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IKTRODUCT IUN

Pepper (2loer nizrwg Linn,) oelonzing to
the family pPiperngeag, 18 a scandent per nnial cliader
and 15 a major cash erop in the humid parts of
tropieal regions., The plant 18 a native of India
and all avallanle evidences show that it has 1ts origin
in the molst ever green furests of the Western Ghatsg

from where it has spread to the othner parts of the country.

In India, pepper is cultivated in an area of
113,900 hectares, accounting for an annual production of
31,830 tomnes of black pepper. In 1)77-78, the country
earned foreign exchange to the tune of 50.0Y crures of
rupees by tue export of pepper. Ine State ol Lerala
agccounts for 96 per cent of the country's production with
27,560 tonnes frou 102,520 hectares.(Matiuew, 1)78).

The average yield of pepper in tne State is
only 0,227 kilogram per vine per year, whereas it is
four kilo .ram in Malayasia anc three kilogram in lrazil,
(Swaminatnan, 1.78). The reasons for tnis wide gap
betwean the polentlsl yleld and actual yleld of the vine
in the country has been identified to be the poor genetic
stock, preaitive oanagement praciices and devastating

diseases and pests,
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Azong the diseases, the'quick wilt' also
tersed as 'foot rot' caused by the fungus Phytophthora
Raluivor- (Butler) Butler is identified as a serious
turent o the pevper plantations in all pepper growing

k]

tracts of tne world, Occurrence of the disease has

been reported by ieefmans (193+) from West Borneo,
¥WanderGoot (133%, 1939) from West 3orneo, Java and
Sumatra, Muller (1936) from Indonesia, Holliday and

lowat (1347, 1963) fron Sarawak and Sam Laj and Jose(1366)
from India. Sam Haj and Jose (1966) has estimated that
20 per cent of the vines were annually destroyed in

Kerala, by this diseasse.

The disease symptoms as Lhey appear in the
field have been described by nany workers and some
srophylatic conutrol measures have bheen suggested. But a
systematic attempt has not been made so far to describe
and define the symptomatology of the disease from its
incidence to the culuingtlon, through differcnt stages
of developient. Agsin, the correct stage at which the
disease can be effectively controlled by the application
of fungicides, is yet tu be ascertained. The work
on these lines will be of imuense practic:l utility
since it will help in diagnosing the disease in tiie



initial stages itself and in ascertaining the stage
of the disease at which, the prophylatic control
measures vill be most efficient and effective. This
study was therefore undertaken with the following
objectives in view.

(i) To study the symptomatology of the
quick wilt discase of pepper right from the aentry of
the pszthogen into tne host tissue to the culmination
of the host; and

(11) To ascertain the stage of the disease at
which the prouphylaii¢ control weasures will be effective.
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REVIBI OF LIT:RATIURE

The most important disease of pepper (Pipexr
pigxya Linn.) is the wilt. 7The same disease has bean
named differently by different workers. Butler (1906)
colned the term wilt for the disease of pepper where
there was a rapid death of the plant. Later, Muller (1936)
reported a similar type of disease from Dutch Bast Indies
csused by Phyteahthora RAMBAYSIA Yer. RARaris, coined
the term foot rot for it. In 1963, Holliday and Mowat
also reported a similar disease froam Sarawak. In India,
the disease 1s known as Quick wilt. This 1s to differentiate
it from another wilt disease of pepper - 8low wilt (which
is known outside Iixila as yellowing) where the death of
the plant takes place only after two to three years from
the initial symptom while Phytophthora wilt, killis the
plant vithin a period of two to three weeks.

The loss in yileld due this diseass ranged from
10 to 50 per cent as reported by various vorkers. The loss
vas estimated to be 10 per cent in West Horneo (L-efnans,
1934+), 20 per cent in India (Sae Raj and Jose, 1966) and
50 per cent in Indonesia (Harper, 1974). Holliday and
Mowat (1963) assessed a loss of 700 tonnes of black pepper



in Sarawek and Albuquerque (1966) eatimated that
more than 3000 tonnes of black pepper was destroyed in

Anagon region due to this disesase.

All parts of the plant at all stages of growth
are susceptible to this disease. Three types of
symptoms vig., leaf rot, collar rot and root rot are
generally observed in a Quick wilt infected plant.
Muller (1936) observed inconspicuous greyish bDrown
lesions up to 5 cm in dismeter near the tip and margin
of the lower leaves during the active spread of the
disease. le noticed a few drops of yellowish fluid from
the under side of the lesions. Sawm Raj and Jose (1966)
found small irregular bhlack patches on the diseased leaves,
Thias later rapidly enlarged in siszse and covered the bulk
of the leaf area. They also revealed that injury of
hoat tissue was not a pre-requisite for successful
infection.

Holliday and Mowat (1363) and Turner (1969a,
1969b) from Sarawak and Nambiar and Sharma (1976) from
Indie observed zonate lesions on the infected leaves.
Turner (1769a) noticed that the leaf lesions on 2iper
hRetle and pepper had a similar mergin. However, zonations

were nore pronounced on betle vine leaves than on pepper.



Further he observed that on pepper leaves concentric
rings wvere formed only under alternating dry and vet
weatner conditions. -

Leaf surface and maturity affected the
development of leafl lesions. Turmer (1969b) found that
on artificial inoculation more lesions were devaloped
on the under surface of the leaves than on the upper
surface. iHe also noticed that on imuature leaves visible
lesions, after artificial inoculation, were developed
24 to 36 hours after inoculation, while on mature leaves
it took 36 to &8 hours. Exposure to high humidity for
a long period of time increased e rate of growth and
sporanglal developizent on upper and lower surface of the
leaves, being uore abundant on the latter. He observed
fimbriste lesions during contipuously humid conditions
and concentrically szoned lesions under alternzting wet
and dry conditions. e also noticed the shedding of
leaves even vefore the entire lamina beconing necrotic.

Collar rot is the most fatal ty,e of infection
in pepper. KHarly infection of the cullar region usually
cannot be identified until foliar yellowing starts,

A detailed syaptomatological study of the collar rot
type of infection was conducted by Muller (136). e



reported thz ., diseased cortex rapidly turned from

dark watery green to black. He also observed that the
external symptoms were visible only after a complete
decaying and disintegration of the internal tissues.

The soft parenchymatous tissues of the cortex and
medullary rays quickly decayed, wvhile the xylem remained
intact apart froum the slight brownish discolouration.

The bark often peeled off and the gentral cylinder split
into bundle of loose xylem vessels due to the rotting

of connecting tissues. In his observations the infection
wvas usually noticed at a height of 30 cu from the base.
S8am Raj and Jose (1966) observed that infection of vine
was more comuon at a helight of 25 cm above the zround
level and it rarely occurred at any other region of the
vine. They also found that as a result of the disease
the affected tissues became soft and decayed. The diseased
leaves turned pale, flaccid and fall off. Ultimately the
plant died. Turner (1969a)cobsarved that the main
difference in the symptom of foot rot of betle vine and
pepper was that in betle vin:. defoliation was slignt,
while it was high in pepper.

Lee (1973) reported about vascular browning at
points beyond the site of infection and suggzested a
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possible involvement of toxin in the development of

the disease. He correlated the virulence of the isolate
to their toxin production. When pepper plant was
immersed in the toxin solution of Phytophthors palmivora
it became diseased while Piper golubrinum did not show
any symptom. From this, Lee suggested that the toxin

of Puyvtophthorg could be used as a marker for testing
resiscance and susceptibility of pepper varieties against
foot rot. Nembiar and Sharma (1976) reported that when
the collar region of the plant was infected the necrosis
progressed downwards to the under_ground stem and then
to the root system rather than to the upward part of the
stem. Sometimes partial death of the side branches
alone was noticed when one vertical half of the vine was
infected.

In the case of root rot, the degree of damage
depends upon the nuuber of roots infected and the extent
of rodting. Holliday and Mowat (1957, 1963) reported
that the infection started from fine roots of the plant.
Once the cortex got infected, the disease spread to the
main roots and then to the under’ground stem. When the
sten becane infected, visible symptoms appeared on the
above ground parts of the plant, i.e., a halt in the growth



of the terminal shoots, wilting, rapid yellowing and
shedding of the leaves and small shoots,

Turner (196%a) reported that symptom on the
under-ground portion of pepper vine was the development
of glistering blacknlesiom, vhereas in betle vine the
lesions were brown amxd it penetrated into vascular
tissues more deeply. Alconero gt al. (1972) noticed
infection of roots by zoospore 2% to 48 hours after
inoculation. 4s a result of infection, the root tips
darkened and the infection spread acropetally. Roots
vere completsly decayed and shoots wilted within four days.
In some pepper plants they observed typical black lesions
on the roots without any foliar symptoms, Eventhough the
infection was well developed in main root branches,
the collar region at the soil line remained healthy.

Muller (1936) was the first to identify the
pathogen of foot rot of pepper as Phytophthora palmivora
var. piperis. Later, Vander Goot (1937), Holliday and
Mowat (1963), Turner (1969b) and Alconerc gt al. (1972)
also proved that foot rot was caused by P. palmivora.
Many other workers also isolated - Ehytoahthorg from
infected pepper vines - Venkata FKao, 1929, Leafmsns, 193
and 8an Raj and Jose, 1966.
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Turner (1971) compared a large number of
isalates frou different geographic locations and hosts.
From his studies, he concluded that all Phytopihthora
isolate from Piper in South East Asia belong to the same
species and should be referred to as typicsl straln of
2. galimivora (Butler) Butler. However, Tsao and
Tumakate (1977) have reported different species of

Ehvtophthorn causing the same disease.

Turner (1969a) reported that the fungus grows
rapidly on oat meal asgar medium at 25 to 26°C. Holliday
and Mowat (1963) stated that the fungus failed to grow
beyond 35°C, Turner (1962) observed the formation of
cospore fram a single isolate of Ehytophthors from
diseased pepper., Brasier (1969) obtained oospore by
artificial inoculation of pepper leaves by different
isolates of phytophthora. Oospores were not formed at
30°% and their procduction was favoured by darkness and
low temperature (20°C) and their formation was inhibited

by lignt.

Holliday and Mowat (1963) found that different
isalates from pepper differed in their in yitro growth,
sporangial production and pathogenicity. Turner (1971)
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reported that P, ualigdyora from pepper was very
specific in its h&} range. He further showed that
2iper species tested frou South-East Asia were highly
susceptible while those from American tropies were
resistsnt or slightly to msoderately susceptible.
Turner (1973) observed that the age of the isolate has
a direct role in the pathogenicity. Most of the
tventy-four isclates of the fungus studied by him were
moderately to highly pathogenic tou pepper in Sarawak.

Muller (1936) reported that the chief source of
infection was countaninated s0il and diseased plant
refuse, Holliday and Mowat (1957, 1963) and Alconero gt al.
(1972) observed that infection started froi the fine
roots, supporting the fact that the disease was soil borne.

Muller (1936) reported that the syuptoms of the
disease wers more pronounced under high relative
nunddity (91 to 99%) and low temperature (19 to 23%C).
The pathogen remained insctive vhen the season was dry.
8imilar observations were reported by Holliday and
Mowat (1963), Sam Raj and Jose (1966) and Kambiar and
Snarua (1976). Holliday and Mowat (1903) showed that
spread of the disease was rapid in Sarawsk due to a
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contimious wet season coupled with application of
large amount of organic fertilizers.

