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INTROUDUCTION

he quick wilt {(foot rot)} disease of black
pepper (Piper BAGKEE i4n.) caused by the fungal
pathogen Phivtophthexa paloivors (Butler) Butler
is a serious mslady wherever the crop is
cultivated, At present Kerala contributes
96 par cont of the production of pepper in the
countrys One of the meny reasons for the low
productivity of pepper vines in Kerala
{04227 w/vine/anmam) Lz the occurronce of
this disease which causes partial or complete
destruction of the vines, The impact of the
disease on the agricultural soonomy of the
state is substantial and export earnings are
considerably reduced due to this devastating
disease,

Concerted sfforts have been made {n the
past in the pepper groving countries to study the
various aspects of the disease and theredy to
control it effectively, Despite all such
efforts, sffective and sconomical control measures
have not bean férmulatad so far, The dissase i»



characterised by repid development leading to

plant mortality and the infecgion of subwterranean
tiém. This mature of the disease and the

high rain fall associated with the outebreak

of the disasse make the control measures ineffective,

Identification of resistant genotypes and
devclopment koi! {mproved types incorporating the
factor(s) of resistance would, therefore, be the
mont desirable strategy for containing the diseasae,
In black pepper which is highly heterosygous, the
scope for gonersting further genetic variability
by open pollinetion and hybridisation is considerable
and thare is tremendous potential for exploitation
of planned crossings for development of resistance

to diseases,

Conducting stuiles on the resistance spectrum
of the types ingluding wild or sami.wild types
occurring in the native habitates of the corop
is hence of great value as a forerunner of
further studies on this aspect. The centre of
origin of the ervop is the evergreen tracts of
wostorn ghats of Kerala (Gamble, 1918y Purseglove,
1968), A large collection of wild types from this



area hes been made and those are maintained as
part of the germplasm reserve of the Pepper
Research Scheme at Vellanikkara, In order to
screen these materials for resistance to the
wilt disease & rapid and most effective mathod

has to be developed,

The greatest dAlfficulty in screening the
plants under natural conditions is that the
inoculation with the pathogon will be effective
only during a very short period of the yoar, that
is, the monsoon period (JulywAugust) when the
atmospheric temperature and hunidity levels are
moct conducive for disease development, This
imposes limits to the time avallable for large
scale scteening of pepper types agoeinst the
disease, To tide over this difficulty, a
technicue vhich can be adopted throughout the
year has to be evolved and standardised, The
present study was therefore undertaken with this
major objective,

The study conaists of the following aspeCtsie

t. Study of the disease symptoms after inoculation
of one year old cuttings of pepper adopting
conventional nethods,



2.

3.

4.

Se

Recording of the dewvslopment of necrotic
lesions on the roots after dipping the root
system of rooted cuttings in standarised

2OOSPOre suspension,

Study of the symptom development on the roots
aftar dipping the cuttings in partially
purified culture filtrate devoid of
propagules but containing the toxic
metabolite,

Treatnent of cut onds of stem portions in

partially purified culture £iltrate as
mentioned in cthres above,

Comparative evaluation of the above methods
to ascertain the efficecy of the different
methods,
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REVIEW OF LITiRATURE

Pepper (RiDeE DAGEUR Lin.) is cusceptible to
many funcal and bacterial dicesses, Amnong the
diseases, the juick wilt (also called as foot rot)
caused by Fhvtophthors palmiveors (Butler) Butler is
the most serious in all the pepper growing tracts
of the world, According to the reports from
diffarent pepper growing tracts of the world, the
losses in yield of pepper and death of vine due to
this devastating disease range from 10 to 50 per cemt,
Lesfman (1934) reported that 4in West Horneo the
crop suffered from the foot rot disease due to the
attack of Phytophthorg resulting in 10 per cent
loss in yicld, Holliday and Mowat (1961)
estimated that losses due to foot rot had amounted
to about 7,000 tonnes in Sarawak, Sauraj and
Jose (1966) estimated that 20 per cent of the
vine was destroyed by this disease in India,
According to Albuguerque (1966), occurrence of
the disease in the Amazon region destroyed
1,000,000 plants and led to a loss of more than
3,000 tonnes of black peprer, Harper (1974)
reported an yield loss of 50 per cent in Indonasia,
dueo to this disease,



The incidence of the wilt disease of black
pepper in India was reported in the early part of
twentieth Century (Barber, 1902; 19503 and 1908),
Butler (1906) reported that the popper vine wilt wes
& sarious disease in Vynad area of Kerala, Later,
he investigated the diseass in this area and had
partially described the symptomatologys. According
to him, the first visible symptom wae the starved
appearancs of the vines and this was attributed to
the loss of rigidity in the leaves and leaf stalks
resulting in their drooping, The affected portion
of the climbing stem was found to fall away frxom
the standard causing sudden death of the vine
(8utler, 1906 and 1918),

Vaenkata Rac (1929) first established the
sssociation of Phyvtophshors spe with the wilt of
Be Digrun in Mysore, Lesfmen (1934) also reportad
that foot rot of 2 BAGKNE was causaed by a species
of Zhytephthors.

Kullexr (1936) obuexved a similar type of disease
from Dutch East Indies, caused by Phytophthora
pRARAVOES Ver. RiRerifs He has made a detailod
study of the disease and descrided the sym:tomatology
and suggested control measures, Aogcording to him,



all parts of the plant at all stages of grovth are
susceptible to the disease, Three typce of symptoms,
namely, leaf rot, collar rot and root rot are
generally observed in the field, He also observed
greylsh=brown spots 0f 5 mm diameter near the tips
and margins of the leaves surrounded hy a sone of

3 o 5 mm with an yellowish fluid exuding from the
underside of the affected tissvas, Thereafter
the leaves turned yellow, wilted and droppeds The
first symptom is a blackening of parts of the lowver
leaves near the soil surface (Cook, 1960), Semraj
and Jose (1766) observed small, irregular, black
patchaes on leaves which rapidly enlarged in sise
and covered the entire ares,

Holliday and Mowat (1963) gave a detailed
description of the symptoms, According to them,
infected leaves are found on the lower part of the
foliage and usually within a fow centimetsars of the
surface oi the mounds A necrotic lesion develops
which, if in the centre of the leaf, is circular,
The lesicn may sometimes be at the edge of the
lamina =ndé mozre usually at the tip where water drop
collects, Under favourable conditions, the deap
brown lesion spreads uniformly and in transnmitted



light, its edge is seen to bhe fimbricate, They
also stated that an infected leaf has more than
one lesion and several scattered circular areas
are the result of multiple infection, DBefere all
the lamina becomes necrotic, the leaf abscisses,
After development of necrotic spots, if
unfavoursble conditions prevall, the spread of the
lesion ceases or One Or two vagquely <dcfined
concentric markings are left on the surface,

Turner (1969}  observed that on artificial
inoculation on leaves of P. niopyp, visible lesions
daeveloped within 24 ® 36 hours on irmature
leaves and 36 to 48 hours on mature legves, Leaions
expanded subseguently and axpansion parellel to
veins tended to be more rarid alon; the veins than
in the tissue betwesn, Under hich humidity
condition, chocolatesbrown lesions with the
tvpically fringed margin developed, In alternate
wet ond dry conditions, distinet concentrice
zonaticnus cecurred, There was no difference
batween laslon developmant on dstached and attached

laaves,

Nambiar and Sharma (1976) observed water soaked
lesions with fimbriate margin as the initial symptom



which may appear on the loaves starting from

tip, base of the lamina, leaf margin or from centre,
They also found concentric rings on fully

developed lesions and varying degreas of defoliation,

Marmootty 9% Sde (19680) reported that the first
viaible synptom on the leaves was pale coloured,
wvater goaked regioas in the infection court, This
region later turned to light brown and them %o
dark browvn within one or two days and the infected
rocion showed signs of wilting, 7The rotting was
rapid and it covered the entire leaf ares within a
short periods The fully developed lesion had a
holonecrotic centtre sursounded by a brown
plesionecrotic sone which in turn was surrounded by
yellow haloy, Zonations were noticed under alternate
dry and wet weather conditicns,

The dissase was more lsthal when the pathogen
attacked the collar region of the plant, Muller
(1938) reported that the diseased cortex turned dark
waterysgresn to black, He also observed that
axternal symptoms were visible only after the complete
disintegration of internal tissues, In severe
cases thc bark often peeled off .and the centre
split into a bundle of xylem vessuls,



10

Samraj and Jose (1966) observ:d that the-
infection occurred at a height of 25 em above the
soil level, They also found that the tissues at
the affected region became soft and decayeds The
leaves turned pale and flaecid and ultimately
the plant died, Lee (1973) observed vascular
browning at the points beyond the site of infection,
The infected stem at ground level csused rotting
and death of the vines in two to three weeks
{Rambiar and Sharma, 1976), They also observed
discolouration of the infectsd region which emitted
a noxious odour, The necrosis prograssed downwards
to the below ground portion of the stem and then &
the root aystem,

Harmootty gt als (1980) observed that the initial
symptom on the sten was the appearance of a water
soaked region, This water soaked region turned
black browvn within two tc three days, iithin three
to six days, flaccidity of younger leaves occurred
followed by yellowing of younger leaves and
flaccidity of the mature leaves, ‘hen rotting of
the internal tissues bacsne severe, the leaves shed
and twigs either got sgparated or dried above the
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infected region, They also observed that vascular
discolouration uwp to & height of 100 em beyond the
point of infection, Death of the vine takes place
within 12 to 20 days.

Butler (1908) obsexrved blackening of the roots
which extended into the base of the stem, IHolliday
and Mowat (19579 1963) reported that the infection
started from the fine roots and the cortical
neccosis spread from the main roots to the underground
stem, after which symptoms are seen above

ground,

Alconero g% ale. (1972) noticed root infection,
24 to 48 hours after artificlal incculation. Root
tips were darkened and the infection spresd
acropetally. Roots decayed compleotely and shoots
wilted within four days,

Hammootty gk ale (1980) found that the browm
discclouration of the fine roots was the initial
symptom which gradually spreed wwards affecting
branchea and main roots within a few days,
Discolouration of the vaasculoer tissuc was observed
up to & distance of 25 cms avay from the point of
infection, VWhen the main branches of the roots
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and the under_gtound stan got infected, the
detectable symptoms on the stem and leaves were
noticed, The first symptom on the serial part
due to root infection was similer to that of vine
infection,

Holliday and Mowat (1963) made an attempt to
study the resistancs of the pepper clones, ﬁonr from
Indla (Balankotts, Cheriyakaciskadan, Kalluvallf,
Uthiramkotta), threa from Indonesia (Belantung,
Banka, Djambi), two from Sarewak (Muching, Sariked)
using different screening technicuss, Thoy tried
suospore suspension for inosulating the roots,
gocspore surpeonsion and culture disc for inoculating
the leaves and pot test for resistance, Single
nodsd rooted clonal cuttings were used for inoculating
the roots, The cuttings were carefully uprooted,
washed thoroughly and placed in the plastic dishes
containing soospore suspension, The entire roots
were immersed in moospore suspension for 24 hours
and then transferred to the nutrient solution, The
degree of necrosis was assessed on each cutting and
scored as followss

a8, More than ¥ roots necrotic 10
Bs & to & roots nocrotic 5
¢s Less than k roots nocrotic 2

de No necrosis 0
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The assesament was made six dayes after removal
from the inoculum, A clone, therefors, whore each
of the ten cuttings had ¥ of the roots necrotie
would score 100 per cent susceptibility, None
of the clones showved ifmmunity and the sporangia
developed on the necrotic area, They reported that
all the four Indian clones and two of the Indoncsian
ones (Djambi and Belantung) showed appreciable
resistances, The resistance was apparently manifested
by the rate at which neorosis spread in the roots,
The two Sarawak clones, Kuching and Sarikei and
the Indonecsian variety, Banka were found to be
more susceptible than the remaining ones, They
inoculated the detached unwounded mature and
imnature leaves and detached wounded mature leaves.
For immature leaves, they used moospore suspension
at the rate of 0,06 ml for each inoculation
point and for mature leaves § cm diameter oat meal
agar culture disc was placed, After rlacing in
Petri's solution for thres days, the leaves
wvere wounded by single nesedle pmﬁ:tnring. In al)
leaves, thoy inoculated only the lower surface,

The degrea of infection was assessed four days after
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applying the imoculum as followss

Pecxes of Anfegtion 200K
a, Fast growing lesion 10
be Clear lesion but develops late and
slowly s
¢, Necrotic speukling, no marked lesion 2
d, No necrosis 0

The results ware expressed on a parcentage
basis, The results of leaf inoculation showed
a general agreement with the root inoculation,
The mature leaves showed higher resistance, Of
the Indian clones, Balankotta and Cheriyakaniakadan
were the best, Djambi and Belantung from Indonesia
wvere ecually good, The young leaves of the
other two varieties from India were rather
susceptible to infection, Here also RKuching,
~ Sarikei and Banks showed significantly higher
susceptibility ratingse But Sarikeil exnibited high
rasistance of intact mature leaves,

