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INTRODUCTION

From idle time immemorial, the coa st o f  

'M alabar1 has been a major a ttra c t io n  to  fo re ig n  

traders and to u r is ts  mainly because o f  the abundance 

o f many important sp ices  in  th is  p a rt o f  the 

country . Among the sp ices  fo r  which 'M alabar' was 

famous, pepper CPiper nigrum L in n .) enjoyed a
-yt-

unique p o s it io n  and had ever- won the name "King o f

s p ic e s 11. Though the p la n t i s  native  to  the m oist
s

ever green natural f o r e s t  o f  Western Ghats and India  

had a monopoly in  pepper production  u n t i l  19^8> our 

presen t con tribu tion  to  world production  o f  pepper 

Is  on ly 23 per cen t.

In In d ia , pepper i s  growing in  an area o f  

about 1 .2  lakhs o f  h ectares  and our annual production  

o f  pepper Is around 35>000 tonnes. The State o f  

Kerala alone accounts f o r  96 per cen t o f  the area 

and production  In the country (Anonymous, 1981).

But our average y ie ld  o f  pepper i s  su rp r is in g ly  low  

(2^8 k g /h a ) when compared to  that o f  other pepper 

growing coun tries o f  the world l ik e  Malayasia 

(^067 k g /h a ) and B ra z il (3333 k g /h a ). A number o f
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reasons fo r  th is  low p ro d u ct iv ity  can be poin ted  

out and among th ese , the inciden ce o f  pests  and 

d isea ses  p lays a rather prominent r o le .

Though the most damaging and devastating 

d isease  o f  pepper i s  the quick w ilt  (caused by 

Phytophthora nalmivora (B u tler) B u tle r ) and s lo t - w i l t  

(the e t io lo g y  i s  n ot f u l l y  known), the "fu n ga l p o llu "  

(Anthracnose) d isease o f  pepper caused by the pathogen 

C olletotrichum  g loeosp or io id es  (Penaig) Saec, the 

im p erfect stage o f  Gloserein a. c in g u la ta  (Stonem) 

spauld g j-■ Schrenk has a lso  been found to  cause 

con sid era b le  crop l o s s .  Rao (1926) estim ated the 

crop  lo s s  due to  "fu n g a l p o llu " d isease as 0 .5  to  13 

per ce n t . According to  Krishna Menon (19^9) the crop 

lo s s  due to  the "fu n ga l p o llu "  alone was three to  ten 

per cen t . Recent stu d ies on the "fu n ga l p o llu "  d isease 

a t Pepper Research S ta tion , Panniyur revea led  grea ter 

v a r ia tio n  in  the exten t o f  damage depending upon the^ 

a g ro -c lim a tic  fa c t o r s ,  time and part o f  the p lan t 

where the in fe c t io n  took p lace  (Anonymous, 19 8 0 ) .

Eventhough the "fu n ga l p o llu "  d isease i s  

known to  occur from 1921, there was n ot much work 1 

on symptomatology, d isease  incidence and co n tro l 
measures.



Attempts have been made to  c o n tro l  the 

d isease with d i f fe r e n t  fu n g ic id es  and among them 

one per cen t Bordeaux mixture was found t o  be the 

b e s t . But in  most cases even the Bordeaux mixture 

f a i l e d  t o  g ive  the expected r e s u lts . The reason 

fo r  th is  may be due to  improper tim ing in a p p li­

ca tion  o f  fu n g icid e  due to  the la ck  o f  proper know­

ledge o f  the epidem iology o f  the d isea se . The 

fu n g ic id e  w i l l  be e f f e c t iv e  only when i t s  a p p lica tion  

synchronizes with the time o f  in fe c t io n  on d if fe r e n t  

p arts  o f  the p la n t, e s p e c ia lly  on spikes and b e r r ie s .  

I t  i s  w ith th is  background the presen t study was 

taken up with the fo llow in g  o b je c t iv e s .

1. To study the d e ta ile d  sym ptom atology o f  the 

"fu n ga l p o llu "  d isease  on d if fe r e n t  parts o f  

pepper v in e .

2 . To f in d  out the in flu en ce  o f  weather parameters 

on the occurrence and development o f  d isease in  

the f i e l d .

3 . To f in d  out the peak p eriod  o f  in fe c t io n  on 

le a v e s , spikes and b e r r ie s .



To study the e f f e c t s  o f  d i f fe r e n t  fu n g ic id es  

in  v it r o  and in  v iv o  on the pathogen.

5. To f in d  out the c o r r e c t  time o f  a p p lica tion  o f  

p la n t p ro te ct ion  chem ical to  combat the 

d isea se ; and

6. To estim ate the percentage o f  crop lo s s  due to  

th is  d isea se .



Review oHiterature
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REVIEW OF LITERATURE

Pepper (P iper nigrum L . ) an im portant sp ice  

crop o f  Kerala, i s  found attacked by severa l pathogens 

causing d if fe r e n t  d ise a se s , o f  which fu n ga l d iseases 

are the most im portant. The three major d iseases o f  

pepper in  Kerala and other pepper growing cou n tr ies  o f  

the world are quick w ilt  ( f o o t  r o t )  caused by 

Phvtouhthora nalm ivora. slow  w ilt  (y e llow in g ) o f  

unknown e t io lo g y  and"fungal p o llu "  (Anthracnose) 

caused by C olletotrichum  g loeosp or io id es  fiPenz) Sacc. 

the im perfect stage o f  Grlomerella c in gu la ta  (Stonem) 

Spauld Schrenk.

The extent o f damage caused by "fu n ga l p o llu "  

d isease  had been v a r io u s ly  estim ated by d if fe r e n t  

w orkers, Rao (1926) 0 ,5  to  13 per cen t l o s s ;  

Sundararaman (1932)^ 7 .5  per cen t; Thomas and Menon 

(1939) *4-,0 to  13.0 per cen t and Krishna Menon (19*4-9) 

3 .0  to  10,0 per c e n t ,.

The d e ta iled  symptomatology o f  "fu n ga l p o llu "  

d isease  o f  pepper was f i r s t  worked out by Thomas and 

Menon (1939). According to  them the fungus produced 

c ir c u la r  or ir re g u la r  grey spots on the upper surface 

o f  the lea v es  on which b lack  a ce rv u li appeared in



concentric, r in g s . Stem in fe c t io n  began a t  the 

t ip s  and spread downwards gradually  k i l l in g  the 

young vines and tender runners from o ld  ones* In o ld  

vines the attack  started  in  the branching reg ion  and 

the fungus was found near the nodes o f  the dead 

branches.

The spikes were u su a lly  invaded a t the s ite  

o f  th e ir  ju nction  with stem, the le a f  a x ils  whence 

they emerge a fford ed  favou rab le  p o s it io n s  f o r  the 

accumulation o f  water drops and spores washed down 

from the le a v e s . Once in s id e  the spikes the fungus 

induced r o t t in g  o f  the t is su e s  and shedding, e s p e c ia lly  

in  shaded and-damp p lo t s .  The fungus a lso  developed 

on the sta lk s o f  the sp ik es . On the b e r r ie s  a d ir ty  

brown d is co lo u ra t io n  o f  the rin d  commenced from the 

top and extended downwards sometimes accompanied by 

crack in g . Vinukatananda and C elino (19^0) gave 

d e ta ile d  d e scr ip t io n  o f  the anthracnose o f  pepper. 

During humid c lim a tic  con d ition s  they observed dark 

grey  yellow  bordered  le s io n s  on the le a v e s . These 

spots p ro g re ss iv e ly  expanded and interrupted the normal 

fu n ction in g  o f  the le a v e s . The d isease sta rted  at 

the t ip  o f  the l e a f  and spread downwards and covered 

1 /2  to  1 /3  o f  the le a f  area . The in fe c te d  leaves 

shed prem aturely.
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Based on a d e ta ile d  survey, Krishna Menon 

( 19^9 ) reported  an exhaustive symptomatology o f  

'p o l lu 1 d isea se . He found that the pathogen attacked 

the f o l ia g e  and produced dead areas which in te r fe re d  

w ith the. fu n ction s  o f  le a v e s . In the ea r ly  stage- o f  

the d isease  the le s io n s  are sm all and have a d is t in c t  

b ord er. In the advanced stage the le s io n s  enlarged 

and merged together form ing la rge  dead areas . He a lso  

observed premature shedding, shrinkage and drying up 

o f  in d iv id u a l b e rr ie s  and in fe c t io n  o f  the sta lk  o f  

the sp ik es. Sometimes the fungus attacked the stem 

causing the death o f  young vines or f r u it in g  branches,

!The f i r s t  record  o f  the "fu n ga l p o llu u 

d isea se  o f  pepper was made by iiyyar g t  e£L. (1921),

Kao (1926) reported  the casual agent o f  the 'p o l lu '
Co Itaba tyicUmw iVJgsj£££»

d isease  as / . n e ca to i^ ’ Sundararaman (1931) n oticed  

th at the 'p o llu *  d isease  x?as caused by a combined 

attack  o f  Cj. necator and the f l e a  b e e t le  Longitarsus 

n ig r ip e n n is r Ihomas and Menon (1939) however 

a ttr ib u te d  three causes f o r  the 'p o l lu ' d isease o f  

pepper, namely p h y s io lo g ic a l d isturbance, fungal 

in fe c t io n  by G.n eca tor  and attack by f l e a  b e e t le  

-L. n ig r io e n n is .
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The Malay alam -word ’ p o l lu ' means a hollow  

th in g . As applied  to  pepper i t  means hollow  and 

l ig h t  "berries. In a wider sense the word i s  more 

often  employed to  denote the lo s s  occasion ed  by the 

p re feren ce  in varying qu an tities o f  the im properly 

developed, l ig h t  and damaged "berries o f  low commercial 

va lu e.

Vinukatananda and C elino (19^0) observed th at
the

in^ P h ilipp in es ’ p o l lu ' (Anthracnose) was caused by an 

im p erfect stage o f  G lom erella c in g u la ta  while according 

to  Barat (19J?2) the d isease was caused by u n id en tified  

sp ecies  o f  G loeosoorium . Mei (1956) reported  that in  

Srrtanka’ p o l lu ’ d isease  was caused by Glom erella 

c in s u la ta . Albuquerque (196^) recorded  a species o f  

C olletotrichum  as the casual organism f o r  l e a f  spot 

o f  pepper. Kueh (1976) on examination o f  b e rr ie s  and 

spikes o f  pepper found C. c a n s ic i  on b e r r ie s  as b lack
(K iu izsJ  K a n t.

spot along with Cephaleuros y irescen s   ̂ A ssocia tion  

o f  G .g loeo3P orio ides on h ollow , l ig h t  malformed 

b e r r ie s  o f  pepper was reported by Nambiar e t  a l . (1978). 

Even though there i s  no report o f  G lom erella c ln gu la ta  

on pepper from In d ia , Arx (1957) combined a l l  

s tra ig h t spored Gleosporium and C olletotrichum  spp. 

under one sp e ices , C. g lo e o s n o r io id e s . Hence the



9

c o rr e c t  name o f pathogen causing tpollu* d isease 

i s  Cjj. g lo e o sp o r io id e s  the im perfect stage o f  

G lom erella c in g u la ta .

P iper b e t le  i s  a crop -which resem bles Piper 

nigrum in  many -ways. Except that in  P iper b e t le  

spikes are not gen era lly  found, a l l  other growth 

ch a ra cters , e tc . are the same. Both these p lan ts 

have almost s im ila r d iseases a ls o . Jinthracnose disease 

o f  P iper b e t le  was f i r s t  reported  by H ector (1925).

He is o la te d  C olletotrichum  and .Gloeosporium from 

anthracnose a ffe c te d  b e te l  v in e s . Dastur (1935) 

reported  th at a d estru ctiv e  anthracnose d isease o f  

b e te l  v in e  was caused by two u n id en tified  sp ecies  o f  

C olletotrichum  in Central P rovinces. Su (1937) 

reported  th at b lack  stem d isease o f  b e te llv in e  was 

a ssocia ted  w ith a species  o f  Gloeosporium. Uppal (1938) 

found that b e te l  v ine anthracnose preva len t in  Daccan 

was caused by a species  o f Gloeosporium. Bertus (19^2) 

reported  that stem and le a f  d isease o f  P iper b e t le  

in  Ceylon was caused by C o ll eto trichum p jp e r is  p e tch . 

Chowdery (19^5) found that l e a f  spot o f  P iper b e t le  

was caused by a species o f  Gloeosporium. Roy (19^8) 

reported  from Bengal that anthracnose o f  b e te l  vine
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Hoy.
-was caused by Colletotrichuxa d a s tu r ily M aiti and 

Sen (1977) id e n t i f ie d  that anthracnose o f  b e te l  -  

v in e  was caused by c a p s ic i .  M alti e t  a l . (1978) 

in  th e ir  stu d ies  o f  fungal d isease o f  b e te l  v in e , 

recorded fo u r  pathogens from India as causing le a f  

spot and stem anthracnose, C. p ip e r is  Petch (Bas tu r , 

1-935); £Ll d a s tu r ii  Roy (-Roy, ~t ^O~); C. c a p s ic i  (Syd) 

B utler and B isby (-Singh and Shankar, t9 71~1 -Mal t i  

and: tten, 1977 ) and the p e r e th ic ia l  stage o f  G lom erella 

c ln gu la ta  (Stonem). Spauld and Schrenk (Dastur, 1931)*

Environmental fa c to r s  have been found to  

in flu en ce  the inciden ce o f  ’ p o l lu ' d isease o f  pepper, 

as i s  the case with other d isea ses . Ayyar e t  a l .

(1921) described  that sudden changes in  the weather 

caused underdeveloped spikes to  drop in  numbers.

This appeared to  be the case during the month o f  

September-October when the seasonal v a r ia tio n s  in  

some years were very  marked. He a lso  observed that 

a long s p e l l  o f  f in e  weather fo llow ed  by heavy showers, 

vagaries o f  monsoons, strong winds and in  f a c t  every 

marked change in  the weather appeared to  a f f e c t  the 

growing tender pepper spikes very ap preciab ly . 

Vinukatananda and Celino (19^0) observed th at ’ p o l lu '
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disease  appeared under humid c lim a tic  forKlitlons.

Krishna Jfenon (19^9) n o tice d  th at ra in y  days 

favour the d isease as i t  helped the germination o f  , 

fu ngal spores and i t s  penetration  on young and 

tender le a v e s . He a ls o  n o ticed  that sun sca ld '1 and 

sun burned areas are more su scep tib le  to  the 

'in fe c t io n . Hence a severe summer may enhance the

in cid en ce  o f d isease as i t  may cause sunscorching.
!

The time o f  occurrence o f  anthracnose' on 

b e te l  v in e was stud ied  in  d e ta il  by Roy (1 9 ^ 8 ),\He 

\tforking with anthracnose disease o f  b e te l  vine 

in  Bengal n o ticed  th at the d isease appeared vith\ 

the outbreak o f  ra in s and disappeared a ft e r  the 

ra iny  season. During May to  July i t  reached its j 

optimum in ten sity *  Thus high percentage o f  hum idity  

accompanied by h igher temperature favoured the 

spread and development o f  the d isea se .

Several oth er workers a lso  n o tice d  a re^at^op^ 

ship between the weather fa c to r s  and anthracnose
Bv7. Cav.

d ise a se . Boning (192^) n o ticed  that lindemuthiahum (§icc.&fvWV. 

causing bean anthracnose germinated b e s t  a t 22°C and’ 

the development o f  the fungus on the p lan ts was m ost1 

rap id  during damp and worm weather. M artlnez-Salzar
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and .Anderson (1957) a lso  working w ith C.lindemuthianma 

on beans found that the optimum temperature f o r  

germ ination o f  the spore was 28°C and the fungus 

f a i l e d  t o  cause in fe c t io n  below 10°G or above 3 2 °C 

under a r t i f i c i a l  co n d itio n s .

Ocfemia and Agati (1925) n oticed  th at co o l 

m oist and shady con d ition s  were favourable f o r  the 

development o f  in fe c t io n  o f  the fungus on young 

tender and succu lent growth o f  avo^cado and mango. 

According to  Monteita (1926) the two anthracnose
ColiafcotWchm'p

disease o f  c lo v e r  caused by ^  t r i f o l i  and G lom erella 

c in gu la ta  behaved d i f fe r e n t ly ,  w hile t r i f o l i  was 

most im portant in warm weather. G. c in g u la ta  was 

more severe under c o o le r  co n d itio n s . Ardt (1 9 ^ 0  

c le a r ly  recorded  the e f f e c t  o f  temperature and 

C. g loesn or io id es  in fe c t io n  on co tton . Anthracnose 

le s io n  developed e a r l ie s t  a t 29°G and 33°C, the 

per cent o f  the seedlings outgrowing the symptom at 

these two temperature were 10 and *+0 r e s p e c t iv e ly  

w hile at 22<cand 25°C the d isease atta in ed  i t s  

maximum se v e r ity  k i l l in g  n ea rly  a l l  the in fe c te d  

p lants b e fore  the 1*fth day and the per cen t o f  su rv iva l 

was below 10 per cen t. There was l i t t l e  in fe c t io n  by
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C. g loeosn or io id es  at 18°C and none a t  36°C.

Ling ( 1 9 ^ )  reported  that hum idity, when temperature 

i s  n ot extreme, determines to  a la rg e  ex ten t the 

reproduction  and lo n g iv ity  o f  the inoculum, the 

in i t ia t io n  and in te n s ity  o f  in fe c t io n  and su rv iva l 

o f  the organism.

Mutman and Roberts ( i 9 6 0 ) observed that in
f\Joack-

C o ffe e , the range over which coffeanum ,cou ld

cause in fe c t io n  ranged between 17°C 28°C. Further
" r.

they a lso  n o ticed  that presence o f  l iq u id  water 

re su lt in g  from ra in  or heavy m ist was n ecessary  fo r  

in fe c t io n  under f i e l d  co n d itio n s .

Singh and Prasad (196?) n o tice d  that heavy 

and w e ll d is tr ib u te d  ra in  during July and October 

and low  temperature favoured d isease development by
ZjLuvtC. g loeosn or io id es  in  D ioscorea  alata,*-^;feigh 

temperature and sunlight favoured  development o f  

mycelium by which the fungus perennates under adverse 

seasons.

Chambers (1968) observed th at in  lim a beans, 

C. g loeosu orio ide .sreQUired a t  le a s t  two con secu tive  

days o f  ra in , clou d in ess and high hum idity f o r  the
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development o f  d isease symptoms. F urther, in  1969 

he n o tice d  that the amount o f  rain  was le s s  important 

than prolonged wetness o f  the plants by continued 

in term itten t ra in . Only s lig h t  symptoms resu lted  

when sh orter periods o f  rain  was observed. Fagan 

(1979) reported  that C olletotrichum  g loeosp or io id es  

was shown to  be a ssocia ted  with the p o s t  bloom f r u i t  

drop d isease o f  c i t r u s .  S u s ce p t ib il ity  o f  flow er  

buds to  G oU etotrichm a g loeosp or io id e  s in fe c t io n  

was shown to  increase upto the time o f  opening, 

blossom  in fe c t io n  occurred  w ithin 18 hours at 19°C 

to  30°G. Amin e t  a l . (1979) reported  that in te r ­

m itten t ra in , cloudy days, day temperature o f  

26°C to  31 °C and n igh t temperature 18°C to  20°G xvere 

conducive f o r  the development o f  G olletotrichum  

lagenarium (Pass) E l l i s  and H alsted causing 

anthracnose o f  watermelon. Omgupta and Nema (1979) 

reported  that anthracnose disease o f  papaya ( C olletotrichum  

uanavae) was favoured by 30°C and 25°C and h igh  per cen t 

r e la t iv e  hum idity, w hile lower or h igher temperature 

reduced the d isease development. B le ich er  (1980) 

observed that the occurrence o f  b i t t e r  r o t ,  01nmprel1»
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cln gu la ta  on apple was favoured by r e la t iv e  humidity 

more than 80 per cent and temperature 22°C -  25°C.

Spore production  i s  abundant at r e la t iv e  hum idity 

100 per cent* Denhan and W aller (1981) observed 

th at f lu c tu a t io n s  in  the in ciden ce  and amount o f post 

bloom f r u i t  drop in  c it r u s  was caused by G olletotrichum  

g loeosp or io id e  s ( G loa ere lla  G ingulata) in  B elize  

prevent economic d isease c o n tr o l .  Large amount o f  

d isease, developed when p eriod  o f  rain  fo llp w ed  by 

prolonged wetness oocur during peak blossom ing p er iod s .

The in flu en ce  o f environmental fa c to r s  on 

d isease development have been presented by K eitt and 

Jones (1926 ), Yaryood (1958), Yarwood (1959)?

Tan der Plank (1960), Waggoner (1982), Waggoner (1965), 

John cohoun (1973)? Tan der Plank (1975) and 

Rotem (1978).