Turner (1967, 1972) noted the pathogen of pepper
foot rot in the faeces of glant African snail (Achating
fulica) and antrunmy., This type of spread was important
during the dry weatier wvhen the normmal rspid spread of
the disease does not occur., Miller (1936), Holliday and
Mowat (1963) and Anonymous (1965) suggested that the
disease could be transuitted through rain and wind.
Washing trials conducted in 8arawak an the root system of
pepper plants from the infected pepper gardens showed
that foot rot could be transmitted by root contact
(Anonymous, 1965). Important reserwvoir of Zaytophthora
infection was the soil (iiickman, 1958). Holliday and
Howat (1963) observed that £, palmivors from pepper
survived for about fifteen weeks in soil. When fresh
vines were planted in the plagce of affected vines after
six months 1t did not contract infection. This showed
the low saprophytic ability of the pathogen.,

A3 general control measure of the disease,
Muller (1936), Hollidny and Mowat (1963) and Anonymous
(1576) have stressed the need for adopting phytosanitory
measures under fleld conditioms to reduce the inoculum,
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These included isolation of the infeoted plants from
the surrounding healthy vines, ensuring better drainage
facilities, burning infected vines and good field
sanitatdion,

Muller (1736) recammended the following cantrol
measures. (a) Fortnightly application of one per cent
Bordeaux nixture (b) shallow drain trenches with catch
pits and intervals to prevent the rain water {rom running
off over the soil surface (c) watering with five to ten
litres of one per cent copper sulphate solution per sq.n.
It was found that 0,001 per cent copper sulphate in
irrigation vater was adequate to kill the pathogen under
controlled conditions (Anonymous, 1965). Holliday and
~ Mowat (1963) and Harper (1974) reported that wilt
infection wvas reduced with hcavy dose of copper oxide
(perenox) and cuprous oxide (50%4) respectively.

Drenching, pasting and spraying of Bordesux
mixture controlled or prevented the spread of the disease
(Anonymous, 1976; Nambiar and Sharma 1976, 1977).

Turner (1969b) failed to eradicate the established
infection by the fungicides like Bordeaux nixture -
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one per cent, cuprous oxide -~ 0.2 per cent, copper
oxychloride - 0.2 per cent, Bineb - 0.2 per cent,

phenyl mercury acetate - 0.2 per cent, triph‘pylun
hydroxiie - 0.2 per cent, ZThiram - 0.2 per cent and
Maneb ¢+ nickel sulphate hexahydrate. However, Thiram
decreased the rate of spread of leaf lesion. In eantrast,
all the fungicides excepting Zineb, Thiram and Maneb +
nickel sulphate, prevented lesion forumation when

leaves were treated before being inoculated. Turner
(1970) observed good protection compar:ible to copper

by using Ferbam and Antracol, Among the fungicides tested
by him, Brunclex and Nectryl were the most effective soil
fungicides against foot rot on pepper. Captafol was
found to be useful as a $0il drench against p.palRivora
on pepper in Sarawak (Anonymous, 1972). However, it was
not effective in India (Nambilar and Sharma, 1977).

Belger (1977) reported tiuat soil sterilization with
Basanmid-0 prior to replanting was good to save the plant
fron infection.



MATERIALS AND METHODS
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MAT:-RIALS AND MITHODG

All the experiments wvere conducted at the
Pepper Research &tation, Vellanikkara, Trichur attached
to the Horticultural Callege.

2. Plants used

The entire work on symptomatology and control
of Quick wilt of pepper was conducted on 1% year old
Pamniyocor~4 variety of pepper (Piper nignua Linn.).
Pamniyoor-1 18 a hybrid from a oross between ‘Uthiramkotta'
(female parent) and 'eri;yakmiyakadan' (male parent).
The rooted cuttings of pepper used for this experiment
wvere obtained from the Pepper Hesearch Station, Panniyoor.
All the seedlings were raised under unifori conditions

of growth in pots,

The fungus causing the disease was isolated
from the infected leaves and vines of pepper by uaing
standard isolation methods (Rigker and Rigker, 1936).
The fungus vas grown on oat meal agar (60 g oats, 20 g



agar-agar and 1000 ml distilled water) and potato
dextrose agar (200 g of potato, 20 g dextrose, 20 g
agar-agar and 1000 ml distilled water). Single
zoospore 1solatlixs were done agcording to the gethod
developec by Hawlins (1933).

Micruscopie drawings of the pataogen were
done using Olyapus researcn microscope witit aaximum

possible magnification.

5. Joocwlabdon studies
5.1 Lulture used

One weck old culture of Poytoshtiora paliivors
(3utl ) Butl, isolated from the disessed pepper leaves
and vines and galntained in oat weal agar was used for
inoculation studies,

5.2 Joocudws

Zo08pore susypensiuns were ressred by putiing
one week olc culture in sterile water for three days.
After three days D al aycelias were separated by
filtering tarough a fine muslin clcth. 2oospore
suspension was obtained from .ne filtrate. The suspensiun
containing five goosyores per low pewer (15x X 10)



mioroscopic field were used for inoculation studies.
In control, instead of goospore suspension the plants
were sprayed with sterile water.

The inoculation experiments were conducted
during June to Aujust, 1978 when the atmospherie
temperature and relative humidity ranged between 21 to
26°C and 90 to 98 per cent respectively.

5.3 lnogulaSlon on leaves

For inoculating, the z008pore suspension was
sprayed on upper and lowaer surfacesof the leaves of
different age groups. The sprayed plants were kept under
observation to study the symptom development. In another
set of experiment.culture bits of 5 mm diameter
containing mycelia and sporangia of the fungus were
placed on the leaves and covered by moist cotton wool,

In a third set of experiment ,detached leaves were sprayed
vith g00spore suspension on upper or lower surfaces of
the mature and imuature leaves to study the pattern of
disease dovelopment on leaves (Turner, 1969b). The
sprayed leaves were placed in sterile petridishes for
sympton development. The leaves sprayed with sterile
vater were kept as check.



1o

Vines were inoculated at collar region and
also at cifferent parts of the vine. For inocculating,
sterile cotton woal sosked in z300spore suspension vas
placed on the stem and branches. 7To prevent drying up
of the cotton pads sterile water wvas sprayed on to it
occasionally. Uninoculated vines served as the check,
Where-ever, tiiere were more than one branch.; on a
vine, one branch was kept as the check. PFlants were
observed for a period of twenty days. UOyaptoms were
graded as follows.

0 « XNo asymptons
1 « Flacecldity of the younger leaves

N
]

Yellowing and drooping of younger leaves
and flaceidity of the matured leaves
3 ~ Drying of the leaves
b « Defoliation
- Death of the vines

801l around tae vines was removed till the
root systew was expused. PAfty ml of the goospore

susponslion was pourcd on the exposed roots and covered



vith molst cotton wool. Plant roots drenched with
sterile water was kept as check., Small bits of root
sanple were taken and symptoms were studied at a

regular interval of 8 hours from the date of inoculation
till the death of the plant., Oymptoms were graded as
described above,

6. Funzicldal treatments

The following fungicides were used for the study.

1. Agallol = 30 - (3% Mercury as Methoxy ethyl
mercury chloride) - 0.2%

2. Bayer 9072 - 70 WP (p-dimethylamino-bensenediaso
sodium sulfonate) - 0,2%

3. Thiride-75 WP (75% Thirametetra methyl
thiuran disulphide) - 0.2%

ly, Dithane 2756 - 79 WP (79% Zinc ethylene
bisdithio carbamate) - 0.2%

5. Dithane M-L5 « (16X Mangznese - 2f Zinc-
Ethylene bis-~dithio carbamate 62%) - 0.2%

6. Ziride - 80 WP (80% Zinc dimethyldithio
carbamate) - 0.2%

7. Bordeaux nmixture - 1%

The same fungicides at the saue concentration
wvere used for bio-assay studies, for detached leaf
experiments and for pot culture studies,



6.1 dlo-asaay of funcicldes

The method perfected by Zentmayer (1955) wvas
used., Radlal growth and cultural characters of the
fungue were observed for a period of one week.

Fungicldal trials on detached pepper leaves
against P, palmivora were done according to the method
perfected by Turner (1969b).

6.3 Rot culture studles

Pot culture studies wer:z carried out in plants
grown in earthem pots of uniform sige. In the first set
of experiment the fungicides were applied before
artificially inoculating the plant., In other set, the
plants were first inoculated and then treated with
fungicides at different intervals. 7The fungicides were
applied in the following manner.

1) Fungicidal application two hours before
inoculation with fungus.

i1) Fungicidal application three days nefore
inoculation witih fungus.

11i) Fungicidal application six days before
inoculation with fungus.
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iv) Fungicidal application nine days before:
inoculation with fungus.

v) Fungicidal application one day after
inoculstion with fungus.

vi) Funglicidal application two days after
inoculation with fungus.

Irrespective of the type of inoculation all
fungicides, except Agallol, were sprayed on the plant
and drenciied in soil. While Agalloal was used only for
drenching.

The intenzity of root infection after application

of fungicide was graded as follows.

Not infected

Fine roots infected
Flaeccidity of leaves
- Death of the vine

w N - C
!

All the experiments were carried out with
adequate nuuber of replications.
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RESULIS

1. Sousal organisn

Ehytophthora palmivors (3utler) dutler, the
pathogen causing wuilck wilt of pepper was isolated and
studied in culture and host tissues,

P 4TOK ] ‘ (3utler) utler.1719
sgl. Rep. Adrdg. Bes. Jnat. Puag, 1918-1713; 82

= Phytophtnora aregas (colem) Petnybridge.
Pethybridge, G.H. 8¢d. Z2roc. Lgval ublin
d90. 138 529-565;3 1913.
Saccardo, P.A., Syll. Fung. 21 8613 1712,

= EBxthiug Ralmivara Butler.
Mo. Rep. Adxdc. Inddai Dot; 13 cu-83; 1207,

= Zhytophthora 2aludyors var. 2loerds uller
Meded. lnst. PLAlcks Zatavia, 883 70; 1936.
Waterhouse, G.M. C.M.l. miscellaneous
2ublications 12, 73-76; 1956.

Myceliw: hyaline, cosnocytic, interceliular,
sometimes intracellular. Usually haustorisn passing to the
host cells, hyphae large, profusely branchec¢ up to 6 to 10 P
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in diaseter, often irregularly swollen, thick walled
chlagydospores abundant in oat meal agar. OSporangiophore
Jto 6 P in diameter, usually branched. The sporangia
terzinal, occasionally intercallery (Fig.1).

