. On tbe aerial par\s, the

oontrol obta1ned va8 btrt'ter whea turlg1c1des were aPplied
tMl

Just betore inoculation \baD",_" aPplie4 tva 41178 betore.

Tb1s aboVII \bat 1 t 18 DO '"' due to poor tunfl1c1dal proll_rty

that tJl& d1se... on th8 abo... ground parts wru not

controlled but becauae the tuDg1c1d•• were not retained

on these parts.



SUMMARY



,. %be .'\ld7 was oonduo\ed at the iePiler Researcb

Station, Ve1lan1Jdtara, trlchur.

2. Pann17oor-1 Yar1ety ot pepper vas used tor the

investigation.

J. The oa..aL 81ent or ~ Usease (quick 1I11t or

toot rot) vas foUDd 1;0 be fDxtQphVlgg. RollA!0J:3

(ihlUer) Butl. Koch 'a poaulates "ere established.

.... f118 tirst v181ble 87JIPta noticed on the leaYes

"sa the deftl,op..-nt or • vater soaked 1'9g1on vithin

~ hou.n of 1n'JCUlaUon. laDsture leave. took

intecUora more e_111 ~aa .aturE~ leaves. A tully

deYeloped les10n had a hQlo~"ro t1c centre

8uI'!'OUDded by i>lea1oneoNUc zone vi ttl brown colour

which in tum was surrounded b7 yellow halo slowly

d1ttuaing to healtby tiasue.. Zonatlor,s on lesion

were noUoed during the alt.ema~ vet and dry

cond1Uana. Deto.UaUon ot 1nfected leaves took

place within tour to teD dqs.

5. Disease development was more when the lent" vas

inoculated on the lover surface.



6. Im.tial 87J1ptoII GIl .,. and branches vas the

same as that. on leaves wh10h appeared two to

fiYe dqs after inoculation. Foliar symptoms

and collaPse of enUre plant vere no t1ced vithin

12 to 20 clays &tier inoculation on stelU and

brancbes.

7. 'lhe plants 'took infection more easlly near the

collar region.

8. Rotting generally progressed upwards and the region

below the infected portion remained healthy during

the initial stases ot the 1nfection.

9. Infection on the f1ne roots took place within 24

to lt8 hours of inocuJ.ation. %00 infection spread

from the fine roots to the brnnch, main roots and.

other parts of the plants. the entire plant

collapsed within 12 to 20 c1IIYs att.er inoculation.

10. Out of the seven tuna1c1de. tested, tour fungicides

viz., Bordeaux mixture, .Agallol, Bayer 5072 and

!b1r1de completely 1nh1bited the growth of the

fungus ~ J1ko.

11. All the fungicides tested chedked the disease

completely when they were applied two hours before

inoculation.



12. Contro.l obta1nect vas bet.ter ... fungic1des

were a,pplled Just _tore 1nooulat1on. As the laP

oetve. t1me of 1nooulaUon and fungicidal. 5 prq

increased, there was progressive decrease on tJ••

cuntrQl of ~ d1seas8.

, 3. None of tho funs1cide wu effective :Ln erad1cating

the establianed infection wnen ~~ey were s?ruyed

oDe ar tv,.) days after inoculation on leaves, but

lJa,yer 5072 checked the spread ot les10ns considerably.

,,,. On the vines tiie 1'un61c1des checked the pathogen

tfhen 89p11ed one day after 1noculatj,on. ,ShU. on

rOO~'t all fungicides except D1thane H-45 controlled

the disease when drenched. 81ther 24 .. 48 n':Jurs

aft.er inoculation.
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the 9ft.ent ••47 on the 4'I1ck w1lt di..... ot

pePPer oauaed bJ~~ (BuUer) lt1U.r

vas coDducted at the I.pper Ile••arch S~at1oDt Ve1lanikkara

\l81og Paan17oor-1 pep~.r YaJ'1e".

the 01>380\1.... of the in_aU.ationa _ ... to

stuci7 the .ymptclls of \be dis.... and. to t1Dd out suitable

control me8llurea us1Dg f'\m8101dea.

'lbe 11rs' .1&1b1. qmp'~ 011 l.ar, .... and roo'

vaa not,1oed 24 to lt8 hours; \vo to t1ye dlO's and 24 to 48

hours :respectively atter 1DoaulaUoo, upel1CUng on the

maturity of the plan' pan.

A tully deTelope4 J.ea1on had • daJk brown

hononecroUc centre and pJ...1aD8CIOUO boarder avl'Oundec1

by yellow halo. h ;yellow balo vas no' not1ced during

prolonged vet and humid oond1t1on.. UDd.r tn... cond1 tionl

lesions vaa un1toDll7 brOWD 10 oo1our. Zonatlona were

noticed dur1ng the altemate we' and dl7 ooncl1t1ona. On thf

stem t branches and. roots 8JJ1P"- WNa1l7 deYeloped ... a

uniformly brown and dark coloured 1••1on••

.Pathos.n entered mainly thO\1&h lover 8Urtace ot

the leaf.



.Arter 1DteoUon, deto11a\1on 'took glace vithin

five to ten dq.. J)nelop.-nt; or flaccidity, drooping

and d.to11ation at the 1.a were th. mU'kecl Q1Dpt0ll8

during the 9rogre.. ot U when tbe Rem, branches

or roots vere 1ntectecl.

AU the tuIll1c1cle•••teel obeoked the arovth

ot the t'uDgu. ~ .ruu tor a period or tbre. day••

!he tung101de8 m., 8prqed or drenohed tvo hQUl'S before

inoculat1on cQIG)l.etely checked the e.u.._. Bave....r,

there vas JIdJAl intection OD pl.., VbeJl8 D1tlw1. 1+J+,
vaa Uaed tor drenoh1ns \be 8011. A8 the interval

between the .fungicidal aprq aPc11noculat1on pJ'Olanged

there va» pl'Osress1ve reduction in the oontrol or the

d1aeaae.

None o! \l1eSl\1Dgio1de... able to erad10ate

completely the establ1shed patboaeu OIl 1.awa.

when tungic1d•• w.re ..pUc one 4141 atter

1noculation there vas COIlPl.. control of the cU••a••

on stram. W1111e the c~U'ol VU not o~pJ.ete when it

vas aPP11ed. t-..o dqa atter iDooulat1on.

All the tuoi;icldea except D1tban8 H-lt5 oouapletely

checked the d.y.lopm..-ttot b 41s.... vben th"1 vere

drenched in 8011.
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