B ioassay

B ioassay o f  fu n g ic id es  using severa l species 

o f  G olletotrichum  has been conducted by variou s 

workers. Kothari and Bhatnagar ( 1 9 6 6 ) reported  

in h ib it io n  o f  spore germ ination o f  C. c a p s ic i  

causing b l ig h t  o f  guava w ith D ithane-Z-78 a t  128 ppm,
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Ferbam 2 ppm, Ziram 32 ppm, K ir t i  copper 6^ ppm 

and Fytolan 12 8  ppm. Chung (1970) reported  that 

D ifo la ta n  was e f fe c t iv e  aga inst Glom erella cin gu lata  

in  the co n tro l o f  b e tte r  r o t  o f  app le . Out o f  the 

e ig h t fu n g ic id es  t r ie d  a t  5 ppm, 10 ppm, 20 ppm and 

50 ppm by Narain and Ponigrahi (1971 ), Ziram a t 

5 ppm was found to  be the most e f f e c t iv e  fu n g ic id e  

in  checking the spore germ ination o f  Ci ca n s ic ii .

Sajoo e t a l ,  (1970) reported  th at captan, Z ir id e , 

F ytolan , Dithane >*1-^5, Di thane -Z-78 and Duter were 

e f f e c t iv e  in  in h ib it in g  thespore germ ination o f  

C olietotrichum  sp. on avoe.ado, the f i r s t  two being 

superior to  a l l  other fu n g ic id e . Out o f  the 20 

fu n g ic id es  tested  Pimentel e t  a l . (1971) a t s is  

con cen tra tion s against C ±  g loeosp or io id es  f i v e  

fu n g ic id e s , v i s ,  A n tracol, Brestan 60 , B ithane M-^5, 

F uclasin  u lt r a  and Jfensate D were the b e s t  ones.

Singh e t  a l . (1977) reported j out o f  seven fu n g ic id es  

tested  in  the la b  against C olletotrichum  sp. attacking 

c h i l l i e s . Captan, Bordeaux m ixture, D ith a n e-z -78 

and B lito x -5 0  in h ib ite d  growth o f  the pathogen 

com pletely .

F ie ld  stu d ies

Only very  few  workers had attempted t o  co n tro l 

the fungal d isease o f  pepper by fu n g ic id a l spraying.
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Bao (1926) observed that Bordeaux mixture one 

per cent was very  e f fe c t iv e  in  c o n tr o llin g  the 

'p o llu *  d isease  o f  pepper. Sundararaman (1928) made 

an attempt to  f in d  out a su b stitu te  f o r  Bordeaux
nevtiie.y

mixture and found th at /.Burgundy mixture nor sulphur 

proved equal to  Bordeaux m ixture. Based on the same 

t r ia l s  -with Bordeaux m ixture conducted by Thomas 

and Menon (193?) j found that the d isease have been 

found to  co n tro l the fungus and in s e c t  'p o l lu ' and 

they a lso  observed that May + October spraying gave 

b e tte r  r e s u lts  than May spraying over c o n t r o l .  Rueh 

(1976) reported  that Benlate 0 .02  per cent and

0.0*4- per cen t a i  topsin-M  (0 .0 2  per cen t a i )  and 

Gercobin (0 .0 2  per cent a i )  increased  green berry  

y ie ld ,  spike length  and t o t a l  number o f  b e r r ie s  per 

sp ike and reduced the number o f  b lack  spots per 

b e r r y .

Working on anthracnose d isease o f  b e t e l  

vine, Dastur (193?) reported  good co n tro l o f  the 

d isease by spraying Bordeaux m ixture. Bertus (19*4-2) 

reported  that stem and leaf* d iseases o f  two Indian
- ' . 4

v a r ie t ie s  o f  F iner b e t le  caused by  Ĉ , p jp e r is  cou ld  

be co n tro lle d  by spraying the vines with c o l lo id a l
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copper. Chowdery (19*+5) obtained good co n tro l 

o f  Gloeosnorium le a f  sp ot o f  b e t e l  v in e  by clean  

c u lt iv a t io n , d estru ction  o f  dead re fu se  and by 

spraying the p lan ts -with 2 -2 -50  Bordeaux mixture 

or pesfenox, H aiti e t  a l .  (1978) in  a f i e ld  experiment 

found that a p p lica tion  o f  Ziram or Carbendazim at 

15 days in te rv a ls  s ig n i f ic a n t ly  reduced the in te n s ity  

o f  b e te l  v ine l e a f  sp ot symptoms caused by 

C o lie  to  trichuni spp. Further stu d ies by (M aiti e t  a l . , 

1978) with e igh t fu n g ic id e s  on Finer b e t ie  showed 

th at B avistin  (Carbendazim), Benlate (benom yl),

Cuman and K itazin  cou ld  e f f e c t iv e ly  co n tro l 

C olletotrichum  c a n s ic i .

Ihere are severa l reports about the usefu ln ess 

o f  fu n g ic id es  against d iseases caused by Col.1 etntrichum 

spp. on other drops. Shear (1926) observed that 

good r e s u lts  were obtained in  the c o n tro l o f  b i t t e r  

r o t  o f  green apples ( Glom erella c in g u la ta ) by the 

a p p lica tion  o f  Bordeaux mixture beginning a fo r tn ig h t  

a f t e r  the blossom . Simmonds (1933) reported  that brown 

spot (C olletotrichum  g lo e o s n o r io id e s ) o f  Emperor mandarin 

may be c o n tro lle d  by spraying with Bordeaux mixture 

(3 -2 J + 0 ). Anonymous—(~l9lK)-)- repon ted -th at C ontrol o f  

Papaw anthracnose (C olletotrichum  g lo e o s n o r io id e s ) was
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obtained by spraying the f r u i t s  a t 1*+ day in te rv a ls  

beginning in  November with Bordeaux mixture ( * f - 50) ,  

Cuprocide 51* or Cuprocide 5^lC^non' 1Q40).

Yenkatakrishniah (1952) found that the
CraL.) SheUu-

spread o f G lom erella p s i d i i /on apple, c h i l l i ,  S itru s, 

a u r a n t ifo lia ^ "Si§ngo. papaw, banana and tomato in  the 

e a r ly  stages o f  in fe c t io n  was c o n tro lle d  by three or

fo u r  sprayings with, Bordeaux mixture one per cent or.
1

lim e sulphur (one in 25) a t 15 day in te rv a ls . Singh 

and Prasad (1966) reported  that organic fu n g ic id e s  were 

more e f f i c i e n t  in  the c o n tro l  o f  anthracnose o f  

D ioscorea  a la ta  than in organ ic fu n g ic id e s . He 

observed th at Zineb and Ferbam sprayed at 10 days 

in te rv a ls  cou ld  co n tro l the d isease upto 69 and 61 

per cent r e s p e c t iv e ly . Tandon and Singh (1968) found 

that mango anthracnose cou ld  be co n tro lle d  by spraying 

the trees w ith Zineb or Bordeaux m ixture, h ;h :5 0 , In 

a spraying experiments aga inst stem anthracnose o f  

lim a bean^ Chambers (1968 ) found that Manzate 

(Manganousethylene b iz  d ith io -ca rb a n a te ) Manzate D 

(Manzate + Z in c) Folysan (Z inc polyethylene thiuram 

d isu lph ide com plex) D ifo la ta n  (C is -N -(1 ,2 ,2 ,  te t ra ch lo -  

ro e th y l t h i o ) - 1* cycloh exen e-1 ,2  Dicarbomimide and
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D aenoil 2787 te tra ch lo ro is o p h th a lo n itr ile  could 

gave e x c e lle n t  co n tro l and increased  y ie ld s  by 

more than 100 per cent o f  the c o n t r o l .  Kim (1972) 

observed that b e s t  co n tro l o f  G lom erella c in gu la ta  

in  grape vine was given by A ntracol app lied  every 

10 days from la te  May to  mid August fo llow ed  by 

B enlate. Madaan and Grover (1980) reported  b est 

c o n tro l o f  anthracnose o f b o t t le  gourd w ith 

D ifo la ta n . Dithane Dithane> Z-78 and Fylolan

sprayed in  combination w ith BJtalux and Rogor were 

not e f f e c t iv e  in  c o n tr o ll in g  the d isease  (Anonymous, 

1975). Karan e t a l . (197?) obtained e f f e c t iv e  

c o n tr o l  o f  Ch g lo e o so o r io id e s  d isease o f  C itrus sp. 

with A ntracol.

Brooke (1977) found th at spraying the apple 

trees  w ith C aptafol e a r ly  in  summer reduced the 

amount o f  f r u i t  in fe c t io n  In apple that developed 

two months la te r  and i t  was suggested that th is  was 

due to  reduction  o f  primary inoculum, the saprophytic 

phase o f  Gh_ cin gu la ta  in  the tteees. Navarro and 

Puserto (1978) in th e ir  f i e l d  studies w ith Dithane M-22, 

D aconil 2787, Benlate and D ifo la ta n  observed that 

c o n tro l  o f  anthracnose d isease (C. 1 indemuthianum) 

o f  bean was obtained with Benlate and D ifo la ta n .
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Khanna and Chandra (1978) observed In
Llrtn-

lab  te s ts  w ith detached lea v es  o f  Rosa ln d ica ^the 

b e s t  co n tro l o f  CL c in gu la ta  causing l e a f  spot o f
IL) Nees & EbtiYm.

Rosa in d iea  and Cinnamomura camphora was given by
' A

D ifo la ta n  80 W (C a p ta fo l) and Benlate (Benomyl) 

which are recommended f o r  use in  the f i e l d .  

Sivaprakasam e t  a l .  (1978) found that b e s t  re su lts  

aga in st (L_ ca n s ic i  on Capsicum were obtained w ith 

Dithane M-^5 (Mancozeb) a t  2 kg per ha. and D ifo la tan  

(C a p ta fo l) at one kg. app lied  fo u r  times at three 

weeks in te rv a ls  from i n i t i a l  appearance o f  d isease 

symptoms, y ie ld  was markedly in creased .

Chung and Bae (1979) in  th e ir  f i e ld
CoH<atatTie.hum

stu d ies aga inst Gursery anthracnose ( /  p a n a c ico la ) 

with in ocu la ted  p la n ts , the b e s t c o n tro l  o f  

C .pan acico la  was given  by D ifo la tan  fo llow ed  by 

Maneb, Zineb, Captan and Pholtan (F o lp e t ) . Schroeder 

and F ortes (1979) in  th e ir  f i e l d  t r i a l s  aga inst 

G .c in g u la ta . (b i t t e r  r o t  o f a p p le ), c a p ta fo l ,  dithanon, 

gave the h est co n tro l o f  f r u i t  r o t .  Raju e t a l .

(1979) in  th e ir  f i e l d  t r i a l s  over three years 

aga in st c h i l ly  f r u i t  r o t  reported  that Captan and
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D ifolatan  (C a p ta fo l) -were the most e f f e c t iv e  

fu n g ic id e  in  co n tro llin g  G .c a p s ic i  on Capsicum 

fo llow ed  by Dithane M-U;? (Mancozeb). Ghauhan e t  a l ■

(1980) in  th e ir  f i e l d  study on hagenaria s ice ra e ia  Ser. 

(b o t t le  gourd) aga inst lagenarlum b e s t  co n tro l 

was achieved with D ifo latan  (C a p ta fo l) fo llow ed  

by B avistin  and Benomyl. Madaan and Grover ( 19 8 0 ) 

reported  th at l e a f  anthracnose o f  b o t t le  gourd was 

c o n tro lle d  by f i e l d  spraying w ith D ifo la tan  

(^Captafol).
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MATERIALS AND METHODS

Location  o f  the experiment

The stu d ies  connected w ith th is  experiment 

were conducted at the Pepper Research S ta tion , 

V ellan lkkara, Trichur attached to  the C ollege o f  

H orticu ltu re .

P lants used

The e n tire  work on the fungal 'p o l lu ' d isease 

o f  pepper was conducted on three year o ld  pepper 

(P iper nigrum L) p lants o f  v a r ie ty  Panniyoor-1. The 

p lants were grown under uniform con d ition s  o f  growth 

in  the f i e l d  as per the package o f  p ra c t ic e  recommen­

dation s (Anonym, 1978).

I s o la t io n  and p u r if ic a t io n  o f  fungus

The fungus causing the 'p o llu *  d isease  o f  

pepper was Iso la te d  from the in fe c te d  parts o f  the 

pepper v ines using standard is o la t io n  techniques 

(H iker and R ik er, 193&). Pure cu ltu re  o f  the pathogen 

was maintained an the p ota to  dextrose agar medium 

and used f o r  in  v it r o  s tu d ies .
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In ocu la tion  studies

In ocu la tion  on le a v e s , v in es , spikes were

done.

Weather

Continuous record ing  o f  temperature and 

hum idity was ca rried  out using a s e lf -r e c o rd in g  thermohy- 

grograph in s t a l le d  in  the Pepper Research S ta tion , 

V ellanikkara. The data on the to t a l  r a in fa l l  were 

recorded using, a standard ra in  guage.

E p id em iolog ica l studies

The ep id em io log ica l stu d ies were started  

during the f i r s t  week o f  January, 1978 and continued 

upto the end o f  December, 1979. In order to  study the 

time o f  in fe c t io n  and development o f  d ise a se , f i f t y  

standards each having two v in e s , were randomly se le cted  

from a compact p lo t .  A ll  the observations f o r  the 

study were taken from th is  f i f t y  standards.

Leaf in fe c t io n

On each vine the youngest p h y s io lo g ic a lly  

a c t iv e  le a f  (th ird  f u l l y  developed l e a f  from the bud) 

was tagged. Along with th is j a l l  the in fe c te d  leaves



25

on a v ine were a lso  tagged. These lea ves  were 

observed at fo r tn ig h t ly  in te rv a ls  t i l l  the leaves 

-were shed. The fa l le n  le a v e s  were brought to  the 

la b ora tory  and only the lea v es  in fe c te d  with 

G olletotrichum  g loeosp or lo id e  s were taken in to  

con s id era tion . The observations were continued fo r  

a p eriod  o f  21* months. A ll  the leaves produced during 

th is  period  were observed f o r  new in fe c t io n s  and 

development o f  le a f  spots.

The in te n s ity  o f  l e a f  spot in fe c t io n  was 

graded using a score card having f i v e  grades ffom  zero 

to  f iv e  (P late  J ) .  A ll  the leaves o f  the se le cted  

p la n ts  were graded f o r  the in te n s ity  o f  d isease  and 

the d isease index was ca lcu la te d  using m odified  

Mekinney’ s sca le  (Me Kinney, *1923).

D isease index  = Grade x  number o f  leaves
Total number o f  leaves

Spike in fe c t io n

In order to  determine the p e d ice l in fe c t io n , 

the fa l le n  spikes from each vine were c o l le c t e d  from 

the ground a t three days in te rv a l.

100'"'

Maximum 
disease score



P late 1. Score card f o r  grading the in ten s ity  o f  
l e a f  spot in fe c t io n  o f  "fu n ga l p o llu "  
d isease o f  pepper

Grade In ten sity  o f
In fection

0 Healthy (No in fe c t io n )
1 1 - 2  le a f  spots
2 3 -  If »• «

3 5 -  6 “  "
b 7 -  8 " «

5 se00A
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The spike shedding in  pepper i s  mainly due 

to  two fa c to r s  v i z . , p a th o lo g ica l and p h y s io lo g ic a l.

The spike shed due to  p h y s io lo g ic a l reasons shows 

c a llu s  form ation  at the t ip  o f  the p e d ice l and the 

p e d ic e ls  have pale  green to  yellow ish  co lo u r . The 

basa l end o f  the p ed ice l o f  the spike shed due to  the 

attack o f  the G olletotrichum  g loeosn or io id es  never 

form s c a llu s  and there w i l l  be b lack  ro tten  area on 

the p e d ic e l ,  gen era lly  at the basal end. These chara­

c te r s  were used f o r  ca te g o r is in g  the shedding in to  

non-pathogenic and pathogen ic.

This study was conducted f o r  two years from 

January 1978 to  December 1979- At the time o f 

h a rv est, the t o t a l  number o f  spikes per v ine was 

estim ated and the ra ch is  in fe c te d  spikes were separated. 

The percentage o f  pathogenic spike shedding was then 

ca lcu la te d  from the form ula.

S : n£ M f c! - 100 * Mumber °f 81,1116  s h e a
In fe c tio n  “  d”6 to  In fe ctio n

(p a th ogen ic ;
T ota l number o f  spikes produced
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Berry in fe c t io n

In order to  estim ate the percentage o f  berry  

in fe c t io n , the spikes showing berry  in fe c t io n  were 

tagged during both the years v i z . ,  1978 and 1979.

The development o f  the berry  in fe c t io n  was recorded at 

fo r tn ig h t ly  in te rv a ls . A fter  the h a rvest, the number 

o f  in fe c te d  b e rr ie s  was counted.

F i f t y  spikes c o l le c t e d  at random from each 

standard were thragshed separately  and the b err ie s  

counted in  order to  work out the average number o f 

b e rr ie s  per spike fo r  each vine per h a rv est. To f in d  

out the percentage o f  berry  in fe c t io n  the fo llo w in g  

form ula was used.

Percentage o f  fi 100 x t o t a l  number o f b e rr ie s  
berry  in f e c t i o n 0 ~ in fe c te d

Total number o f  spikes x average 
number o f  b e rr ie s  per spike

F u n gicida l stu d ies 

Bioassay

Bioassay stud ies were conducted using seven 

fu n g ic id es  by poison  food  technique (Zentmayer, 1955) 

t o  f in d  out the e ffe c t iv e n e s s  o f  these fu n g ic id es  

aga inst C. a lo e o sp o r io id e s -. A ll  fu n g ic id es  except
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Bordeaux m ixture were t r ie d  at f i v e  con cen tra tion s , 

v i s - ,  100, 2^0, 500, 1000 and 2000 ppm w hile Bordeaux 

mixture was t r ie d  only at one per cent concentration .

The trade name and a ctiv e  in g re fd ln ts  o f  the fu n g ic id es  

used are given  below :

1. Antracol Zinc -  p ropylene-b is-d ith iocarbam ate

2. Fycop A. b-0% copper oxych loride

3- Bayleton 1-C^-Chloro-phenoxy) - 3 ,  3 -d im ethyl-1-

(1-H -1 , 2, b  -  tr la s o l-1 -y l) -2 -b u ta n o n e  

D ifo la tan  N-1, 1,2 ,2 -te tr a c h lo r o e th y l  th io -c is - l f

cyclohexene -1 ,  2-dicarboxim ide 

(C a p ia fo l)

5 . DitIahne^Z-78 75% ethylene b is-d ith iocarbam ate

6. Z irid e  Zinc dim ethyl dithiocarbam ate

7 .  Bordeaux mixture B asic copper sulphate

F ie ld  stu d ies

The fu n g ic id es  which showed more than s ix ty  

per cent in h ib it io n  o f  the fungus during in  v it r o  

stu d ies v i z , , A ntracol, B ayleton, Bordeaux mixture and 

D ifo la tan  were se le cted  f o r  the f i e l d  s tu d ie s .

The pre-treatm ent observations were taken one 

day be fore  the f i r s t  spraying and subsequent observations
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were taken one month a fte r  each spray, i * e . ? one day 

p r io r  to  the subsequent sprayings.

The in te n s ity  o f  the d isease on the le a f  was 

recorded one day b e fore  spraying. The observation  on 

the spike shedding due to  in fe c t io n  could  not be 

recorded  b e fore  the treatment since on ly sp ikes shed 

during three or fou r  days be fore  the spraying were 

a v a ila b le  f o r  observation , and i t  w i l l  not g ive  a c le a r  

p ic tu re  o f  the d isease in te n s ity . The b erry  in fe c t io n  

was observed only a fte r  the harvest in  order t o  make 

the observation  exhaustive.

The concentrations o f  the fu n g ic id es  used in 

the f i e l d  are as fo l lo w s :

1. A ntracol 0.1 per cen t

2 . Bayleton 0.01 per cent

3. Bordeaux mixture 1.0 per cent

U-. D ifo la tan  0 .2  per cent

Each treatment con s is ted  o f  s ix  standards 

(2  v in es /sta n d a rd ). Each standard rece ived  one l i t r e  

o f  spray f lu id  per a p p lica t io n . The fu n g ic id e s  used 

were sprayed using a rocker sprayer. In the untreated
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check p lo t s ,  water was sprayed instead  o f fu n g ic id e  

s o lu t io n . S u ff ic ie n t  cadre \*as taken to  avoid  the 

d r i f t  o f  the spray f lu id .  A ll  the p lants rece ived  

three fu n g ic id a l sprays at monthly in te rv a ls  sta rtin g  

from the second week .of July 1979.

S t a t is t ic a l  an a lysis

The s t a t i s t i c a l  an a lysis  o f  the data on per cent 

in h ib it io n  o f  growth o f  C olletotrichum  g loeosp orio id es  

by poison  fo o d  technique with d if fe r e n t  concentrations 

o f  fu n g ic id es  a fte r  e igh t days incubation  was made 

from the r e s u lt  o f  the b ioassay  studies in  s o l id  medium 

accord ing t o  the method suggested by Federer (195£).

The data were transform ed to  angles by using 

the inverse  sine  transform ation given by Sin

where O' i s  the angle corresponding to  the per cent p . 

The v a r ia tio n s  between fu n g ic id es  and between concen­

tra t io n s  w ithin fu n g ic id es  were evaluated and tested  

f o r  s ig n if ic a n c e .