Sporangiua spherical to ovoid when young (Fig.2),
lemonshaped, obpyrifor:a, owoid or ellipsoid when matured
(Fig. 3), measuring 25 to 65 . (average 50 /u) dismeter.
Apex broadly papillaie with a shallow apical thickening
up to 10}u occluded by septal plug. They gerainate
readily in water. The zoospores first come out through
the apical opening in mass (Fig.4), swim, come to rest
and get encysted. The encysted z00spores measure

7 to 10 P diameter. The sexual reproductive orians were
not observed either in cultures or in the host tissues,

2. Syxptomatology
2.1 Qn_leaves

On artificial inoculation the first visible
symptom noticed on the leaves was pale coloured water
soaked regions in the infection court. This usually
appeared within s period of 24 hours after inoculation.
This vater soaked area turned to light brown and then to
dark brown within one to two days. &8ubsequently the
infected r. glon showed the signs of rotting. Once the
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rotting started, the spread of the disease was rapid
and covered the entire leaf area within a short period.
A fully developed lesion had a halo necrotic centre
surrounded by a brown plesio necrotic sone which in
turn was surrounded by yellow halo which slowly diffused
to healthy tissues. The halo was well defined and
clear when the developuent of the lesions was slow,
Lesions cosalesced or single lesion, rapidly expanded

and covered the large area of the leaf (Table 1), The
size of the lesions varied from 20 to 80 mo in diameter
(Plate I to VII). The time taken for lesion developaent
varied froa 24 to 48 hours depending upon the maturity
of the leaves (Table 2). Imuwature leaves took infection
wore easily than the matured ones. When the matured
leaves were injured before inoculation, the time taken
for the syaptou development was almost saue as that
observed on unlnjured imnature leaves,

Generally the lesions spread in a circular
fashion, but ogcasi.nally they spread longitudinally
along the vein. When the lesions spread longitudinally
along the mid-rib, tie non-infected portion of the
leaves get twisted narkedly. Most of the lesions wvere
circular with indefinite margins. Irregular lesions

vere also observed,



Table 1

Inoculation studies on leaves

Days Bumber of leaves/dinmeter in mm of leaf lesiorn size Relative Tempsramre Rainf-11

d‘{ar husidity % C

lotion I II I NV VI v VI IX X Maxi- Mini- Maxl- Mini- -
1 10.0 12.5 10.5 10.0 8.0 8.0 &.0 9.1 10.8 0 97 93 28.3 23.2 62.5
2 10.% 20.5 15.0 10,0 10.0 10.3 L.k 11.0 20.0 6.6 95 86 25.1 22.7 43.7
3 10.6 30.3 15.5 20.0 10.9 16.0 7.0 15.%+ 28.0 10.8 95 76 27.1 2.9 13.0
b 10,6 30.3 18.95 20.6 20.3 25.0 10.0 18.7 30.0 13.0 9% 83 28.9  23.2 1.9
5 195 33.5 21.7 33.0 40.8 23.5 10.5 df 7.5 22.0 95 78 26.8 23.2 9.6
6 20,0 35.0 51.5 43,5 df 50.0 10,6 =~ 50.7 k5.6 95 79 28.8 23.1 8.1
7 ar 47.8 60.0 50,0 - 53.6 20.0 - 57,0 53.0 93 75 23.M  21.6 2.8
8 - 70,0 734 61 - df 30.8 = 72.0 df 96 79 30,8 22.5 3.3
9 - af 80,0 df = - 50,0 = 79.0 = 95 92  zE.1 22.% 48.3
10 - - af - - - ar - af - 97 88  28.6 22.3 1.4

df defoliated

c7




Plate I
Stages in the developuent of leaf lesion - two days
after inoculation,






Plate 1I

Stages in the development of leaf lesion - three days
after inoculation.






Plate III

Stages in thedoulomtuflnrhsion-rourdql
af ter hﬂl\ﬂaﬂuo






Plate IV

Stages in the development of leaf lesion - five days
after incculation.






Plate V
Stages in the developuent of leaf lesion - six days
after inoculatiocn.






Plate VI
Stages in the developuent of leaf lesion - seven days
after inoculation.
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Plate VII

Stages in the development of leaf lesion -« eight days
after inoculation.






Table 2

Effect of maturity of pepper leaves on ton development after inoculation with
2. saluivors

8&3‘8

s1. Nunber ﬁlootupnmmdtmtmzmmm

R No. of inoculation/number of leaves infected
- . 12 hours 2% hours 36 hours 48 hours .
1 10 0 3 L
2 10 0 2 3
e 10 4] 1- ! ;
10. 0 8 g -
Mature z 10 (v} 1 0
10 Q- b - z - 2 e
g 10 0- 0. - -
10 - 0 0 0 6 -
9 10 0 . . € 1
10 10 0 1 4 2
1 10 0. 10 0 0
2 10 (v} z 0-
a 10 0 1-
10 0 . - - .
Immature Z 10 - 9 S - > -
10 0 z- .- 0-
g 10 - 0- b 6 o
10 0- 8. - 0-
9 10 Q 10 0 [+]
10 10 0 ? 3 0




Under continuous wet conditions the lesions
vere uniformly dark brown in colour and without
gonations while with alternate dry and wet conditions
zonations were noticed on the leaf lesions (Plate VIII).

Five to ten days after the appearance of first
symptom defoliation usually took place (Table 1).
Under low temperature and high humidity conditions the
enlargement of lesions was faster and leaf shedding
followed within four to seven days after the appearance
of initial symptom, This quick expansion of lesions and
defoliation took place when the relative humidity was
high (90 to 97%) and temperature ranged between 2% to
26°C. The symptom expression was more pronounced on the
upper surface than on the lower surface of the leaves.

Though the pathogen entered the leaf tissue both
through the upper and lower surfaces, the entry vas
more marked through the lower surface. When the pathogen
vas inoculated separately on both the sides of mature
and immature leaves, more nuuber of lesions were observed
on the leaves inoculated through lower surface (Table 3).

2.2 0On sten and branches
When goospore suspensions were sprayed on the

stem and branches infections were observed very rarely.
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Table 3
Effect of maturity and surfaces of leaves on symptom developuent

Surfaces Bunber *Hmber of Average Ratio of BRatio of lesions

St’{’g:; of of leaves of leaves lesions mumber of lesions on on mature :imas-
inoculated inoculated developed lesions upperilover ture leaf
per leaf surface surface
“Upper Lower
Mature Upper 100 20 0.2 139.3 1:111.3

Lower 100 185 1.8%
Imazature Upper 100 225 2.25

113.7 1.5
Lowver 100 836 8.3

* Nugber of lesions counted W& hours after inoculation

AN
o




But uniform infections werye noticed when sterile
gotton wool dipped in thick gouspore suspension wvas
tied around the stem and branches,

The initial symptom on the stem was the
appearence of a water sosked region similar to that
observed on the leaf. This water soaked region turned
dark brown within two to three days. The sproad vas
more circular than longitudinal. The infected region
appeared wet and alimy %o touch. Three to six days
after inovculation, flascidity of younger leaves
ogcurred wvhich was folloved by yellowing of younger
leaves and flaccldity of matured leaves. Later all
the leaves drooped (Table 4 and Plate IX). When the
rotting of the internal tissues became severe, the
leaves shed and twigs either got separated at nodes or
dried above the infected regiuon (Flate X). Jccasionally
the vines split at the infected area.

Transverse section of the fresnly infected
regions, showed vascular discolouration beyond the
point of infection. Later, the soft parenchymatous
tissues of the cortex and medullary rays decayed and
the xylem vessels turned brown. Intensity of cortical



Table &
Inoculation studies on stem

21. ‘r Number of stem/infection grades Relative Temperature Rainfall
Y e hunidity$  oC

lation y 17 111 Iv V VI VII VIII IX X' XI XII XIII XIV XV Maxi~ Mini- Maxi- Mini- =mm

) xam f o o wmun

1 0 0 0 000 ©0 o0 O o“o O 0 O O 9% B8% 288 23.8 0.5
2 0 0 0 0 0 O 0 Q 0 0 0 0 0 0 o 93 75 29.8 23.2 0.9
3 1 0 o 0 0 O 1 J 0 1L 0 0 1 0 0 96 77. 28 23.0 18.1
b, 1 1 1 o1 0 1 O 1 1 1 1 c o 0 9, 93, 28,5 22.2 82.3.
5 v+ 1 2 111V 2 0 211 1 1 0 1 97 79 255 2.2 23.9
6 2 1+ 2 211 2 9 2 12 1 1 1 1 96 92, 28.6 27.7 39.3 _
7 2 1 2 211t 3 ¥ 221 2 2 1 2 98 83 8.9 22.5 129.6—
8 3 2 2 211 3 1 221 2 2 1 2 98 83 2.0 2.2 5.0
9, 3,2 3 32 1% M 2, 322 2 3 1 3 95 % 267 232 2.6
10 2 3 322 ¥ 2 233 2 3 2 3 97 7, 2.9 284 254
" &% 3 % 332 » 2 ®¥33 3 3 2 & 9_ 75 30,0 23.0 Trate.
12 43 5 333 5 3 533 b B 3 W P 7 29.6 238 2.1,
13 5 3 <« 3 3 3 - 3 - 3% 5 W& B 5 93,70 29.6 21.6 18,2
) - 3 - 3 3 3 - 3 -4 b - b 5 - 92 . 74 2.3 22.9 O.b
15 - % - 33 3. - 3 = W b < 5 - o 93.-7%  29.1 22.6 12.7
16 VIR " T T S ho- b b -« - . . M 76 29.6 234 1.8
17 -~ % e 3 BE e W L W5 . . o - 92, 77, 25.7. 23.3~ 10.3 -
18 - 5 - b Wb - 5 =k - - - - - 9_ 79. 28.9 23.6 70.3.
19 - « - K 5k - - = 5 v = = = -« 91 8 28,7 23.8 6.8
20 - =« « § -5 = - e « = = e e = 9% 90 28,2 23.0 1.7




Plate IX
Lrooping of leaves due to stexr infection.
D « Disessed vine
H -« Healthy vine






Plate X
Defoliation due to stem infection
D ~ Diseased vine
H - Healthy vine
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tissue disintegration increased as the disease
progressed, Vascular disintegration up to a height

of 100 em beyond the point of infection was noticed.
With a further spread of infection, the bark often
peeled off and the central portion split into bundle
of loose xylem vessels due to the rotting of conductive

tissues. The rotting generally progressed upward.Plate XI)

The region below the infected portion remained healthy
for a fev days and then it slowly decayed. Death of
the plant took place within 12 to 20 days after
inoculation in the main stem., (Plate XII).

The symptoms on the branches vere wat&
that observed in the main stem, The collar reglon took
infection more easily than esny other part of the -to-.é,Q
When there were more than one branches, only the
inoculated branches got infected and other branches of |

|

the vine remained healthy (Plate XIII). |

2.3 Qn rootZ

Infection on the root system was noticed 2% to
48 hours after inoculation. Initial symptom was
h:;nnuhmldanuueih tip of the fine roots.
This discolouration gradually spread upwards and affected

i\
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Plate XII
Death of vines due to stem infection
D - Diseased vine
H - Healthy vine
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the branches and the main roots within a few days.

On the fine roots, discolouration was noticed as a
black streak on the outside of the cortex. But in
branches and maln roots definite brown lesions were
observed which spread both ways. From the main root
the rotting spread to the underground stem. The entire
root system of the infected vine decayed within 12 to
20 days of inoculation.