In the pot test for resistance, thoy used all
the above varieties except Sarikeis, The rooted
cuttin; s were potted in partially steriliszed sand
mixture, After six months of growth, the plants
were tested by using high and low incculum 1&?@15.
The rate of wilting was scofed in each variety,
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The susceptible varfiety tock 12 days for wilting while
the reslistant one took 19 dayse There was a
significant difference between theo very susceptible
Kuching and Sanks (100,0 and 93,7 per cent, wilt,
respoctively) and remaining six clonez (19,3 to 0,0
per cent wilt) showed some resistance, None of the
cuttings of Uthiramkotta showed wilting, There was
no significant difference between the hich and low
inoculum levels,

Ruppel and Almeyda (1963) tested six Piper species,
namely, E. adN0CHR £+ Rlattanum. 2. citxifollue.
B gcabiume Ee SERAMMSSQIMD ond B DAGKMD Sgainst the
collar rot incited by Phytophthors in order to
determine the suitability of native Piper species
as root stock in Puerto Rico, They used the stem
wounding inoculation technfque for taesting the
susceptibility of Plpar species, Stams of each
spacies were wounded with a sterile scalpel three
to f£ive om above the soil level and mycelium from
one week old potato dextrose agar culture was
inserted into the wounds and covered with anhydrous
lanolin to prevent desication, Thirty deys after
inoculation, the plants were examined for extarnal
symptome and ware split longitudinally to determine
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the internal rot, They followed an arbitrary scale
for rating diseass intensity, namesly, 0 = no disessep
1 = no external symptoms, internal discolouration

10 mm or less fyom intculation wounds 2 = external
necrosis around wound; internal discolouration 11=50 mm
from imoculation woundy 3 = plonts wilted and
extensive external necrosis evident around wounds,
internal discolouration extensive (up to 25 eom)

and 4 » plants dead, They observed that all of

the Piper sppe, were susceptible to collar rot pathogen
to varying degreas, In addition to F. plggum, only

@ and P gitpifolium exhibited high
disease indices, The resction of £, gcabrum

and ¥. trgleadanun was uniformly low in all [ lants,

Ee aduncym showed a high degree of resistance to

the collar rot pathogen,

Leather (1967) tested four black pepper varieties,
Balankotta, Kalbalamkotta, Kalluvalli and
Karinkotta and Piper aduncum, He used wound
inoculation method of roots and stemes In roots,
the fungus grown on oat meal agar was placed aftar
slightly seratching the cortex, On the stems,
shallow slits were made into the cortex and oat meal
agar culture was placed, Ha found that all the
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varictice of P AlgEM wore susceptible to the

wound incculation and mone of them produced the symptoms
when the pathogen was inoculated in wnwounded portion,
Ps adupcus was found to be apparently reaisctant,

Turner (1971) conducted a resistance test with
Es» palpivora isclated from £, Digpum on thirty two
species of Piper and comwon weeds found in papper
gardens aa alternate hosts of [, palmivora. For
this test, he used root dip inoculation in zoospore
suspension, Apart from root inoculation tests,
umounied, excised leaves of Piper end Pgperomip were
inoculated with 0,5 omn oat meal agar disc of the
pathogen, The soospore suspension was prepared from
oat meal agar cultures grown in petri plates of
8¢5 om diameter and placed in plastic dishes
and just covered with Petri's sclution to induce the
formation of sporangia, the sclution being changed
dallye After thres days, the solution wvas replaced
by distilled water st the rate of 250 ml/culture and
kept ovar night at 168 to 22%C to induce germination,
The next morning the resulting 200spore suspension
was filtered through a single layer of muslin, The
root system of the tested species was placed in the
zooapore suspenaion, After 24 hours, the inoculum
was replaced by nutrient solution and the plants
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left for further six days, The roots were
examined for necrosis and the production of
sporangie by the pathogen, The ratings were
as followss

Root necrosis absant

"
Root necrosis less than 10% +
Root necrosis 10 « 28% + +
Root necrosis 28 « 50% +* ¢
Root necrosis S0 « 75% + v e
Root necrosis 75 «100% +*+E* e
Sporangia present +
Sporan;ia absent -

This study reveaked that none of the tested
crop plants, weeds or Pgpepomis sp. took infection,
In the Pipck Sppe testad, the amount of root necrosis
varied with the apeciese, lHeerosis eccurred in all
spacics, with the exception of iy gojubrimmn and
E. gblicums which were resistant, In E. scabrus,
althou i necrosis occurred, aporan:ia could not
bo detected on the rootss All the Piper sppe from
southmwaast Asia becama infected but a ¢cod number
cf kiper species from Africa and South Amexrica were
found to be resistant to leaf infection, All
Leparomis spocies, tested were free from infection,

Alconero gt ale (1972) teated four varieties of
black pepper, Kudravaly, Kalluvalli, Kotanadan and
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Uthirankotta against b palpivorne They used two
methods for studying the root infection, In the
£irst method, singls node rooted cuttings wvere
transplanted in clay pots f£illed with stesmed soil.
The incculum was mixed with the scil at the rate of
two and four per cent by weicht as four weeks old
corn meal sanld culture of the pathogen,

In the second method, they tried four varieties
of Ps Digrum, Kalluvally, Kudravaii, Salamkotta
and Sanghae Apart from P Rlorun, they tried
Lo splubringn also, One-noded cuttings were rooted
in tap water in 1285 ml flasks ané then placed into
20 m) beakers filled with a water suspension of
LOOBPOY S Roct semples of these troated plants
were cbscrved after 6, 9, 12, 24, 48 and 96 hours
of dnmersion in soospore suspension, Infection
and development of the fungus in roots were stwiied,
The infection on roots by 2oospore suspension was
first detected by superficial observation, 24 ®@
48 hours after immexsion, Within four days, the
roots were complotely decsyed and aiwots wilted,
They found that there was no difference in the degree
of root infection smorng the black pepper varieties
but . golvbrima was found to be highly reslastant
to this pathogen,



For testing the stem infection, they used the

sbove four £ nlgrum verieties and P. golubrinum,
Two Aifferent mcthods were tried for this also,

The cuttings were rooted in vermiculite and
planted in asteamed soll in 4° clay pots, The stems
were wounded slightly with a sterile razor blade
10 om fyom the esoil level and a small piece of
mycelium of the pathogen was introduced into the
wound,

in the second method, the stem inoculations
were made on the cuttings rooted in water,

Inoculation by wounding the stems resulted in
rapid decay but this d4id not produce the wilt
symptom in the field, The symptoms wers axpressed
in 12 to 24 hours, No apparent differences in the
resistance were observed among the blachk poppes
varietics by the inoculation mothods and all the
tested black pepper varieties were found to be
highly susceptible but P gglubrinum showed high
resistance to infection of Pu RAIMAVOEE.

Turner (1973) tested the variatal reaction to
the pathogen Ze palmivors and found that Balankotta
was the mocst resistant, dut the other Indian
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varicties like Cheriyakaniyakadan, Kalluvalli and
Uthirankotta were markedly more susceptible than
Balankotta but these showed little difference
between ecch other in susceptibility., The variety
Kuching, a Halayssian type was highly susceptible.

A technique for screening black pepper (2. pigrum)
with £, palmivora was developed by Samma and Nanbier
(1979), ihc following three differant procedures
of inoculation were adopted to screen black pepper

varietica,

They found that the last procedure was most
useful for rapid screaning of black pepper varieties
against L. RALDAVRESs
¢ Adding inoculum dit.et.lyl to the rooted cuttings

raisad in polythone bags,

2, ipping the root system in inoculum for 10
minutes,
3. Keeping the rooted cuttings in inoculum for

48 hours and later transplanting,

sarma gt ale (1980) screencd 41 cultivars of
By nigtun and 74 wild pepper types acainst [, palnivera
adorting root dip inoculation mothod, After 48 hours
of dipping, the cuttings were transplanted in soil and



ket at 25°%C, The spoed of mortality ond percentage
of inlection based on numd r of wilted cuttings were

roecorded, They found thot none of the cultivers and
wild gipox spp. tested showved any reasonsble degree |
0f tolcrancea, The varietics Narayakodi, Keslluvalli,
Uthiramkotta and Salankotta showed low percentage

of infection, while the cultivar Sullia was rated

as highly suaceptible,

Different teclhmicques were used for screening

other crops against Phytophthora disesses,

Demarve and Jeffers (1944) tested the resistance
of ctraw-berries to red stele (P, fragarise) using pot
infection technicque, The fungu: was multiplied on
Lima oan agar and imoculated in soil in the potted
rlants, The susceptidle ones were eliminoted and
the resistant ones were reinoculated for further testing,

Busch (1949) reported artificial inoculation
as & method of testing the resistance of 120 spocies
and varieties of tomato against virulent strain
of E» infestans (font,) ds Sary., from tomato under

grean house conditions,

Bougnicourk (1550) developed a mathod for testing
the resistance of Hevea rubber to Pe pad@ivolde

Mycelia bearing numerous sporangia were taken in a
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Van Trighen Cell filled with sterile water and
chilled for 30«40 minutes as & result of which
goospores vere relsased, Vaseline was applied o
the rim of the cell, which was then fixed against
the trunk of the tres, so that the water containing
the zoospores came in contact with the tissues,

It was kept as such for three or four days, The
relative resistance was determined by recording the
degree of infection according tc a pre-determined
aeaie about one month after applying the cell, This
method was also used to ascertain the resistance

of ginchons ledgerians to a Ehytophthers spe. causing
a serious collar rot in Annam and Laos,

Hickman and Mary (1951) tested the resistance

of straw berries to red core disease (P« Zragarias)
uaing pot infection techmicue,

Experimencs for comparing the efficliency of
different screening technicues for determination
of resistance in tomato to F. ipfestans were
conducted in Leningrad (rhrobrikh, 1957), Detached
leaves inoculated with the fungus were found to be the
most susceptible than cut shoots dipped in zoospore
suspension, when 110 varieties of tomato were tested,
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Carpenter and Furr (1962) tested the resistance
of young seedlings of 518 eitm and related wvaristies
to root rot caused by P. pagasitics (Destur) water h,
by immorsing their root system in ssrated water '
containing Ps paragitica. Young seedlings with
10 to 20 loaves wexrs preferred for inooulation,

The fungus was cultured on a medium prepared f£rom

20 g frosen green beans made 4nto a slurry and 16 ¢
agar pop litre of water, The cultures were flooded
with water for 13 ®5 18 hours to stimulate
sporangial production and were crushed by hand

under water and passed throush a cosrse uolémﬁu
Just before addition o water in tho inoculation
tank, Seedlings were inoculated by root immersion
method in wvhich the entire root syctem and the collar
zone of seedlings were inmorsed in asrated water,
lants were transferred from tho tank to half

shaded beds of peat moss vermiculite at 28 to 30°C
and kept for ntleast two to three nonths, After
incubstion, survivors were planted in 20ll infested
with L, parasitics for further testing and observation.

Guzman (1965) tried two methods of selection
for partial resistance to F. jhfestang on potato in



the greesn house, In the first method, inoculation
of individual leaves with a sovaspore suspension was
done and those leaves in which sporulation occurred
in less than eight hours after inoculation were
discarded, In the second method, plants were
inoculatad uniforaly with scospore suspension using
a compressor, left in a hunidity chamber over night,
and assesped for blight after 5 days, Howvaver,
there was no difference between tho two mothods,
Howard (1965) reported that spraying zoogspore
csuspension of Do infestapg on whole tubers of potato
was not sufficiently sensitive to indicate the degree
of resistance but helped only to distinguish between
the resistant and the highly suscepntible oncs,

Kovachich (1965) secreened breeding lines of
potato for follage and tuber resistance against blight
disease caused by P. infestans. Foliage resistance
was found cut by inoceulatin; detached leaves with &
drop of soos;ore suspension and incubating at 12°C
for 24 houre at high relative humidity fcllowed by
a further incubation for 72 hours at 25°C, FResistance
vas rated by the zi-e of the develo.in: lesion, The
reasistance of tuber flesh was estimated by multiple
rodnt wounding through a standard soospore suspension
foliowed by 14 days incubation in the laboratory.
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Lawrence (1978) teosted seven methode for flnding
out tho best evaluation method for assessing the
reai tance of cocos cultivars and hybrids ¢o
£, palpivora. e observed that, for fruiting
trees thc moct reliable moathod was point inoculation
of umoundad attached pods, using a acospore suspension
and recording percentage infection and lesion diasmeter,
The most patisfactory method for hybrid progaonies
was inoculation of premgefminated peeled seeds with
a drop of soospore suspension and recording the
percentage emorgence of healthy sesdlings.