Data to  determine the comparative e f f i c a c y  

o f  d if fe r e n t  fu n g ic id es  in  the con tro l o f  ’ p o l lu ’ 

d isease  o f  pepper during each observation  were analysed 

by implying the analysis o f  variance technique o f  

randomised b lock  design .
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The o v e ra ll  Increase in  d isease index during 

the e n tire  p eriod  o f  observation  was ca lcu la te d  and 

the r e su lt in g  observations were analysed s t a t i s t i c a l ly  

to  measure the e f f e c t s  o f  d i f fe r e n t  fu n g ic id es  on the 

d isease in te n s ity . The average y ie ld  per p lo t  was 

a ls o  recorded and su b jected  to  s t a t i s t i c a l  a n a lys is .

The in flu en ce  o f  \jeather parameters on the 

in te n s ity  o f  the d isease was determined by working out 

the simple c o rre la tio n  c o e f f i c ie n t s .



*



RESULTS

Symptomatology

The pathogen causing anthracnose d isease 

o f  pepper (Fungal 'p o l lu ’ ) was found to  In fe c t  a l l  

parts o f  the pepper v in e , excep t roo ts  and w ell 

matured stems and branches. The symptoms produced 

on le a v e s , tender sh oots, p e d ice l o f  the sp ik es, 

threads o f  the spikes and immature and mature b err ies  

were d i f fe r e n t .  D etailed observations on the sympto­

matology o f the disease on d if fe r e n t  parts o f  the 

v in e  are g iven  below :

Leaves

The pathogen u su a lly  attacked p h y s io lo g ic a lly  

a c t iv e  and matured leaves and tender lea v es  were fr e e  

from in fe c t io n . On le a v e s , the i n i t i a l  symptom 

observed in  the in fe c t io n  cou rt was a c h lo r o t ic  speck. 

This c h lo r o t ic  speck turned dark brown in co lo u r  w ithin 

two days (P late  T[&, ) .  Under dry con d ition s  th is  speck 

enlarged in  an ir r e g u la r ly  c ir c u la r  fa sh ion  with a 

d e f in ite  dark brown margin (P late  f i b ) .  The w e ll matured



P late  I la Dark brown spot on the l e a f  in fe c te d  with 
the fungus

P late l i b  Leaf spot showing d e f in it e  dark brown margin
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spots under dry con d ition s were c ir c u la r  to  

ir r e g u la r ly  c ir cu la r  in  shape, measuring 0 .2  mm to  

20 mm in  diam eter. The h o lo -n e c r o t ic  area o f  the 

spots v:as s l ig h t ly  depressed and was ashy white to  

papery white in  co lo u r . The a cervu li o f  the 

pathogen cou ld  be seen on both  sides o f  the l e a f .

They were, however, more abundant on the upper 

su rfa ce . The h o lo n e cro tic  area was surrounded by 

dark colou red  p le s io n e c r o t ic  area which was e n c irc le d  

by a dark co lou red  ra ised  margin. Development o f  

the spots was very slow and no pronounced halo  could 

be seen around the sp ots . Under th is  con d ition  

shedding o f  in fe c te d  leaves u sua lly  d id  n o t take 

p lace  (P late 11C ).

Under humid m oist con d ition s  the l e a f  spots 

enlarged qu ick ly  and atta in ed  20-^0 mm in  diameter 

w ithin a week. The h o lc Q ie c ro t ic  area o f  the spots 

under humid m oist con d ition s  was n ot much depressed 

and was ashy white in  c o lo u r . F r u c t i f ic a t io n s  o f  

the pathogen were more under humid m oist con d ition s .

The h o io jn e c r o t ic  area was surrounded by dark coloured  

p le s io n e c r o t ic  area w ithout a d e f in ite  margin which 

was in  turn surrounded by a b r ig h t yellow  h a lo  (P latelld ).



P late l i e  Leaf spot showing papery white h o lo n e cro tic  
area surrounded by dark colou red  
p le s io n e c r o t ic  area

P late I  Id Leaf spot shoving b r ig h t yellow  halo



The in fe c te d  leaves u su a lly  shed within 10-11? days, 

under m oist co n d itio n s .

Tender shoots

The pathogen ra re ly  attacked tender shoots.

The i n i t i a l  symptom observed on tender shoot was the 

same as that on l e a f .  The c h lo r o t ic  specks on 

tender shoots turned dark brown and enlarged lo n g itu d i­

n a lly  and measured upto h- 5 cm in  length . D e fin ite  

margin and ha lo  were not observed around n e c r o t ic  

area (P late 111 ) .  When the in fe c t io n  spread, a l l  

around, the young shoots got d ried  above the in fe c te d  

reg ion .

Spikes

The pathogen in fe c te d  d if fe r e n t  parts o f  the 

sp ike, namely, p e d ic e l,  rad ios  and immature and 

mature b e r r ie s .

P ed ice l

The pathogen attacked the p e d ice l o f  the 

young sp ik e , which resu lted  in  shedding o f the sp ik es. 

The i n i t i a l  symptom observed on p e d ice l was s im ila r  

to  that observed on leaves and young shoots (P late  IV ) .



.ate I I I  In fected  tender shoot showing dark brown spot

Plate IV Spike showing pedicel infection



The spike shedding due to  p h y s io lo g ica l and patho­

l o g i c a l  reasons can e a s ily  he d istin gu ish ed  on the 

h a s is  o f  c a llu s  form ation a t the base o f  the sp ik e ' 

p e d ic e l.  In the case o f  spike shedding due to  

p h y s io lo g ica l reasons, c a llu s  form ation a t  the base 

o f  the spike p e d ice l i s  the c h a r a c te r is t ic s  symptom 

whereas no such ca llu s  form ation was observed in  

the case o f  spike shed due to  fungus in fe c t io n . The 

fungus in fe c te d  p ortion  was found to  be ro tten  and 

dark in  co lo u r . P ed ice l in fe c t io n  was not observed 

on mature sp ik es.

Rachis

Rachis' in fe c t io n  u su a lly  occurred when the 

b e rr ie s  were h a lf  matured. The i n i t i a l  symptom 

o f  rach is in fe c t io n  was n ot observed in  the f i e l d .  

As a r e s u lt  o f  in fe c t io n , a l l  the b e r r ie s  below  the 

in fe c te d  p o rt io n  dried  and became dark co lou red . 

These d ried  and sh r iv e lle d  b e r r ie s  were l ig h t e r  

than normal b e rr ie s  and d id  not f a l l  o f f  from the 

spike (P late  \f ) .



V Spike showing rachis in fe e t io r

1. Rachis in fected  spike
2. Healthy spike



Immature b e r r ie s

The i n i t i a l  symptom on the b e rr ie s  was a lso  

In the form o f  c h io r o t ic  specks. These c h io r o t ic  

specks in  turn became dark brown w ithin two days.

These spots enlarged and the ^ io le  berry  became dark 

brown in  co lo u r . Later the b e rr ie s  became dried  and 

- s h r iv e lle d . But they were s t i l l  attached to  the 

s p ik e . . The in fe c te d  b e r r ie s  were very l i g h t  and le s s  

pungent (P la te  VI ) ,

Mature b e r r ie s

On the mature b e r r ie s  a lso  the i n i t i a l  

symptom was in the form o f  c ir c u la r  c h lo r o t ic  specks. 

These spots enlarged gradually  and the p erica rp  o f  

the b e rr ie s  became ro tten  and pulpy. U sually the 

r in d  o f  in fe c te d  b e r r ie s  cracked (P late  VII). However, 

even a fte r  in fe c t io n , the seed did  not g e t  in fe c te d  

but remained in ta c t . Due to  delayed In fe c t io n , 

the weight and pungency o f  b e r r ie s  were not c o n s i­

derably  reduced.

In ocu la tion  studies

When the le a v e s , v ines and spikes were
e

in ocu la ted  with C. gJgeosDorioides^ took in fe c t io n  and 

showed same symptom observed in  the f i e l d .



Plate VI Infection on immature berries (Early infection)

X -

Plate VII In fe c t io n  on mature b e rr ie s  (Late in fe c t io n



weather

The clim ate  o f  Vellanikkara was ty p ic a lly  

monsoonic con s is tin g  o f  two monsoons, South West and 

North E ast. The average annual r a in fa l l  o f  th is  area 

f o r  the l a s t  ten years (1970-1979) was 2865*5 mm, 

with an average o f  1875 ran during South West monsoon 

p eriod  and 6^1.8 ram during North East monsoon p eriod .

The number o f  ra iny  days ranged from 69 to  90 

during South West monsoon and 33 to  62 during the 

North East monsoon. The annual maximum day temperature 

f o r  the la s t  ten years was *f0.1°C, recorded  during 

the month o f  March and the minimum was 18A °C , recorded 

during the month o f  January. The maximum and minimum 

values o f  r e la t iv e  hum idity recorded during these 

years were 100 and 57A  per cen t, r e s p e c t iv e ly . The 

maximum r e la t iv e  hum idity was observed during the 

peak p eriod  o f  South West monsoon, u su a lly  in  June/July 

and the minimum r e la t iv e  humidity was observed during 

January. The c lim a tic  con d ition s  during the p eriod  

in  vhich the study was conducted (1978-79) are given 

below :

R a in fa ll

The t o t a l  r a in fa l l  and number o f  ra iny  days 

had profound in flu en ce  on the growth and y ie ld  o f



pepper. R a in fa ll  a lso  In flu en ced  the h u ild  up and 

spread o f  inoculum o f  the pathogen.

The t o t a l  r a in fa l l  recorded during 1978 was 

3 18 8  mm, rece iv ed  in  1 5 3  ra iny  days, w hile during 

1979* 2995*3 mm was rece iv ed  in 1*4-0 days (Table 1 ).

In 1978, South West monsoon sta rted  during 

the second fo r tn ig h t  o f  May and resu lted  in  2530*8 mm 

o f  ra in  in  99 ra iny  days. In the same year during 

the Worth East monsoon p eriod  there was 3 8 2 .*4- mm o f 

r a in fa l l  in  1 8  rainy days.

In 1979j South West monsoon sta rted  in  June 

and 2115*1 mm o f  ra in  was recorded  In 69 ra iny  days. 

During Worth East monsoon, 6^5 mm o f  r a in fa l l  was 

obtained in  51 days. The r e s t  o f the r a in fa l l  was 

rece ived  during the o f f  season.

Temperature

Temperature Is  another important fa c t o r  

which governed the growth, development and d i s t r i ­

bution  o f  the h ost as w e ll as the pathogen. The 

low est temperature g en era lly  occurred between 

December and January (20.*f°c in  1978  and 21.*4-°C in



Table 1. C lim atic  data o f  V ellan ikkara, 1978 and 1979 
fo r t n ig h t ly  recorded

R a in fa ll
S I.H o­
o f  the 
f o r t ­
n ig h ts

P eriod
Temperature R e la t iv e  humi- 

 ______________  d it v  #
Ho. o f  
rainy 
days

R a il
in
mm

max. min, max. min

1 2 3 if 5 6 7 8

1 1—1— 78 to Ilf—1— 78 31.7 21 A 79.8 60.22 15-1— 78 to 28-1— 78 - - 32.0 20A 76.5 6 1 .03t 29- 1 - - 7 8 to 11-2— 78 - - 33.6 ' 22 A 80.2 60.112-2—78 to 25-2— 78 2 if0.3 3^.6 22.1 90.0 68.25 26-2— 78 to 11-3— 78 - — 35 A 25.2 79.0 66.36 12-3—78 to 25-3— 78 1 O.if 35 A 25.7 90.0 6 7 .77 26-3—78 to 8—if— 78 2 lif.8 35.7 26.6 92.5
t 9 1

Tif.O8 9— —̂ 78 to 22-if— 78 2 6.7 35 A 26.3 92.0 70.09 23-if—78 to 6—5— 78 If 26 A 35.5 26 A 89.0 78.710 7—5—78 to 20—5-78 6 66.if 33-5 25.1 93.0
r w  * 1 

80.111 2 1 - 5—78 to 3— 6— 78 11 366.2 30.2 2if.1 98.0 901012 if— 6—78 to 17—6-78 A 397-1 28 .1 22.2 99-5
/  v  f u
93.113

. i 18-6— 78 to 1— 7— 78 13 307.if 28.8 22.8 98.5
/ J *  ■

91.7 
91.0

A 2—7— 78 to 15— 7-78 13 if38.6 28.0 22.7 99.515 16-7— 78 to 2 9 -7 -7 8 A 298.7 28.7 23-1
/  /  -  y

98.5'
/  1 •  u

89.7

(Continued) co,
t o -



^gLble 1 . (Contd. )

1 2

1 6 3 0 -7 - -78. to 1 2 - 8- -78
17 . 1 3 - 8-.-78. to 26—8—’-78

1 8 2 7 - 8- -78 to 9 - 9 - -78
19 1 0 -9 - -78 to 2 3 -9 - -78
20 ; 2M--9--78 to 7- 1 0 - -78
2 1 8- 1 0 - -78. to 2 1 - 1 0 - 7 8
22 , 22 - 10 - 78 ' to if-11— 78
23 5 -1 1 - -78 to 1 8 - 1 1 --78
2U- 19-11--78 to 2 - 1 2 - 7 8
25 .3 -1 2 - -78. to 1 6 - 1 2 - 7 8
26 17-12-78 to 30- 1 2 - 7 8
27 .31-12-78 to 1 3 -1 " -79
28 1 ^.-1 —-79 to 2 7 -1 - -79
29 28- 1 —-79 to 1 0 - 2 - -79
30 1 1 - 2—-79 to 2*f-2 ~ -79
31 2 5 - 2 - •79 to 1 0 - 3 - -79
32 11-3—■79 to 2 ^ -3 - -79
33 2 5 - 3 - -79 to 7—1f - -79
3V 8— if— 79 to 0 1 -^ --■79
35 2 2 -if—-79 to 5 - 5 - -79

3 if 5 ~ 6 7 8

1 1 2 8 0 .0 2 8 .8 2 3 . 2 98 .0 91-9
1 V 2 2 1 .If 2 8 .6 2 2 . 8 99.0 89 .5

9 2 2 1  ,b 30.3 25-5 92 .9 8 1 . 0
7 ■ 30 .9 3 1 . 6 2 5 . 6 90.5 75 A
9 3 8 . 8 31 .*+ 25.1 92 .0 75 .5
5 53.9 33.2 2 6 . 1 95-9 76.0
7 6 1 . 0 3 2 . 8 27.0 95.2 7 b .5
if 2 2 b .h 32.5 26 .7 93.0 8 0 .7
2 > 3 .1 33 .3 2 6 .8 9 0 .0 72.2
- . - 33 .3 2*f. 2 90.0 70 .5
3 ^ 3 .9 32 .9 2 3 . 8 91.5 I b .o
- - 31.0 2 1  .If 8 6 ,8 6 3 . 2
- - 31 ;1 2 2 .8 86 .9 6 3 . 1
- - 3 2 . 0 2 3 . 0 88.6 6?.ib
if 2 2 .0 3^.6 2 6 . 1 9 1 . 0 7 3 .b

1 3 .2 3^.5 2 8 . 1 90 .0 6 6 ,5
- - 35 .6 29.1 91.2 6 9 .6
- - 37.0 2 9 .6 91.5 6 8 .0
3 37.7 37>b 29 i 6 93.0 6 9 ,6
2 3 8 . 8 37.1 3 0 . 1 95.6 8 0 .0

(Continued)

o



Table 1. (C ontd .)

1 2 3 b 5 6 7 8

36 . 6— 5— 79 to 20-5— 79 7 111.5 3 2 . 6 ' 2^ A 9 8 .0 9 1 - 0
37 21-5— 79 to 3— 6— 79 2 13-6 33.5 2 5 .0 96 .7 86 .0
38 . if— 6— 79 to 17-6— 79 9 231 .b 3 2 . 0 2 3 . 0 1 0 0 . 0 93 .0
39 18- 6— 79 to 31-7— 79 1 V 532.6 2 9 .0 2 2 .0 99.5 9^.5
ifO 2— 7— 79 to 15-7— 79 1 1*- 57^.5 29 .0 2 2 .0 99.0 9 2 .0
it-1 16-7— 79 to 29-7— 79 1 1 2 5 6 .^ 2 8 .0 2 3 . 0 9 9 .5 93 .5
k-2 30- 7— 79 to 12-8— 79 1 *f 385.0 29 .7 2 2 .0 96 .0 90 .0
^3 13-8— 79 to 26 -8— 79 7 135.2 3 1 . 0 2 3 .0 96 .0 90.0

27-8— 79 to 9— 9— 79 1 7 .8 3 1 . 0 2*f.O 9^.5 8 7 .0
10-9— 79 to 23-9— 79 1 1 92.^ 30^0 23.0 95.5 88 .5

b 6 2i f -9— 79 to 7-10— 79 9 119.7 3 2 . 0 2 3 .0 97.5 89.5
^7 . 8 -1 0 -7 9 to 21-10-79 7 8 5 . 1 3 2 . 0 2*f.0 9 6 .5 89 .0
hQ 22-10-79 to lf-11_-79 9 b $ .b 31 .0 23-6 96 .0 8 8 .0
b 9  . 5-11-79 to 18-11-79 7 1 0 5 . 8 32.5 25.1 97.5 89 .5
50 . 19-11-79 to 2 -1 2 -7 9 8 199.2 33 .3 25.5 98 .0 8 8 .0
51 3-12— 79 to 16-12-79 - - 31 .0 23.0 8 7 .0 72 .0
52 17-12-79 to 30-12-79 31.0 2 2 . 0 8 7 .0 6 5 .0



R lg.1 dim atic data of Vellanikkara 1978 and 1979



FO
R

T 
N

IG
H

T
S

-  RELATIVE HUMIDITY (  ° /, ) _ -



1979) (Table 1 ). The maximum day temperature was 

recorded between March and A p ril (35*7°C in  1978 

and 3 7 . i n 1979). The low est day temperature was 

n oticed  during South West monsoon p eriod  (28°C in  

both  the years under ob serv a tion ). In 1978, the 

minimum temperature was recorded in  the f i r s t  fo r tn ig h t  

o f  July and in  1979 the same was in  the second 

fo r tn ig h t  o f  Ju ly. F ortn ig h tly  averages o f  maximum 

and minimum temperatures f o r  the years 19 7 8  and 1979 

have been presented  in Table 1 and F ig .1 .

R e la tiv e  hum idity

The r e la t iv e  hum idity was very low  (60,1 to

68.0  per ce n t) during December to  A p ril and high 

(90 to  100 per cen t) during monsoon p er iod . During 

South West and North East monsoon periods the 

fo r tn ig h t ly  average minimum r e la t iv e  hum idity was 

above 70 per cent (Table 1 ) .

A d e ta ile d  c la s s i f i c a t io n  o f  the clim ate  

p rev a ilin g  in  V ellanikkara revealed  that there are 

s ix  w ell defin ed  periods in  a year, namely, warm dry 

p er iod , premonsoon p er iod , South West monsoon p eriod , 

monsoon break p er iod , North East monsoon p eriod  and 

c o b l dry p er io d .
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Warm dry p eriod

This i s  the h o t te s t  p eriod  o f  the year and 

i t  extended from the middie o f  February to  the 

f i r s t  week o f May in 1978. In 1979 th is  p er iod  

sta rted  s l ig h t ly  early  (in  the f i r s t  fo r tn ig h t  o f  

February), The fo r tn ig h t ly  averages o f  maximum 

temperature varied  from 35.^°C to  35«7°C in  1978 

and 3*+.5°g to  37.H°G in  1979* fo r tn ig h t ly  averages 

o f  minimum temperature ranged from 2 3 . 2 °C to  26,6°G 

in  1978 and 26.1°C to  30.1°C in  1979.

The t o t a l  numbers o f ra iny  days during th is  

p eriod  in  1978 and 1979 were n ine and ten r e s p e c t iv e ly . 

The to t a l  r a in fa l l  during th is  period  in  1979 (131.7  mm) 

was more than double o f  th at rece ived  in  1978 

(^8 .3  mm). This v a r ia tion  in  r a in fa l l  had i t s  e f f e c t  

on the r e la t iv e  humidity a ls o . The fo r tn ig h t ly  

averages o f  maximum r e la t iv e  humidity varied  from 79 to  

9 2 .?  per cent in  1978 and 90 to  95.8 per cen t in  1979, 

The same trend was a lso  n o ticed  in  the fo r tn ig h t ly  

averages o f  minimum r e la t iv e  humidity (Table 2 , F ig .2 ) ,

Pre-monsoon p eriod

This p er iod  was ch a ra cterised  by in term itten t 

ra in s , a gradual decrease in  temperature and an



Table 2* Weather data o f  V ellanikkara during the varm 
dry periods o f  1978 and 1979 ( fo r tn ig h t ly  
averages) ’

R a in fa ll  , Temperature R e la tiv e
- humidity %    \   ___

No. o f  F a ll
rainy in  max. min* max. min.
days mm

5 2 6 -2 - -78 to 11-.#3-78 «■ 35->+ 23*2 79.0 60 .3

6 12-3- -78 to 2 5 -3 - -78 . 1 o A o 35*5 25 .7 90.0 61 .7

7 26 -3 - -78 to 8—i f - -78 2 A  .80 35.7 26 .6 92A 66.0

8 9—if--78 to 22-U --78 2 6.70 35 26 .3 92.0 68 .0

9 23A - -78 to 6—-5 “ ‘-78 if 2 6 A 0 35*5 26 A 89.0 70.7

30 11 -2 - -79 to 2*f-2~-79 If 22 .0 A . 6 26.1 91.0 73 A

31 5 - 2 - -79 to 1 0 -3 - -79 1 3 .2 3^.5 28.1 90.0 66 .5

32 11 -3 - -79 to . -79 - tm 35.6 29*1 91.2 69 .6

33 2 5 -3 - -79 to 7— i’—<-79 - - 37.0 29 .6 91.5 68 .0

3^ 8—*f--7 9 to 21-*f- -79 3 37.7 37 A 29.6 93.0 69 .6

35 22-A--7 9 to 5 - 5 - -79 2 38 .8 37.1 30.1 95.6 80.0

S I. No. 
o f  the 
f o r t ­
n igh ts  .
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increase in  hum idity. Among the s ix  d i f fe r e n t  

p e r io d s , th is  con stitu ted  the sh ortest s p e l l .  