Transverse section of freshly infected root
showed vascular discolouration. When the disease
advanced, the cell wall of the conductive tissues
collapsed, the tissues disintegrated and cortex started
rotting, The discolouration of vascular tissue was
observed up-to a distance of 25 cu avay fram the point
of infection,

The detectable symptoms on the stem and leaves
as a result of root infection were noticed only when
infection spread from the root-lets to the main branches
of the roots and to the underground stem. The first
visible symptom on the aerial part due to root infeetion
vas similar to that found with vine infection (Table 5
and Plate XIV)., Later the leaves drooped and on the
lower leaves, irregular blackish pateh developed near



Table 5
Inoculation studies on roots

oC

Temperature Rainfall
humidity®
Maxi- Mini- Maxi~ Mini-
- N man

Relative

Bumber of plants/infection grades

III IV V VI VII VIII IX X XI XIIXIIX XIV XV

inocu~
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Plate XIV
Drooping of leaves due to root infection
D - Diseased vine
H = Healthy vine






the petiole region, This was followed by shedding

of leaves and small branches at nodal region (Plate XV).
Defoliation was not noticed under dry condition.

Under this condition the drooped and dried up leaves
remained on the vines without shedding(Plate XVI). All
these symptoms appeared within 12 to 20 days after the
entry of the pathogen to the root system of the plant.

3. Eungicidal treatments
3.1 Jlo-assay

The results of the bilo-assay studies indicate
that among the seven fungicides tested, four fungicides
vig., Dordeaux mixture, Agallol, Bayer 5072 and Thiride
vere effective in coumpletely checking the growth of the
fungus at the concentration tried. The other three
fungicides were effective in checking the fungal growth
during the first three days and the fungus grew after
that and at the end of seven days the media incorporated
with these fungicides supported a fungal growth of 3
to 48 mm in diameter (Table 6).

3.2 On leaves
3.2.1 2wo hours before inogulation by P.palaivora
No symptom was developed on the leaves when



Plate XV

Shedding of leaves and small branches due to
root infeetion

D - Diseased
H = Healthy






Plate XVI
Death of vine without defaliation due to
root infeetion

29 = Diseased vine






Table 6
Effect of fungicides on the growth of 2. palpivorn in media

Developnent of the fungal growth Rature
Fungicides {dismeter in mm) of
growth
1at and 3rd hth 5th 6th 7th
day day day day day day day
Bordesux mixture s 5 5 5 5 5 5 Mo
Agallol - 3U 5 5 5 5 5 5 5 No
Bayer 5072 5 5 5 9 5 5 5 No
Thiride 5 5 5 5 5 5 5 Ko
Ziride 5 5 5 B0 #2.0 6.0 W8,0 Sparce
Ditnane 2~78 5 5 5 5 27.2 32.0 3.0 Sparce
Dithane M-45 5 5 5 20,0 4.0 3.0 H2,0 Sparce
Cantrol 5 2.0 3%.6 70.0 30.0 90.0 0.0 Profuse
and Dense

* Dismeter of the fungal disc used for inoculation.
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the different fungicides were aprayed two hours
before the inoculation of the leaves with fungal
propagules (Table 7)., No difference in the fungicidal
treatoent was noticed since all the fungicides were
effoctive in completely killing the pathogen.

fou by P.paliivora

The efficasly of different funzicides when
sprayed on leaves tiree days before inoculation are
presentad in Table 8 and 9. Bordeaux mixture was the
only fungiecide wnhich restricted the fungus from causing
the disease. All the other fungicides were hetter than
the control and controlled the diaease to varying degree,
However, these fun;lcides were not significantly

different from one another.

by £-zadaivora

None of the fungicides vwas effective in
completely checking the dissase when the fungicides
were sprayed six days before the inoculation of the ‘
pathogen (Table 10 and 11). But all fungicides vere |
better than the contral. Acong the fungicides, ‘
Bordesux mixture gave the best and Dithane M-hS ang |
Dithane Z-78 the least control of the disease. |



Table 7

Effect of fungicidal treatment on the control of P. pRalmpivarz on leavess
leaves treated two hours before inoculation

Treat~  Mumver of Nusber of Kumber of leaves
Fungicides ggg. plants %;g::gat.d infected
Jordeaux mixture 1 30 300 0
Bayer 5072 T2 30 300 0
Ziride T3 30 300 0
Dithane Z-78 ™ 30 300 0
Thiride 5 30 300 0
Dithane M=k5 T6 30 300 o
Control 7 30 300 300

* Total of three replications

28




Table 8
Bffect of fungicidal treatument on the control of p. paliivora on leaves;
leaves treated three days before inoculatiovn

Funzicides Treat- *Huiber Busiber of Bumber of Mean of
ment of leaves leaves infection
Numbers Plants inoculated infected

Bordeaux mixture T4 30 300 0 0
Bayer 5072 12 30 300 69 23.00
Ziride 13 30 300 82 27.33
Dithane 2~78 T 30 300 60 20.00
Thiride 5 30 300 50 16.77
Dithane M-b5 76 30 300 112 37.33
Control 17 30 390 300 100.00
¥. ratio 191.68*"
C.l. (0.05) 6.02

* Total of three repiications
¢+ S4ignificant at 5 per cent levael

0F
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Effect of fungicidal treatuoent on the control of 2, .Elﬂl!.fz&s on leaves;

lsaves treated three days before inoculation.
Analysis of variance tahle

Source S.8. dar. Variance F.
Total 18920.95 20
Aock 2.38 2 1.19 <1
Treatments 16,95 6 3079. 16 191.68
Error 243,62 12 20.30
Ranking ™M 1% & 2 T3 T6 T7

ee




Table 10

Effect of fungicidal trcatizent on the control of £, palmoyora on leaves;
leaves treated six days before inoculation

Ireat- *Lumber Rhuuber of Hunber of ¥ean of
Fungicides ment of leaves leaves infection
Nunbers Plants inoculated infected

Bordeaux aixture 1 30 300 35 11.67
Bayer 5072 T2 30 300 76 2%9.33
2iride 3 30 300 166 5533
Dithane 2-78 T 30 300 220 73.33
Thiride 5 30 300 110 36.67
Dithane M-W5 76 30 300 239 79.67
Control 17 30 300 300 100.00
F. ratio 163.41**
C.D. (0.05) 7.67

* Total of three replications
=% Significant at 5 per cent level

ny



Effect of fungicidal treatment on the control of 2, palnivors on leaves;

Table

11

leaves treated six days before inoculation
Anslysis of wariance table

Source 5.8, df. Variance F.
Total 164151 20

Block 543 2 2.72 <1
Treataents 16%87. 1% 6 3031.19 163.41
Brror 222.57 12 18.5% |
hanking ™M T2 T9 T3 T 16 7

v
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When the fungicldes were sprayed nine days
before inoculation, the disease control oblained was

leaser than when the fungicides were spruyed three

days before inoculation, However, the intensity of

disease was lesser in fungicide treated plants than
in ctmtrol. On Jordeaux mixture applied pipnts, the

infection mean was only 29,33 while with Dithane M-h5
it was 95 (Table 12 and 13).

3.2.5 Qne dav_and two davs after ingculation by 2.Ralmivor 1‘
None of the fungicide proved effective in “

completely eradicacting the pathogen. HJowever, when the 1
fungicides were applied une day after inoculation, they 1‘

reduced the infection to sone extent (Tavlie 1h and 159, |
l

Among the fungicides, Bordeaux mixture, Bayer 5072 and ‘

Ziride were superior to other fungicides. |
|

When the fungicides were applied two days after |
|

inoculatlian, the control observed was comparatively |

inferior to that observed when it was aPplied one day |
|

after inoculation (Table 14+ and 159. Compared to a
|

uean infection rate of 2.33, 3.33 and 5«33 on leaves l
applied with Bordeaux wmixture, Sayer 5072 and Ziride !
|



Table 12
Effect of fungiclidel treatiment on the control of 2. oHalplyora on leaves;
leaves treated nine days before inoculation

Treat~ * Nuwber Rumber of Humbexr of Menn of

Pungicides mant of lcaves leaves infection
Numbers plants inoculated infected

Bordeaux aixture T1 30 300 88 29.33
3ayer 5072 T2 30 300 179 59.67
Ziride 13 30 300 a3e 77.33
Dithsne 2-78 I 30 300 279 93.00
Ihiride 5 30 300 242 80.67
Dithane ¥-b5 16 30 300 285 95.00
Contral 7 30 300 300 100.00
F. Tutio 29,48
C.D. (0.05) L. b6

* Total of three replication
*¢ Significant at 5 per cent level

3



Table 13

Effect of funglcidal treatuent on the control of 2. 3 On leaves;
leaves treated nine days before inocuiation.

Analysiz of wvarianece table

Source S. 5. afs Variance F.
Total 11157. 1 20

Block 3.43 2 1.72 <1
Treatuents 11078.47 é 1846 1 2% .08
Error 7524 12

hanking T T2 T3 1% TH T 17

8%



Effect of fungicidal treatment on the control of .

Table 1

leaves treated one day and two days after inoculation

m&% on leaves;

One day after inoculation Two days after inoculation
Fungicides ::%t"‘ ad * d © °
Nos. *Hunber Bumber of Number Mean of *Number Number HNumber Mean of
of leaves of infe~ of of of infe~
pPlants inocu~ leaves ction piants leaves leaves c¢ctin
lated infected inocu~ infected
lated
Bordeaux aixture T4 30 300 7 2.33 30 300 62 20.67
Bayer 5072 12 30 300 10 3.33 30 300 85 28.33
Ziride 3 30 300 16 533 30 300 156 52.00
Dithene 2-78 ™ 30 300 97 32.33 30 300 222 7%.00
Thiride 15 30 300 79 26.33 30 300 176 58.67
Dithane M-h¥ 76 30 300 110 36.67 30 300 260 86.67
Control 17 30 300 300 100.00 30 300 300 100.00
F.ratio 136.15° " 13+.81""°
C.b. (0.09) 9.0% 7.66

* Total of three r:plications
=& 3i.nificant at 5 per cent level

P




Table 15 (a)

Effect of fungicidal treatuient on the contrul ufdéqﬁgégzxgza
5 [

on leavesa; leaves treated one day after inoc
Analysis of variance table

40

Source Se e df. Variance Fe
Total 215, 20
Rock 3Y.53 2 17.77 <1
Treatuents 2113%.20 6 3x23.21 136,19
Brror 310.h7 12 2587
Ranking 1 T2 53 EE T T6 T7
Table 15 (o)

&ffect of funglicidal treatment on the control of 2.
on leaves; leaves treated two days after inoculation,

Analysis of variance table

Source Se S, af. Variance F.
Totsl 15604,95 20
Block 8.66 2 l’u 33 <1
Ireatments 15 368,28 6 2561.38 134,81

Error 228,01 12 19.00

Ranking T 2 . ™ 7 17
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one day after inoculation, the corresponding value
for the above funiicides when applied two days after
inoculation were 20,67, 28.33 and 52.67 rcapectivaely.

The mean infection rate observed in control was 100.

3e2.6 £

The results of the study is given in Table 16.
It is evident from the table that none of the fungicide
eradicated the pathogen once it est:blished in the hest
tissue., But all fungicides has checked the quick
develop .ent of the lesion when compared to the untreaied
leaves., The average diameter of lesion on the first day
after spraying with Sordeaux mixture, Bayer 5072 and
Thiride were 8.5, 7 and 8 respectively. The corresgonding
figures of the above lesions én fifth day aftexr trestuients
wvere 32.0, 13.Y and 28.0 respectively. The diam:ter of
lesion on untreated control leaves on the first day and
fifth day were 9.7 and 6.7. This shows that Bayer 5072
have better eradicadt action than the other fungicides.