Kularatne and Jacodb (1980) scresncd 11 cocoa
cultivars against black pod by inoculation with
infacted pod discs, From the middle portion at
the side of each pod, a wniform sised disc of tissues
wae taken out using a cork borer of 0,5 om diametar,
i.ith tho gsane cork borer, a disc of tissue from
diseased pod vas taken and inserted into the cavity
created by the emcavation of tissues on the pod for
sereening, the inoculated pod was kept hanging
innide & wire cage of 12 x 12 x 22 om size, by using
a pin on the pod stalk and tyzing with a ateing into
the frane of the cages Then the cage with inoculatad
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pod was enclosed by a polythene bag containing about
10 ml of water to provide high humidity, The rate
of spfead of lesion and thc time taken to reach
2555 S90% 75% and 100% infoction were recorded
based on visual observations,

iaddu gt a). (1980) tested the reaction of
differcont variotics of citrus, seedlings against
P. picotignse Sroda de liann, var. pagrasiticg (lPastur)
raterch. in the green house by inoculating their
root syotems with suspension of moospores in the
asratod culture tanks, The amount of inoculum
used was at the rate of one culture flaak (100 =l
capacity) per £ive Minga. Sesdlings were
supported on lase rod and held for 24 hours in the
inoculation tank, Inoculated seedlings were
replanted individually in polythene bags filled with
stoan sterilised soil, Diseaso rating was
deternined on the basis of severity of symptoms
on thoe tap and feoder roots,

Pillal (1980) tested the relative susceptibility
of rubber clones to abmormal lcaf fall, He used the
artificial incculation methol for screoning planting
materiols to ascertain thelr susceptibility to disease
by incculating the petioles on cuttiigs, HRIM 703
vas found to be highly susceptible anong the ten
cloncs teasted, while G 1 was found to be resistant,
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Reddy and Nagarsjan (1980) screened 406 colloctions
of [, sabscum and N. sustics and 33 Nicotiang species
to L. parasitice var. picotianag using stem inoculation
techni uve, Sesedlihga were raised in sterilised
soil, Spore and mycelial suspension of six days
old virulent culture of Fhytophthora grown on oat meal
agar was prepered in distilled water by macerating
in a waring blender and it was inoculated at
the basc ¢f tho plants uniformly. Inoculated
plants were kept in humid chambers, ieaeriodical
chservations on leaf blicht and stem infection
were takehe ixternal stem lesion length was takan
and reaction was evaluated using tho grade 0 to 5 am
as resistant and above § mm was recorded as susceptible.

Resction of 155 cultivars of citrus o
thytophthcra disease was testod by sswant gt ale (1960).
ihey used the root imoculstion mothod,  rHeeasured
quantity of the culture per unit ares of the eoil
wac added, The seedlings were reinocculated after
a perlod of zix weeks, Periodical observations
were recerded on the growth, collar rot, root
lengtih and number and lenyth of damaged roots, The

suscantibility or resistance was graded into the
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follodng five catecories on the basis of danmage
te feoder and tap roots

1s 5o visible symptom after repeat incculation (R)

2¢ A fow roots obscrvel after repeat inoculation (HT)

3« Demage to some roots with no 11l effects on the
growth ot plants (L)

4. Root system damaged upto 830 per cent (18)

54 Root systen eithar decayed or missing (HS)

iovard (1941) ohesxved that P gactorun
{lebert and Cohn) Schroet produced toxia in the
filtrate of liculd medis, wvhich when injccted caused
mortality to the map<le tress. He also found that
this toxic effect vould be inactivited by the addition
0f 0,5% agueous solution of the dihydrochloride
salt of & di-anminieangebenzene plus a solvent and
£ panstrant and suggestad this as a means of plant
diseasza control,

Wolf (1953) reported that filtrates derived
from the cultures of Ps parssitics var. plcotisnns
grown in potato dextrose broth for four weeks or
longer induced wilting of detachod leaves of tobaceo
and tomato.  Similar results were obtained in e
number of othoer nedia, The time required for the
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appearsnce of toxin varied with the compocition of
medium, It was also found that toxin production
occurred in diseased plunt as well as in cultures
of tho fungus, Later, Wolf and wWolf (1954)
determined the extent of toxin production of

£ parssitics var. picotianag on the basis of the
amount of wilting induced on detached lesves of
tobacoo and tomato, wWilting oveurred in dilutions
of 181, 115 and 1110, This toxin was moderately
heat stable, nonsvolatile and dialyzable,

Forrest and sSteib (1961) observed evidence
of a toxic substance produced by funagi involved in
seed piate rot of sugarcanc, Suparcane seed
pleces planted in vermiculite were watared with
extracts £from Ehipogtonis spp. and other rotting
organisms 1ike Phytophthors srythrogeptics ~ethyb,,
ihytephthora ReGASROmA Dreschsol. and
Slomerells tucumenensis, Seaedlin s watered with the
culture filtrate of £, grythrogpeptics for four days
killed 100 per cent seadlings while lass congentrated
axtracts caused different degrees of wilting,
Sefdel (1961) studied the mutriont requirement and
toxin formation of the fungus P infestans in
different synthetic nutrient sclutions, He found
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that EH, and tartarate were the essential factors in
the nutrient solutions for production of toxin and
of five sujars tested, sucrcse proved to be the
best sugar for toxin production. He also reported
that boiling the filtrate led to a marked reduction
in the toxiclity of the culture filtrate,

Savel'eva and iubin (1963) reported that
i» jnfeptang produced a polysaccharide in the liquid
culture which is toxic to the plants, Savel'eva and
Vasyukova (196€6) monad that Ps infestans produced
two types of toxins, They vere polysaccharides
isoclated from thoe protein lipid polysaccharide complex
and the culture medium and proteins from the mycelium,
Acetylirzed amino saccharides wvere detected in
the polysaccharide from the modium which was more
toxic than that from the mycelium, Touin accumulated
goige iild. in soybean
broth after soven days was sufficient t© cause
wilting of one weex 013 seedlinags of cultiver
Horosoyw63 soybeans (Paxton, 1972). Xt was also
observed thot wilting oocurzed in plants without roots
indicoting that toxin effect was not primarily on

the root systenm,
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Loe (1973) reported that F« palRIVOEe -roduced
a toxin in licuid cultures and the symptons produced
by the inoculation of toxin were same as that of the
pathogen,

Phytotoxicity of water scluble Psielwglucans
3 sionamoe] Rends,, £. palnivoga and

(1975) as rovealed by wilting symptomo on Paraes
indicg, soybean, caceo and tomato at 0401 to 05 mg/ml
concentrations Kue and Lisker (1976) roported that
toxin from U's Aniegtans regulates the phenclic and
tarrenwid motabolism in potato, Behnke and
Lonnendinker (19577) isolated phytotoxic substances
from the culture filtrates of the fungus P infestans.

Ceinos and Hendrix (1977) reported laminar
necrosis, growth inhibition and death of tohacoo
plonte caused by toxic extracte of cultures on
oats and of mycelium of Phy
Fathybr, and Laff, grown on glucoseeglutamate
medium in shake cultures, The severity of growth
inhibition and folior necrosis increased with the
duration of exposure of the roots to the extracts and
long exponures (60 mts) often resulted in plant desth,
Csinos and Hendrix (1977) alsc reported that
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e SEyptoges produced exotoxin and endotoxin,
Sterilized ageous extract of the myceliun and
culture filtrate of the pathogon wvhen administered
on excised tobacco leaves, caused water soaking
within 12 hours, laminar collapse within 20 houres and
extensive dshydration within 48 hours, They also
found that leaves collected for bhioassay from the
glass houss in the afternoon were less sensitive
than those ccllected in the morning or at night,
The toxin was ecually active at 20°C and 27°C of
incubation tamperature,

Later, Csinos and Hendrix (1978) studied the
effect of culture axtracts from 53 isolates of
Eythiup end Zhytophthora and one of aghlys on excised
tobacco leaves, They found that toxic extracts
were obtained from most isolates of P, grvptoces.

s drechalexi. E. sKvthsossptiss and 2. megasperns
not reported tc be parasitic on tobacco, ilich

and udnicki (1979) reported thot filtrates from

14 day old culture of P gpgtorum an isolate from the
soil o/ a mapple orechard contained a toxin which
induced wilting of tomato leaves after 6 to 8 hours
and browning of veins anl the arsa around the stem
after 15 to 24 houra, hey alsc observed moximum
toxin production in a mediuwn containing asparagine
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as a nitrogen source at 24 to 26°C in the dark, The
toxin was stable when autoclaved at 121°C in strong
acid but not strong base, It was nonedialysable,
had a relative high melecular weicht and was
hydrophobic,

woodward gt fle (1980) observed that wilt
inducing toxins from J)
glucans and gilucanhydrolases,

Ehora Spp. contalined /5

Thexre is only one report of soreening of pepper

varietios againct Phytophthora disease using toxic
metabolite of culture filtrate, Lee (1973) tried
thie method using five cultivara of ©» plagum,

2» selubrinym and gipeg
eight months old pooted cuttings and the roots m
immersed in toxin solution propared from the
filtrates of P palpivora. Aecording to him,

the symptoms of foot rot so produced were comparable
to those from funial infection. P golibrinum

and £, SAKmentogum were found to be resistant but
the five cultures of ¥, Digryp were found

susceptible,

cavel'eva and Rubdin (19€3) used the

polysaccharide excreted by s jnfestans in liquid
sulture for screening the putato varietiecs,
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i« location of the experinent

The study was conducted at the Collcge of
Horticulture, Vellanikkara,

2+ Plant materials used for screening

Une year old rooted cuttings of sixteen
different opan pollinated and hybrid seedlings
of pepper and the FParmmiyurel variety of pepper
(EARCE niarum Line) were used for the study,
The rooted cuttings were raised in pots and
wvere grown under uwniform conditions, The
rooted cuttings of pepper used for the experiment
were obtainad from the Pepper Research Scheme,
Vellanikkaras, Petails of the different types
and variety of pepper used for screaning are
given in Table 1,

3. Isolation and rurification of the pathogen

The pathogen causing quick wilt of pepper
)/ was isolated from infected
1amawammmmmmpmmw.o£
the pathogen was nmaintained in cat meal agar
(Rikor and Riker, 1938),




Table 3;

iypes and variety of Pipar RidEum hin.

used for screcning against Phytouhthors

Ralpivers

[ IR BE 3 BE N BE BF 3N BE O BE OB OBR AR BN BN IR BN R BN NN 2B IR BN NN W

3 U9
DOs

Culture nos./veriety

Parental combinations

LR IR B AR BB B OB B B BF BE B N O BN N B BN A B N 3 AN I I I !

1.
s
Se
4o

So

6o
To
Ee
Co
10,
1l
12«
13
ic.
15.
1G,
17«

15
21
74
83
94
8
118
120
122
155
167
160
188
151
239
309
Panniyurw}

Uthiramkotta XX (Op)e
Uthixamkotta II (OP)®
¥uthiravally (Op)»
Kuthiravally (0P)"
Xuthiravally (CF)*
Kagimunie (OP)e
Arixottanadan (OP)*
Arikottanadan (OP)w
Arikottonadan (Op)e
Karinkotts (OP)*
Veluthanamben (OP)w
Thaliparamba IV (OF)*
Thaliparamba IV (Op)e
Thaliparamba IV (GP)w*
Pezumkodi (OP)e
Karuvilanchy x Kot%awl
Uthiramkotta x
Cheriyakaniyskadan

*OP ~ Open Pollinated
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4o In ¥itIp production of toxin by pathogen in
different licuid media

A8 yitro production of toxin by the pathogen was
tasted by growing uniforn mumber of hyphal tipse
Placs from the saven day old culture from the
fungus were grown in 2350 ml flask each containing
100 ml of five different 11 uid media, namely,
Richards + ysast extract broth, Fotato dextrose
broth, Vat meal broth, Corn meal broth and
Synthetic liquid medium for Fhytophthors
(~insworth, 1971y Singh, 1975),

The composition of the different modia is

given bhelowus

Potassium nitrate .. 10 ¢
rotassium dthydrogem phosphate . 59
Magnesium gsulphste o 25 g
Farric chloride »s 0,02 g
Sucrose se 50,00 ¢
Distilled water .o 1,000 ml

Yoast extract - 2,9 %
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oo oo 200 g
e L 2 20 g

Distilled water oe es 1,000 ml
Lat paal _hroth

Oate ’ 11 e &0 9
Dintilled water .. os 1,000 ml
Sorn.meal Proth

Corn moeal e e 60 ¢
Distilled watar se ae 1,000 m)

Mg 3347“23 e .o 0.8 ¢
Kzll E’O‘ .o .0 19
Thianine ] on se 500 mg
Distilled water as se 1,000 ml

he oonical flasks were incubated at 22 $1°C tn
& Be,0s0e incubator for 38 days., Thereaftor, the
cultures were filtered through Whatman Ho, 40 filter
paper, The filtrate ws wvas centrifuged at



39

1,000 ¢ for 15 minutes and the pellets were
removed to maks thom free from propagules, Ths
supernatent 14 uid collected was made up to

100 ml and dialysed against glass distilled
storilc water for two hours,

A biomassay was oconducted with five diffarent
treatnents (propagule«froe dialysed culture
filtrate of different 1iquid media) and four
replications in oxder to test in Vitro oroduction
of toxin by the pathogen, The propagule~free
dialy.ed culture filtrate collected from different
liruid media wers dropped evenly on the surface
of five leaves at 0,05 ml pexr lesf in a poepper
plant of the variety ranaiyurel after gently
pricking the area with gsterile neadle, Ecual
number of leaves of poppar plant was treatad by
the sane method with sterile dialysad licuid media,
This served as tho controle Plants under different
treatments were covered with a boell jar containing
moict cotton to provide high humidity and were
observed for development of necrotic spota,
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Se Technicues for screening of Pe Bickum tyres
and variety
Types and variety of Pe Dicxum (sixtesn types
and one veriety mentioned earlier) ware inoculated
at saturated humidity and at a termperature of
2234*c:mam«mmmmm
the pathogen adopting ssveral techniques, namely,
culture disc, TOOSPOre suspension and propagulewfree
dialysed culture filtrate on different parts of
plants such as detached and undetachod leaves,
sten cuttings end roots of one year old potted
plants,