Pre-monsoon p eriod  extended f o r  a p eriod  o f  one 

fo r tn ig h t  from  the f i r s t  week o f  May in  19 7 8  and 

two fo r tn ig h ts  from the f i r s t  week o f  May in  1979.

The maximum average temperature during 

pre-monsoon p er iod  o f  1978 was 33»5°C and the 

minimum 25.1°C . The corresponding values f o r  1979 

were 32.6°C to  33«5°C and to  2£>°C r e s p e c t iv e ly .

The r e la t iv e  humidity showed much v a r ia tio n  during 

th is  p eriod  because o f  in term itten t r a in fa l l .  In 

1978, the maximum average r e la t iv e  humidity was 

93 per cent and the minimum 75.1 per cen t, w hile in  

1979 the maximum ranged from 9 6 .7  to  98 per cent 

and the minimum from 86 to  91 per cen t. In 1978,

66 . 1+ nau o f  r a in fa l l  was re ce iv ed  in  s ix  days compared 

t o  1 2 5 . 1  mm o f  r a in fa l l  rece ived  in  nine days in  

1979 (Table 3 ) .

South West monsoon p eriod

South West monsoon was ch a ra cterised  by 

heavy r a in fa l l  and near saturation  values o f  r e la t iv e  

hum idity. The v aria tion  in  average fo r tn ig h t ly



Table 3 . Pre-monsoon p eriod  in  V ellanikkara -  1978 and 1979
(fo r tn ig h t ly  averages)

SI.Ho. R a in fa ll  Temperature R ela tive

Ho, o f  F a llni.§li uS r^liiy in  insor* mliio ni3 «̂ no.Ha

o f  the P e r i o d _____________________________________ hun ld ity
Ho, o f  Fa] 
rainy ' in  
days mm

10  7— 5— 78 to  20-5— 78 6 66.1+ 3 3 . 5  , 2 5 . 1  93.0 75.1

36 6— ? — 78 to  20-5— 78 7 111.5 3 2 .6  2b .k  98 .0  9 1 . 0

37 21-5— 79 to  3— 6— 79 2 13.6 33.5 25 .0  96.7 86.0



values f o r  maximum arid minimum r e la t iv e  hum idity 

was con siderab ly  narrow during th is  p er io d . The 

South West monsoon started  during the end o f  th ird  

week o f  May in  1978 w hile in  1979 i t  commenced in  

the f i r s t  week o f  June, In 1978, the monsoon p eriod  

extended f o r  110 days with 99 rainy days. In 1979» 

i t  was spread over 80 days w ith 69 rainy days. The 

v a r ia tio n  in fo r tn ig h t ly  maximum temperature was 

from 28 * 0°C to  ‘3 0 ,3°C in  1978 and 28°G to  32°G in  

1979. The minimum temperature varied  from 22.2°C to  

25.5°C and 22.0°C to  23.0°C in 1978 and 1979, 

r e s p e c t iv e ly . The maximum fo r tn ig h t ly  average 

r e la t iv e  hum idity ranged from 9 2 .9  to  99.5 per cent 

in  1978 and 98 t o  100 per cent in 1979. The minimum 

r e la t iv e  humidity ranged from 81 to  93-1 per cent 

in  1978  and 90 to  9^.5 per cen t in  1979 (Table b  

and F ig . 3 ) ,

Monsoon break p eriod

Tiiis p eriod  i s  ch a racterised  by sudden 

redu ction  in  r a in fa l l ,  s l ig h t  increase in  maximum 

and minimum temperature and reduction  in  maximum and 

minimum r e la t iv e  humidity in  both the years under 

observation . In 1978, the monsoon break p eriod
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Table l+. South West monsoon p eriod  in  V ellan ikkara -  
1978  and 1979 ( fo r tn ig h t ly  averages)

R a in fa ll  Temperature R elative  humi-
Sl.H o. d lty  $
o f  the Period
f o r t -  Wo. o f  F a ll
n igh ts rainy in max. min. max. min.

days mm

1 1 21-5— 78 to 3— 6— 78 1 1 . 3 6 6 .2 30.2 2it, 1 98.0 90.0
1 2 if— 6— 78 to 17 -6— 78 1 *f 397.1 2 8 . 1 2 2 .2 99.5 93.1

13 1 8 - 6— 78 to 1 — 7— 78 13 30 7 .h 2 8 .8 2 2 . 8 98.5 91.7
2— 7 — 78 to 15-7— 78 13 H3 8 .6 2 8 .0 22 ,7 99.5 91.0

15 1 6 - 7— 78 to 29- 7— 78 1 *t 29 8 .7 28.7 23.1 98.5 89 .7
16 30*7— 78 to 1 2 - 8— 78 1 1 280 .0 2 8 .8 2 3 . 2 98.0 91.9

17 1 3 - 8— 78 to 26- 8— 78 2 2 1 .lt 28 .6 2 2 . 8 99.0 89.5
18 27 - 8— 78 to 9— 9— 78 9 2 2 1 .lt 30.3 25 .5 92.9 8 1 . 0

38 if— 6— 79 to 1 7 -6 -7 9 9 231.lt 3 2 .0 2 3 . 0 10 0 .0 93.0

39 18-6— 79 to 1— 7— 79 1 »f 532.6 29 .0 2 2 .0 99.5 9^.5
bo 2— 7— 79 to 1 5 - 7— 79 1*t 57^.5 29 .0 2 2 ,0 99.0 9 2 .0

Vi 1 6 - 7— 79 to 29-7— 79 1 1 2 5 6 A 28 .0 2 3 . 0 99.5 93.5
b2 30 - 7— 79 to 12-8— 79 lb 385.0 29.7 2 2 . 0 96.0 90.0

b3 13-8— 79 to 26- 8— 79 7 135.2 3 1 . 0 2 3 . 0 96.0 90.0
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la s te d  only f o r  two fo r tn ig h ts  -with 16  ra iny  days 

and 69.7 mm r a in fa l l .  But in  19799 th is  p eriod  

was on ly  f o r  one fo r tn ig h t  w ith a s in g le  ra in y  day 

o f  7 , 8  mm r a in fa l l .  There was no marked v a r ia tion  

in fo r tn ig h t ly  average maximum and minimum temperatures 

in  1978 and 1979. The fo r tn ig h t ly  maximum average 

humidity decreased and ranged from 9 0 .5  to  9 2 .0 

per cent in  1978 w hile i t  was 9*+*5 per cen t in  the 

s in g le  fo r tn ig h t  o f  th is  p er iod  in  1979* S im ila rly , 

the minimum average r e la t iv e  humidity a lso  decreased 

and ranged from 75 to  75.5 per cent in 1 9 7 8 .

During 1979, the value recorded fo r  th is  parameter 

was 87.0 per cen t (Table 5 ) .

North East monsoon p eriod

The North East monsoon started  during the 

second week o f  October and extended upto the f i r s t  

week o f  December in  1978. But, in  1979 the North 

East monsoon was observed even from the middle o f  

second week o f  September and extended upto the f i r s t  

week o f  December. The maximum fo r tn ig h t ly  average 

temperature ranged from 32.5°C to  33.3°C in  1978 and 

from 30.0°C to  33«3°C in  1979. The minimum average 

temperature ranged from 26.1°C to  27.0°C ±n 1978 and



Table 5* Monsoon break period  in V ellanikkara -  1978 and 1979
(fo r tn ig h t ly  averages)

SI.No. 
o f  the 
f o r t ­
n igh ts

19 10

20 2*+

UV 27'

R a in fa ll  Temperature R e la tiv e  
' humidity %

Period  ----------------------------------------------------------------------

ra iny ^ in 1 ™ax' 13111 * max* m:Ll1,
days mm

9— 78 to 23 -9— 78 

9— 78 to  7 -1 0 -7 8

-8 — 79 to  9 -9 -79

7 30.9  31.6

9 38 .8  31.1+

1 7 .8  31,0

25.6 90.5 75.^

25.1 92.0 75.5

2^.0  9^.5 87.0



23-0°G to  25.5°C in  1979. Ihe fo r tn ig h t ly  maximum 

average humidity in  1978 ranged from 90.0  to  95-9 

per cent and in  1979 i t  ranged from 95-5 to  98.0 

per cen t. The fo r tn ig h t ly  average minimum humidity 

va ried  from 72 .2  to  8 0 .7  per cent in  1978 and from

88.0 to  89.5 per cent in  1979. In 1978, there -was 

3 8 2 .^ mm r a in fa l l  rece ived  in  1 8  days which was ju st  

h a l f  as compared to  1979 during which the r a in fa l l  

was <9+5.6 mm rece ived  in  51 days (Table 6 and Fig .if ) .

Gool dry p er iod

This i s  the c o o le s t  p eriod  o f  the year . This 

is  ch a ra cterised  by a redu ction  in  r e la t iv e  humidity 

and temperature.

Gool dry period  in  1978 sta rted  in  f i r s t  

fo r tn ig h t  o f  December, 1977 and extended upto the 

second fo r tn ig h t  o f  February, 1978. Maximum r e la t iv e  

humidity during th is  p eriod  ranged from 76 .5  to  

91.5 Per cen t. Maximum and minimum fo r tn ig h t ly  

temperatures ranged ffom  3 1 .7°G to  3l+.6°C and 20. 

to  23.2°C , r e s p e c t iv e ly . During th is  p e r io d , a fte r  

Jahuary 1978 there were two rainy days in the month 

o f  February 1978 and a t o t a l  o f  1+0.3 mm r a in fa l l  was



Table 6. North East monsoon p er iod  in  V ellan ikkara -  
1978 and 1979 ( fo r tn ig h t ly  averages)

R a in fa ll  Temper ature R e la tive
SI.N o. humidity %
o f  the Period ______________________________________________
“o r t -
lights No. o f  

rainy 
days

F a ll
in
mm

max. min. max. min.

21 8-10— 78 to  21-10-78 5 53.9 33.2 2 6 . 1 95.9 76.0

2 2 22-10-78 to  1+-11— 78 7 61.0 3 2 . 8 27.0 95.2 7^.5
23  5 - 1 1 — 78 to  18-11-78 V 2 2 k .k 32.5 2 6 . 7 93.0 80.7
2k 19-11-78 to  2 -1 2 -7 8 2 M-3.1 33.3 26.8 90.0 7 2 . 2

k$ IO -9— 79 to  23 -9— 79 11 9 2 .k 3 0 .0 23.0 95.5 88.5
k6 2l f -9— 79 to  7-10— 79 9 119.7 32.0 2 3 . 0 97.5 89.5
k ? 8- 1 0 — 79 to  21-10-79 7 85.1 32.0 2*f.O 96.5 89.0

If8 22-10— 79 to  i f - 1 1 - 7 9 9 k l . k 31.0 2 3 . 6 96.0 88.0
lf9 5— 11— 79 to  18-11-79 7 1 0 5 . 8 32.5 25.1 97.5 89.5
50 19-11-79 to  2 -1 2 -7 9 8 199.2 33.3 25.5 98.0 88.0
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re ce iv e d . Cool dry p eriod  in  1979 sta rted  in  the 

f i r s t  fo r tn ig h t  o f December, 1978 and extended upto 

the f i r s t  fo r tn ig h t  o f  February 1979. During th is  

p eriod  the maximum fo r tn ig h t ly  average temperature 

ranged from 31.0°C to  32.0°C and the minimum from 

21 .^ C  to  23 .0°C , F ortn ig h tly  average r e la t iv e  

humidity in  th is  p eriod  ranged from 86.8 to  88.6 

per cent w hile the minimum r e la t iv e  humidity ranged 

from 63.1 to  7^.0 per cen t. The r a in fa l l  recorded 

during th is  p eriod  foas 8^.2 mm d is tr ib u ted  in  f iv e  

ra iny  days (Table 7 and F ig .5 ) .

EPIDEMIOLOGY OF DISEASE

The pattern  o f  in fe c t io n  and the development 

o f  the d isease  on l e a f ,  on the p e d ice l o f  spikes and 

on the b e rr ie s  were observed at fo r tn ig h t ly  in te rv a ls  

along with the c lim a tic  fa c to r s  already d escribed .

The r e s u lts  o f the observation s are given in Tables 

8 to  11 and presented in  F ig ,6. In fection  on young
t

growing t ip s  \*as a lso  observed in a few cases but the 

in ciden ce  was to o  low  and sporadic and hence not 

accounted.
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Table 7. Cool dry period  in Vellanikkara -  1978 arid 1979
(fo r tn ig h t ly  averages)

R a in fa ll  Temperature R ela tive
humidity %

No.'of F a ll
rainy in  max. mih. max. min. 
days mm

1 1— 1—78 to llf-1 — 78 - 31.7 21 > 29.8 6Q.2

2 15—1 -—78 to ro 00 1 I t 00 - - 32.0 20. if 76.5 61.0

3 29 - 1 — 78 to 11-2— 78 - - 33-6 22 .if 80,2 60.1

h 12-2— 78 to 25-2^-78 2 W .3 3^.6 22.1 9 0 .0 68.2

25 3-12— 78 to 16-12-78 - - 33.3 23 .2 90.0 70.5
26 17-12-78 to 30-12-78 3 ^ 3 .9 32.9 23 .0 91-5 7^.0

27 31-12-78 to 13-1— 79 - — 31.0 21 .if 86.8 6 3 . 2

28 1 i f -1— 7^ to ON11T“1OJ - - 31 .0 21 .8 86.9 6 3 . 1

29 28- 1 — 79 to 10-2— 79 - - 32.0 23.0 88.6 67. if

51 3-12— 79 to 16-12-79 - ■ - 31.0 2 3 . 0 87.0 72 ,0
52 19-12-79 to 29-12-79 - - 31.0 22.0 87.0 6 5 .0

SI,No.
o f  the Period?: 
f o r t ­
n ights
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Fresh in fe c t io n  on le a f

Eventhough the disease on the le a f  was 

peren n ia l in  nature, fre sh  in fe c t io n  on l e a f  was 

f i r s t  n o ticed  on ly  in  the second week o f  May, 

a ft e r  the warm dry p e r io d , in  both  1978 and 1979*

[Dae in fe c t io n  p eriod  almost synchronized w ith the 

form ation  o f  new flu sh es  on pepper during the 

premonsoon p eriod . However, in fe c t io n  on leaves was 

n o t ice d  on ly on p h y s io lo g ic a lly  a c t iv e  leaves, and 

never on tender le a v e s .

During 1978, the pre-monsoon period  la s te d  

on ly  f o r  one fo r tn ig h t  with s ix  ra iny  days, 66 . b  mm 

o f  r a in fa l l ,  33»5°C and 25*1°C average maximum and 

minimum temperatures and 93*0 and 75.1 per cent 

average maximum and minimum r e la t iv e  hum idity.

During th is  p eriod  an average o f  12.76 new in fe c t io n , 

per standard was observed. In 1979j the pre-monsoon 

p er iod  was much d if fe r e n t  from that o f  the p revious 

year . I t  extended f o r  two fo r tn ig h ts  with nine ra iny  

days and a t o t a l  o f  125.1 mm r a in fa l l .  A s l ig h t  

decrease in  the average maximum and minimum tempera­

tu re  and a considerable  increase in  maximum and



minimum r e la t iv e  hum idity were observed in  1979  

compared t o  the previous year. This resu lted  in 

much h igher in fe c t io n  on the leaves ( 1 2 0 . 7  per 

standard) during the pre-monsoon p e r io d .

observed during South West monsoon p eriod . In the 

second fo r tn ig h t  o f  th is  p eriod , the average number 

o f  in fe c t io n  was 1 5 0 . 2  per standard in 1978  and 

1 6 9 . 9  per standard in  1979 in d ica t in g  a s l ig h t ly  

in crea sed  in fe c t io n  during the f i r s t  fo r tn ig h t  o f  

South West monsoon period  in 1979. During both 

these years, the maximum in fe c t io n  was n o ticed  

during the peak p eriod  o f  South West monsoon which 

synchronised with a continuous heavy ra in , consequent 

redu ction  in day and n ig h t temperature and co n s i-

hum idity (a t  the saturated  le v e l  during most of\ the 

tim e). The number o f  fresh  in fe c t io n s  per standard 

during the South West monsoon p eriod  ranged betveep 

5 0 .9 8  and 180.73 during 1978  and from 105.*+0 to   ̂

189 .50  in  1979.

An in crea se  in the in fe c t io n  ra te  was

derable increase in  maximum and minimum

The fre sh  in fe c t io n  ra te  reduced during 

the monsoon break p eriod  in  both the years under



observation . In 1978, the monsoon break p eriod  

extended fo r  two fo r tn ig h ts . During th is  p eriod ,

■the in te n s ity  o f  ra in  reduced con sid era b ly  re su ltin g  

in  an increase In day and n ight temperature and a 

decrease in  the maximum and minimum r e la t iv e  

hum idity. Die number o f  fresh  l e a f  in fe c t io n  during 

th is  fo r tn ig h t  decreased from 93*56 to  61.VO per 

standard. But in  1979, monsoon break period  extended 

on ly f o r  a fo r tn ig h t  and the c lim a tic  parameters 

during th is  p eriod  showed the same trend as that o f 

the previous year and the in fe c t io n  was 96.*+ per 

standard.

During the North East monsoon p eriod  there 

were only a few new flu sh es  on pepper v in es . In 

1978, North East monsoon period  prolonged f o r  fou r  

fo r tn ig h ts  w hile In  1979, i t  extended f o r  s ix  

fo r t n ig h ts . During th is  p eriod , in  these two years, 

there was an increased  in te n s ity  o f  ra in , but average 

maximum and minimum temperatures had gone up and 

average maximum and minimum r e la t iv e  humidity decreased 

compared t o  the South West monsoon p er io d . These 

fa c to r s  resu lted  in  a low  rate o f  fr e s h  in fe c t io n  

during both the years under observation  and i t



ranged from 22*00 to  60,ffr per standard and VO.OO 

to  73.00 per standard in 1978  and 1979, r e s p e c t iv e ly .

During the c o o l  dry p e r io d , no new flu sh  

was produced on the pepper p la n t and almost a l l  the 

lea v es  atta ined m aturity . In the same period  there 

was n ot much d iffe re n c e  in  the day temperature 

as compared to  the previous p e r io d , w hile the n ight 

temperature was found t o  he at i t s  low est. The 

maximum and minimum r e la t iv e  humidity reduced co n s i­

derably and reached the minimum o f  the year . As a 

r e s u lt ,  no fre s h  in fe c t io n  on the leaves  was n o ticed  

during th is  p eriod  in  both the years under study. 

During the warm dry period  a ls o , no fresh  in fe c t io n  

was observed. The fre sh  l e a f  in fe c t io n  started  

on ly  from the pre-monsoon p eriod  (Table 8 and F ig .6 ) ,

The data on fre sh  le a f  in fe c t io n  and the 

c lim a tic  parameters were analysed s t a t i s t i c a l ly  to  

f in d  out the in flu en ce  o f  the la t t e r  on the form er.

The number o f  ra iny days, t o t a l  r a in fa l l  

and the averages o f  maximum and minimum r e la t iv e  

humidity were s ig n i f ic a n t ly  and p o s it iv e ly  co rre la te d  

with fre sh  le a f  in fe c t io n . The maximum p o s it iv e
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Table 8. in flu en ce  o f  weather parameters on the in cid en ce  o f  
P ollu  d isease -  fresh  l e a f  in fe c t io n  -  1978 and 1979

S I. Ho.
o f  the 
f o r t ­
n ights

R a in fa ll - Temperature R ela tive  
hum idity %

Average 
H o.of . 
f  re sh 
in fe c t io n  
on le a f  
per stan­
dard

Ho. o f  
ra iny  
days

F a ll-
in
mm

mas. rain. mas. rain.

1 2 3 1+ 5 ‘ 6 7 8

1 31.7 2 1 .1+ . 79.8  . 60.2 __

2 - - 32.0 ' -20.1+ 61 .0 -  ■
3 - - 33.6 22.1+ 80.2 60.1 -

1+ ' 2 1+0.3 3I+.6 22.1 ‘ 90.0 ’ 68 .2 -  ’
5 - ■ - - 35-*+ 25.2 79.0 . 6 6 .3 -  .