3.3 Qnyines
3.3.1 Zwo hours before inogulatdion by P. Ralmivara

As vas obscrved with leaves, 21l the fungicides
were unifornly effective in checking the disease developaent



Table 16
Eradicont tests on detached leaves;
effect of fungicides on lesion enlargeizent

* Average dia- Average diamecter of leaf lesion aft:r fungicidal

Fungicides neter of leaf spraying (in ww)

lesion before

SPIRINE, 1St dwy  Zdday  3rd day bth day  5th day
Bordeaux mixture 7.5 8.5 12.0 19.0 25.0 32.0
Bayer 5072 7.0 7.0 7.6 8.9 11.7 13.5
Thiride 7.1 8.0 10.0 15.0 21.0 28.0
Ziride 6.9 7.6 9.0 15.0 21.0 31.0
Dithane 2-78 7.0 8.9 11.5 18.8 25.8 35.0
Di thane M-h5 7.0 8.8 16.6 29.0 36.0 h5.6
Control 7.0 9.7 17.0 30.5 41.0 56.7

* Average of 10 leaves




45

in vines wvhen they were trcated with fungicides
two hours before inoculation (Table 17).

The protective effect of Bordeaux mixture
and Bayer 5072 were promounced when they were treated
on the vines three days before inoculation., Both the
fungicides completely inhibited symptoan development.
The protective ability of Dithane 2-78 was poor and the
vines treated with this fungicide showed a mean infection
rate of 5.67. However, Dithane Z-78 was better than the
eontrol. (Table 18 and 19)-

3.3.3. Six davs hefore inoculatlon bv P.palmivors

Anong the six fungicides tried on the vines
only Hordeaux mixture was effective in completely prsventing
the infection, when the fungicides were treated six days
before inoculation (Table 20 and 21). Compared to the
check other fungicides were effective in varying order.
Bayer 5072 with mean infeotion rate of 1.33 and Dithane M-l
vith infection rate of 6.33 were the best and least
effective fungicides respectively.



Table 17

Effect of fungicidal treatent on the control of P.palrlygora on vines;
vines treated two hours before inoculation

ireat~ *Number of Fumber of MNumber of
Fungicides pent plants plants plants
Hos. inoculated infected

Zordeaux mixture T1 30 30 0
Bayer 5072 T2 30 30 0
Ziride & 30 30 0
Dithsne 2-78 T 30 30 0
Thiride I5 30 30 0
Dithane M-h5 76 3¢ 30 0
Control 17 3o 30 22

* Average of three replications

ne




Table 18

Effect of fungicidal treatuent on the control of P.palmivors on vines;
vines treated three days before inoculation

Funglicides Treat~ *liunber Mupber of Buuber of Means of
wuent of plants Plants infection
Ros. plants inoculated infected

Jordeaux aigture ™ 30 30 4]
Bayer 5072 T2 30 30 o
Ziride 3 30 30 8

Dithane 2-78 ™ 30 30 17

Thiride 5 30 30 12

Dithane M-45 76 30 30 13

Control 17 30 30 23

F, ratio

C.D. (0.05)

* Average of three replications
o+ Sdgnificant at 5 per cent level

L
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Table 19

EBffect of fungicidal treatment on the cantrol of P.palmivora on vines;
vines treated three days before inoculation.

Analysis of variance table

Source 8. 8. dar. Variance F.
Total 181.2% 20

Tock 20.10 6 10.05 791
Treataents 1%5.91 2 .32 19.15

Error 15.23 12 1.27

Ranking TR nH BN W

-
7 Q



Table 20
Effect of fungicidal treatoent on the control of P.palmivars on vines;
vines treated six days before inoculation.

Fungicides Ireat- *Nunber of Nupber of Number of Means of
ment plants plants Plants infection
Nos. inoculated 1infected
Bordeaux mixture ™ 30 30 (4] 0
Bayer 5072 T2 30 30 h 1.33
Ziride T3 30 3 1% 5.00
Dithane 2-78 ™~ 30 30 18 6.00
Thiride > 30 30 12 ».00
Dithane N-%5 %6 30 30 19 6.33
Contral 17 30 30 2 7433
F.ratio 11.898""
C.D.(0.05) 1.88

* Average of three replications
s* Significant at 5 per cent level



Bffect of fungicidal treatasnt an the contral of

Table 21

vines treated six days before inoculation,

Analysis of variance table

-RAIRLYOXa on vines;

Source $.8. daf. Variance P,
Total 162.29 20

BRlock 122.29 6 20.38 18.20
Treatzents 26.58 2 13.29 11.87
Error 13.82 12 1.12

Ranking M R FT I3 N 0 9



Y. £.2almdvory

Bordeaux mixture and Jayer 5072 were the only
fungicides found effective in checking the vine infection

. when they wore appliecd nine days before inoculation

(Table 22 and 23). All the other funglcides did not

reduge disease infaection apsreciably compared to control,.

36345

The eradicant action of the different fungicices
vere complete when they were treated on the vines, one
day after inoculstion (Table 22).

Ihe eradicant action of the fungicides when
syrayed twou dnys after inoculation was not as pronounced
as tiint cvserved when the fungicides were sprayed one
day after inoculation. The nean infection rate of
Hordeaux nixture, Bayer 5072 and Thiride were -.33, 4.00,
.00 and these were signific:ntly better than the other
treatients. The fungicides Ziride, Dithane H-bY, and
Lithane 2Z-78 were not effective in checking the disease
as they were on per with the control(Table 24 and 25),

3.4 9n roots

3.%e1 dwo uours hufore dngoulakion by P.palumivors
All tne funglcldes except Ditnane M-k% completely




Table 22

Bfect of fungicidal treatment on the control of P.paluivora on vines;
vines treated nine days vefore inoculation.

Fungicides Ireat- *Humher of KNum.uer of Humber Means of
ment plants plants of plants infectimn
Nos. inoculated infected
Bordesux mixturse 3] 30 30 5 1.67
Bayer 5072 T2 3 30 é 2.00
Ziride 13 30 30 18 6.00
Dithane 2-78 ™ 30 30 21 7.00
Thiride 15 30 30 2 5.67
Dithane M~45 T6 3 30 X0 6.67
Control 17 30 30 22 7.33
F.ratio 5.98%"
C.D.(0.05) 2.98

* Average of three replications
** Significant at 1 per cent level

G



Tadble 23

Bffect of fungicidal treatment on the control of P.palmivora on vines;
vines treated nine days befors inoculatlon.

Anslysis of varisnce table

Source SeSe af. Variance P,
Total 1 37 - 2’ 20

dlock 2. 95 2 1 -‘l")' <%
Trcatments 100,57 6 16.76 5.96
Eror 33.72 12 2.81

Ranking 1 R ® I3 6 N v

oy



Kfect of fungicidal treatment on the coutrol of E.
vines treated one day and two dnys after

Table 2%

jBalajrpm on vines;
ation

One dgy efter inocuiation

Tw> days after inocul-tion

Ireat-
Fungicides ment *hunber Mumber kumber Means *Nunber Number Nusber Means
Bos. of of of of of of of of
plapts plants plants infe- plants plants plants 4infe-
inocu~ infe- ction inocu-~ infected etion
lated cted lated
Sordeaux mixture ™ 30 30 0 0 30 30 7 2.33
Bayer 5072 T2 30 30 0 0 30 30 12 %».00
Ziride T3 30 30 0 Q 30 30 16 5«33
Mthane 2-78 e 30 30 0 Q g 30 20 6.67
Iniride 5 3 30 ¢ 4] 30 30 12 ».00
Dithane M-45 6 3C 3 0 o 39 30 18 6.00
Contral 27 3¢ 30 25 8.33 30 3G 21 7.00
F. ratio 3.0
C.D. (0.05) 2.99

* Totol of three replications
*¢ Significant at 1 per cent level

0 G



Table 25

Effect of fungicidal treatment on the control of P.palmivora on vines;
vines treated two days after inoculation.

Analysis of variance table

Source 8.8, aty Variance ».
Total 8"‘075 20

Aock 0.09 2 0. 0005 <1
Traamtl 50- ” é 8 0“9 3. 0
Rrrorxr 33.91 12 2.83

lanking TT T2 15 T3 16 & 17
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protected the roots from Fhytoohthora infection when

the roots were treated with fungicides two hours

before inoculation(Table 26). However, even Dithane Meh$
with a nean infection rate of 0,23 was better than the
control (mean infection rate 2.27).

3.2

The protective effect of different fungicides
to root infection, when the roots wvere treated three
days before inoculation is presented in the Table 27 and
28, The results show that igallol, Hordeaux mixture and
Bayer 5072 with 0.37, 0.40 and 0,63 mean infection rates
vere better than other treatuents. Dithane M«h$ vas least
effective in checking the infection,

3-3‘03 2 AON Y% Eomm

Tne protectant property of Agallol was reduced
vhen it vas applied six days before inosculation compared
to the protection it gave, when it was drenched three
days before inoculatica (Table 29 and 30).

3.4 JNipg davs vefora inoculation by E.palmivora

Wnen the roots were expesed to the fungal
propagules nine days after fungicidal treatuents, tie



Table 26
Effect of fungicidal treatment on the contral of P.paliivora on roots;
roots treated two hours before inoculation

Fungicides et~ *Mumber Infection grading s o
men e
Nos.  plants 0 1 2 3 index

Bordeaux mixture T4
Agallal=3 G.
Bayer 5072
Ziride
Dithane 2-78
Thiride
Dithane M-h5
Control

o O 0 © O 0 ©
© 0 © 0o © ©

- 0.23
16 2.27

g38ax2aa
BEeE8EEeEeEE
w P8 EEEEYEE
MWwooooo o
W » 000 0 0 ©

* Total of three replications

Ta



Table 27

Effect of fungicidal treatment on the control ofog.‘gﬂnm on roots;
roots treated three days before in: ation

Pungicides  Trest~ “lumber Infection grading :%E:‘g on
Bos, plants 0 1 2 3
Bordeaux mixture ™ 30 20 2 0 g.%0
Agallal~3 G T2 30 20 1 0 0.37
Bayer 5072 73 30 15 1" e ] 0.63
2iride b o) 30 12 8 6 b 0.97
Dithane 2-78 15 30 10 6 9 5 1.23
Thiride 76 30 ™ ? 6 3 0.90
Dithsne M-h5 7 30 5 6 8 1 1.80
Control T8 30 2 2 b 22 2.53
F. ratio 3\%58.‘
C.D. (0.05) 0.36k

* Total of three replications
** Significant at 5 per cent level

~q



Table 26

Bffect of f cidal trecateent on the contral of g.palmivora on roots;

roots treated three days befors inoculation.
Analysis of variance talle

Source 8.3, ar. Variance F.
Total 12.57 23
Treataents 11-60 7 1066 *Qm
Error 0.67 L3 0.008
Ranking T2 11 T3 16 Th% 15 17 T6

°q




Table 29

Effect of fungicidal treatument on the control of 2.palmdyora on roots;
roots treated six days before inoculation

Fungicides  icgv "Rumber Tnfecklon Gradins infection
Nos. plants 0 1 2 3  1ndex

Bordeaux mixture ™ 30 13 7 7 3 1.00
Agallol-3 G T2 30 8 7 8 ? 147
Bayer 5072 3 30 10 8 9 3 1.17
Ziride ™ 30 5 8 6 11  1.80
Dithane 2-78 5 30 5 6 9 10 1.80
Thiride 6 30 7 9 9 5 1.0
Dithane M-S 7 30 3 6 10 1 1.97
Control 8 30 3 2 6 19 2.37
F. ratio 23.12"*
C.D. (0.05) 0.283

¢ Total of three replications
s+« Significant at 5 per cent lewel

+Q



Table 30

Brffect of fungicidal treatuent on the control of PL.zalmivora on roots;

ro2ts treated six days before inoculation.