Se¢le Qulture dise

For this one week old culture of Phy
palmivors grown in ocat meal agar was usod,

S¢2¢ Zoospore suspension

ipospore suspension was prepared from one
weesk old culture of Po palipiveza 9rown in cat mesl
agar (Turner, 1967), Cultures in petrishes of
845 om diameter grown in oat meal agar medium were
plieced 4n conical flasks anc were covered with
Petri's sclution to induce sporangial production,
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On the fourth day, the solution was replaced by
distilled water at the rate of 250 ml per culture
and was incubated at 20 ¢ 1°C in a Be0OsDs
incubator over night, Afterxwards, the suspension
containing zoospores of the fungus was filtered
through a single layer of sterile muslin cloth,

Se¢3s Fropagule=£free dlalysed culture filtrate

mwphalupaafmpaMmgmmm
Richards + yeest extract medium for 15 days
were dialysod and this was assayed as described

earlier,

Seée Leaf inoculation and bicassay of propagule-=free
dialysed culture filtrate

The mature and physiologically active leaves
of aixteen types and variety Famniyure} of
Es pigrup wers inoculated using culture disc and
propagulo=free dialysed culture filtrate,

S.4.1. Inoculation using P» palmivors culture dise

Detached leaves as well as leaves Of potted
pepper plants were inooulated with culture disc
of 5 mm dismeter (containing both mycellia and
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sporangia) on the lower surfape of the leaves and
swabbed with sterile moist cotton wool, Discs
were cut from steriliszed culture medium and placed
as above to sexrve as contrcel., The inoculated
lsaves and plants were provided with high
humicity and were cheerved for the production of
necrotic lesions, The diameter of the lesions
produced was recofded,
5442, Bloansay of propagule-fres dlalysed culturs
filtrate of Py palmivers

Detached leaves and leaves of potted plants
wers administered with propagulewfrec dialysed
culture filtrate. The methodology was similarx
as in the case of bicassay of propagule«free
dialysed culture filtrate deseribed sarlier, The
detached leaves were kopt in moist sterile
petridizshes for the entire period of cbsexvation,

S5 Stem incculation and bloessay of propagulewfree
dialysed culture filtrate

Three noded cuttings/runner shoots (without
loaves) were inoculated with moospore suspension
and biocassayed with propagulewfree dialysed
culture £iltrate,
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From the runner shoots, cuttings were
selectad from the first half of its length
and the remaining tander portions were discarded,
Fresh cuttinge were made under sterile water
and bofore putting the cuttings in the
propagulo=free dialysed culture filtrate, or in
zoospore susrension, one drop of water was allowed
to adhere to the cut ends This was dono to avoid
the cGevelopment of alr pockets in the conductive
tizsucs, Foxty cuttings were used in one
roi:lication and these were rsplicated five times,

S5¢5¢1¢ Innculation using P. palpmivors socospore
suspansion

Sets of five cuttings were plsaced in 250 ml
conical flaske containing 5C ml of soospore
suspaonsion and were observed after 24 hours
for necrotic lesions by splitting the cuttings
longitudinally into two halves and measuring
the discoloured area, Cuttings placed in conical
flasks containing 50 ml starile water served as
control,
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SeSe2s Biocassay of propagulowfree dialysed
culture filtrate of 2. palmivors

In the case of propaguleefyee dlaiysed
culture filtrate, the cuttings were placed in
conical flasks containing S0 ml of propagule-free
dialysed culture filtrats, The sane Guantity of
dialysed Richards + yeast axtract licuid medium
was used as control, The methodology and
observation were similar to those of zcovspore

suspanaion,

5064 Root inoculation and biocassay of propagules
free dlalysed culture filtrate

tne year old rooted cuttings of pepper (potted
plents) were taken, The roots were wvashcd 4in
running watsr and in starile water to remove
adhering soil and were inoculated with soospore
suspension and bicassayed with propegule-free
dialysed culture filtrate, Twenty five rveoted
cuttinces of each typa/variety wore used in one
replication and these wers raplicated thrice in
sach method,

Se6els Inoculation using soospore suspension

In the case of inoculation with zoospore
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suspension, the cuttings were placed in 500 ml
conical flasks contaeining 250 ml zoospore suspension,
After a2 poricd of 24 hours, tho inoculum was removed
and instoud & nutrient solution was kept for a
period of gix days, 7The roots were examined

deily for lesion devolopment,

The rooted cuttings of Pamniyurs1 pepper plant
ware prapared in the sams manner and were placed
in sterile nutrient solution, Thir served as
control,

Se6s2: RBivassay of propagulosfree dialysed culture
filtrate of F» paluivorg

In tho case of prupaguiesfree dialysed culture
£4ltrate, the rooted cuttings of the types and
variety wore placsd in 500 ml conifcal flasks
containing 250 ml of propoagule-fres dialysed culture
€ilerate and kept for five days, Instead of
propagulaee-frea dialysed culture filtrate, sterile
dialysed Richapds + yeast axtract licuid medium
sexrved as control, The msthodoloqy mpted and the
obsarvations wers similar to those of zo08pore

suspension,
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RESULYS

iD Yiskp production of toxin by the pathogen in
different liquid media

Five licuid medis were testad for the production
of toxic matabolite by the pathogen (Table 2),

in all the liguid media tested, the propagulee
frae dialysed culturc filtrate adrninistered on
leaves produced necrotic spots vhich are cuite
typical for artificial and natural infection of
Ps palmivora (Plates I), However, leaves
inoculzted with culture media without fungal
growth (to saxve as control) d4id not produce
the apots,

The maximunm symptom axpression was cbaerved
in Richards ¢+ yeast extract mediumn, After 24 hours
of administration of the culture filtrate of this
medium, an average necrotic area of 4,2 diameter
developed. The culture filtrate of potato
dextrose broth gave a mean necrotic area of
2418 mm diometers The minimum necrosis was
observed in the case of oat meal broth (1,52 mma dia)
followed by corn meal broth (1,71 mm dia) (Table 2),



Table 2, Comparison of different media on toxin production by
2 palodverg (Toxin assayed as average diameter of
necrotic spots formed on the leaves of P. nicrum
varicty Pamiyurei in mm)

W s W AR M W Nk W A pe T OB SR A OEE W N U A e W W I AW W W
. Hean aym.tom development in mm
ﬁ'mwm. v - AE———
- ist day 2nd day 3rd day 4th day 5th day
[ 3 B N N O N N O N NN N NN N O N I E NN N E NN NENNENENNESNEE X E ]

1. Richards + yeast

extract broth 4420 10.28 13.29 14,01 14.0%

2+ Potato dextrose broth 2,18 6.75 Be 25 10,25 10,25
3« Corn meal broth 1.73 8428 775 8,58 8,56
4, Oat meal broth 152 4,50 713 7.63 7.63
Se sﬁvametie M&m for 2,44 8a44 8.689 2456 9.56
a — A o]

Co (o.osl 1,654

1 T ¥T71

LY



PLATE X

Symptom expression on the leaves of Piper
Alorum (Panniyurei)

Natural infection

dnoculation with Ps palmi yora culture disc
ragule=free dialysed culture

filtrate of P, p ra
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These necrotic lesions further developed
very cuickly on the second day, It was 10,28 mm
diameter for the Richards + yeast extract culture
filtrate and 6,75 mm for potatc dextrose broth
culture filtrata, The least (4,50 m™m) was
observed in oat meal broth culture filtrate
(Table 2),

On the third day also increases in necrotic
ares were noticed and it wes 13,19 mm diameter in
the Richznls + yeast axtrsct culture filtrate and
7613 om for the oat meal broth, All other culture
filtrates shoved substantial increase in the

necrotic area,

There was wnly slight increase in the necrotic
ares on tha fourth day, after the aduninistration
of culture filtrates, when compared to “the third
day observation, Here also, tho maximmm diometer
of necrotic area on the leaves were ¢bserved in
the propaguleefree dlalysed culture filtrate of
Richards + yeast axtract broth (14,81 mm) followad
by potato daxtrose broth (10425 mm), The least
was in the case of oat mesl broth (7,63 mm) followed
by corn moal broth (8,56 mm dismeter),
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On the fifth day after the administration of
culture filtrate, there was no further development
in necrotie area es compared to the area in the
fourth day{rig. 1).

Statistical analysis of the fifth day data
shows that the maximum necrotic area on loaves are
observed in the case of Richards + yeast extract

broth, HNext to this is the potato dextrose broth
followed by thimmine enriched synthetic medium

for Ehytophthorg which is on par with the formex(rig. 2).

Techniques for screening Piper plorum types and
variety against P. palmivors

Inoculation of detached leaves with culture Adise

Leaves of sixtesn open pollinated and hybrid
seedlings and of the Fanmniyurel variesty were
inoculated with B, palmivorae HNecrotic spots
started appearing from the second day onwards,
Howewver, under the high humid conditions, most
of the loaves became discelourad and deecayed,

Duc to this, observations could not be taken beyond
the fifth day (Table 3), Plants inoculated with
culture media without fungal growth did not produce
any necrotic spots,
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Table 3, Reaction of detached leaves of different types
and variety of P. plgrum inoculated with

culture disc of P. palmivoras

C IR 30 3R 2R BN BN BN BN BN BN BN _BE N B B BN B BN BE AR I NE B BN BN O I I BN

81. &l Mean diameter of necrotic spots 4in am
no, .
nosy/variety 2Ind day 3rd day 4th day Sth day

1. 15 0,73 $.20 24,10 31,83
20 a3 0,43 10,13 25,67 31,87
3. 74 093 30,50 24,87 31,07
4 83 0467 13,00 23453 31.87
Se 94 0,60 953 24,43 32,17
6o 98 1.17 10,67 26,07 32,50
Te 118 1,80 15,60 20433 32,40
8. 120 0,72 1127 26433 33,00
t 2 122 1.13 14,00 24,97 33,00
10, 155 .60 12,33 25,47 32,13
11, 167 0e53 12,00 23,43 33,00
12, 160 0,77 13,33 24433 31.83
13, 168 1.20 14,67 25,87 33,00
14, 191 1.47 12,47 27,50 31,63
1S 2 1417 314,00 27,57 32,80
16, 309 0,77 11,83 24,10 31,33
17, Pamniyurwl 1.93 14,77 28,23 32,97

L 28 B IR BN BN BB I Bk IR B AN A B I B B OB O R BN BN BN BN BN BN BN BN N



| FIO03 7T 51

area on the second day was in culture number

21 (0443 mm) followed by culture numbar 167 (0,53 mm),
The maximmmm average diametsr of the necfotic area
{1.93 mm) was observed in the variety Fanniyurwl
(Table 3).

Un the third day, there was changes in the
development &f aymptom in different cultures, The
maximum average diametor of the necrotic area was
observed in the culture number 115 (15,60 mm)
followed by the hybrid Panniyurel (14,77 rm),

The P, pigrum culture mmber 15 (9,20 mm) followed
by culture mmber 94 (9,53 mm) wers found to have
the least dlameter for the nccrotic area (Table 3),

The development in the necrotic area was
found to bo very fast in all the types when
compared to the second day and this ranged from
Be¢47 an o 14,10 mm diameter, The maximum increase
in development of neerotic area was found in culture
pumber 118 (14,10 mm) followed by the culture
number 188 (13,47 mm dia), whoreas the minimum
enlargement in diameter of the necrotic area was in
the culture numbor 15 (8447 mm) followed by the
culture number 94 (84,93 ma),
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But on tha fourth day, the intensity of the
symptom expression ahowed changes and the minimum
necroails measured in diameter was in the culturs
number 167 (23,43 mn) followed by the culture number
83 (23,54 rm), The maximum, 08 that of the third
day was 28,33 mm in culture number 113 followed by
28,23 mm in the Pamniyurel (Table 3).

On the fourth day also, the necrotic area
developed very fast as in the case of previous day
axcept in the culture mamber 94, where further
development of necrotic ares was only toc the
extent of 4,90 nm diameter, 1In all othaor cases
it ranged from 10453 mm to 15,54 mm diamoter, The
maximum nacrosis was in the culture number 21 and
the culturs number 83 was found to have the minimum

necrotic area,

Un the £ifth day also, the expression of
éisease intensoity varied among the types, the maximum
average Qiameter oF necrotic area being in the
culture number 167 (33,00 mm) with the same
intensity in the culture numbers 120, 122 and 188,
The minimum necxosis in diameter was found 4in the
culture muber 74 (31,07 mm) followed by the culture
numboer 309 (31,32 mm) and the culture number
21 (31,57 mm)e All the other cultures showed
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the intermediate levels of symptom expression,

Observations on the fifth day showed that
furthor development of necrotic area was not the
ammtmtu&nﬁ:amimdaﬁandthia ranged
fxrom 9,87 to 9,57 ma in diameter. In this case,
the maximum was found in the culture mmber 167 and
the minimun was in the Panniyurel variety.