6 1 0.*+ 35.*+ 25.7 90.0 67.7 —
7 2 1*+.8 35.7 26.6 92.5 71+.0 -

8 ' 2 6 .7 35 > 26.3 92.0 70.0 -
9 l+ 26 .V 35.5 26.1+ 89.0 78.7 -

10 6 66.1+ 33.5 2 5 . 1 93.0 8 0 . 1 12.76
11 11 366.2 3 0 .2 21+.1 98.0 90,0 50.98
12 1*+ 397.1 28.1 22.2 99.5 93.1 150.23
13 13 307.V 28.8 22 .8 98.5 ’ 91.7 160.39

. 1*+ 13 1+38.6 28.0 22.7 99.5 ■ 91.0 170.90
15 1*+ 298.7 28.7 23.1 98.5 89.7 180.73
16 11 280.0 28.8 23.2 98.0 91.9 136.1+0
17 11+ 221.1+ 28.6 22.8 99.0 89.5 127.20

- 18 9 221.1+ 30.3 25 .5 . 92.9 8 1 . 0 106.20
19 7 30.9 31.6 25-6 90.5 75.*+ 93.56
20 9 3 8 .8 31.1+ 25.1 92.0 75.5 61.1+0
21 5 53.9 33.2 26.1 95 .9 76.0 60 . 5*+
22 7 61.0 32.8 27 .0 95,2 7*+.5 5*+.00

(Continued)
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Sable 8. (Contd. )

1 2 3 if 5 6 7 1 8

23 22i+sif 32.5 26.7 93.0 80.7 36.50
2*f 2 if3*1 33.3 26 .8 90.0 72.2 22.00
2? - - 33.3 2if.2 . 90.0 70.5 -

26 3 ^3*9 32.9 23-8 91.5 7if.O -
27 - - 31 .0 21 .if 86.8 63 .2 -
28 - - 31.1 22 .8 86.9 63.1 -

29 - M 3 2 . 0 23.0 88.6 6 7 . if -
30 if 22.0 3H-.6 26.1 91.0 73 .if -

31 1 3 .2 3^.5 28.1 90.0 6 6 .5 -
32 - - 35.6 29.1 91.2 69.6 -
33 - 37.0 . 2 9 .6 91.5 68 .0 -

3*f 3 37.7 37.if 29.6 93.0 69 .6
35 2 38.8 37.1 30.1 95.6 80.0 —
36 7 111.5 3 2 .6 2if.if 98.0 9 1 . 0 if 8.90
37 2 13*6 33.5 2 5 . 0 96.7 86.0 71.80
38 '9 231 .if 32.0 23.0 100.0 93.0 169 .90
39 11* 532.6 29.0 22.0 99.5 9^.5 178.90
ifO 1*f 57^.5 29 .0 22.0 99.0 9 2 .0 189.50
if1 11 256.>+ 28.0 23 .0 99.5 93.5 167.20
h-2 lif 385.0 29.7 22.0 96.0 90.0 Iif9.20
^3 7 135.2 31.0 23.0 96_.0 90.0 105.ifO
ifif 1 7 .8 31.0 2if.0 9^.5 87.0 96.if0
U-5 11 92.if 30.0 23-0 95.5 88.5 73.00
h6 9 119.7 3 2 .0 23 .0 97.5 89-5 6 5 .0 0
i+7 7 85.1 3 2 .0 2if,0 96.5 89.0 63.00
kQ 9 if3 A .3 1 .0 2 3 . 6 96.0 88.0 61.50
i>9 7 1 0 5 . 8 32.5 25.1 97.5 8 9 .5 if1.10
50 8 199.2 33.3 25*5 98.0 88.0 if 0 .00
51 - 31.0 23.0 87.0 72.0
52 - - 31.0 2,2.0 87.0 65.0



F ig .  6 Influence o f  \?eather paramaters on the 
inciden ce o f  p o llu  d isease -  1978 and
1979-
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c o r r e la t io n  was found in  the case o f  number o f 

ra iny  days ( 0 . 876 ) fo llow ed .b y  t o t a l  r a in fa l l  

(0 .8M O , the averages o f  maximum r e la t iv e  hum idity 

'(0 .7 0 7 ) o f  the fo r tn ig h t . She averages o f  

maximum and.minimum temperature o f  the fo r tn ig h t  

showed s ig n if ic a n t  negative c o rre la t io n  with the 

fr e s h  le a f  In fe c t io n , Among the temperature 

param eters, the average o f  maximum temperature 

ex h ib ited  the maximum negative c o rr e la t io n  ( -0 .7 7 6 ) 

w ith fresh  le a f  in fe c t io n  (Table 9)*

Leaf d isease index

She d isease  index o f the pepper vine in  

the f i e l d  was ca lcu la te d  as described  under the 

m ateria ls  and methods. She observation s were taken 

from the f i r s t  fo r tn ig h t  o f  January 1978 to  the end 

o f  December, 1979-

In the f i r s t  fo r tn ig h t  o f  January 1978, 

the d isease  index was 0.580 per cen t . During the 

c o o l  dry p eriod  the d isease in te n s ity  reduced and 

i t  was only 0.203 per cen t. During th is  p eriod  no 

fr e s h  in fe c t io n  was n o tice d . Further, d e fo l ia t io n  

o f  in fe c te d  leaves a lso  occurred . She decrease in



Table 9» C o e ff ic ie n ts  o f  sim ple l in e a r  c o r re la t io n  ( r )  between weather parameters and 
in te n s ity  o f  fre sh  le a f  in fe c t io n

Fresh l e a f  
in fe c t io n

( y ^

Rainy
days

R a in fa ll
(*2>

Maximum Minimum 
temperature temperature 

(x 3 ) (x^ )

Maximum
m
(x^)

Minimum

(x 6 )

Fresh le a f, 
in fe c t io n
(y 1 )

1 0.876* ' 0.8M+* -0 .7 7 6 * -0,V 02* . 0 . 707* 0 . 802*

Bainy days 
)

1 0.857* -0 .7 1 5 * -0 .3 2 0 * 0 . 768* 0 . 8 3 1 *

R a in fa ll
(x 2 )

1 -0 .6 8 5 * -O .3 6 O* 0.651* 0 . 7 18 *
s

Maximum
temperature
c* 35

1
I

0.7^1* -0.^05* -0 .5 9 2 *

Minimum
temperature
(x^)

•
1 o .o5 ows * - 0 . 1 ^ S

Maximum -f&f 
(x^ )

1 0.915*

Minimum 'BH 
(x 6 )

• 1

Weather parameters are recorded  as fo r t n ig h t ly  averages excep t f o r  ra iny  days 
and r a in fa l l  which are the t o t a l  o f  the fo r t n ig h t .

US = U'on s ig n i f ic a n t  ^ S ig n ifica n t  a t 5 Pe r  cen t l e v e l



disease index continued t i l l  the end o f  the ■warn 

dry p eriod  and i t  was 0 . 1 0 8  per cen t during the 

f i r s t  fo r tn ig h t  o f  May, and no fre s h  in fe c t io n  

was n o t ic e d .

The d isease  index s l ig h t ly  increased  during 

the pre-monsoon p eriod  (from 0.108 to  0*125 Per cen t) 

due to  fre s h  in fe c t io n  on the new f lu s h .

In the "beginning o f  the South West monsoon 

season, the d isease index was on ly 0 . 1 2 5  per cen t 

and i t  reached 0.868 per cent by the end o f  the 

.South West monsoon p eriod  (Table 1 0 ). A t o t a l  o f  

99 ra iny  days w ith 2 5 3 0 .8  mm o f  r a in fa l l  was 

observed during th is  p eriod . As a r e s u lt ,  a reduction  

in  maximum and minimum temperature and an increase 

in maximum and minimum r e la t iv e  hum idity were recorded .

During the South West monsoon p eriod , 

pepper vine in  the f i e l d  was in  a c t iv e ly  growing 

stage and large  number o f  fre sh  le a v e s  emerged ou t.

The maximum fresh  in fe c t io n  on lea v es  occurred 

during th is  p e r io d . The l e a f  spots enlarged very 

rap id ly .. As a r e s u lt  o f  the above fa c t o r s ,  the 

d isease  index percentage increased  to  the maximum 

(0 .868  per cen t) during th is  p e r io d .



Table 10, In fluence o f  weather parameters on the progress 
o f  d isease on le a f  in d ice s  during 1978 and 1979

S i.N o, 
o f  the 
f o r t ­
n ights

R a in fa ll Temperature R ela tive  
hum idity $ Average

d isease
indexNo. o f  

ra iny 
days

F a ll
in
mm

1 min. max. min.

1 2 3 b 5 6 7 8.

1 ** 3 1 . 7 21. k 79.8 6 0 .2 0.580
2 - mm 3 2 . 0 20 A 76.5 61 .0 0A62
3 - - 3 3 . 6 22 A 80 .2 6 0 . 1 0.323

2 Ho. 3 3H.6 22.1 90.0 68.2 0.203
5 - w* 35 A 25.2 79,0 6 6 .3 0.160
6 1 oA 35 A 25.7 90.0 67.7 0.123
7 2 A .8 35.7 26.6 92.5 7H.0 0.112
8 2 6.7 35 A 26.3 92.0 70.0 0.1 OH
9 If 26,H 35-5 26A 89.0 78.7 0.108

10 6 66 A 33.5 25.1 93.0 80.1 0.125
11i 11 366.2 30.2 2H. 1 98.0 90.0 0.189
12 lU 397.1 28 .1 22.2 99.5 93.1 0,219
13 13 307.H 28.8 22.8 98.5 91 .7 0A22
A 13 H38.6 28.0 22.7 99.5 91.0 0.628
15 A 298.7 28.7 2 3 . 1 98.5 89.7 0.738
16 11 280.0 28.8 23.2 98.0 91.9 0:786
17 1lf 221A 28.6 22.8 99.0 89.5 0.807
18 9 221 A 30.3 25.5 92.9 8 1 .0 0.868
19 7 30.9 31.6 25.6 90.5 75 A 0.921
20i 9 38.8 31A 25.1 92.0 75.5 0.922
21 5 53.9 33.2 26.1 95.9 76.0 O.9H3
22 7 61.0 32 .8 27.0 95.2 7H.5 0.951

(Continued)
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Table 10. (C on td .)

1 2 3 if 5 6 7 8

23 b 22*+.if ■ 32.5 26.7 93.0 80.7 0.962
2*f 2 if 3.1 33-3 26.8 90.0 72 .2 0.979
25 . - - 33.3 2if.2 ' 90.0 70.5 0 .^ 5
26 3 if3.9 32.9 23 .8 91.5 7if.0 0 . 8if0
27 - - 3 1 .0 21 .if 86.8 63.2 0.762
28 - - 31.1 22 .8 86.9 6 3 . 1 0.if23
29 - - 32.0 23.0 88.6 67. if 0.382
30 if 22.0 3if.6 26.1 91 .0 73A 0 . 2if2
31 1 3.2 3*+.5 2 8 . 1 90.0 66.5 0.223
32 - - 35.6 29.1 9 1 .2 69.6 0.215
33 - - 37.0 29.6 91.5 68.0 0.162
* 3 37.7 37.if 29.6 93.0 69.6 0.132
35 2 38.8 37.1 30.1 95.6 80.0 0 . 120
36 7 111.5 32.6 2if .if 98.0 9 1 .0 0 . 13 2
37 2 13.6 33.5 25.0 96.7 86.0 O.lifif
38 9 231 .if 32.0 23.0 100.0 93.0 0 . 20if
39 1 V 532.6 29.0 22.0 99.5 9if.5 0.256
bo 1*f 57if.5 29.0 22.0 99.0 92.0 0.if53
M 1 1 256,if 28.0 23.0 99.5 93.5 0.578
tf2 1*+ 385.0 29.7 22.0 96.0 90.0 0.618
b3 7 135.2 31.0 23 .0 96.0 90.0 0.687
ifif 1 7.8 31.0 2if.O 9 M 87.0 0.72if
if5 1 1 92.it 30.0 23 .0 95.5 88.5 0.805
1+6 9 119.7 32.0 23 .0 97.5 89.5 0.825
b? 7 85.1 32.0 2if,0 96.5 89.0 0.857
b8 9 if3.it 31.0 23 .6 96.0 88.0 0.870
b9 7 10 5 .8 32.5 25.1 97.5 89.5 0.890
50 8 199.2 33.3 25.5 98.0 88.0 0.892
51 - - 31.0 23 .0 87.0 72.0 0.726
52 - - 3 1 .0 22 .0 87.0 65.0 0.680



This trend o f  increase in the disease 

index was a lso  observed during the monsoon break 

p er iod  when the index atta ined  a value o f  0.922 

from 0.868 recorded  during the end o f  South West 

monsoon p eriod .

The increase  in  the d isease indent during 

the North East monsoon p eriod  was on ly 0.057 per cent 

(from 0.922 to  0 .9 79 ) from the South West monsoon 

break p er iod . During th is  p e r io d , '18 rainy days 

were observed with 3 8 2 A  mm r a in fa l l .  The day and 

n igh t temperatures during North East monsoon p er iod  

showed in crea sin g  trend and there were f lu c tu a t io n s  

in  the maximum and minimum r e la t iv e  hum idity. Some 

o f  the h ea v ily  in fe c te d  leaves were shed o f f  but n ot 

much fre s h  lea v es  emerged out during th is  p e r io d .

The s l ig h t  increase  in  le a f  in fe c t io n  during th is  

p e r io d  was due to  fre s h  in fe c t io n s  and enlargement 

o f  already developed le a f  spots (Table 9 )-

From the beginning- o f  the c o o l  dry p er io d , 

the d isease index showed a decreasing tendency due 

to  shedding o f  in fe c te d  leaves and absence o f  fre sh  

in fe c t io n .



In 1979 a ls o , almost a s im ila r  trend in  

the d isease  index was observed. During the end o f  

warm dry p eriod  in  19799 the d isease  index was

0.120 compared to  O.IOif in  1978. A s im ila r  trend 

was n o ticed  during the pre-monsoon period  a ls o .

During the South West monsoon period  in 

1979 the d isease index ra ised  from O.lMf to  O.687  

as compared to  0.125 to  0.807 in  1978 season. A 

s im ila r  trend was n o tice d  during the monsoon break 

p e r io d  and North East monsoon p er iod  a lso .

SPIKE INFECTION

Pepper u su a lly  produces new flu sh es  from 

pre-monsoon p eriod  and new spikes emerge out from 

these flu sh es  w ithin a fo r tn ig h t . The number o f 

sp ike emerged out was maximum during the South West 

monsoon p eriod  and the production  o f  new spikes 

la s te d  f o r  about fo u r  fo r tn ig h ts . The co lou r o f  the 

newly emerged sp ik es , be fore  f e r t i l i z a t i o n ,  was 

cream yellow . A fter  f e r t i l i z a t io n  I t  turned pale 

green . As the b e rr ie s  developed the co lou r  o f  the 

e n tire  spike turned green . By the middle o f  November, 

the b e rr ie s  atta ined  maturity and became dark green 

in  co lo u r .



Spike o f  pepper has three components, 

namely, p e d ic e l,  ra ch is  and b e r r ie s .  The p e d ice l 

i s  attached to  the rach is  and the region  w il l  be 

f r e e  o f  b e r r ie s . The rach is  i s  a continuation  o f  

the p e d ice l and the b e rr ie s  are attached to  the 

ra c h is . On the spike three^fcypes o f  in fe c t io n  by 

the pathogen C olletotrichum  g loeosp or io id es  were 

observed v i z . ,  i )  p e d ice l in fe c t io n , i i )  rach is  

in fe c t io n  and i i iO  berry  in fe c t io n .

P e d ice l in fe c t io n

In fe c t io n  on the p e d ice l o f  the spike was 

very  common and i t  resu lted  in  shedding o f sp ike. 

G enerally , the pathogen attacked the p e d ice ls  o f  the 

tender and young sp ik es . The co lou r  o f  the tender 

spike was cream ye llow  or l ig h t  green . The p e d ice l 

in fe c t io n  was f i r s t  observed in  the f i e l d  during 

the f i r s t  fo r tn ig h t  o f  June in  both  the years. The 

percentage o f  spike in fe c te d  in  the f i r s t  fo r tn ig h t  

o f  June was almost the same in  both  the years (0 .268  

per cen t in  1978 and 0.232 per cen t in  1979). During 

the peak p eriod  o f  monsoon the in fe c t io n  gradually  

in crea sed . In 1978, maximum in fe c t io n  (0.71H per cen t)



was n o ticed  in  the second fo r tn ig h t  o f  August 

w hile in 1979 i t  was in  the f i r s t  fo r tn ig h t  o f  

July (0,^50 per c e n t ) .  In both  the years in fe c t io n  

o f  p e d ice l was n o tice d  t i l l  the f i r s t  fo r tn ig h t  

o f  November and th e re a fte r  no in fe c t io n  was observed 

(Table 11 ).

The data on the in te n s ity  o f  the p e d ice l 

in fe c t io n  and the c lim a tic  parameters were s t a t i s t i ­

c a l ly  analysed to  f in d  out the re la tion sh ip  between 

the weather parameters and the d isease  in c id en ce . 

C o e ff ic ie n ts  o f  sim ple co rre la tio n  between these 

V ariab les showed th at the number o f  rainy days, t o t a l  

r a in fa l l  and average minimum and maximum r e la t iv e  

hum idity in  a fo r tn ig h t  have s ig n if ic a n t  p o s it iv e  

c o r re la t io n  with the in te n s ity  o f  p e d ice l in fe c t io n . 

Among these fa c to r s  maximum p o s it iv e  c o rre la t io n  

was found in the case o f  t o t a l  number o f  rainy days 

in  a fo r tn ig h t  ( 0 . 7 3 8 ) fo llow ed  by minimum average 

r e la t iv e  hum idity (O .6 3 2 ) ,  maximum average r e la t iv e  

hum idity (0 .6 25 ) and to t a l  r a in fa l l  (0 .5 1 3 ). The 

in te n s ity  o f  the d isease was found to  be n eg a tiv e ly  

co rre la te d  with the average maximum temperature 

( -0 .6 7 3 )  and average minimum temperature ( - 0 , 2 7 9 ) 
(Table 12 ).



Table 11. In fluence o f  weather parameters bn the inciden ce of, 
P ollu  d isease  -  Spike -  p e d ice l in fe c tio n -1 9 7 8  and 79

SI.H o. 
o f  the 
f o r t ­
n igh ts

R a in fa ll Temperature R e la tiv e  
hum iditv &

In fection  
percentage 
on spike 
p e d ice lHo. o f  

rainy 
days

F a ll
in
mm

max. min. max. min.

1 2 \ 3 b 5 6 ? 8

1 31.7 21 A 79.8 60.2
2 - 32 .0 20 A 76.5 61.0
3 - 33.6 22A 80.2 60.1
b 2 U-0,‘3 3^.6 22.1 90.0 68.2 -
5 - - 35 A 2^.2 79.0 68.3
6 1 o A 35 A 25.7 90.0 67.7
7 2 A .8 35.7 26.6 92.5 7^.0 ■ -

8 2 6.7 35 A 26.3 92.0 70.0
9 b 26 A 35.5 26 A 89.0 78.7 -

10 6 66.V 33.5 2 5 . 1 93.0 80.1
11 11 366.2 30.2 2b.i 98.0 90.0
12 ■ A 397.1 28.1 2 2 .2 99.5 93.1 0.268
13 13 307A 28.8 22 .8  . 98.5 91.7 0.327
A 13 U-38.6 28.0 2 2 .7 99.5 91.0 0A91
15 A 298.7 28.7 2 3 . 1 98.5 89.7 0,536
16 11 280.0 28.8 2 3 .2 98.0 91.9 0.699
17 A 221 A 28.6 22 .8 99.0 89.5 0 .7 A
18 9 221 A 30.3 25.5 92.9 81.0 0A16
19 7 30.‘9 31'. 6 25.6 90.5 75 A 0.253
20 9 36.8 31A 2 5 , 1 92.0 75.5 0.238
21 5 53.9 33.2 26 .1 95.9 76.0 0.268
22 7 61 .0 32.8 27 .0 95.2 Ib S 0,208

(C on td ,)



Table 11. (Contd. )

1 2 3 5 6 7 8

23 ' i* 22^ A 32.5- 26.7 93.0. 80.7
2*+ 2 . ^3.1 33.3 26.8 90.0 72.2 -

25 - - 33.3 2^,2 90.0 70.5 mm

26 3 V3.9 32.9 2 3 ^ 91.5 7^.0 -

27 - - 31.0 2 1 A 86.8 63.2 -

28 - - 31A 22.8 86.9 63.1 -

29 - - 32.0 23*0 88.6 67 A -

30 b 22.0 3 M 26 .1 91.0 73 A -

31 1 - 3.2 3b.5 28A 90.0 66.5 -

32 *» - 35 A 29A 9 1 .2 69.6 _

33 - - 37.0 29.6 91.5 68.0 -

3b 3 37.7 37A 29.6 93.0 69.6 -

35 2 38.8 37.1 30.1 95.6 80.0 -

36 7 111.5 32.6 2*fA 98.0 91.0 -

37 2 13.6 33.5 25.0 96.7 86.0 -

38 9 231A 32.0 23.0 100.0 93.0 0.232
39 1**- 532.6 29.0 22.0 99.5 A . 5 0.377
IfO A 57b.3 29.0 22.0 99.0 92.0 QA50 ‘
1*1 11 256 A 28.0 23.0 99*5 93.5 0.275
b2 A 385.0 29.7 22.0 96.0 90*0 0.391
^3 7 135.2 31.0 23.0 96.0 90.0 0.3^8

1 7.8 31.0 2V.0 A . 5 87.0 0.319
b5 11 92A 30.0 23.0 95.5 88.5 0,377
if6 9 119.7 32.0 23.0 97.5 89.5 0.333
b 7 7 85.1 32.0 2*f.O 96.5 89.0 0.261
bQ 9 *OA 31.0 23.6 96,0 88.0 0 . 3A
b9 7 105.8 32.5 25.1 97.5 89.5 -

50 8 199.2 33.3 25.5 98.0 88.0 -

51 - - 31.0 23.0 87.0 72.0
52 - - 31.0 22.0 87.0 65.0



Table 12. C o e f f ic ie n ts  o f  sim ple l in e a r  c o r r e la t io n  (j£.) between weather/param eters 
and in t e n s i t y .o f  sp ike p e d ic e l  in fe c t io n

Spike
p e d ic e l
in fe c t io n
(y1 )

Rainy 
days • 
(x -j)

R a in fa ll
(X2 )

Maximum
temperature

Minimum 
temp erature

Maxi­
mum

<x$)

Minimum
RH,

(X6 >

Spike
in fe c t io n 1 0. 738*= 0 . 5 1 3 * -0.673* -0.279 0.625* 0. 632*
(y .,) *

Ealny day3 
(x 1 )

1 0.820=* -0.690* -0.2^1* 0.857* 0. 839*

E ainftiM  
( * 2 3 .