Analysis of variance table

Source 8.5. af. Variance F.
Total k.68 23

Hock 0.11 2 0.05% 2.12
Treatuents .21 7 0.601 23.12
Error O. ﬁ ﬁ 0.026

Ranking T4 !3 T T2 TN E T7 18

cQ
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number of plants infected varied (Table 3} and 32)
with the different fungicides. DBordeasux mixture,
Thiride and Bayer 5072 with a mean infection rate of
1.27, 1.40 and 1,43 respectively were significantly
better thun the other treatments and control. All the
furngicidas thouzh  better than the control did not
differ asilgnificantly one another,

Inere was no asaurked difference when the roots
vere treated wiinh the fungicides cne decy anc tuc dnys
after inocuiation, A4ll1 fungicides except Dithane M-hS
vere effective in completsly checking the disease. with
Dithane M~h5, the infeetion index of 0.73 and 1.10 for
one day ahd two days of inoculaticn though poorer than
other fungicides vore better than the control (Tasle 33).



Effect of fungicidal treatuent on the control of 2. fMun on roots;
ation !

Table 31

roots treated nine deys before inocul

Fungicides :‘:;tat- *I;\rmber Infection groding f;g:c Son
Nos. plants 0 1 2 3 index

Bordeaux uixture 11 30 7 12 V4 & 1.27
Agallol-3 G 12 30 6 3 10 5 1.47
Bayer 5072 13 30 4 10 7 6 1.43
21ride The 30 3 8 9 10 1.87
Pithane 2-78 7 30 6 b 10 10 1.83
Thiride 76 30 8 8 9 5 1.37
Dithane M-W5 7 30 W 3 11 12 2.10
Control T8 30 0 b 10 16 2.0
F. ratio 19.66
C.D. (0.0%) 0.277

* Total of three rsplications
= gignificant at 5 per ¢ nt level

29



Table 32

Effect of fungicidal treatuwent on the control of r.palnivora on roots;
roots treated nine days before inoculation.

Analyslis of variance table

Source 5o Se daf. Variance P.
Total 3.75 23

Treatnents 035 7 0479 12.16
Error 0.35 1 0.025%

Ranking T1 T6 %3 T2 15 T 1 T8

0Q




Table 33

d&ffect of fungicldal treatuent on the contral of g} a on roots;
roots trezted one and two days after inoculstion.

Treat~  Nug.er One day after inoculation Two days after incculstion
Fungicldes went of
HOBe planss Infection _rucing Average *iLucber Infection greding Averag:

—_— divease of infection
0 1 2 3 index Plants 0 1 2 _3 index

Bordeaux nixture

Fy | 30 30 0 Q 0 0 3C 3 ¢ 0 O ¢
Agallol-3 G T2 30 3¢ 0 0 9 9 30 3 0 0O O o
Bayer 5072 I3 30 30 o 0 J 0 3 30 0O o 0 0
4iride ™ 30 30 0 g 9 9 30 3 0 0 0 0
Dithane 2-76 5 30 » ¢ 0 0 Q 30 3 o o 0 0
Thiride To 30 30 0 Q 0 9 30 3¢ 0O 0O 0 0
Dithane M=l 17 30 18 3 8 1 .73 30 1L 7 5 1.10
Control T8 30 T 3 3 17 2.40 30 1 6 7 16 2.33

* Total of three replicstiouns

¢Q
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DISCUSSION

The symptomatalogy of the Quick vwilt disease
of pepper was described by many wvorkers under field
conditians. But even now the complete synptamatology
of the disease has not been properly understood. In the
present investigation an attempt was made to study the
camplete symptoms of the disease from the mtial‘ stages
to the complete death of the plant.

The first visible symptom on leaves after the
inoculation was noticed within a period of 2%+ to 36 hours
on immature leaves and 2% to &8 hours on mature leaves.
On the stem and branches the expression of initial
symptom vas delayed wvhen campared to the leaves (two to
five days). The initial symptom on fine roots vas
noticed within 24 to 48 hours of inogulation. Turner
(1969b) cbssrved the initial symptom on the detached
immature and mature leaves within 24 to 36 and 36 to 48
hours respectively. This is almost in agreement vith
the present findings. The delay in the expression of
initial symptom on the mature leaves may be due to thick
and hard epidermal layers of upper surfage of the leaves
which may obstruct the easy penetration of the pathogen.
This 1s supported by the observation that the time
taken by injured mature leaves to take infection was the



same as that in immaturs leaves. Thick, hard

cutidle and epidormal layers of the stem and branches
also delayed the expression of initial symptom.
Alconero gt al. (1972) observed the first visible
synptom within 12 to the hours on wounded stem. The
difference in the time taken for the expression of
initial symptoms in the present study and that observed
by Alconero gt al. (1972) may be attributed to the fact
that the latter placed the pathogen on the wounded
poztion and it helped the pathogen in easy penetration
to the hard host tissues. They also reported infection
of fine roots within 2% to 48 hours. A sinmilar finding
vas recorded in the present investigation also.

The initial visible symptom of the dissase
on the leaves was pale coloured water sosked regions.
8imilar observation was also recorded by Nambiar and
Sharma (1976). However, Muller (1936) noticed dark green
patches on leaves within 12 to 1 hours of inoculation
with the socospores. But in ths present studies such
symptoms ware not noticed. Initial symptoms on stem
and branch were same as that observed on leaves. The
development of water asoaked regions in the infection
court may be due to the secretion of macerating ensymes



-~

[«

by the pathogen (Browm, 1965 and Wood, 1967).

Ascoxding to them several chenical substances can
macerate epidermal tissues; these substances might

have been secreted by the pathogen for softening the
host tissues for easy penetration. Unlike in loaves

and vines, the initial viaible symptos on the root vas
a brownisgh discolouration., 7This may be due to the

faot that, on the roots even if the water sosked regions
were present it would not have been clear due to the
soft and fleshy nature of fine roots.

On the leaves the ledion developaent vas nore
on the lower surface, cumpared to the upper surface,
vhatt both surfaces were inogulated under uniform
gonditions (Table 3). &Similar observations were made by
Turner (1969b). The increased lesions on the lower
surface nay be due to the larger mmber of stomats,
thin cuticle and more agoumilation of molsture on the
lower surface as it 1s not directly exposed to the
sunlight. 7The possibility of washing off of the inoculums
fram the saooth and gloaay upper surface of the leaves
caniiot aleso be ruled aut.
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The water soaked regions in the infection
gourt of the leaf, stem and branches vere converted
from light green to light brown and finally to dark
brown coloured necrotic area within one to two days,
indicating culonigation of the pathogen in the host
tissues. 7This necrotic areas on the leaves enlarged
with sisns of wet rotting. A fully developed lesion
had a holonecrotlic centre surrounded by brown
plesionecrotic area wvhich in turn surrounded by yellow
halo vhich slowly diffused to the adjacent hesalthy
tissues. Under high mmidity condition the lesions
developed quickly with a fringed margin. Turner (1969p)
also observed similar type of leaf symptams. The development
of holo-necrotic area may be due to the collapse of gell
wvalls by the action of pectic and cellulose decomposing
enzyme or some other toxic principles which might have been
secreted by the pathogen during its developuent in the
host tissue. Brown (1965) and Wood (1967) also recorded
similor findings working with 2.infegstang. Cunningham
(1928) and Akai (1951) reported that the probable
reason for browning of the tissues in plesionecrotic
area nay be a partial collapsing and disintegration
of the tissues. Various follieolous pathogens
have been Treported to produce toxins L. yitro
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(Ludwig, 1960; Wheeler and lLuke, 1963; KalyansSundaram
and Charudattsn 19663 Wood, 19673 Owans, 1969). The
yellow halo surrounding the lesion indicate a possible
role of some toxic prineiples produced by the pathogen
during their growth, diffusing to the healthy tigsues
far ahead the area of colanization,

Yellow halo surrounding the lesions was not
noticed vhen the lesions developed and enlarged rapidly
under saturated minid cunditions. A probable reason
for the absence of yellow halo under high humid condition
mey be that the growth rate of the pathogen under such
a suitable cundition mey bs at a faster rate - even faster
than the diffusion rate of the toxin,

The circular developaent of the lesions was
more cammon in the case of leaf ihfection., The circular
developaent of the lesions may e due to the radial
grovth of‘the pathogen inside the hoat tissue from the
infeation court. Muller (1936), Holliday and Mowat (1963),
Turner (1969a and 1965b) and Nambiar and Sharma (1976)
also observed similar necrotic lesion development on
pepper leaves., The expansion of lesions along the veins
or in the tissues between the veins was also noticed very
rarely. Such symptoms vere not noticed by esrlier workers,
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Initial development of lesions on the branches,
stem and roots was also circular in shape. On the stem
the lesion spread and govered the entire circumference.
The lesion developunent on branches and stem was both
upwvard and downvard. But the upward developnent of
lesions was more rapid than the downward spread from the
site of infection. On the roots only upvard spread of
the lesions was observed. The upward spread of lesions
@n stem and roots may be due to the upward pull of xylem
vessels. Dastur (1935) on betle vine, Muller (1936);
Holliday and Mowat (1963); Rupel gt al. (1965) and
Aleanero gt al. (1972) on pepper also observed similar
type of apreasd of lesions, However, NambLiar and Sharma
(1976) stated that the necrosis progressed downwards,

Vasgular discolouration beyond the caloniged
region of host tissue was observed in branches, stem and
roots. This phenouinas indicates a possible involvenent
of some toxic metabolites during pathogenesis. Hussain
and Kalmen (1959) reported that the pathogen causing
foot and root rot degrade both pectic and cellulose
substances by enxymatic actions and very rarely by toxins.
Lea (1973) also observed similar vascular necrosis and
detected some toxic metabolites of the pathogen in liquid
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culture. Thic culture filtrate wvas used by him to
screen pepper vurieties against the foot rot disease.
Mycolsainarans, B-1~3 glucans from the culture filirates
of Bhytophtigra sinnamomd, £. Lalmivors and L. BesasPeIms
var, sojas were separated by Keen gt al., (1975).
Phytotoxic nature of the toxin on soyabean, cocao and
tometo was also established by them. Inh:light of tne
above findings it is reasonable to assume that

Ea kalmiyors winich infects the pepper plant can also
produce some toxins. Further studies on this respect is
needed to correlate the toxin production and the disease
incidence.

Zonations on the leaf lesions were noticed when
alternate wet and dry conditions prevailed during tne
spread of the lesions. Dry snd hot hours of the day
reduced the growth of the pathogen in the leaf tissues
vhile the growth was faster when the atmosphere becanme
cool and vet. This type of sonation was also observed
by Dastur (1935) in Pioser batls leaf infected by
Ehxtapathors. Holliday and Mowat (1963); Turner (1969a
and 1969b) and Nambiar and Sharma (1976) also observed
similar sonations on the leaf lesions of Phiytophtihors
attacked pepyer leaves.
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Dafoliation of leaves vas an important
synptom of Quick wilt. This ogcurred during the
pathogenesis irrespective of the point of infection.
But the process of defoliation was different with
leaf infection and vith infectian on other parts of
the vines.