In gencral, it wes found thot there was no
consiztency in the development of necrotic area in
each of the successive days after the inoculation
of Ps palmivors on detached leaves of different
cultures and the variety rFanniyurwi, The
statistical analysis af‘ data for the £ifth day
reveols that there 48 no significant difference
between the cultures and the varliety tested with
reference to tho development of symptoms consegouent
on inoculation with @ palmivoras culture (Table 3),

Biowaspay of detachel leaves with propaguleesfree
dialysed culture f£iltrate

The best nedium for the maximum production of
toxin was found to be the Richards + yoast extract
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broth, Fiftean days o0ld propagulo-free dialysed
culture filtrate was used for screening the plonts,

Sixteen types of P plogrum and thoe voriety
ranniyurel were screcnced with the propagulosfree
dialysed culture filtrate with the check as
deseribed in materials and methods and observations
were recorded (Table 4), Hone of thc leaves in
the check showed any symptoms even after five Qdays
of obsorvation, But in plonts which wvers treated
with propagulesfree dialysed culture £iltrate,
the symptoms typical of the natural infection were
ocbsarved after 24 hours of administration of
culture filtrate in all the popper types/varioty
tested, The symptom was very conspicuous,

Iwenty four hours after the troatment, the mean
necrotic area in diameter in the differont types of
Le Dlgpun ronged £from 12,63 om to 14,96 mme  The
leoast area was in culture numbor 309 and culture
number 120 showed the maximum necrctic area
(Table 4),

On the second day, the lesion davelopment
Blightly increased in all the typees of P Bicrm
testod, and the diameter of thoe necrotic area ranged
from an average of 14,90 mm to 17,37 mm (Table 4),



Teble 4, Reaction of detachod leaves of different types
and variety of P. Dicrum blomassayed with
propagul esfree dialysed culture filtrate of
Ee Ralnivora
51, P» plgEum  Mean dlameter Of mocrotic spots in mm
. . -
”'ﬁﬁmxnm 2nd day 3rd day 4th day Sth day

1. 15 13,43 14,90 16,43 1717 17.17
2. 21 13,63 16,47 17,57 18,03 18,03
3e 74 13,03 16,03 17.23 17.93 17.93
4o 83 13,50 16,73 17.30 17,83 17.83
Se 94 14,77 16,97 1773 18,27 18,27
G, 98 14,73 17.03 17.83 18413 18,13
e 115 14,27 1713 18,23 18,40 18,40
8, 120 14,97 17,17 184,47 18,87 18,87
- 29 122 16,37 17.37 18,73 19,00 19,00
10, 185 14,50 16,43 18,17 18443 16,43
11, 167 13,60 17.20 18,77 19,00 19,00
12, 180 14,03 15,90 17.23 17.87 17,87
13, 188 13,23 16,83 18.10 18,47 18,47
14, 193 13,87 16,10 17.27 17,83 17,83
15, asp 14,73 1690 17.97 18,37 18,37
1€, 309 12,63 15,40 16447 17.50 17,50

17, Parniyure} 14,83 16,47 18,17 18,57 18,57
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Third day aftor inoculation, further development
of tho necrotic area was very slow and it ranged
from an average diomater of 16,43 mm to 18,77 nm,
Hovever, there was not much difference in the
sxpression of symptoms by the different cultures,
as compared to second day, iiere also, culture
number 15 showed the minimum average diameter of
the necrotic area (16443 mm), followed by the
culture mumber 309 (16,47 mm), while the culture
number 122 (18,73 mm dia) and the culturs number
167 (18,33 mm 4fia) were found to have the maximum
average necrotic areas,

The observations on the further development
of necrotic area 4id not show any appreciable
changes, the range in dlameter being from 17,17 mm
to 19,00 mm, f£rom the third day., The intensity
of the symptom in different cultivars was almost
of thc same grade as observed on the third day
(Table 4).

on the £4£th day aftsr the administration of
the culture filtrate, there waz no furthor
development of necrotic area as compared to that
in the fourth day.
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Chservation on the fifth day showed that there
was only very little diiference in moan noorotic
area (1.83 mm dfla) of different types and variety
of Pe pigrup when assayed against the propagulew
£ree dialysed culture filtrate of tho pathogen,

The minimum average values were observed in
the case of tho culture mumber 15 (17.17 mm) followed
by culture number 309 (17,50 mm dia), whereas the
culture numbar 122 and 167 were found to have the
maximum average necrotic area (19,00 rm dia) (Table 4),

Statistical analysis of the data revealod that
there war no significant differences amon; the
types and varioty tested, vhen propagulewfree
dlalvsed culture filtrate of Pe palmivors was
adniniastered on detached leaves after five
days,

Inoculation with culture disc of 2. palmivorp on
leaves of potted pepper vine

As described in ‘Materials and lMethoda', the
culture disc of the pathosen were tested on une
detached loaves of different types to study their
reaction to the symptom expression,
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The necrotic areas on the leaves of different
cultivars were obsorved on the second day after |
inoculation, There was slight variation in the
size of the necrotic area and the mean values
ranged from 0413 mm 0 0,28 mm,  The naximum
average diomater of neocrotic area vas observed in
the culture number 239 (0,28 mm) followed by the
culture numbor 188 (0,27 mm) as against the minimum
avoyage diameter of 0,13 ma for the culture mmberx
191 end 0,15 mn for the culture numbers 74 and
155 (Table 5),

Un the third day, the diameter of the necrotic
ares ranged from an average 0f 3,92 mm to 5,25 ™m
and all the types showed appreciable changes 4in
the expression of symptoma, A different trend
in the symptom development was alsc noticed
among the types as compared to the socond day,
There was an increase of the necrotic area ranging
£rom 3,74 to 5,00 mn diamoter as compared to the
provious day, The least necrotic ares was in the
culture number 309 with an averaje diameter of 3,92 mm
followed by thce culture number 94 (4,25 mm) and the
nmaxinum values were 5,25 mm and 5,16 mm for hybrid
Panniyureil and thoe culture number 21, respectively
(Table 8),
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Table 5. Reaction of undetachcd leaves of dlifferent types
and variety of P Dighum inoculated with
culture disc of s palmivora

Ske &W Moan diarum of necrotic spots in mm

O A e — —
nose/variety and day 3rd day 4th day S5th day

1. 15 022 4,65 12,71 18,63
2. 21 04,23 S5.16 11,91 19,47
3e 74 0e13 4,75 13,08 17,88
4, 83 0422 4.78 £1,33 19.25
Be 94 0.18 4425 10,95 18,55
6s P8 0018 4,83 11,78 16,67
T. 135 O.22 4.92 11,13 20,21
8¢ 120 0.22 4,78 11,41 20,41
P 122 0418 4,50 11.20 20448
10, 155 018 4.7C 11,08 20,17
11, 167 025 4,78 11.75 19.67
12, 180 020 4,58 10,93 19,50
13, 188 0e 27 4,78 11,58 20441
14, 191 P P% & 4.58 11,05 18,67
18, 239 0,28 4.75 11,68 21,30
16, 309 0418 3,92 10,66 19,41
17. Panniyure} Ue25 525 11,58 21:,50

[ I B 2 B B B I I B I N S I B I I B I I I B I I B N I O ON

Co (0,05) \ 1.60
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Cn the fourth day after inoculation, the
necrotic area furth r increased rapidly in all the
types and the extent of increase in diameter was 6,21 mm
toc 7,66 mm, The average diameter of the
necrotic area of different types of peppcr
ranged from 10466 m to 12,71 mmys There was
slicht wvariation in the intensity of symptom
expressod in different Cypes as compared to
that of the third day, but the minimum was cbserved
in the culture numbor 309 as in the case of third
daye The culture number 15 showed madximum

necrosis,

Furtheor development of symptom was observed
in ell the plants tested on the f£ifth day, The
averase dliameater of the necrotic area of different
types varicd from 17,86 mm to 21,50 rm,  But the
maximmam necrotic area was detected in the hybrid
Panniyurei (21,50 mm dia), followed by the culture
number 239 (21,30 mm)e. The culture mmbers 74
(17,88 mm), 94 (18,55 mm) and 15 (18,63 mm)
were found to have the minimum average diameter
of the nccrotic area (lable S5),

After four days, the development of the necrotie
area was appreciably increaged within 24 hours and
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the increase ranged from an average diametar of
5492 mm 0 10622 mme On the sixth Jday it was
observed that most of the leaves inoculated got
detachod from the vines and further observations
could not be recorded (Isble 5)s

Statistical analysis of the data for the £ifth

day shows that the resction of undetached leaves of
different typos and variety of F. nigrum acainst
Zs palmivora differs significangly. The minimum
development of nearotic ares was obscrved in the
culture numbor 74 which was found to be on par with
the cultures, 94, 15, 98, 191, 83, 209 and 21,
The maximum developmant of leaf lesion was found
in tho variety Famniyurel and tho culture numbers
239, 122, 180, 188, 115 and 155 were found to be
on par (Table §),

Biowassay of undetached leaves with propagule-free
dialysed culture filtrate

All thepeppor types and variety of P. pigrum
which weare inoculated with culture disc were taken

for the studye The propagulesfrec dialysed culture
filtrate was blo=spayed against the undetached

leaves and Observations were rocorded as described



in *Mataerials and lethods' (Table 6),

The average diameter of the nocrotic arses
in different types of P. pigrum varied from
3,92 mm t0 4466 nm, 24 hours after administration
with the culture filtrete, The minimum was found
in thc culture mumher 309 snd the maximum was in
Panniyvur-1 (Table 6),

On tho second day, the necrotic area of all
the leaves incrozsed conaiderably and the
avarsge dismeter of the necrotic area of different
types was found to bo between 10633 mm o 11,33 mm,
The minimum was observed in the case of the culture
numbar 1688, Culture number 83 showed the maximun
lesicon development whan compexred to first day.
There was much variaticn in the mean diameter of
the neorotic area mmong the different types

tastel {(Tabla 6,

Three days aiter the administration of the
cultura filirate, the necrotic area on the leaves
of diffaerent papper vines were not found to
increase to the levels as in the second day. Here,
the average diameter of tho aecrotic area ranged

from 13450 nm to 14441 a3 and the minimum was
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Table 6, Reaction of undetached leaves of different types

and variety of Po pigrum biowassayed with
propagulesfree diaslysed culture filtrate of

8. %. Mean diameter of necrotic spots in mm
NGe -‘ulture AR - -
mose/variety 1st day 2nd day 3rd day Ath day 5th day

M R Ty 885 0% ¥ SN ST S 06 E W DR RN oWn M BT g 3 % 3 O O Ex TR WS Ok N gy e

e 15 3.95 11,10 13,83 15,17 15,17
2 21 4025 11,25 14441 15,25 15,25
3. 74 4,16 11,12 13,50 14,75 14,75
4e 83 de33 11423 13,91 15,00 15,00
Se 94 4,08 11,20 14,16 1542 15,42
e 90 4e50 114,00 14,00 15042 15,42
7a 115 4016 10483 13,78 164,75 14,75
8, 120 4433 11,00 14,33 15,92 15,92
o, 122 8433 10,67 13,78 15,17 15,17
10, 155 Ge25 10442 14,41 15,58 15,38
11, 167 4020 10491 314433 15,33 15,33
12, 180 4,00 1033 13,83 15,00 15,00
13 188 4,00 11428 14,00 15,08 15,08
14, 191 4016 10,83 13,91 14,92 14,92
15. 239 4.60 10491 14,33 15,67 15,67
16, 309 3,92 11417 14,00 15,00 15,00

17« Panmniyunei 4,66 10,67 14,08 15,17 15,17
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found in culture numboer 74 (13450 mm) while, the
culture number 155 reccrded the maximum average
necrotic area of 14,41 ™m diancter (Table 6),

Four days after the administration of culture
filtrate on tha leaves of different types of pepper,
there was no appreciable increase in the necrotie
area and the minimun average dlameter was 14,75 mm
ard the maximum, 15,92 mme Among the pepper types,
there was no spprogiable differences in tho
sympton expression atter four days. The culture
numbor 74, still shoved the minimum, while the
culture number 120 was found €0 have the mawximunm

avaerage nocrotic area (Table 6),

Un the £ifth day aftor administration of
propagule=free dialysed culture filtrate, there
was no difference in the necrotic area development

in different pepper types and the trend was statie,

The statistical analysis of the data reveals
that there is no significant difference among the
types whon the propagulesfree dialysed culture
filtrate waes adninistered on leaves of pottad

peprer vines,
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The inoculation of pathogen and administration
of propagulesfrec dislysed culture filtrate on
the detached leaves and leaves of potted pepper
plonts, five days after the treatment, clearly
shoved that there was a uniformity in the symptom
expression in all the types and variety tested
(Table 7 and Fige 3)s The moximum symptom
devolorment was observed on detached leaves
inoculated by the culture diso, 1t ranged from
an average diameter Of 31,07 mm to 33,00 mm, On
the lsaves of potted pepper vine, the minimm
average symptom expression was 17,88 mm as
against the maximm of 21,50 rmy But on detached
leaves, the pathogen was found to grow wvery well
causing larger necrotic area (Table 7 and Fige 3).

vhen the propaguleefree dialysed culture
filtrate was administered, there was not much
difference in symptom expression in the detached
leaves and leaves of potted pepper vine, sven though,
the detached leaves had alight incresse in symptom
expression as compared to that of leaves on potted
pepper vine (Table 7),

Tae resultz clesrly revesl that the Pipar
types/variety vhich showed maximam symptom when
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Table 7, Reaction of different types and variety of
Ps ploxum after five days of inoculation with
culture disc and propagulowfree dialysed
culture filtrate

MW O W W oW M I WS IS W W S N TS oA RS W

51e %hw Mean diameter of necrotic spots in mm
noy " ;
nosa,/variety Detachod leaves Undetached lesaves

disc filtrats disc filtrate

MW ESN NS BRNEEERERS e Ee S E " N

) P 15 31.63 17417 18,62 18,17
2. 21 31,57 18,03 1947 15,28
3. 74 31‘97 1’3;93 17,88 14.78
4. 83 31,67 17,83 19,28 18,00
Se 94 32417 18427 18,55 15,42
6o 98 32,50 18,13 18,67 15,42
Te 115 32,40 18,40 20,21 14,78
Be 120 33,00 18,87 20,41 15,92
9 122 33,00 19,00 20,453  15.17
10, 155 32,13 18,43 20,17 15,58
11, 167 33,00 19,00 19,67 15,33
12, 160 31,93 17,87 19,50 18,00
13, 168 33,00 18,47 20,41 15,08
14, 191 31,63 17,83 18,67 14,92
1S, 239 32,50 184,37 21,30 15,67
16, 309 31,33 17,50 19,41 15,00
17. Panniyure} 32,97 18,57 21,80 15,17

€D (0,085) NS NS 1.60 NS



Fig. 3 - Reaction of leaves of different types/variety of Pipet
noculation with culture disc an propagule -free dialysed

Fh gfgpﬁf/toé-a palmivora.