• 1 10.685* -0.3^2* 0.732*' 0. 727*

Maximum
temperature
(x 35

- 1 0.6*f2* -O'. ̂ 73* - 0. 5^0*

Minimum
temperature
(x O*

-
1 -0.110NS -0.209ITS

Maximum RH 
,(x^)

1 0 . 9̂ 1 *

Minimum Kti 

(x6 )
1

Weather parameters are recorded  as fo r t n ig h t ly  averages ex cep t f o r  ra in y  days 
and r a in fa l l  which are the t o t a l  o f  the fo r t n ig h t .

NS = Won s ig n i f ic a n t  * S ig n if ic a n t  a t  5 p er  cen t l e v e l
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Rachis in fe c t io n

The pathogen may attack  any p ortion  o f  

the rach is and the b e rr ie s  may g e t d r ied  downwards 

from the in fe c te d  p o rt io n  o f  the thread. The 

d r ie d 'b e r r ie s  seldom g et detached from the in fe c te d  

-r a c h is .  This type o f  in fe c t io n  was found to  be 

n e g lig ib le  and hence not" recorded .

Berry in fe c t io n

The pathogen attacked both  immature and 

mature b e rr ie s  but never tender b e r r ie s .  The 

in fe c te d  b e rr ie s  g o t  d isco lou red  and d ried  but d id  

n ot shed from the sp ik e , ^Ihis type o f  in fe c t io n  was 

very  common. In both  the years under observation  

berry  in fe c t io n  sta rted  a fte r  July when most o f  

the b e rr ie s  passed tender stage.

In 19?8j the in fe c t io n  on b e rr ie s  sta rted  

from the second fo r tn ig h t  o f  August when 0.137 per cent 

in fe c t io n  was n o t ice d . But in  1979 the in fe c t io n  

commenced e a r ly  ( f i r s t  fo r tn ig h t  o f  August) and 

then on ly 0,071 per cent in fe c t io n  was n o t ice d . The 

In fe c t io n  on b e rr ie s  increased  and the maximum 

in fe c t io n  ( 0,729  p er cen t) was n o tice d  in the f i r s t



fo r tn ig h t  o f  November in  1978 and (0,911 per cen t) 

in  the second fo r tn ig h t  o f  November in  1979*

During these years maximum in fe c t io n  was observed 

on mature b e r r ie s . In the year 1978, the in fe c t io n  

on b e r r ie s  was observed even a t the end o f December, 

but in  1979 no in fe c t io n  o f  b e rr ie s  ixas n oticed  

during December, In 1978, there wan some ra in  in  

the second fo r tn ig h t  o f  December and due to  th is  

the maximum and minimum r e la t iv e  hum idity increased  

and the in fe c t io n  prolonged t i l l  the end o f  December. 

But in  1979, there was ab so lu te ly  no ra in  in  

December and consequently no fre sh  in fe c t io n  was 

observed during th is  month (Table 1 3 ) .

FUNGICIDAL STUDIES 

B ioassay studies

The e f f ic a c y  o f  seven fu n g ic id e s  was 

evaluated in  the la b ora tory  against C olletotrichum  

g loeosu or io id es  by poison  food  technique (Zentmeyer, 

19 5?). A ll the fu n g ic id e s  except Bordeaux mixture 

were te s te d  at varying concentrations ranging from. 

100 to  2000 ppm as described  under M aterials and 

Methods. Bordeaux mixture was te s te d  a t 10,000 ppm 

on ly .
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Table 13* In fluence o f  weather parameters on the in ciden ce  o f  
. PolluSdisease -  Berry in fe c t io n  -  1978 and 1979

SI .No. - 
o f  the 
f o r t ­
n ights

R a in fa ll Temperature R e la t iv e
humidity

In fe c t io n  
% percentage

No. o f  
rainy 
days

F a ll
inmm

max. min. max.
UAJ

min.
utii±y

1 2 3 k 5 6 7 8

1 _ 31.7 21 A 79.8 60.2
2 - - 32.0 20A 76.5 6 1 .0 -
3 - - 33.6 22 A 80.2 60.1 -
V 2 ^0.3 3^.6 2 2 . 1 ' 90.0 68.2 —
5 - - 35 A 25-2 79.0 66.3 -
6 1 OA 35 A 25.7 90.0 67.7 -
7 2 A . 8 35.7 26.6 92.5 A .o -
8 2 6.7 35 A 26 .3 92.0 70.0 -
9 if 26 A 35.5 26 A 89.0 78.7 -

10 6 66 A 33.5 25.1 93.0 80.1 -
1 1 1 1 366 i 2 30.2 2^ .1 98.0 90.0 -
12 A 397; 1 28.1 22 .2 99.5 93.1 -■
13 13 307 A 28.8 22.8 98.5 91.7 -
A 13 »+38.6 28.0 22.7 99.5 91.0 —
1 ? A 298.7 28.7 23.1 98.5 89.7 --
16 11 280.0 28.8 2 3 .2 98.0 9-1.9 -
17 A 2 2 1 -A 28.6 22 ,8 99.0 89.5 0.137
18 9 221 A 30.3 25.5 92.9 8 1 .0 0.230
19 7 30.9 31.6 25 .6 90.5 75A 0.269
20 9 38.8 31 A 2 5 . 1 92.0 75.5 oA i5
21 5 53-9 33.2 26.1 95.9 76.0 .0.325
22 7 6 1 .0 32.8 27.0 95.2 7^.5 0.282

(C on td .)
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Table 13. (C on td .)

1 2 ‘ 3 $ 5 6 7 8

23 . b 22^-A 32.5 2 6 . 7 93.0 80.7 0.729
2b ' 2 ^3*1 33-3 26.8 90.0 . 72.2 0.171
25 - - 33.3 2$.2 90.0 70b 5 0.069
26 3 ^3 .9 32.9 23 .8 91.5 7$.0 0.036
27 . - - 31.0 23..$ 86.8 6 3 .2 -

28 - 31.1 22 .8 86.9 63.1 -
29 1, - 32.0 23.0 88,6 67.$ -
30 b 22.0 3$.6 26.1 91.0 73. v -

31 1 3.2 3$.5 - 28.1 90.0 • 66.5
32 - - 35.6 29.1 91.2 69.6 -

33 - - 37.0 29.6 91.5 1 68.0 -

3^ 3 37.7 37.$ 29 .6 9 3 .0 - 69.6 -
35 2 3 8 . 8 37.1 30.1 95.6 80.0  ‘ -

36 7 111.5 32.6 2$.$ 98.0 1 91.0 -

37 2 13-6 33-5 2 5 . 0 9#. 7 86 .0 -

38 9 231  A 32.0 23.0 10 0 .0 93.0 _
39 ib 532.6- 29.0 22.0 99.5 9$.5 -
1+0 1V 57^.5 29.0 22 .0  ■ 99.0 92.0 _

$1 11 256 A • 28 .0 23-0 99.5 93.5 —

b2 1^ 385.0 29.7 22.0 96.0 90.0 0.071
$ 3 7 135.2 31.0 23 .0  ' 96.0 90.0 0 . 1 2 8
kb 1 7 .8 31.0 2$ .0 9$.5 1 87.0 0.255
b% 11 92.$ 30.0 23.0 95.5 88.5 ‘ 0.262
b6 9 119.7 32.0 23.0 97.5 89.5 ‘ 0.300
$7 7 85.1 32.0 2$,0 96.5 89.0  1 0.169
^8 9 $ 3 .$ 3 1 . 0 23.6 96.0 88.0 0.119
Lj-9 7 1 0 5 . 8 32.5 • 25.1 97.5 89 .5 0.138
50 8 199.2 33 .3 ■ 25 .5 • 98.0 1 88.0 0.911
51 - 31.0 23.0 87 .0 72.0 -

52 31.0 22 .0 87.0 6 5 .0 —
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C. gloeoST3orloldes took e ig h t days to  

com pletely  cover a p e tr id is h  o f  90 mm diameter 

in  the untreated check. The percentage o f  in h ib it io n  

was ca lcu la ted  based on the growth o f  the fungus 

on the in  d if fe r e n t  treatm ents. The in h ib it io n

o f  1die growth o f  the fungus varied  in  d if fe r e n t  

concentrations o f  d i f fe r e n t  fu n g ic id es  (Table 1*f).

Among the fu n g ic id es  t r ie d  a t 100 ppm,

D ifo la ta n  induced the maximum in h ib it io n  (90 .10 per cen t) 

fo llow ed  by Bayleton (73.26 per ce n t) and A ntracol 

( 69,90  per c e n t ) .  A l l  other fu n g ic id es  showed on ly  

l e s s  than ^0 per cen t in h ib it io n .

In the n ext h igh est concentration  t r ie d

(250 ppm), the maximum in h ib it io n  o f  the growth

was observed in  D ifo la tan  (92.^3 per cen t) fo llow ed

by Bayleton (91*0 per cen t) and A ntracol (76*23

per c e n t ) .  A ll  other fu n g ic id es  t r ie d  at th is  con -
. *

cen tra tion  showed le s s  than J>0 per cent in h ib it io n .

The le a s t  in h ib it io n  was n o tice d  in  Fycop (25.^3 

per c e n t ) .

At 500 ppm con cen tra tion , maximum in h ib it io n  

o f  growth (9^ .2  per cen t) was observed in  Bayleton 

fo llow ed  by D ifo la ta n  (93*23 per cent^J and A ntracol
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Table 1*+. Per cent o f  In h ib ition  in  growth o f C olletotrichum  
g lo e o sn o r io id e 3 by poison  fo o d  technique w ith seven 
fu n g ic id e s  in  d if fe r e n t  concentrations a ft e r  e igh t 
days in cu bation .

C oncentrations in  ppm
No * Fungicide♦ 100

(A)
2?0
(B)

?00 1000 
(C) (D)

2000
(E)

Means

1 A ntracol 69.90
(?6 .7 3 )

76.23
( 60 . 8 2 )

8? .  20 
(67 .38 )

87 .60
(6 9 .3 9 )

10 0 .0 0
(90 .00 )

83.78
( 68 . 86 )

2 Bayleton 73.26
( ? 8 . 6? )

9 1 . 0 0
( 7 2 . 8 0 )

9^.20
( 7 6 . 0 6 )

9?.*+0
(77.6*+)

10 0 .0 0
( 90 . 0 0 )

90.77 
(7 ? .0 3 )

3 Fycop 1*+.*+3
( 2 2 . 3 2 )

2?,*+3 
( 3 0 . 2 8 )

38.23
(38 .19 )

*+?.76
(*+2.38)

7? .  20 
(60 .13 )

39.81
( 3 8 . 6 6 )

1+ D ifo la ta n 9 0 . 10
(71*7*0 <7*+.03)

93.23 
( A . 92)

93. ?6 
(7 ? .3 2 )

10 0 .0 0
( 90 . 0 0 )

93.86
(77 .20 )

? Dithane Z -  78 3 0 .8 6
(3 3 .7 ? )

36.03
( 3 6 . 88 )

*+3* 03 
0*0.99)

?.?.?6
(*+8.19)

7 ? . 03 
(7 0 .0 2 )

1+8.10
0+3.96)

6 Z ir id e 36.20
(3 6 .9 8 )

*+2 . 6 3
(1+0.76)

??.l+6
(*+8.13)

7 ? . 32 
(60 .20 )

86.*+6
(68.1+2)

59.21
(?0 .8 9 )

7 Bordeaux 
mixture 1$

10 0 .0 0
(9 0 .0 0 )

(Figures given in  parantheses are angular transformed va lu es)

CD (0 .0 ? )  between fu n g ic id es  excluding B.M. = 0.*+*+1

CD (0 .0 ? )  Bor comparing B.M. with other fu n g ic id es  = 0.761

CD (0 .0 ? )  between concentrations w ithin fu n g ic id es  = 0,9879

Conclusions

1. Comparison o f  fu n g ic id e s

7 *+ 2 1

2. Comparison o f  con cen tra tion s

D ifo latan E D C B A
Bayleton E D C B A
Antracol E D C B A

6 5 3

Z lrld e E D C B A
Dithane Z-78 E D C B A
Fycop E D C B A
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(8 5 .2 0  per c e n t). A ll  other fu n g icid e s tested  

a t  th is  concentration gave only le s s  than 60 

per cent in h ib itio n  o f growth.

At 1000 ppm stren gth , none of the fu n g i­

cid es gave 100 per cent in h ib itio n . The maximum 

in h ib itio n  per cent) was observed in the

case of Bayleton follow ed by D ifo latan  (93«?6 per cent) 

and Antracol (87.6  per ce n t). A ll  other fungicides, 

gave le s s  than 80 per cent in h ib itio n .

At the h igh e st concentration of 2000 ppm,

100 per cent in h ib itio n  was noticed in A ntracol, 

Bayleton and D ifo la ta n . A l l  other fu n gicid es gave 

more than 60 per cent in h ib itio n .

Bordeaux mixture was tr ie d  only a t  one 

per cent concentration. At th is  concentration, the 

growth of C. gloeosporioides was com pletely in h ib ite d .

On comparing the e f f ic a c y  of d iffe r e n t  

fu n g ic id e s , one per cent Bordeaux mixture was found 

to be the b est follow ed by D ifo la ta n , Bayleton and 

A n traco l.



A comparison o f  the e f f e c t  o f  d if fe r e n t  

concentration  under each fu n g ic id e  showed that o f  

the h igh est concentration  t r ie d  was su perior.

There were s ig n if ic a n t  d iffe re n ce  at the d if fe r e n t  

concentrations o f  fu n g icid es  in h ib it in g  the growth 

o f  C olietotrichum  g lo e o s p o r io id e s .

D ifo la ta n  at 1000 ppm concentration  was 

found t o  be on par with 500 ppm and 500 ppm was 

found t o  be on par with 250 ppm in  in h ib it in g  the 

growth. A ll other fu n g ic id es  were s ig n if ic a n t ly  

d i f fe r e n t  in e f f ic a c y  at d if fe r e n t  concentrations 

t r ie d  and e f f i c a c y  o f  fu n g icid es  in creased  with 

in creasin g  concentration  (Table 1*+).

In general the e f f e c t  o f D ifo la tan  at two 

n earest concentrations t r ie d  was on par while 

there was s ig n if ic a n t  d iffe r e n c e  between the e f f e c t  

o f  a lte rn a te  con cen tra tion s.

F ie ld  stu dies

Of the seven fu n g icid es  tested  in v i t r o . 

on ly  fo u r  fu n g ic id es  were found to  g ive  more than 

60 per cen t in h ib it io n  o f  growth. These fu n g ic id es



(A n tra co l, Bayleton, Bordeaux mixture and D ifo la ta n )

■were used in  the f i e l d  t r i a l s .

The in te n s ity  o f  the disease on the le a f  

b e fo re  the fu n g ic id a l spray ranged from 0.^50  to  

0.^62 per cent and the d iffe re n ce  was n ot s a t i s t i c a l l y  

s ig n i f ic a n t  (Table 15 and 16).

The f i r s t  fu n g ic id a l spray was given in  

the f i r s t  fo r tn ig h t  o f  July -1979. The in te n s ity  

o f  the d isease on l e a f ,  one month a fte r  the f i r s t  

spray, was found to  be maximum in  the untreated 

check (0 .616  per ce n t ) and minimum in  p lo t s  which 

re ce iv ed  one per cen t Bordeaux m ixture (0.586 per c e n t ). 

Bordeaux mixture was found to  be on par with B ayleton. 

B ayleton , A ntracol and D ifo latan  were on par.

A ntracol and D ifo la ta n , in  turn, were found to  be 

on par with the untreated check (Table 15 and 16),

The shedding o f  spikes due t o  G. g loeosn or io ld e  s 

during the p eriod  between the f i r s t  and second 

fu n g ic id a l sprays was 0.310 per cent in  untreated 

check and the minimum was in  the D ifo la ta n  as w e ll as 

A ntracol trea ted  p lo t s  (0 .0M  per c e n t ) .  A ll  other 

fu n g ic id e  treated  p lo t s  showed a reduced per cent o f



T able  1 ? . C om parative e f f i c a c y  o f  d i f f e r e n t  fu n g ic id e s
in  th e  c o n t r o l  o f  i p o l l u '  d is e a s e  o f  p ep p er

Treatments

A ntracol 
0.1 #

Bayleton
0 . 1#

Bordeaux
mixture

1.0#
D ifo la ta n

0 . 2#

C ontrol

D isease index in  per cen t at d i f fe r e n t  
in te rv a ls  o f  time

1 month Pooled
a fte r  data o f
3rd three
spray sprayings

P re- 1 month
spraying a ft e r  

1st 
spray

0.1*51

0.1+62
o.i+?o

0.1+59

0 . 1*50

0.602

0.59?

Q.?86

0.599

0.616

1 nppiatil 
a fte r  
2nd 
spray

0*697

0.682

0.61+7

0.67*+

0.728

0.759

0,73?

0.682

0.723

0 .8 13

0.690

0.670

0.61+0

0.670

0,720



R e su lt  o f  s t a t i s t i c a l  an a lysis

T ab le  16 . C om parative e f f i c a c y  o f  d i f f e r e n t  fu n g ic id e s  in  th e  c o n t r o l  o f
'P o l l u 1 d is e a s e  o f  p ep p er

Period  o f  observation CD Conclusion

1 st observation  
(p re -sp ra y in g )

NS t 5 I 3 I, T2

2nd Observation
one month a fte r  f i r s t
spraying

0.059 T3 T2 . T1 V

3rd Observation 
(one month a ft e r  
2nd spraying)

0.038 T3 \  t 2 h

**th O bservation 
(one month a ft e r  
3rd sprayin g)

0 . 0^5 T3 \  T2 Ti t 5

P ooled  an a lys is 0 . 1 9 6 T3 \  T2 Ti t 5

Ti A ntracol = D ifo la ta n

*2 = 
I 3

Bayleton 
Bordeaux mixture t 5 = C ontrol



in fe c t io n  (0 .110 per cent f o r  Bordeaux mixture * 

and 0.12 per cen t f o r  B ayleton) (Table 17 and F ig .7 ) .

The second spray was given one month 

a ft e r  the f i r s t  spray and the d isease index on l e a f  

was recorded  one month a fte r  the second spray. Here 

. a l s o , the maximum disease inten s ity  was noted in  the 

untreated  check (0 .728  per cen t) and the minimum 

in  the Bordeaux mixture treated  p lo t s  (0.6*4-7 per c e n t ) ,  

D ifo la ta n  (0.67^ per ce n t ), Bayleton (0.682 per ce n t) 

and A ntracol (0*697 per cen t) were found to  he on 

par and s ig n if ic a n t ly  superior to  untreated check 

(Tahle 15 and 16).

The observation on spike shedding during 

the period showed th at there was no shedding in  

Bayleton and Bordeaux mixture treated  p lo ts . D ifo latan  

and Antracol treated  p lo ts  had an average of 0.0** 1 

per cent shedding. The maximum shedding was observed 

in  the untreated check (0 .20 1 per cen t) (Table 1 7 ) .