When the pathogen infected the leaves dsfolia-
tion took plmce within five %o ten days of infection
depending upan the climetic conditions and naturity of
leaves. The sise of the lesions had no influenge on
defoliation. Under K wvet humid condition,even a spot of
size 20 my in diaxeter on leaf resulted callus formation
on the petiale and subseguent defoliation.

Development of flaocidity, drooping and defolia-
tion of legves were the marked symptoms during the
progress of the disease when the infection was on stem,
branches, or roots, 7ZThe flaecidity symptoms on the
leaves may be due to the damage oscurred tv the cunductive
tissues, resulting in the cbatruction of upvard movement
of water. %The time taken for the development of
flagcidity aymptoms varied ascording to the nature of
infection. The developaent of flaseidity symptoms on
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pepper vines were also noticed when the pathogen
attacked roots or collar regions(Muller 19363

Hollidsy and Mowat 19633 Turner 1969a and Nambiar

and Sharma 1976). Followed by the flaccidity symptoms,
ull the leavés above the infected region became pale.
Under wet humid condition the leaves fall off.
Defoliation was not noticed under dry condition. Under
this condition the drooped and dried up leaves remsined
on the vines without shedding. 7The reason for defoliation
under wet hunid condition and drying under warm period
is not clearly known.

Seversl vorkers attempted to control the
Quick wilt disease of pepper by using fungicides
(Muller, 19363 Holliday and Mowat, 1963; Anonymous,
1965 and 19765 Turner 1969 and 1971; Harper, 197h4;
Nambiar and Sharma 1976 and Belger, 1977). But the
results obtained by them were not consistent. Muller
(1936), Turner (1969b), Anonymous (1976) and Nambiar
and Sharma (1976) stressed the necessity of prophylatic
spraying of fungicides against the disease. However,
they did not study the effect of fungicidal treataent
before and after artificial inoculation with the
pathogen.
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The bioeassay studies using P.palmivors as
the test organism showed that all the fungicides used
completely checked the fungal growth for the first
three days. However, fungal growth was noticed in
media incorporated with Dithane M=h5, Dithane Z-78 and
Ziride,after three days. Probably the fungus might
have degraded the fungieide into non-toxie compounds or
the degraded fungicide might have been less toxic to
the fungus. The check in fungal growth by the other
fungicides used vas complete throughout the period under
observation. A similar study conducted by Wilson gt al.
(197%) with Fhytophthors species isolated from cardaaom
shoved the effectiveness of several fungicides in
checking the growth of the fungus in yitro.

All the fungicides when sprayed or drenched
tvo hours before inoculation completely checked the
developnent of the disease. lHowvever, Dithane Meh5
treatment of roots falled to check the disease conmpletely.
When the fungus was inoculated on the surface where the
fungicide was sprayed two hours before the inoculation,
the propagules wvere actually placed on the undegraded
fungiclde and this killed or inhibited the prupagules
ef fectively.
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A probable reason for not getting complete
control with Dithane M-M5 c¢an be attributed to the
improper coverage of the fungicide on the root surface.

In general, on serial parts, tne disease
control obtained was better when the fungicides were
applied Jjust before inocculation. As the time gap between
fungicidal spray and inoculation time increased, there
was a progressive reduction in the control of the
disease obtained. The control obtained was maximum when
the fungicides vere applied two hours before inoculation.
The fungicidal proyerty slowly eroded with time and when
the inoculation wvas done nine days after fungicldal
application the contral oht#inod vas comparatively poor.
Bven Bordeaux mixture which gave complete control of the
disease when applied three days before inoculation gave
only 88 and 70 per cent control when the leaves were
inoculated six and rine days respectively after the
treatoent. Almost a similar trend was noticed with
other fungicides also. <These observations show that
the fungicides might have been washed off during the
heavy rains which were frequent during tne experinent.
Bven fungicides with good sticking property got washed
off during heavy rain., Burchfield and Goanegs (1957)
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found that first 0.5 inches of rain removed

10 per cent of Hordeaux nmixture deposits from the
leaves and only 70 per gent of initial residue remained
after eight inches of rain., During the period of
experiment the total rainfall received was ¥+ incues,
This explains the poor fungicidal property of most of
the fungicide. One interesting observation noticed
during the ocnirse of the study vas vith Bayer 5072
fungieide. This fungicide was inferior to Thiride and
Dithane 2-78 when they were aprayed on tae 3rd day.
While when they were compared on 6th day and on 9th
day Bayer 5072 proved much better than all other
fungicides except BDordeaux mixture. iBayer 5072 1s a
systemic xylem transportable fungicide (Hills, 1962)
and so onge the fungiclde has gained entry into the
plants it controls the disease for a longer period of
time. ZThe systemic action of Bayer 5072 is further
proved in the eradicant tests conducted with the
detached leaves (Table 16). The lesion size of Bayer 5072
trecated leaf was 7 mm ons day after the fungicidal
treatuent. This increased slowly and on the 5th day
after fungicidal treatuent it was only 13.5 mm. The
corresponding figures for Bordeaux mixture treated
leaves werc 8.5 and 32,0 mm respectively. This shovs
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that the eracdicant property of Bayer 5072 is

effective under laboratory conditions while it 1is

not suv ¢ffective under field conditions. Probable
reasons for this are 1ts deterioration and inactivation
by 1llunination (H44lls and Leach, 1967) and its poor
sticking property on the plant surface.

The detached leaf experiment also showed
that other fungicides except Dithane M-M5 are as
effective as Bordeaux mixture in checking the established
infection. The poor performance of these fungicides,
which have faired better under laboratory conditions
shows that these fungicides are either deteriorsted or
they nave poor sticking property compared to Bordeaux
nixture, PFurther studies on these lines will give more
light on this aspect.

Alpost sizlilar trends were observed when the
vines wvere treated with different fungicides.
Bordeaux mixture and Bayer 5072 cozpletely checked the
disease on the third day. On the ninth day also they
were far superior to other fungicides. OUn the ninth day
thie effect of treatments with fungicides other than
Bordeaux mixture amd Bayer 5072 was not significantly
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different fraom the control. The vines of 1} year
old pepper plant used in the present study was very
snooth and therefore the fungicides mi:ht have washed
off at s faster rate from the vines than from the
leaves, Only those fungicides with good sticking or
penetrating property remained on the vines.

When the fungicidda vere drenchned in soil,
it wva: possible to control the disease even up to a
period of nine days. All the fungicides were better
than the control. On the third day, Agsllol was the
best fungicide in checking the disease, while on the
ninth and sixth day Agallal was inferior to Bordesux
mixture, Thiride and Bayer 5072, This clearly indicates
the unstable nature of Agallol. The degradation of
mercury fungleides in solil was reported by idmura and
Miller (1964). Bordeaux mixture, Thiride and Bayer
5072 vere uniforuly effective, when the fungicides were
applied to the soil three to nine days before inocculation
of the roots. Richardson (19%%) found tihat Tuiram
persisted in sandy soil for over two uwonths. This may
probably be due to the fact that the fungicides in
the calloidal form might have been adsorbed on the root
and soll surface and there would be lesier leaching



campared to that observed in above ground parts.

The effectiveness of Bordeaux mixture againat

Quick wilt of pepper was reported by Muller (1936),
Anonymous (1976) and Nembiar and S8harma (1976).

Similar observations wvere also made by Sundara Haman
(1929), Dastur (1935), Subramanian and Venkats Rao
(1970), Antony Raj gt al. (1973) and Narasimhan gt ale
(1976) wvorking with fungicidal contral of betle vine wilt.

The results clearly showed that in general
funi;icides verw wore effective vhen they were drenched
in the soll coaspared Lo spraying on aerial parts during
heavy and continuous ram.l On the aerial parts, the
control obtained wvas better when fungicides were applied
Just botore inoculation thm‘:;tnre applied two days before.
This shows that it 1s not due to poor fungicidal property
that the disease on the abowe ground parts were not
controlled but because the fungicides were not retained
on these parts.
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SUMMARY

The study was conducted at the Pepper Hesearch
8tation, Vellanikkara, Irichur.

Panniyoor=1 variety of pepper was used for tie
investigation.

The caugal agent of the disease (quick wilt or

foot rot) vas found to be Ehytophthora paludvors
{Butler) 3utl. Kocn's posulates were established.

The first visible symptum noticed on t.e leaves
vas the developaent of a water soaked region within
2+ hours of inoculation, Immature leaves took
infection more easily than mature leaves., A fully
developed lesion had a haoloZnecrotic centre
surrounded by plesionecrotic zone with brown colour
which in turn was surrounded by yellow halo slowly
diffusing to healthy tissues., Zonatio:.s on lesion
wvere noticed during the alternate wet and dry
conditions, Defoliation of infected leaves took
place within four to ten days.

Diseass development was more when the lent was

inoculated on the lower surface.

8o
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Initial symptom on stem and branches was the
same as that on leaves which appeared two to
five days after inoculation. Foliar symptoms
and collapse of entire plant were noticed within
12 to 20 days after inoculation on stem and

branches,.

The plants took infectlion more easily near the

collar region,

KRotting generally progressed upwards and the region
below the infected portion remained healthy during
tne initial stages of the infection.

Infection on the fine roots took place within b
to 48 hours of inoculation. The infection spread
from the fine roots to the branch, main roots and
other parts of the plants., The entire plant

collapsed within 12 to 20 days after inoculation.

Out of the seven fungicides tested, four fungiciues
viz., Bordeaux mixture, Agallol, Bayer 5072 and
Thiride completely inhibited the growth of the
fungus in yitro.

All the fungicides tested chefked the disease
completely when they were applied two hours before
inoculation,

XS]
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1,

Control obtained was better then fungicides

vere applied just before inoculation. As the gap
netween time of inoculation and fungicidal spray

increased, there wvas progressive decrease on t.e

cuntral 2f the disease,

None of the fungicide was effective in eradieating
the establisned infection when they were sprayed

one or two days aftef inoculation on leaves, but
Sayer 95072 chiecked tne spread of lesions conisiderably.

Un the vines thie fungicides chiecked the patiicgen
when applied ohe day after inoculstion, While on
roots, all fungicides except Dithane M-kY controlied
the disease when drenched either -4 & 48 hours

af ter inoculatdion,



REFERENCES



REFER:NCES

Akai, 8, 1951. On the anatomy of negrotic lesiuns
on leaves and stems of plants affected by

pathogenic funsi Mam. Goll. Adr. syoka
dnivergity

’ 4 1-30.

Albruquerquo, F.C., De. 1966, rfodridao do pe da pimenta
do Reino (Piper L) Causuco por
W (Butlor) siutlex

oot rot o ppar f
caused by S%.
}3 Te

Alconero, H; Albuquerque, Fj; Almeyda, N. and Santiago, A.
1972« Phytophtiora foot rot of black pep :er
in Brasil and Puerto Rieco. 2aytopatholozy,
g: 1i- 1038,

Anonymaun. 1965. Piant Pathology Division. Rgp. Les.
Bren. L=pk. A&ric. Saravak, 1362=1363.