40
?

204

10 4

401

Average diameter of necrotic spots in mm.

104

(SO

i
|
!

eSS eEss |

négfum

Cutture f

after five days of

iltrate of

[[D petached lcaves -

with culture disc.

T
2] Un.detached lcaves -

with cuiture disc

% o
Detached icaves -

with culture Filtrate

Un-defached ‘eaves-
with culture filtrate

H e

IR % 7 [N 0

PHED N S

HE~Ys o
155 167

Culture W

i
{
2

PANNIYUIR- 1



67

inoculated with culture disec on detached and
undetached leaves also shoved more Ox less same
trend in symptom expression wvhen the propagule=free
dialysed culture filtrate of the pathogen was
adminintered,

The minimum average diameter of necrotic area
vas in culture mmber 74 (31,02 mm), when the
detached leaves were inoculatéd with culture dise,
On potted pepper plant lsaves, it was 17,88 mm
diameter, In tho case of culture filtrate
adminictered on leaves of potted peppexr plants
also, the same pepper type showed the minimun
diameter of 14,75 mm necrotic area (Table 7 and
Fige 3)s

Similarly, the maximumm symptom expression was
observed in culture numbers 120, 122, 188 and 167
(33,00 "m dia) followed by thc hybrid Pamniyurel
(32,97 mm dia) and the gulture nmurbar 239 (32,50 mm
dia) when inoculoted with living pathogen en detached
leaven,

Leaves of potted pepper vine also showed

- similar necrotic symptom when inoculated with the
living pathogen. Almost the same trend was
obgerved whon thoe culture filtrate was administered
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- on the leaves of pepper types (both detachod and
undetached) (Table 7 and Fig. 3).

This clearly indicates that incculation with
livin: pathogen and administration of propagules
froe dialysed culture filtrate will serve the
purpose of testing tho reaction of pepper leaves
egainat the pathogen, Pe RAIMAVOESs

Inoculation of stem cuttings with scospore suspensfon

From the different cultures of Piver nigrus,
thewe noded fresh cuttings were placed in soospore
suspanoion and cbservations were recofded as
described in 'Msterials and Methods', The
rasults of these studies are presentad in Table 8,

The length of the discoloured area was
measured on the second day after placing in scospore
susponsion and it ranged from an average length of
7¢20 mm to 8414 mm, The maximum average length
of diocoloured area was found in the hybrid
Pannijurel (8,14 mm) followed by the culture
number 309 (8,10 mm) and the minimum was in the
culture number 94 (7,20 mm) followed by the culture
nunmbers 98 and 188 (7,30 rm), But thore was not
much differance among the types tested (Teble 8),



Table 8, Reaction of stem cuttings of different types
and variety of Es pigtum inoculated with
sooapore suspension of Fe paimivorn

Sle %um Maan lemeh of lesion m&w in mm
no
* nos./varioty 2nd day J3rd Gev 4th day Sth day

L BE BE BB B BE BE- BN NE B B B3 BN BN BE_NEC-BE- BN NR BN B BE_ AN BE_NE B B

1, 18 7.38 13,30 23,80 48,00
2, 23 784 14,30 25,30 49,00
3¢ 74 7«90 14,50 25,50 49,30
L 83 790 13,50 23,20 46,0C
S¢ o4 7420 12,7 23,70 47,40
6, 98 7¢30 13,50 23,60 47,80
e 115 T+90 14,30 28,40 46,20
8, 120 760 13,80 28,30 48,80
- 122 T80 313,70 25,00 48,20
10, 158 7«90 13,90 24,80 48,30
11, 167 750 12,70 23,30 48,30
12 180 7460 13.40 23,90 48,10
13, 188 730 12,90 23,70 47420
14, 151 7,60 14,80 25400 49,50
15, 239 7.70 13,80 25,10 29400
16, 308 8410 14,80 26,00 494,30
17, Fanniyutw} 8,14 14.50 25,30 49,60

L 2R 3F 3 BE - BN NE-BE NE-NN AN NE BN CBE VRN BN R BE NN BN NE BN 3R -BN B BN A
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On the third day, thc lesions developed
further and the length ranged from an avera; e of
12470 mm to 14,80 mm, The minimum average
length of thce lesion was chserved in the culture
numbers 94 and 167 (12,70 rm) and the maximum
average valucs vere observed in the case ¢0f the
culture numbor 309 (14,80 mn) followed by
hybri Panniyurel and culture mmber 74 (14,50 mm),
in this case also, appreciable difference could be
noticed in the lesion development of different
types tosted (Iable 8),

‘n the fourth day, the lesion development
was very fast as compared 0 third day and it
ranged from an average of 9,70 to 11,50 rm in
lengths, The minimum lesion development on fourth
day was 23,20 mm and the maximum was 26,00 mm 4in
length,

The ranking of the cultivars varied from the
rating cboerved in the third day and the miniswum
avaracge lesion length was ohserved in the culture
number 83, The culture number 309 (26,00 mm)
followed by the culture number 74 (25,50 rmm) were
found to have the maximum average lesion development

{(Ifable 8),
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As in the case of leaf inoculation, the final
observation on lesion development was taken on the
fifeh day. By that time, the lesion development
was very quick as compared to the fourth day and
the increase ranged from an average length of
22,80 mm to 28,00 mm, The ranking of types
also differed and the minimum averaje lesion
development was observed in the culture mumberx
182 (47,20 mm) followed by the culture number
94 (47,40 rm), The hybrid Panniyurel (49,60 mm)
followed by the culture number 191 (49,50 mm) were
found tc have the maximyn average lesion length,

Statistical analysis of thc data for the
£ifth day revealed that there was no significant
differences among the types and varicty wvhen
stem cuttings were képt in zoos;ore suspension
(Table 8),

Biowassay of stem cuttin:s with propaguloe=free
dialysed culture filtrate

The stem cuttings of tho types, which were
tasted previcusly for leaf reaction were placed in
prepagulesfrea dialysed culture filtrate and
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obsexvations wers recordsd as descgibed in the
‘Haterials and Methods', lNone of the check plants
took infection, The cobservations were taken up o
five days and the dats are prresented in Table S

The lesion development observed after the second
day ranged from an average length of 26,20 rm €0
27,00 mmy  The maximum lesion development was
observed in the culture numbers 167 and 98 (27,00 rm)
and the culture musber 309 (26420 rm) followed by the
culture number 94 (26,30 mm) were found to have the
ninimum average lesion development (Table 9).

On the third day, the lesion dsvelopment
increased further and the rance vas from 75,20 mm €0
76,00 mn, At this stage thore was slight variation
in aymptom expression among tho different types, as
compared €0 the position in the second day, Zhe
maximum averace length of lesion was observed in
culture numbesrs 122 and 98 (76,00 mm) and the minimum
was in tho culture numbors 9¢ and 309 (75,20 rm and
75430 mm, respoctivelyld.

The obsexrvation taken on the Zourth day showed
that thore was further increase oF lesion length 4in
all the tgpea testad, The mininum average length
¢f lseion was cbserved in culturs mmber 94 (95,30 mm)
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Table 9, Reaction of stem cuttings of different types
and varisty of Ps Bigrug bioeassayed with
propagulosfree dialysed culture filtrate of
Ee palpivoxa

Sle &n% Mean length of lesion development in sm
no, ¢ —
* nos./variety 2nd day 3rd day 4th day  Sth dey

C B R BB BE- BN BE NE BN R B BN BN B BE_BE BE_JE BN N BE NN O BE B B N B OB

1. 15 26,56 75,70 96,00 106,50
24 21 26,90 75.80 96,50 106,10
3, 7% 26,80 75490 96,20 106,00
4. 83 26, 30 75,50 96410 106,60
s, 94 26430 75420 95,30 106420
S, 98 2740C 76,00 96,10 105,70
Te 115 26,40 15,70 96,70 106,20
8. 120 26,90 75470 96,20 106,10
S 122 26,90 76,00 96,00 106,30
1C. 158 26,60 78,70 96,20 106,90
2e 167 27,00 75450 95,80 108, 50
12, 180 26,80 78,70 96430 106,70
13. 185 26,60 75,60 98,70 106,10
14, 191 26,60 78,90 96,70 106,70
15, 239 26470 75490 96,60 106,80
13, 309 26,20 75,30 96,20 105,90
17, Panniyurel 26450 75,60 96410 106,70

[ BE BN BN BN BN BN BN BB EE BN BN BN R BN 2B -NE-JE - NECBE N OBE BN BN B OB N O
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followed by culture numbers 188 (95,70 mm) and

167 (95,80 mm) and tho maximum was found in culture
nunbers 115 and 191 (96,70 mm) followed by culture
number 239 (96,60 om) (Table 9).

On the £i€th day, the development of lesion
was very amall as compared to the position in the
fourth day and this viried from 105,70 mm to
106490 rm, The nmaximum averasge length of lesion was
observed in the culture number 155 (106,90 mm) followed
by the culture number 180, the hybrid anniyure}l
and the culture numbers 191 (106,70 mm) and
83 (106460 mm)e The minimun average length of
lesion was observed in the case 0 culture mmber
98 (105,70 mm),

Statistical analyeis of the data showed that
thore was no significant difference among the types
and the variety in respect of symptom expression when
stem cuttings were placed in propsgule-free dialysed
culture filtrate (Table 9),

On the f£ifth day, the lesion development
ranged from an average length of 105,70 mm to 106,90 mm
among tho types placed in culture filtrate whoreas
in s=oos:;ore suspension, the length of lesion
devolopmant was only from 47,20 mm to 49,60 mm,
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There was not much difference among the types
in length of ths lesion whether it was placed in the
goospore suspension or in propagule=free dialysed
culture filtrate (Table 10 #nd Fig, 4). All the
pepper types testad were found to be highly
susceptible,

Inoculation of roots with soospore suspension

The rvoted cuttings of different types of
E» piakup were inoculated with the zoospore suspension
and cbservations were recorded as described in
‘Materials and Methods', All the types tested
were found tc be susceptible to the pathogen and
those took infection and incited the symptoms, Ro
symptom was detected in control, From second day
onvards, thc neerotic symptoma were chsarved on
the roots and the obserwvations were taken up @0
five days. Un the sixth day, the entire roots were
either decayed or discoloured, The observations
recorded on the development of discolouration are
presented in Table 11,

un thoe second day, after inoculation of the
Yoots with zoospore suspension, necrotic lesion
development was observed and the measurement of average
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Teble 10, Reaction of stem cuttings of different types
and variety of Ps jNligrup after five days of
inoculution with moospore suspension and
propagules£free dialysed culture filtrate of
&+ zalpivors

S%. &g&n Mean length of lesion development in mm
no
‘ nose/variety Zoospore suspension Culture filtrate

1e s 484,00 106,50
2. 21 49,00 106,10
3e 74 49,30 106,00
L 1Y 83 48,00 108,60
Se 94 47,40 106,20
6o 98 47,80 105.70
Te 118 48420 106,20
Be 120 48,80 106,10
t 122 48,20 106,30
10. 158 48,50 106,90
11, 167 48, % 106,50
12, 160 48410 106,70
13. ie8 47,20 106,10
14, 191 49,50 106,70
18, a3 49,00 106,50
16, 309 49, % 105,90
17. Panniyusrel} 49,60 106,70



Fig. 4 - Reaction of stem cuttings of different types/variety of Piper rigtum after five days
of moculation with zoospore suspension and propaguie-free dialysed culture filtrate of

P4 Uyézpéf/zo ra /Qa/mz' vora .
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Table 11,

Reaction of roots of rooted cuttings of

77

different types and variety of P, Alorup
inoculated with moospore suspension of

k. palnivera

Msan length of lesion dewelopment in mm

536
no,

Ko Haem

nos,/variety 2nd day 3rd day

b )
2,
3e
d4s
Se
8.
Te
8e
e
10,
11.
12.
13,
14,
15,
16,

17. Panriyupel

15
3
74
83
2
98
115
120
122
155
167
180
1e8
191
2x
309

26,83
27,03
27.43
264,66
24430
26,083
26,50
26,83
26473
26,03
27,46
26,00
27,00
26,40
27,66
26,60
27,66