The th ird  spraying was given one month 

a f t e r  the second spray and the observation one month 

a f t e r  the th ird  spray showed minimum in te n s ity  of the 

d isease on the l e a f  in the Bordeaux mixture treated



T ab le  17 . E f f e c t  o f  fu n g ic id e s  a g a in s t  s p ik e  sh ed d in g  and b e r r y  i n f e c t i o n  due t o
'P o l l u 1 d is e a s e  .o f  p ep p er

Percentage o f  spike shedding Per cen t o f
s i .
No. Treatments Within 1 

month a ft e r  
1st spray

Within 1 
month a fte r  
2nd spray

Within 1 
month a fte r  
3rd spray

Averages
berry  in f e ­
c t io n  a ft e r  
harvest

1 A ntracol 
0 . 1?6

0.0*4-3 0.0*4-3 0.073 0.053 0.35

2 Bayleton
0 .1#

0.123 0.00 0 .100 0.07*4- 0.52

3 Bordeaux
mixture
1 .0#

0.110 0.00 0.00 0.036 0.00

*t D ifo la ta n
0 .2 #

0. 0*4-1 0.0*4-1 0 .00 0.027 0.01

5 C ontrol 0.310 0.201 0.265 0.258 0 . 8 2



C om parative e f f i c a c y :  o f  d i f f e r e n t  fu n g ic id e s
in  th e  c o n t r o l  o f  p o l l t i  d is e a s e  o f  p ep p er .
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p lo t s  ( 0.682  per ce n t) folio-wed by D ifo la tan  

(0 .7 23  per c e n t ) ,  Bayleton (O. 7 3 5  per cen t) and 

A ntracol (0 .759 per c e n t ) .  The maximum (0,813 per cen t) 

In te n s ity  o f  the d isease  was observed in  the untreated 

check (Table 15)*

S t a t i s t ic a l  an a lysis  o f  the data revea led  

th at the d ifferen ces in  d isease in te n s ity  between the 

fu n g ic id e  treated  p lo ts  and untreated p lo t  were 

s t a t i s t i c a l l y  s ig n i f ic a n t .  Among the fu n g ic id a l 

treatm ents, one per cent Bordeaux mixture was found to  

be su perior to  a l l  other treatments fo llow ed  by 

D ifo la ta n  which w^s on par w ith Bayleton (Table 16 ),

A fter  the th ird  spraying, no spike shedding 

was observed in  p lo t s  which re ce iv ed  Bordeaux mixture 

and D ifo la ta n . However, the Bayleton treated  p lo ts  

which showed no spike shedding a f t e r  the second spray, 

showed very low in ciden ce  o f  the d isease and the 

sp ike shedding was only 0.100 per cen t . The in ciden ce  

o f  the spike shedding in  the A ntracol treated  p lo ts  

during th is  p eriod  was very le s s  compared to  the 

Bayleton treated  p lo t s  and i t  was on ly 0.073 per cen t. 

The maximum shedding due to  in fe c t io n  was in  the 

untreated  check (Table 17).



S'g

The pooled  an a lysis  o f  the data on the 

In te n s ity  o f  d isease on l e a f  revea led  that the 

in te n s ity  o f  le a f  in fe c t io n  was maximum in  the 

untreated check p lo t  (0 .7 2  per ce n t) and minimum 

in the p lo t  which rece iv ed  Bordeaux mixture (0 .6 1* 

per ce n t) fo llow ed  by D ifo la ta n  (0 .6 7  per cen t),'

Bayleton (0 .67  per ce n t) and A ntracol (0 .69  per cen t) 

trea ted  p lo t s .

The s t a t i s t i c a l  an a lysis  o f  the data showed 

that a l l  fu n g ic id a l treatments reduced the in te n s ity  

o f  l e a f  in fe c t io n . One per cent Bordeaux mixture 

was found to  be superior to  a l l .  D ifo la ta n  was found 

to  be on par with B ayleton. Among the fu n g icid e  

trea ted  p lo ts  the maximum disease in te n s ity  was observed 

in the p lo t  trea ted  w ith Antracol (Table 16 F ig .7 ) .

Observation on berry  in fe c t io n  was taken 

a f t e r  the h arvest. Maximum berry in fe c t io n  was seen 

in the untreated check (0.82 per ce n t) fo llow ed  by 

Bayleton (0,j>2 per c e n t ) ,  A ntracol (0.3J? per cen t) 

and D ifo la ta n  (0.01 per cen t) trea ted  p lo t s .  Baere 

was no berry  in fe c t io n  in  the Bordeaux mixture 

trea ted  p lo t  (Table 17 ).
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E ffe c t  o f  fu n g ic id a l treatment on the y ie ld  o f  pepper

The y ie ld  data glowed that the maximum 

average y ie ld  o f  green -pepper was observed in 

Bordeaux mixture trea ted  p lo t  which gave 2.783 kg 

per p lo t  fo llow ed  by D ifo latan  treated  p lo t  ■

(2.7^9 kg /p lotjl The minimum y ie ld  was recorded in the 

untreated co n tro l p lo t  (2 .560 k g /p lo t ) .  Influence o f  

the fu n g ic id es  on the increase in  y ie ld  was not s ig n i­

f i c a n t ,  eventhough there were s l ig h t  increases over 

the co n tro l (Table 1 8 ) ,



Table 18 . E f f e c t  o f  f u n g i c id a l  trea tm en t on th e  i n t e n s i t y  o f  'P o l lu *  d is e a s e  and
y i e l d  o f  p ep p er

On l e a f  Spike shedding due to  Y ie ld
p e d ic e l  in fe c t io n

S I. j  + t  O vera ll Per cen t Per cen t Average Per cen t
No. in crea se  in  decrease T ota l decrease k g /p la n t in crea se

d isea se  over  (per c e n t )  over over
index c o n tro l  c o n tro l c o n tr o l
(per ce n t)

1 A ntracol
0 .1 #

0.308 0 .055 0.159 0.617 2.650 3 .515

2 Bayleton 
0. A%

0.273 0.090 0 . 2 2 3 0.553 2.67^ if.if5o

3 Bordeaux
mixture
1#

0.232 0.131 0 . 1 1 0 0.666 2.783 8 . 7 1 0

if D ifo la ta n
0 .2 #

0.26^ 0.099 0 .082 0.69^ 2.7^9 7.380

5 C ontrol 0 .363 0.776 2.560
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DISCUSSION

H orticu ltu ra l Gotltge
The clim ate o f  the^faim "where the present 

in v e s t ig a tio n  was ca rr ied  out was ty p ic a lly  monsoonic, 

there being two monsoons i . e . ,  South West monsoon 

(June to  August) and the North East monsoon (September 

to  November). The h igh  temperature o f  dry summer 

o f  the trop ics was not experienced in  th is  area since 

South West monsoon was a ctiv e  during that p er io d . The 

maximum and minimum fo r tn ig h t ly  average temperatures 

recorded  during the two years under observation  were 

3 7 .*+°C and 20.*f°C re s p e c t iv e ly . The r e la t iv e  hum idity 

was always very high during the major part o f  the 

y ea r . A c r i t i c a l  an a lysis  o f  c lim a tic  pattern  o f  th is  

area revea led  s ix  w e ll d is t in c t  p eriod s  in  a year 

namely, (1 ) Warm dry period  (2 ) Pre-monsoon p eriod  

(3 ) South West Monsoon period  (*f) Monsoon break period  

(5 ) North East monsoon period  and (6 ) Cool dry p er iod . 

Cheeran (197*+) a lso  observed s im ila r  c lim a tic  pattern 

in  the m oist fo r e s t  o f  the Western Ghats. These s ix  

p eriod s  were made d is t in c t ly  d i f fe r e n t  by v a r ia tio n s  

in  r a in fa l l ,  temperature and r e la t iv e  hum idity. The 

succession  o f  the season in  th is  area com pletely



depended upon r a in fa l l -  and the s ix  seasons remained 

constant from year t o  year though marginal s h ift s  

in  the time o f  occurrence took p la ce . In con tra st 

to  other parts o f  the country, the fo u r  w ell d e fin ed  

seasons namely, summer, autumn, spring and vjinter are 

n ot seen in  th is  area.

The warm dry p eriod  Is the h o t te s t  p er iod  

o f  the year and i t  extends u su a lly  from middle o f  

February to  f i r s t  fo r tn ig h t  o f  May. The h igh est 

temperatures o f  day and n ight o f  the year were recorded 

during th is  p e r io d , which ranged from 35»5°C to  

37 .^°C in  a day and 23.2°C and 29.6°C at n igh t. Unlike 

oth er parts o f the country the r e la t iv e  humidity was 

found to  be high and I t  varied  from  76.5 to  95*6 in  

the morning and 66 .3  to  80.0 per cent in  the afternoon . 

A few summer showers were a lso  obtained during th is  

p er io d  and the number o f rainy days and in te n s ity  o f  

the rain  varied  year a fte r  year (Table 2 and F ig .2 ).

The pre-monsoon p eriod  Is very  pronounced 

w ith in term itten t ra in s . There was gradual redu ction  

in the day and n igh t temperatures and an increase 

in  the r e la t iv e  hum idity, both maximum and minimum 

compared tJb that o f  the warm dry p eriod  (Table 3 ) .



The South West monsoon p eriod  u sua lly  

s ta rts  from June and extends upto the end o f  August 

with heavy and continuous r a in fa l l .  This p eriod  

i s  ch a ra cterised  by cloudy skies and m oist atmosphere. 

The day and n igh t temperatures come doim and the 

r e la t iv e  humidity reaches to  satu ration  le v e l  in 

alm ost a l l  days, there being l i t t l e  d if fe re n ce  in 

mornings and a ftern oon s. This p eriod  can be designated 

as the co o l wet p eriod  o f  the year (Table b  and F ig .3 ).

The monsoon break p eriod  la s t s  f o r  one or 

two fo r tn ig h ts  a fte r  the South West monsoon. During 

th is  p eriod  there were only a few showers. The 

temperature shov/ed s l ig h t  increase and there \r&s 

marked v a r ia tion  in the r e la t iv e  humidity compared 

to  the South West monsoon p eriod . This p eriod  was the 

beginning o f  the warm m oist p eriod  (Table 5 ) .

The North East monsoon p er iod  u su a lly  s ta rts  . 

in  the second fo r tn ig h t  o f  September and extends upto 

the l a s t  fo r tn ig h t  o f  November. This monsoon sometimes 

brin gs heavy showers to  th is  area and there i s  a 

great deal o f  v a r ia tio n  in  r a in fa l l  from year to  year. 

Unlike the South West monsoon the absence o f  continuous 

showers i s  p a r t ic u la r ly  conspicuous during th is  p er iod .
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The day and n ight temperatures showed a fu rth er  

increase and the r e la t iv e  humidity varied  w idely .

This p eriod  can he designated as the warm m oist 

p eriod  o f  the year (Tahle 6 and F ig .If),

The c o o l  dry p eriod  u su a lly  s ta rts  from 

the f i r s t  fo r tn ig h t  o f  December and extends upto 

the f i r s t  fo r tn ig h t  o f  February, The main fea tu res  

o f  th is  p eriod  are low  day and n igh t temperatures 

and a very  low  r e la t iv e  hum idity. This p eriod  i s  

dry and co o l when compared to  other period s o f  the 

year (Table 7 and F ig ,5 ) .

The clim ate  has a marked in flu en ce  on the
cf pepper virte

growth^and production  o f  p ep p er .. . .  , The change 

in the weather brings about a corresponding change 

in  the growth p attern . The ch ie f fea tu res  o f  the 

warm dry season were shedding o f  senescent leaves 

and la ck  o f  new growth o f  the v in e s . Due to  the 

in term itten t ra in  in  the pre-monsoon p e r io d , the s o i l  

m oisture increased  and new flu sh es appeared.

At the beginning o f  the South West monsoon 

new flu sh es  appeared from the la t e r a ls  which ca rr ied



the flo w e rs . The f e r t i l i z a t io n  o f  the flow ers 

and the development o f  the spike take p lace  during 

the South West monsoon p eriod . During th is  p eriod  

la rg e  number o f  p h y s io lo g ic a lly  a c tiv e  leaves 

cou ld  be observed on pepper v in es . The f e r t i l i z a t i o n  

o f  the flow ers mainly depends upon the in te n s ity  

and d is tr ib u t io n  o f  the rain  during South West monsoon. 

Berry development occurs during the monsoon break 

p eriod  as w e ll as the North East monsoon period  and 

maximum number o f mature leaves cou ld  be seen during 

th is  p eriod .

During the c o o l  dry p eriod  the b err ies  

g e t  matured and s ta r t  rip en in g . This i s  the time 

f o r  the h arvest. By the end o f c o o l  dry p eriod  the 

s o i l  moisture sta tu s i s  very low and fu rth er  growth 

o f  the pepper p la n t i s  checked and almost a l l  the 

leaves become f u l l y  matured.

The "fungalj. p o llu "  i s  an important d isease 

o f  pepper causing considerab le  damage. Rao (1926) 

estim ated the lo s s  o f  produce due to  the d isease 

as 0 .5  to  13.0 per cent and Krishna Menon <19^9) 

reported  the lo s s  as three to  ten per cen t. The 

d isease  is  observed in  almost a l l  pepper growing tra c ts
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o f  the world. Apart from the sp ik e , the pathogen 

a lso  attacks the leaves and tender shoots.

The pathogen causing th is  disease was 

f i r s t  reported  by Rao (1926) as . iC.n eca tor

and la t e r  almost a l l  workers used the same name f o r  

C olletotrichum  is o la te d  from P iper nigrum.

Vinukatananda and C elino (19^0) c o r r e c t ly  named the 

pathogen as the im perfect stage o f  Glom erella c in g u la ta . 

Later Mel (1956) reported  that G lom erella c in gu la ta  

was respon sib le  f o r  anthracnose o f  pepper in  Ceylon. 

However, the p e r fe c t  stage o f the pathogen has n ot 

been reported  from Ind ia  on pepper.

. v  At x  (1957) Made a d e ta ile d  study o f  the 

genus C olletotrichum  and he c le a r ly  esta b lish ed  

that a l l  s tra ig h t spored C olletotrichum  spp. are the 

im perfect stage of. G lom erella c in g u la ta . He grouped 

about 600 sp ecies  o f  C olletotrichum  in to  a s in g le  

sp ecies  and used the name C olletotrichum  g lo e o s p o r lo id e s .
1

One among the 600 species  l i s t e d  by Von Arx (1957) was 

C. n e ca to r .

In the presen t study a lso  the pathogen 

causing the d isease Is a stra ig h t spored C olietotrlchum  sp.



Thus the c o r r e c t  name o f the pathogen causing 

anthracnose should be C olletotrichum  g lo e o s p o r lo id e s , 

the im perfect stage o f Glom erella c in gu la ta  (Stonem) 

Spauld and Schrenk.

The symptoms o f  the d isea se , appeared on 

d if fe r e n t  parts o f  the pepper v in e , were d escribed  

by e a r l ie r  workers (Rao, 1926; Thomas and Menon, 1939; 

Vinukatananda and C elin o , 19^0 and Krishna tfenon,

19*4-9). However, none o f  the e a r l ie r  workers made a 

d e ta ile d  study o f the disease syndrome. On a l l  a e r ia l  

parts o f  the p la n ts , the i n i t i a l  symptom observed on 

the in fe c t io n  cou rt was a c h lo r o t ic  speck. This 

turned t o  dark brown in  co lou r w ithin two days. The 

f in a l  stages o f  the symptom on leaves observed in  the 

p resen t study are s im ilar to  that observed by e a r l ie r  

workers (Thomas and Menon, 1939 and Krishna Menon, 19^9).

The expression  o f  symptom on leaves v a ries  

accord ing  to  the c lim a tic  fa c to r s  preva len t at the 

time o f  in fe c t io n  and spread o f  the d isea se . Under 

dry co n d itio n s , when r a in fa l l  and r e la t iv e  humidity 

were low , the development o f  n e cr o t ic  area on the 

l e a f  was very slow and a d e f in ite  dark colou red  ra ised



margin was observed around the p le s io n e c r o t ic  area. 

Krishna Menon (19^9) recorded s im ila r  symptoms on 

pepper le a v e s . Under humid m oist con d ition s  the 

le a f  spot enlarged very  qu ick ly  and there was no 

d e f in it e  margin around the p ie  s io n e e ro tic  area. The 

h o lo n e cr o t ic  area was surrounded by a dark coloured  

p le s io n e c r o t ic  area which in turn was surrounded by 

a b r ig h t yellow  h a lo . Under th is  con d ition  the 

in fe c te d  leaves shed w ithin f i f t e e n  days. Vinukatananda 

and C elino (19^0) observed th is  type o f  symptom 

development under humid con d ition s  but they didfrnt 

observe d e fo l ia t io n . The yellow  h a lo  around the 

p le s io n e c r o t ic  area i s  an in d ica t io n  that some 

d i f fu s ib le  to x ic  m etabolite  i s  produced in  the h ost 

t is su e  e ith e r  by the pathogen or by the h ost pathogen 

in te ra c t io n . S im ilar observations were a lso  made by 

many other workers on le a f  sp ottin g  fu n g i. A ltera a ria  

b l ig h t  o f  tomato and potato  p lants caused by
SoM-uer

A lte rn a r ia  s o la n i^ b la s t  of r ic e  caused by P .vricu larla
CaVo r y z a e anthracnose o f  D ig ita l is  spp. caused by 

G lom erella c in gu la ta  ( C olletotrichum  fuscum) are 

examples f o r  th is  type o f  ha lo  form ation .

Eventhough many workers have reported  the 

death o f  the shoot and vines by the fungal in fe c t io n ,



none o f  the workers have described  the symptoms in  

d e t a i l .  On shoot and vines ty p ic a l  anthracnose 

symptoms were observed on the young p la n ts .

D eta iled  symptoms, when the pathogen 

attacks on the p e d ica l o f  the sp ike, have n ot been

reported  by e a r l ie r  workers. However, Thomas and
✓ *

Menon (1939) and Krishna Menon (19^9) n o ticed  r o t t in g  

o f  the p e d ice l due to  the attack by the pathogen
f

resu lt in g  in shedding o f  the sp ike. In the present 

in v e stig a tio n  i t  was c le a r ly  observed that in  the 

shedding o f  the spike due to  the attack  o f  the pathogen 

there was complete r o t t in g  o f  the basa l end o f  the 

p e d ic e l .  When the shedding was due to  the p h y s io lo ­

g ic a l  fa c t o r s ,  ca llu s  form ation was observed on th is  

end o f the p e d ic e l.

The symptoms observed on mature and immature 

b e r r ie s  as a r e s u lt  o f  in fe c t io n  are d if fe r e n t . In- 

both  th e  cases the a ffe c te d  b e rr ie s  d id  not shed.

When the young b e r r ie s  were a ttack ed ,th e  i n i t i a l  

symptom was a c h lo r o t ic  speck which turned dark brown 

in  co lou r w ithin a few days. Later, these b e r r ie s  

sh r iv e lle d  and d r ied . On mature b e r r ie s ,  the i n i t i a l



symptom and fu rth er  development were alm ost the 

same as that observed in  immature b e rr ie s  but the 

r in d  o f  the b e rr ie s  became pulpy in  some cases and 

i t  cracked in  o th ers . Thomas and Menon (1939) and 

Krishna Menon (19^9) a lso  observed s im ila r  type o f  

symptom development on b e rr ie s  bu t d id  n ot describe  

the appearance o f symptom at d i f fe r e n t  stages.

During the present in v e s t ig a tio n  the 

in fe c t io n  on the ra ch is  o f  the spike was a lso  observed. 

This type o f  in fe c t io n  was not observed by the 

e a r l ie r  workers. As a re su lt  o f the in fe c t io n  on 

the rach is a l l  the b e rr ie s  below the in fe c te d  p ortion  

d ried  and became dark co lou red . The weight and 

q u a lity  o f  such d ried  b e r r ie s  depended on the stage 

o f  the spike at which the fungus In fe c te d  the b e r r ie s . 

When the b e r r ie s  were in fe c te d  during the ea r ly  stages 

o f  the development complete s h r iv e ll in g  and drying 

took p lace  and there was maximum reduction  in  the 

pungency.

The pathogen, h ost and environm ental con d i­

t io n s  are the major fa c to r s  which in flu en ce  the 

epidem iology o f  the d isease (M ille r , 1953). Thus
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three very Important fa c t o r s ,  i . e . ,  su scep tib le  

p la n ts  in  a vulnerable stage, d isease causing 

organism in  a v iru le n t  stage and favourable 

environm ental con d ition s  acted in harmony f o r  the 

establishm ent o f  the d isea se . I t  has been proved 

th at C.glo e o su o r io id e s  (Pens) Sacc. was the casual 

organism o f  the d ise a se . Some workers a lso  reported  

about the same organism causing anthracnose d isease 

o f  pepper (Thomas and Menon, 1939; Nambiar et a l . , 

1978),

The source o f  primary in fe c t io n  was not 

stu d ied  in the present in v e s t ig a t io n . I t  i s  

persu^ed that the primary source o f  in fe c t io n  might 

have been from the in fe c te d  leaves which was reta in ed  

in  the crop during the la s t  seasons or from the 

spores that developed on dead fa l le n  le a v e s .

From the present in v e s t ig a tio n  i t  has been 

observed that the fre s h  in fe c t io n  o f  the year 

sta rted  during the pre-monsoon p er iod . In both the 

years i . e . ,  1978  and 1979, there were good pre-monsoon 

showers and new flu sh es  appeared during th is  p eriod . 

A fter  a few pre-monsooh showers s u f f ic ie n t  spores 

might have been developed on the in fe c te d  o ld er  leaves



or on the in fe c te d  fa l le n  le a v e s . By th is  tim e, 

the new flu sh es  became p h y s io lo g ic a lly  a ctiv e  

and new in fe c t io n  in it ia t e d  even though the in fe c t io n  

ra te  was low . This p eriod  was n o tice d  in  both  the 

years under observation . The in fe c t io n  ra te  

in creased  suddenly during the c o o l  m oist p eriod  

and th is  reached the maximum when the South West 

monsoon period  became a c t iv e . However, there was a 

decrease in  the ra te  o f  fre sh  in fe c t io n  a fte r  the 

second fo r tn ig h t  o f  July in  1978 ahd f i r s t  fo r tn ig h t  

o f  July in  1979 when the monsoon s l ig h t ly  subsidOed 

(Table 8 and F ig .6 ) .