* Anonyuous , 1972. &Agnual report far the yg::: 1 z‘!‘

Anonynous. 1976. Package of Practices recomnsendations.
Directorate of Extension Education, Kerala
Agricultur=1l University, 128 pp.

Antony Raj, S; Paduanabaan, C. anc Narasimhan, V. 1973,
sfficiency of certain fungicides in cantrolling
the wilt disease of betlédyine (liox fetle L).
Madrags Azric. Jdournal, 60t 632-033.

pelger, K.U. 1977 . Pepper cultivation in Sarawak.

i Mmm.mmmmml

Brasier, C. M. 1 769. Formamtion of oospores in

Xive
T g pdara. Saanae Brik. meol.



Brown, W. 1965, Toxins and cell wall dissolving
enzymes in relation to plant diseases.

Anu. Bey. Envtopath., 3¢ 1-18.

Burchfield, H.P; and Goenaga, A. 1957. Some factors
governing the deposition and tenacity of

copper fungleide sprays. 9%231:3.92- Hoyge
Ihoumpson. Inst gia oy 121 W11

Butler, B.J. 1906, Thne wilt disease of Pigeoun fea and
Pepoer. Agrdc. dournal of india, 1: 25-36.

Butler, B.J. 1907. Maa. Rept. Asric. Jndla, Bog. Sax.,
1: 160 pp.

Cumningnaa, H.8. 1928. A study of the histolojic changes
induced in leaves by certain leaf-spotting

fungi., Puytopatholog: , L: 717-751.

Dastur, J.F. 1935, Diseases of Pan (j betle) in
tae eential provinces, %gs.
Q‘g m X E!‘ Qumz B, 13 Y 81 .

flarper, h.d. 197%. Pepper in Indonesia. Cultivation
and major diseases. Marld grop, gb: 130-133.

dickman, C.J. 19%8. Phytophtiora plant destroyer.
drans. J4rk. idygel. Sog., W1: 1-13.

1ills, F.J. 1702, Uptake, translocation and chemotherapeutic
effect of p-dim'&wlminuhenzemdiw sodium

sulfonate (Dexon). Znviopatholony, b2t 389-392.

lHills, F.J. and Leaen, L.b. 1962, Photochemical
decuaposition and diological activity of
f-di methylaainobensenediazo sodium sulfonate

Lexon). Laviopatiiolody, 22t 51-56.

Holliduy, ?. am Howat, W.P, 1957. A root dibe;ae of
m.g?m L. 1n Seravak caused by
seccies of 2 - Nature, ,gz:bﬂ-b'ﬂ



}{Omday' P. and Ho\lat, ‘2:?0 1963. Foot rot of
paper, faagiogs ool
Husain, A. and Kelman A. 1959, Tis:ue is disinte,rated

A AR e

PPe 1'03-1

)

Kalyanasundaram, R. and Charudattan, R. 1366, Toxins
and plant diseases. Jourgal Sc¢i. Jndus.
dgsensah, 32‘ 63~73.

Keen, HK.T; Wang, M.Cj satnickigrach, 8. and Zentmyer, G.A.
1975, Pnytotoxicity of mycolaminaran, d=1-3

ue:ns frou gmggsgmggg species. Physiol.
3- m.’ Z‘ 9“-9 ¢ -

Kimura, Y. and idlller, V.L. 1964, The degradation of
organic mercury fungicides in soil. Journal

Aric. Eood Ghea., 1@t 253-257.

Leather, R.l. 1967. The occurrence of a fhytuphtnora
root and leafl disease of black pepper in
Jamaica. F.A.0. 1. Prot. Bull., 12: 15«16.

'Lac-», 3.8s 1973¢ The use of toxin for screening of
black pepper for root rot resistance.

m- wo’ 1t 10-1k

*leefnans, 85, 193+, Ziekten en plagen der cultuurge
wassen in Nederlandsch Oost - Indie in 1931,
(Diseases and pests of cultivated crops
in the Dutch East Indies in 1931). ?M.
Jnat. Yoor Elentensickten., 82t »p.92.

Mathew, A.J. 1978, Probliems in the production of pepper

producis, an post Saghnolosy;
College of | rucultun ell ara,
Trichur; 1-12 (unpubnan-d).

Mullcr, H.R.A. 1936, The Phytophthora foot rot of pepper

L) in the Dutch Rast Indies
%% dost. Lldlcket; datavia.,
=



xmiu’ KeK.No and &m" Y. it 1976. ({uick wilt
(foot rot) disease of pepper (24

ng- Araganut and splges

Nﬂbiar, KeroHe and maa’ X.H. 197?. Wilt disease
of black pepper. jJournal of Zlantation
Gxaps, 2t 92-103.

Narasimhan, V; Venkata Rao A3 Subramanian K.sS. and
Vidhyasekaram, P. 1976. Pesticides, 10134-35.

Owens, L.D. 1969, Toxins in plant diseases structure
and wode of action. jglenge, 193: 18-25.

Rawlins, T.8. 1913. W and potanigal
’ : aethiods. John Wiley and Sons,

Cey HOWYyOTK.

Richardson, L.T. 195k, The persistance of Thiram in
801l and its relationship to the aicrobial
balangc and damping off control. Gag.Journal
Botany, 32: 335340,

Kiker, A.J. and hkiker, R.3. 1936. Introduction to
research on plant diseases. jJohn fwift
Qﬂ ﬁo MO' Chica;gco

Kuppel, G. and Alweyda, N. 1963. dusceptibility of
native species to the Collar~rot
Puthogen of black pepper in Puerto kieo,

£h24s Bootx. , #3s 550-551. 7

Saccardo, P.A. 1912, &%‘Lﬂu AT %&mw

Sam Raj, J. ond Jose, P.C, 1966, A Phyt.opht.hom wilt

of pepper (Pioer nigrum) 3¢i. and Cult.,
}2: 20=92 .

Swaminathan, H.5. 1978. National seainar an pepper.
4ndiap Arecanut and Spiges Journal, 1% 57-57.



Subramanian, K.S5. and Venkata R
experiments on the beti

Pothanur in Temil Nadu,

gl } 603-605 .

a0, A. 1970. Some
e wilt at

2aytapath,

Sundara Raman, N.8. 1929, Administration report of tae
Govt. myeologist for the year 1)33-3.

Ting, W.P. 1975. Plant pa.thology in peninsuilar Malaysia,

Bgy. Z1. Path., aﬁd

)7" 305 . 4‘?

Tsao, P.H, and Tummakate, A. 1977. Ine identity of a

Turner,

Turner,

Turner,

*»
Turner,

Turner,

tophthora species froam black pepper in
%L and, Mygologia, 09 631-637. -

dede 1962, Procduetion of fusion organs by tae
3 which cause foot rot

of Pilder nigrul L. in Sarawak. Natura, J2g 3201,

Turner, G.J. 1967. 8nall transaission of species of
v:lt.h special reference two foot

ro °‘§¥g,‘é$‘“m 3rit. Myeol.

species of

G.J- 1%9&0 4 g Da
vine in Sarawak. .

pre h11-b18,

from betle

Bxeol. 808,

G.J. %)o. Leafl lesions associated with foot rot
- betle causeu by

Gede 1970. Plant Patholo
Agzrig. Saravak 1969,

o 3rdt. Hvgal.S0G.,

%gé%%%a.ﬂiﬁ-‘ﬁtﬂho Ren.

Gedo 1971. Resistance 1n piper anu other plants

to infection by
fmm Edpex nAzrua-

. arit.

. S9e.,



Turner, G.J, 1972. Isoclstions of
' from ant rume of ggm Eﬁ%

Mycalk. -:22‘ 17-31

Turner, u.J.f1973. Pntbogom.c variations in 1solate.s

|"Vamierg,om:, P. 1937. Z2ickten en plagen der cultuurgewassen
in Neder Landssch - Indie in 1936 (Discases
and pests of cultivated cerops in Duten East

Imues m 1936). irded. JInst. niztekt; Datavia,

gg: 104
Venkata Rao, M.K. 1929, BReport of the Mycological secti.n
for the year 1927-29. . Bept. A&ric. Deot.

Mysore for Lhe year 192 -2 y 19=22,

w&“rhmﬂ’ G.H. 1956. The ganus .

anvweal th Mycologic.l Institute, Kew, Surisy,
singland.

Wheeler, H, ad Luke H.H., 1973. Microbial toxins in
plant disease. Ann. Hev. Microbiol., lZ:¢23-2102.

Wilson, K.I., Kahim, M.A. and Luka, Pele, 197%.
’ evaluation of fungicidaa’s agai;xst 'Aﬁ&i

di f eard
12*:*;‘-:9; cardamom. Alri. Res. Jourhal Kerala,

Wood, H.K.S. 1767. ghysiolegdgud Plank 2utheloly.
dlackwell Scientific Publications,K Oxford, 570 pp.

Zentmayer, G.A. 1955. A laboratory metnod for testing

same funjicides, witn mmFJ,
a8 test orsanisz;. gmm : 395,

* Original not referred.



QUICK WILT DISEASE OF PEPPER (Piper nigrum Linn)-J
SYMPTOMATOLOGICAL STUDIES ON THE
QUICK WILT DISEASE OF PEPPER

By
K. P. MAMMOOTTY

ABSTRACT OF A THESIS

Submitted in partial fulfilment of the

requirement for the degree of
MASTER OF SCIENCE IN AGRICULTURE

Faculty of Agriculture

Kerala Agricuitural University

Department of Plant Pathology
Coliege of Horticulture

Vellanikkara, Trichur

1978



ABSTRACT

- The present study on the fuick wilt disease of
pepper caused by Phytophthora paliaivora (Butler) Butler
wvas conducted at the Pepper Research 8tation, Vellanikkara
using Pamniyoor-1 peprer variety.

The objectives of the investigations were to
study the symptams of the disease and to find out suitable
control measures using fungicides.

The first visible symptom on leaf, stem and root
was noticed 24 to 48 hours; two to five days and 24 to W8
hours respectively after inocqulation, depending on the
maturity of the plant part,

A fully developed lesion had a dark brown
hononecrotic centre and plesicnecrotic boarder surrounded
by yellow halo. The yellow halo was not noticed duriné
prolonged wet and humid conditions. Under these condition:
lesion: was unifomly brown in colour. Zonations were
noticed during the alternate wet and dry conditions. On the
stem, branches and roots symptom usually developed as a
uniformly brown and dark coloured lesions.

Pathogen entered mainly though lower surface of
the leaf.



After infection, defoliation took place within
five to ten days. Development of flaccidity, drooping
and defoliation of the leaves were the narked symptoms
during the progress of disease when the stem, bLraltiches

or roots were infected.

All the fungicides tested checked the growth
of the fungus in Yiixrg for a period of three days.
The fungicides wvhen sprayed or drenched two hours before
inoculation completely checked the disease. However,
there vas mild infection on plant where Dithane M-4§
vas used for drenching the soil. As the interval
between the fungicidal spray and inoculation prolanged
tiiere vas pmgréasive reduction 4in the control of the

disense.

None of theifungicides was able to eradicate
coumpletely the established pathogen on leaves.

when fungicides vere applied one dsy after
inoculation there vas complete control of the disease
on stem, While the control was not camplete when it
vas applied two days after inoculation.

All the fun;icides except Dithane M=it5 completely
checked the development of the disease when thay were
drenci;ed in soil.
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