39450
48,50
41,18
38,50
38,00
40,16
41,32
45,53
40,03
42,16
39,16
45,66
40,686
41,66
42,83
42,23
43,56

——on SRR
4th day S5th day 6th day
68,40 93.83 105,66
71,66 94,50 110,50
69,33 94,70 107,50
7116 04,66 108,66
65,33 92,53 106,50
89.66 94,83 108,18
69,50 98,00 105,50
73.98 24,33 108,16
69,83 92,16 107,86
T70.0C 94,50 108,66
70,00 92,66 108,83
70,50 94,36 106,50
73,00 93,33 104,50
68,83 95¢16 108,66
69,66 93,86 106,60
73.70 95,50 108,16
74466 96,00 110,50

L B - BN NN BRI BN B --BECEE BEC B BN BN BE BN BN BE-BE BE- BE B BN BN BN N OB



18

length of lesion development raned from 24,30 mm
20 27,66 ™a, The moxionm lesion developmont was
obsexrved in the culture mumber 239 and the hybrid
Panniyurel (27,66 mm)s The culture mumber

94 (24,30 mm) and 180 (26,00 ) were found to have
the minimun average length of lesion (Isble 11),

On tho third day, further dovelopment of
discolouration of roots was observed and it ranged
from an average length of 38,00 rm to 45466 mm,
in all tho types, there was increase in the symptom
development but the minimum average longth of lesion
was obsearved in the culture mumber 94 (38,00 rm)
folloved by the culture mmber 83 (38,50 mm) and
the culture number 167 .(39;16 mn)e The maximun
lesion length was observed in tho culture mumber
180 (45,66 mm) followed by 120 (45,53 mm) and
21 (45,50 mm), then compared to the second day,
the increase in lesion devclopment on the roots
was much faster on the third day and 4t ran; ;ed from
11,70 mm to 19,66 mm in lencth (Table 11),

Furthor progress in symotom exuression was
noticed on the fourth day, as compared to the
exprassion on the third day and the increase in
lecion developmont ronged from 24,84 mm O 32,66 mm,
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The maximum development of lesion on the fourth

day was found in hybrid Pemniyurwl (74,66 rm)
followed by the culture number 120 (73,90 mm) and
309 (73,70 mm), The culture numbers 94 (65,33 mm),
18 (68,40 mm) and 193 (68,83 mm) wers found to have
the minimum lesion development (Table 11),

The lesion development on the roots increased
further on tho £4ifth day in all the types and it
varied from 20433 mm €0 27,20 e The minimum
average lesion length observed on tha £4fth day
was in the culture number 122 (92,16 mnm) followed
by th: culture numbers 94 (92,53 wmm) and 167 (92,66 mm).
The hybrid Pamniyurel (96,00 mm) exhibited the
maximun sverage lesion development followed by the
culture number 309 (95,50 nm) and 191 (95,16 mm)
in length. No marked difference in thc lesion
development could be noticed among thae types testsd,

Obhsaervations taken on the sixth day show that
irrespective of the length of invelved roots, the
entire root system was either decayodyor discoloured,
Heasurements of the lesion developmont were recorded
in temms of the avera e length of the longest
roots and the data are presented in Table 11.
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Statistical analysis of the data was not
possible since the entire roots were decayod within
six days in all the E. Dighum types and variety
wvhen inoculated with soospore suspension. In
the light of the above facts, the obaervation
recorded on fiith day after inoculation of the rovots
with soospore suspension wasg subject tc statistical
analysis and the differences were found not to be
significant between different types and variety
tested,

Siceassay of roots with propagulesfroe dialysed
culture filtrate

The rooted cuttings of all the R Rlurum
types used in the present study were placed in the
culture filtrate and the observations were rocorded
as described in 'Materials and llethods', Data are
presented in Table 12,

All the typas testsd decvoloped similaxr symptoms
as noticad when inoculated with zoospore suspension,
The lesion develorment was recordad from the second
day onwards but the entire rocots were found to be
aither decayed or disecoloured after four days,
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Table 12, Heaction of rooted cuttings of different types
and variety of P, plgrug biowassayed with
propagulesfree dielysod culture filtrate of

E. palnivors

BB oo e NN W S S o S Ko e oW

81, &lm Mean length of lesion development 4in mm

e ture o : -
nose/variety 2nd day 3ré Gay 4th éay

LN SR BN BN 3N B BE BRI B B BE ON B BN N BY IO BE BN IR BN IR I I W NN N
le 15 47450 98,60 109,86
24 21 49,50 100,50 110,33
3o 74 48,70 P5.56 106,80
4o 83 48,33 98,00 107,50
Se 94 48,00 92,83 108,16
G, 98 46,80 97.16 108,133
Te 115 47.7 99,43 108,80
8e 120 49,70 99,80 109,33
e 122 49420 99433 108,00
10, 155 50423 100,823 108,10
11, 167 47,66 99,66 109,66
12, 180 47,53 100,00 108,50
13, 188 47,66 97.66 108,83
14, 191 49400 99.86 108,00C
15, 239 49,70 98,83 107,66
16, 309 49,50 99,83 110.16
17. Panniyudel 50, 20 99433 110,00
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Whan the rooted cuttings were placed in
propagqulesfyree dialysed culture filtrate, the lesion
developmont on the second day was very fast and it
ranged from an awerage longth of 46,80 mm to 504,23 mm,
Tho maximum average lesion development was in the
culture number 155 (50,23 mm) followed by the
Panniyurw1 variety (50,20 mm) while the culture
numbers 98 (46,80 mm), 15 (47,50 m1) and 180 (47,53 mm)
were found to have the minimum lesjion development,

Un the third day also, the lesion development
was very fast and this ranged from an sverage
length Of 92,83 rm to 100,83 mm in different types,
The minimun average length of lesion development
was in the culture nmbex’ 94 (92,83 mm) followed by
the culture mumbers 74 (95,56 mm) and 98 (97,16 mm),
The culture numbers 155 (100,83 mm), 21 (100,50 mm)
and 188 (100,00 m) were found to have the manimum
lesion length (Table 12),

On the fourth day aftar placing the roots in the
culture filltrate, the entire root length of all types
was found either rottem or discoloured, The variation
in thc measurement of the Alfferent types was only
due to tho variation in the length of the longest root,
As the entire root length of all types was damaged,
the data éould not be subjected to statistical analysis,
Further cbservations were not recorded,
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DISCUSSION

The gquick wilt (Yoot rot) disease of epper
caused by Phytephihors palpivors is a destructive
disease of RIRSK BIGKMR 8ll over the pepper growing
tracts of the world, Integrated disease management,

with stress on phytoegsanitation, cultural practises
| and chemical contrel has been the strategy followed
in the past to control this important disease
(Muller, 19387 Holliday and Mowat, 1963y lambiar and
Sharma, 1976y Anzongmous, 1976y 19787 1981 and
Mammootty gt ale 1960), However, during
spiphytotics, rapid control cannot be expected from
the above atrategy of integrated managemont, 1In
such situctions, the problem can be tackled
effectivaly by putting rasistant/tolerant varieties
under cultivation,

Es ploxum is highly
It ic a matter of common observation that seedlings

grown from the seeds of one varioty show marked
differonces and none of them will be true to the
parentsal type. It is well known that the centre

of origin of P, ploxup is the even grecn moist forasts

of viestern Ghats and diversity of Plper species



ie noticed in the submountainous region of
thase tracts (Gamble, 1918y Purseglove, 1968),
Furthoer, over 200 cultivars of pepper are being
cultivataed in Kerala and they are reported to be
highly variable and heteromygous (George and
Mercy, 1978), Baploitation of natursl
heteroganicity of the crop and diversified
characters of newly evolved open pollinated and
hybrid seedlings csn be expected to be quite
valuable to develop varieties resistant to

¢his very serious disease,

Information on the resistance of black popper
and allied species is meagre (Muller, 19363 lHolliday
and Mowat, 1963 Ruppel and Almeyds, 1965 Leathar,
1967y Turner, 1971y 1973 Alconerc at gl., 1972;
Serma and Nambiar, 19797 Sarma gt ale, 1980). The
reaction of large collections of wild types of
Biper sppe. and large mmder of open pollinated and
hybrid seedlings of cultivars to infection by
the pathogen can be studied succeasfully only if a
rapid screening techmique ;’s available,

Many pathogenic fungi and bacferia are knowm
to produce toxins, which are injurious to the hoasts
and some of such substances are disease detarminants,



These toxic metabolites produced by tho pathogens,
play a significant role in nathogencsis,

For the last few decades, nuch attantion vas
focussad on the gole of toxin in pathosenic plant
diseases, A good mamber of plant pathogenic fungi
which cause destructive plant diseases has
besn stuiied in detail, This include
blight of cats (Heehan and Murphy, 1946 1947
vheelor and iauke, 1954), pltegnaris kikuchiang, the
casual agent of black spot of Japanese pear
(Tanaka, 1933p Hiroe and Aoe, 1954y iiroe gt ale 1958),
yerdconia gircinctp causing the milo disease of
sorghan (Leukel and Pollak, 1947 Leukel, 1948),

igfktoularia orypse, the casuel organism of

slast of rice (Tamari and Kaji, 1954y 1858),
caratocystis fimbrigta causing sweet potato rot
(Uritani and Akacawa, 1959), Qollstotrighum
gleosporigides caucing a number of leaf spot and
leaf blisht diseases (lialr and kamakrishnan,

1973), and Phytophthors infestans cousing late blight
of potato (Fonnebeck, 1956 Savel'eve and Lubin,
1063 Seidel, 1961), Similarly a large number of
plont pathogenic bacteria like
the casunl ajent of wild fire of tobacco




86

(Clayton, 1933 Braun, 1959), Pgendosons
DOES~REUROXVER causing the bacterial cank-or and
leaf spot of many fruit tress (Sriksonand
Montgomeri, 1948) and Pgeudomonas phageclicola
causing the halo blight of beans (iuller, 1950
waite and Schwars, 19568) were found to produce
Mmmsummmmmmmmm

Yodor {(13681) statad th:t mcaningful studies
of the role of pathogen produced toxins in
dicoages depend on ASSEYSe Further, a toxin
is oriyinalily defined by biozssay.

In tho present study, the propagulee-free
dislysed culture filtrates of I’y palmivexs in
different licuid cultures were assaycd against
£» piarum leaves, The symptom expression was
almost the same as in the case of natural infection
by the pathogen (Flate 1) The criteris
prascribed for a phytotoxin by Graniti (1972) has
been fulfilled by the above tests, From the present
study, it can be ressonably presunad that the
propagulosfree dialysed culture filtrate of
e palnivorg An different media having toxic metabolite
is injuriocus to the hosty [s Blaxume This finding
is in confommity with the results obtained by Lee (1973),
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The production of toxins by different organisme
varies widely ascording to the culture conditions,
nutrisnts, nutrient scurces, pH of the medium ete,
{(Shaw, 1981), In the present studiies, out of the
five madia tested, maximum toxin production wers
cbtained in Richards + yeast extract liquid
medium (Table 2). The ability of plant
pathogenic micromorganisms to produce relatively more
of toxic metabolites in a complex medium is already
established by many workers (Demain, 1968y Hoitink
and Sinden, 1970 Drew and Demain, 1977p Gilchrist
anG urogan, 1977p Mitchell, 1978), 1In a
synthetic medium vhen yeast extract is added, this
becomes & complex media, The ability of plant
pathogenic micro organisms to produce more toxic
metabolites in synthetic madia enriched with
yoast extract has been reported also by Gllchrist
and Grogan (1977)e The present study confirmed
these earlier findings,

in thc present iavestigation, types and
varietics of pe. RigEkus were screcned against the
quick wilt pathogen empioying viable inocula as
well as propagulesfree dialysed culture filtrate
containing toxic metabolite of the pathogen,
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In both the methods, symptom developod on different
rlant parts were similor indicating the possibility
of employing propagulesfree culture filtrats in
screening of papper varieties acainst Pe ROIRAVOER.
Thies 48 in conformity with the work of Lee (1973),
who re ortad that tho culture filtrate containing
the toxic meotabolite of the pathogen cculd bo used
as a tool for screening large number of . pigxum
typeas The ability of Phyphthora spp 0
produce toxic metabolite Ap YAty was proved by few
other workers also (vWolf, 1953 Ronnebeck, 1956y
Savel'eve and Rubin, 1963¢ s5idel, 1061).

Ap the pathogen infects different parts of the
plant, namely, leaves, stems and roots, the
reaction of tho pathogen on tho different susceptible
port has to be studieds Holliday and Mowat (1963)
and Turnor (1971 p 1973) tasted roots and Getached
loaves of different cultivars of P. pigrun and Piper
spp. to ascextain their relative susceptibilitcy and
resistance against P. palmivora. iesther (1967)
and Alconero gb gle (1972) used root inoculation o
screen the cultivars of F. planyn and Blpsr sp.
Ruppel and Admeyda (1968)p Sarme and Nembiar . (1579)
and sarma gt ale (1980) conducted screening of P RiGEUR
varictias and Plpop epp. through root inoculation cnly,.
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in the present investication, Jdifferent
plant ports, namely, detached and undetachod leaves,
stem cuttings and roots of cuttings were inoculated
adopting traditional methods with culture disc and
zoospore suspension, Apart from those, all
plant parts were biloeassayed with propagulesfree
dialysed culture filtrate,

Doth detached sz well as unletachod IW
ware inoculated with culture disc, The symptom
development 48 hours after inoculation was obaerved,
The findin s on this are in agreament with previous
observations (Holliday and Mowat, 1563¢ Turner, 1971
Aleoncro gt ale 1972 and tammootty et al. 1980),

The propagulosfree dialysad culture filtrate when
adninistersd on the wpper surface of the leaves
after slight pricking, produced the sane symptom
as that of the inovculation witih culture disc, This
clearly indicates that the progagulo-Irse dlalysed
culture filtrate containing toxic naotabolite of the
pathogen can also be used to test the reaction of the
leaves of P« pigkum instesd of ucing viable
propaguls of the pathogen for this purpose,

Lea (1973) has conducted a comparative efficacy
of toxic motabolite of the culture filtrate of the



Ju

pathogen and the traditional inoculation with
pathogen, But his studies werd restricted only to
stem cuttingss Adninistration of tho propagule-fres
dlalysed culture filtrate for assaying the toxic
netabolite of the pathogen on the leaves is the
firot attempt 4n L. BiGEume Some workers have used
the culture filtrate of different apocies of
Phytophthoras for conducting leaf assays end thay
succeaded in getting tho tyoical symptoms
{(Ronne-beck, 1986) Savel'ewa and Rubin, 1963 Seidel,
1961).

osdministration of propagule-free dialysed
culture filtrate resulted in the developaant of
lesions within 24 hours, while incculation with
viable pathogen showed pympton expression only aftex
48 hours, This is attridbytablo to the possible
time lag required for the pathogen for infection,
astablisimont and colonisation within the host
tissue, Since the toxic metabolite is introduced
Airectly into the hoot tiscue along with the culture
filtrate, rapid diffusion of metabolite into the
host cell ic ensured, iHowever, thce axpression of
symptoms was rapid for the first two Qays only and
there was no further dsvelopment of symptoms after
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four days, Dut in the case of wviable pathogen,
the development of necrotic lesion was slow in the
beginning, It was very rapid after three days
and on the £ifth day the entire leaf became
discoloured and decayed (Tables 3 and ¢),

It iz possible th:t wnrestricted growth of the
pathogan in the host tissue under congenial environs
ment (Temporatures 20 ¢to 22°C an? saturated hunidity
favoured the rapld devalopment of lesions followed
by complote destruction of thoe host tissua, In
the case of propogulesirae dialysed culture filetata;
the quantity of Aiffusable toxic substances was
relatively lesser the quantity of propagule-froe
dialysed culture filtrate administered being 0,05 ml
onlys Hence the tissue destruction was also
proportionately limited, On the £4i£th day after
the administration of culture filtrate, thore was
no furthor devalopment of necrotic area as compared
te the area on the fourth day. Tiis clearly
indicates that the entire toxic metabolites
available in thopulture £iltrate had already
diffusad into the tissucs of the leaves within four
days,



The pattern of lesion developmont on undstachod
pepper leaves conseguent on inoculation with
viable pathogen and dialysed propaguloesfree culture
filtrate was almost similar to that of detached
leaves, In thc former case, the inoculated
lcaves were shed after five days,

A comparison botween the davalopnont of
neerotic area on detached and undetached leaves
shov thet the lesion development was rapid and
intense on detached leaves as conpareld o inoculation
with vigble Daotivogame sut gsuch a differencae eould
not be obsarved between detached and undetached
leaves tc which culture filtrate was adminiotered
(Table 7).

The slow development of lesion and comparatively
smaller nccrctic area cbserved on the undetached
leaves is explicable on the basis of the host
reaction and the resistance offered Ly thoe living
plant twswu' against the attacit of the pathogen,
vhan the toxic metabolite 45 directly introduced
into the host tissue, the Aiffusion ls rapid and
thcre is not much chance for thc host reaction,

In contrast, the detached leaves concisted of partly
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dead tissuas which may not possess natural jpower

of resistance resulting in faster ¢rowth of a
facultative pathogen 1like P. palmivors. This in
turn, leads to rapid dewvelopment of lesions without
any restriction,

All the seventeen typss of D, pigguyn tested in
thizs study were found highly susceptible to leaf
infection of the pathogen, &venthough slight
variation in symptom expression was noticed during
the initial stages of imoculetion with pathogen,
no significant variation in lesion development could
beohsmadaftcrﬂvgdayabothm&eemhﬁu
well as in undetached leaves, Thus, the rasults
clearly show th:ot all the tested types were highly
susceptible tc the disease, Ag compared to the
detached lasaves, the undetached leaves will give
bettar indication on the resistance against the
disease, In the former case, the natural rssistance
o: the host is not manifested as th: lesion dmlw.
iz very fast and unrestricted a8 compared to the
latter, Therefore, it is reascnable to conclude
thst undetached leaf will be much botter to study
the resistance againct the disease,
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The developmont of symptom on stem cuttings
when inoculated with soospore suspension and
placed in propagulewfrez dialysed culture filtrats
was more or less same, This result supports
the earlier findinc of Lee (1973),

As in the case of leaves, the losion development
was rather slow during the first three days wvhen
the stem outtings were inoculated with soospore
suspansion, But it was faster till fourth day
when the cuttincs ware placed in culture filtrate,
iijere again, tha extent of losion development was
more in the case of propagulowfree dialysed culture
filtrate than the viable pathogen (Teble 10), The
faster and larger lesion development when the
cuttings were placed in thc culture filtrate can
be explained by the faoot that the avallability of
ressonably high quantity of the culture filtrate
{100 ml) might have resulted in a continuous
translocation and diffusion of the toxic
metabolites from the culture filtrates into the
host tissue,

All tho seventeen Ps Bigrum types tested for
stem reaction showed that there is no significant
differance between the types in res;:cct of symptom
expression, All the types tested were highly



sysceptible, Between the typos tested, even
slight difference in the tolerance was mot revealed
in the prasent study, pofhaps due to the high load
of poospore suspension used for inoculation and

the high cuantity of propagulesfres culture filtrate
used for bio-assay, To get & tolerance limit
among the susceptible types, it may require dilution
and reduction of the quantity of the moospore
suspension as well as the culture filtrate,

In the case of oot inoculation, symptom
expression was uaicue with both viable pathogen as
well ap propagulesfree dialysed culture filtrate,
However, the symptorm deovelopment was very fast vhen
the roots were fed with propagule«fres culture
£iltrate compared to inoculation with socospore
suspension (Tables 11 and 12), ilere also,
unrastricted lesion development were observed
when the roots were fed with propagulo=free
dialysed culture filtrate and the entire roots
were decayed on thce fourth day. But in the case of
incoulation wvith sooapore suspension, the time
taken for cumplcte destruction of roots was six &ays,
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The relative difference in the lasion
development on the roots in the case of pathogen and
culture filtrate iz sttributable to the earlier
explaonation offered in the case of atem inoculations,
Here also, the quantity of toxic metabolite of the
pathogen fed 0 the rfoots was very high (250 ml) and
th- roots quickly absorbed the toxic metabolite
and the entire root system was damaged within four
days, Root being s mch better asbsorbing organ
it can be reasonably expected that moxe quantity of
toxie mtahalitqbrm in the culture filtrate
might have translocated and diffused into the root
tissues than tc the tissucs of leaves and stem,

In both the cases, the antire roots ware found
to bao decaved, within three dsys after administration
of propaguleesfree dialysed culture filtrate or
within £ive days wvhen inoculated with scospore
sunpension,

In all the pepper typea tested by both methods,
flie entire roots were found decayed within three
days after the administration of propagulefree
alalysed culturs filtrate and within five days when
inoculated with scospore suspension, This shows



that all the typea tasted were highly susceptible
to root infection, After giving a vigorous test
with high lozd of inoculum and high quantity of
toxic metabolits, & comporative assossment of

the susceptibilicy of different pepper types canmmot
be obtained within a short period,

In the light of the above rasults it can be
concluded that the high concantration anﬁ quantity
of soospore suspension and the culture filtrate
used for inoculation emd appay may impose practical
24fficultien in screening the pepper types, since
the precise degree of susceptibility cannot be
dstected dus te the completa damage of entire roots,
within five days and three doys respectively,

The results discussed sc far thus highlight
that for chtaining a procise degree cf host
reaction to the quick disease incited by P» RalBAVOER
more dilute soospore suspension and culture
filtrate would be required for screening large

cx of susceptible peppoxr typess



Sunmary
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BUMMARY

2 paladvora, the causal agent of
quici: wilt disease of Plper niggum is capable of

producing toxin in vitye.

24 The leaves of the Piper plant assayed with
propagule~frec dialysed culture filtrate produced
necrotic spots which are quite typical of the
natural and artificial infections of P. paluivors.

3. Guk of the five liquid media tried for the
maximunm production of toxic metabolite ip yitro,
Richards + yeast extract broth was found ¢o be the
bast followed by potato dextrose broth and

thianine enriched synthetic liquid medium for
Ebytophthoras

4, Seventesn pepper types (open pollinated,

hybrid and Panniyurel) were acrecned against

Ps palmivora using viable inoculum and propaguloefres
dialysed culture filtrate,

5« Three diffarent wulnerable parts of the pepper
plant, nanely, lsef, stem and root were subjected to
screcning,

6s (n leaf, both viable pathogen and prupagule-froe
diely ed culture f£iltrate produced typical symptoms of
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leaf infection consequent on inoculation or
administration,
Te¢ ‘he initiesl symptom development was slow in the

case of viable psthocen ori leaf, while the sam= was
rapid when the culture filtrate was edministered,

8. All the tested pepper typoes showed high degree
of susceptibility tc leaf infection and thore was no
difference betwvesn the types on this respact,

Ye Sten inoculation with zoospore suspension and
placing the stam cuttinga in propaguleesfree dialysed
culture f£iltrate produced lesiocns typical of natural
infection,

10, All the tppted types weres found to be highly
susceptible to stem infection and there was mo
sicnificant differsnce in the lesion development,

11, T one year 2184 rooted cuttings vhen inoculated
with zoospore suspansion and fed with propaguleemfree
dizlyced culturo £iltrote, alse gho ed typical
lesions similar to natusal infection,

12, iesion devalopment was fazt in the case of
propagulomiree dialyssd cultura filtrate and the
entire roots vere def€ayed within three days,



13, lesion devaliopment when inoculated with

the moospore suspension was rather slow aa coapared
to the propagule=£free dialyzed culture filtrate
but the entire rooks were decayed within €ive days,

14, Hone of the seventeen pappoer types tested in
both the methods showed any degfee of tclerance ¢to
the disease and there vas no significant difference
between the types tested for the davelopmant of
lesion on the rovts,

15, If used in the correct nanner the -ropagules
£rens dialysed culture filtrata can be used for
screoning different peppex typos to aseertain
their toloerance to the disease,
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ARSTRACT

The present study on the quick wilt dissase of
pepper (Piper DigEupm kdnm.) was conducted at the College
of Horticulture, Vellanikkara,

The ohjoctive of this study is to find out a rapid
and perfect technique to screen large number of Piper
types (both opan pollinated and hybrid seedlings)
againct Phytophthors palsivers (Butler) Butler, the
quick wilt (foot rot) organism of black peppers

E» palnivofs is capable of producing phytotoxin
in Yitxe.

The leaves of Ps Digikum assayed with the propagules
free dialysed culture filtrate of P, palmivorg, produced
nocrotic symptoms typical of the natural infection,

Five liquid media wers tested for the production of
toxic motabolite by the pathogen, Out of this,
Richards + yeast extract bioth was found to be the best
medium followed by potato dextrose broth which is on par
with thiamine enriched synthetic liquicd medium
for phyteohthorns

Seventeen P, nigrum types (open pollinated, hybrid
and Fanniyurel) were screenod against P. palmivoras

Three different plant parts namely, leavas (both
detached and undetached), stem cuttings and roots were
inoculated with viable pathogen and biowassayed with



propagule=free dialyzed culture filtrate.

| The incculation of the pathogen and adninistration of
propagulosfraa dialysed culture filtrate on the leaves of potted
pepper plants and detached leaves showed the asme symptom
axpression as that of the natural infection of the pathogen,

All the pepper types tested were found highly
susgeptible t© leaf infection,

Undetached leaves wete found bettar to study the reajistance
of pepper plants to the diseass, due to slowv and steedy
development of symptom on inoculastion with the pathogen,

Stam cuttings of all the P, pigrum types wers inoculated
- with zoospore suspension and biowassayed with propagulesfres
dialysed culture filtrate, | The lesion development in both
cases vere typiol of the natural infection of the pathogen,

All the pepper types tasted for the stem reaction
shoved nc sirmificant differsance betwveen the typea, with
respect tc the symptom exprassion,

The roots of cuttings were inoculated with soospore
suspensicn ond asssayed with propagule-free dialysed culture
filtrate,

In all the pepper types tested Ly both methods, the
entire root system were found decayed within three dsys
after the administration of gulture filtrate and within
five days on inoculation with zoospore suspension,

All the seventeen F. pickum types tested were
found highly susceptible o root infection,
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