Dufing the South West monsoon p eriod  there 

was ra in  almost every day in  both the years and 

consequently there was sudden f a l l  in the maximum 

and minimum temperatures and increase in r e la t iv e  

hum idity.. I t  i s  a w e ll e sta b lish ed  f a c t  that most 

f o l i i c o l o u s  fu n g i favou r co o l m oist environment 

f o r  germ ination, penetration  and establishm ent 

(C layton , 19^2; Kaiser and Lukezic, 1966; Cochrane, 

1960). The above observations have been found very 

s ig n i f ic a n t  in the present study and the pathogen, 

C olletotrichum  g loeosp or lo id es  in fe c te d  the pepper



le a v e s  in  these co n d itio n s . Maximum in fe c t io n  

on the leaves o f  pepper vine was observed during ' 

the c o o l m oist p eriod  o f  the year (Table 8 and 

F i g ,6 ) . This p eriod  a lso  co in cid ed  with the maximum 

number o f  mature and p h y s io lo g ic a lly  a c t iv e  le a v e s , 

the id e a l  stage f o r  in fe c t io n . From the above 

fa c t s  i t  can be c le a r ly  esta b lish ed  th a t the South 

West monsoon period  i s  the most congen ia l time fo r  

the maximum fresh  in fe c t io n  on le a v e s . This i s  due 

to  the fa c t s  th at the pepper leaves were in  the 

most vulnerable stage , and the c o o l  m oist con d ition  

p re v a ilin g  in  that p eriod .

The l e a f  in fe c t io n  ra te  reduced during 

the monsoon bffiak̂ - p eriod  and Worth East monsoon p eriod . 

There was no fresh  In fe c t io n  a fte r  the Worth East 

monsoon p eriod .

A fter  the South West monsoon p eriod , there 

were changes .in the c lim a tic  parameters v i z . ,  reduction  

in  the number o f ra iny  days, t o t a l  r a in fa l l ,  maximum 

and minimum r e la t iv e  humidity and an increase in the 

maximum and minimum temperature. These resu lted  in  a 

warm m oist con d ition  during the Worth East monsoon



p e r io d . This may he the reason f o r  reduction  in  the 

ra te  o f  fresh  in fe c t io n  eventhough the su scep tib le  

h ost in  a vulnerable stage and the d isease  causing 

pathogen in  an in fe c t iv e  stage are present (Table 8 

and F ig .6 ) .  I t  c le a r ly  in d ica tes  that the stage o f  

the h o s t  and the pathogen are not the only fa c to r s  

which decide rate  o f  fresh  in fe c t io n  but favourable  

weather fa c to r s  are a lso  equally  im portant.

There was no fresh  in fe c t io n  a fte r  the 

North East monsoon because there was no rain  during 

the c o o l  dry p eriod  and warm dry p eriod  except a few 

summer showevsi

From the above fa c to r s  I t  can be reasonably 

assumed that r a in fa l l  Is  the p re -r e q u is ite  fa c to r  

f o r  the fre sh  in fe c t io n . The importance o f  r a in fa l l  

and ra in y  days f o r  In fe c tio n  and spread o f  the 

d isease  caused by the same pathogen on d if fe r e n t  crops 

had been worked out by early  workers (Singh and 

Prasad, 1967 on D ioscorea ; W astie, 1972 on Rubber; 

Denhan and W aller 19®1■ on C itr u s ). The present 

fin d in g s  strengthen the fin d in g s  o f  the e a r l ie r  workers.



Among the environmental fa c t o r s ,  the number 

o f  ra iny  days and t o t a l  r a in fa l l  and averages o f  

maximum and minimum humidity o f th at fo r tn ig h t  have 

s ig n i f ic a n t  p o s it iv e  c o rre la t io n  w ith the degree o f  

fr e s h  in fe c t io n  (Table 9)* I t  i s  in te re s t in g  to  note 

th a t the maximum p o s it iv e  c o r re la t io n  was observed 

in  the case o f  rainy days. The averages o f maximum 

and minimum temperature o f  that fo r tn ig h t  have showh . 

n egative c o rre la t io n  with the fre sh  l e a f  in fe c t io n . 

S im ilar observation  has been made by many other 

workers (Ocfemia and A gati, 1925; Roy, 19^8; Togashi, 

19^9; Krishna Menon, 19*+9j Kaiser and Lukezic, 1966; 

Singh and Prasad, 1967; and W astie, 1972) who have 

worked on the in fe c t io n  pattern  o f  C olletotrichum  

g loeosn or lo id es  in  d if fe r e n t  crop  p lants in clu d in g  

P iper nigrum.

The d isease index o f  anthracnose o f  pepper 

was ca lcu la ted  based on the le a f  in fe c t io n . The 

in fe c t io n  on other parts o f  the p la n t was n ot considered  

f o r  ca lcu la tin g  the d isease index because the in fe c te d  

p a rts  get detached from the p la n t soon a fte r  the 

in fe c t io n  and hence the expression  o f  the syndrome 

o f  the d isease on these parts was not p o s s ib le . Since



the pathogen was peren n ia l i t  was easy to  record  

the In te n s ity  o f  the disease on l e a f  throughout the 

y ea r . The minimum in te n s ity  o f  the d isease was 

observed 'during the warm dry p eriod  (summer month) 

o f  the. year. This may be due t o  the f a c t  that there 

was no fre sh  in fe c t io n  during th at p eriod  and the 

lea v es  which had taken in fe c t io n  during the wet p eriod  

became senescent and most o f  the In fe c te d  lea ves  shed 

o f f  (Table 10 and F ig ,6 ) .  During the pre-monsoon 

p e r io d  there were a few ra in s w ith subsequent in crease  

in  hum idity. Due to  the above f a c t s ,  there was an 

in crea se  in  the s ize  and development o f  the e x is t in g  

l e a f  sp ot by which a s l ig h t  in crease  in  d isease Index 

was n o tice d  (Table 10 and F ig .6 ) .

During the c o o l m oist p e r io d , there was an 

Increase in  the number o f  p h y s io lo g ic a lly  a c tiv e  

lea v es  and the -number o f  fre sh  in fe c t io n  con sid era b ly  

in creased  and some o f  the leaves showed n e cr o t ic  

spots* Due to  th is  fa c t  the d isease index increased  

in  th is  p eriod .

The maximum d isease index in  both the years 

under observation  was n o ticed  during the warm m oist



p er io d  o f  the year. The reason f o r  the maximum 

d isease  index was that a la rge  number o f leaves 

became mature and a l l  the leaves which had taken 

in fe c t io n  during the South West monsoon p eriod  developed 

la rg e  n e cro t ic  area on the le a v e s . Most o f  the 

lea v es  which had shown la rge  n e c r o t ic  area were 

reta in ed  in the v in es i t s e l f  and very few in fe c te d  

le a v e s  were fa l le n  o f f .  This re su lte d  cum ulative 

e f f e c t  on the d isease  index (Table 10 and F ig .6 ) .

During the c o o l  dry p er iod ,th e  d isease index 

s low ly  came down. This is  due to  the f a c t  th at when 

the atmosphere became dry the development o f  n e cr o t ic  

area on the leaves was r e s tr ic te d  and a l l  the leaves 

which had shown la rg e  n e cro t ic  area became senescent 

and were shed. Thus the number o f in fe c te d  lea v es  on 

the vine and the number o f  n e cr o t ic  area on the leaves 

became sm all, which reduced the d isease index (Table 10 

and F ig .6 ) .

The observation s on the pattern  o f  in fe c t io n  

and d isease development f o r  the two years c le a r ly  

show®Jthat the pathogen G. g loeos 'P orioides favours a 

c o o l  m oist period  f o r  the p rod u ction , d isp ersa l and



germ ination o f  the spores and in fe c t io n  o f  the h o s t . 

Ayyar e t  a l . ,(1921$ Vinukatananda and C elino (19^0), 

Krishna Menon (l9*+9) and Yarwood (1956) a lso  observed 

that continuous ra in  and humid c lim a tic  con d ition  

favour the in fe c t io n  by C .g loeosn orlo id es  oh P iper 

nigrum. Hoy (19^8) observed the same con d ition s  f o r  

the in fe c t io n  o f  the same pathogen on b e te l  v in e .

Other workers have a lso  observed that the same c lim a tic  

con d ition s  favoured in fe c t io n  by C. g loeosp or io id es  

on d if fe r e n t  crops l ik e  avecado and mango (Ocfemia 

and Agati (1925)? papaya (Baker e t  a l . , 19^0),

3)1 o score a (Singh and Prasad, 196?) and rubber (Was t i e ,  

1972).

The maximum development o f  the symptom on 

the l e a f  and maximum disease index were observed 

during the warm m oist p eriod . This c le a r ly  shows that 

the pathogen i s  more a ctive  in  h ost tissu e  at s l ig h t ly  

h igh er temperature and low r e la t iv e  humidity than 

that i s  required f o r  in fe c t io n . Maximum symptom 

development was observed on mature le a v e s . The 

e a r l ie r  workers a lso  observed almost the same con d i­

t io n s  f o r  the maximum symptom development (Amin e t  a l . , 

1979; Chung and Bae, 1979J Omgupta and Wema, 1979).



The pathogen in fe c ts  d i f fe r e n t  parts o f  

the spike v i z . ,  p e d ic e l ,  rach is and b e r r ie s .  Among 

t h is ,  p e d ice l in fe c t io n  has more s ig n ifica n ce  because 

a l l  the in fe c te d  spikes f a l l  o f f  w ithin  a week 

resu lt in g  in  t o t a l  l o s s .  The in fe c t io n  pattern on 

p e d ic e l  during both  the years under observation  is  

found to  be the same as that o f  the le a f  in fe c t io n .

The p e d ic e l  in fe c t io n  s ta rts  during the South West 

monsoon p eriod  and the maximum in fectionw as a lso  

observed during that period  in  both  the years. The 

peak p eriod  o f  p e d ic e l  in fe c t io n  synchronised w ith 

continuous r a in fa l l  o f  the season (Table 1 *k and F ig .6 ) .

The in te n s ity  o f  p e d ice l in fe c t io n  has a 

d ir e c t  p o s it iv e  c o rre la tio n  w ith number o f  ra iny 

days, t o t a l  r a in fa l l  and r e la t iv e  hum idity. Among 

these fa c t o r s ,  maximum p o s it iv e  c o rr e la t io n  was 

observed in  the case o f  t o ta l  number o f  rainy days 

and t o t a l  r a in fa l l .  The to t a l  p e d ice l in fe c t io n  per 

cent during- 1979 was low  when compared to  th at o f  1978. 

During the p e d ice l in fe c t io n  p eriod  in 1978 there 

was 2939.8 mm r a in fa l l  in  131 days and the t o t a l  

p e d ic e l  in fe c t io n  was per ce n t . During th is



p er io d  in  1979 the to t a l  r a in fa l l  was 2 5 8 2 wm 

rece iv ed  in 1 1 5  days and the p e d ic e l  in fe c t io n  was 

on ly 3.3*f per cen t. Both the maximum and minimum 

temperatures have negative co r re la t io n  with p e d ice l 

in fe c t io n  in  both the years under observation .

The fin d in g s  o f  the presen t in v e s t ig a tio n  

supported the e a r l ie r  observation  on the in fe c t io n  

pattern  o f C olletotrlchum  g lo e o sp o r io id e s  on d if fe r e n t  

crops includ ing  pepper (Sukumara P i l l a i  e t  a l . , 1977, 

on pepper; Roy, on b e te l  v in e ; Ocfemia and

A ga ti, 1925;, on avocado and mango; Singh and Prasad, 

1967,; on d io sco rea ; W astie, 197*+ on rubber; Denhan 

and W aller, 198*1, on c i t r u s ) .

A fter  the Worth East monsoon the spikes 

became mature and, eventhough there was ra in , no 

in fe c t io n ,  was observed on the p e d ic e l.  This may be 

due to  the fa c t  th at by that time the pathogen cou ld  

n ot attack mature p e d ice l in s p ite  o f  the favourable  

c lim a tic  fa c to r s .

The pathogen attacks mature and immature 

b e r r ie s .  When the pathogen attack s the immature 

b e r r ie s ,  i t  com pletely  s h r iv e lls  and becomes l ig h t .



When the pathogen attacks the mature b e r r ie s , only 

the p erica rp  i s  a ffe c te d  and the seed was found 

to  be in t a c t .  This may be due to  the fa c t  "that 

the seed coa t o f  mature b err ie s  becomes hard and the 

pathogen i s  not able to  penetrate the seed .

The berry  in fe c t io n  u su a lly  sta rts  in  the 

beginning o f  August and the peak p eriod  o f in fe c t io n  

was n o tice d  during September in  both  the years.

(Table 13 and F ig .6 ) .  But in  1978 the in fe c t io n  

continued t i l l  the end o f  December. This may be due 

to  a few showers rece iv ed  during the second h a lf  o f  

December. The above fin d in gs  are in  conform ity  w ith 

the rep ort from the Pepper Research S ta tion , Panniyoor 

(Anonymous, 1979).

When compared to  1978 the in fe c t io n  per cent 

was s l ig h t ly  low  in  1979 and the t o t a l  r a in fa l l  

re ce iv ed  during 1978 was much h igher (2018.8 mm) with 

an in fe c t io n  per cen t o f  2.59 and in  1979 the t o t a l  

r a in fa l l  rece ived  was 1^ 30  mm and the in fe c t io n  per cent 

was 2.3?* This In d ica tes  th at the r a in fa l l  i s  the 

m ajor fa c t o r  f o r  berry  in fe c t io n  a ls o .

In the b io a ssa y  of the seven fu n gicid es tr ie d ,  

D ifo la ta n , Bayleton and Antracol a t  2000 ppm and



Bordeaux mixture one per cent gave cent per cen t 

in h ib it io n  o f  growth o f  C olletotrichum  g loeosp orio id es  

in  s o l id  medium. A ll  other fu n g ic id es  were found 

to  be le s s  e f f e c t iv e  and the in h ib it io n  per cent was 

below  n in ety  per cen t.

The e f f i c a c y  o f  D ifo la ta n  f o r  in h ib it in g  

the growth o f  C. g loeosp or io id es  has been w e ll 

e s ta b lish ed  by e a r l ie r  workers (Chung, 1970; Kader 

e t a l . , 1977). S im ila r ly , the e f f i c a c y  o f  Bayleton 

and A ntracol f o r  in h ib it in g  the growth o f  fungus was 

a lso  proved by other workers (Pim entel e t  a l . , 19715 

Bastos and M edeiros, 1979)* Ehe present in v e s t ig a t io n  

confirm s the fin d in g s  o f  e a r l ie r  workers.

The e f f i c a c y  o f  fou r  d i f fe r e n t  fu n g icid es  

namely, A ntracol, Bayleton, Bordeaux mixture and 

D ifo la ta n  in  c o n tr o llin g  the anthracnose d isease o f  

pepper was te s te d  in the f i e l d .  The fu n g ic id es  were 

sprayed on the crop at one month in te rv a l. A ltogether 

three sprayings were g iven . O bservations were recorded  

on ly  f o r  le a f  d isease  index and spike shedding. In 

gen era l, there was s ig n if ic a n t  redu ction  in the le a f  

d isease  index and spike shedding as a re su lt  o f
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fu n g ic id a l spraying (Table 15, 10 and 17). There 

was s ig n if ic a n t  d iffe re n ce  between the e f f e c t  o f 

fu n g ic id e s  in  checking the d isea se . The p lo ts  

sprayed with one per cent Bordeaux mixture have 

found to  be superior to  a l l  other fu n g ic id e s . The 

e f f i c a c y  o f  Bordeaux mixture f o r  c o n tro llin g  

Colletotrichurn g loeosp or io id es  idiich attacks pepper 

has been w ell esta b lish ed  by e a r l ie r  workers, Eao 

(1926 ), Sundararaman (1928), Thomas and Menon (1939).

The e f f i c a c y  o f  Bordeaux mixture in  c o n tro llin g  

C .g lo e o sp o r io id e s  has been esta b lish ed  in  Piper h e tie  

by Dastur (1935), Su (1937), Bertus (19^2), Choudary 

(19^5) and Chathopadhyay (1967). The e f f e c t  o f  

Bordeaux mixture aga in st C.g lo e o sp o r io id e s  on other 

crops was a lso  proved by Shear (1926), Sinnnands (1933), 

Venkatakrlshniah (19^2), Tandon and Singh (1968) and 

Subramonian e t  a l .  (1971).

In gen era l, D ifo la tan  was found to  be the 

next to  Bordeaux mixture in c o n tr o llin g  the d isease 

in  the f i e l d .  But, a fte r  the f i r s t  spray, th is  

fu n g ic id e  was found to  he on par with Bayleton and 

A n tracol, Later, i t  estab lish ed  the supremacy over 

the other organic fu n g ic id e s . D ifo la ta n  was found to  be
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a very good fu n g ic id e  in  c o n tr o llin g  the anthracnose 

fu n g i on d if fe r e n t  crops by Chauhan and Duhan (1977)» 

Brook (1977), Navarro and Pusserta (1978 ), Madaan 

and Grover (1979)* Ba;Ju e t  a l .  (1979)» Schroeder e t  a l .  

(1979) and Chauhan e t  a l .  (1980),So f a r ,  there i s  no 

re p o r t  on the co n tro l o f  anthracnose d isease  -of 

pepper using th is  fu n g ic id e .

in the case o f  f i r s t  spraying, Bayleton came 

n ext to  Bordeaux m ixture, but subsequently th is  

fu n g ic id e  was found to  be le s s  e f f e c t iv e  than D ifo la ta n . 

However, th is  fu n g ic id e  was found to  be superior to  

A ntracol in  c o n tro llin g  the d isea se . The reports  on 

the e f f i c a c y  o f  Bayleton In c o n tro llin g  the anthracnose 

d isea se  o f  crops are very scanty, Ihe present study 

rev ea ls  that Bayleton can a ls o  co n tro l the anthracnose 

d isease  t o  some ex ten t in  the f i e l d .

A ntracol i s  one o f  the b e s t  fu n g ic id es  

a v a ila b le  against so many le a f  spot d iseases (Kim, 1972; 

Karan e t  a l , , 197^). Here, f o r  c o n tro llin g  the 

anthracnose d isease o f  pepper th is  fu n g icid e  was found 

to  be le s s  e f f e c t iv e  when compared w ith the other three 

fu n g ic id e s  t r ie d .
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Sim ilar trend, has been observed in  the 

c o n tro l  o f  the spike shedding o f  pepper. Bordeaux 

mixture was found to  be superior to  other fu n g ic id es  

fo llow ed  by D ifo la ta n , Bayleton and A ntracol.

As the percentage o f  sp ike in fe c t io n  was 

very  low  during the period  under study, the s t a t i ­

s t i c a l  analysis was not ca rried  ou t. The comparison 

was made on the b a s is  o f  the in te n s ity  o f in fe c t io n  

in  the f i e l d  experim ent. In the fu n g ic id a l t r ia l  

to  co n tro l the anthracnose d isea se , data on l e a f  and 

sp ike in fe c t io n  showed that a l l  the fou r  fu n g ic id es  

te sted  namely, Bordeaux mixture one per cen t, D ifo la ta n , 

Bayleton and A ntracol can check the d isease to  a 

g rea t exten t and one per cent Bordeaux mixture was 

found to  be su perior to  the other fu n g ic id es  te s te d .

This may be due to  the fa c t  that Bordeaux mixture 

has more adhesive property  and good p e rs is te n t  action  

than a l l  other fu n g ic id es  te s te d .

Yet another reason may be the time la g  o f  

one month between the subsequent sprayings. The organic 

fu n g ic id e s  tested  in  the f i e l d  may not have that much 

p e rs is te n t  a ction  as that o f  Bordeaux mixture to  reta in  

the fungal t o x ic i t y  continuously  on the h ost p la n t.
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SUMMARY

The presen t study on the e t io lo g y  and 

e co log y  o f  fungal pollu* in  pepper was conducted at 

Pepper Research S tation  attached to  C ollege o f  

H orticu ltu re , V ellanikkara during the years 1978 and 

1979 using the v a r ie ty  P annlyoor-I.

(1 ) The pathogen causing th e 'fu n g a l p o llu  was found 

to  be C olletotrichum  g lo e o s p o r io id e s . the im perfect 

stage o f  G lom erella c ln g u la ta .

(2 ) The. pathogen was found to  be perenn ia l on the 

h ost and in fe c te d  a l l  the a e r ia l  parts o f  the pepper 

vine except ro o t  and w ell matured stem.

(3 ) Leaf in fe c t io n  took p lace  only on p h y s io lo g ic a lly  

a c t iv e  and mature l e a f .

( b ) The i n i t i a l  symptom observed on the in fe c t io n  

co u rt  was a c h io r o t ic  speck. Later i t  turned dark 

brown w ithin two days.

(5 ) ^he w ell developed le a f  spots under dry con d ition  

were c ir c u la r  to  ir r e g u la r ly  c ir c u la r  in  shape. The 

h o lo n e c r o t ic  area o f  the spot was s l ig h t ly  depressed



and ashy white to  papery white in  c o lo u r . This 

area was surrounded by a dark co lou red  p le s io n e c r o t ic  

area which was e n c ir c le d  by dark co lou red  ra ised  

margin. The in fe c te d  leaves u su a lly  d id  n ot shed.

(6 ) Under humid m oist con d ition s , the le a f  spot 

en larged qu ick ly  and the h o lo n e cro t ic  area was ashy 

white in  co lo u r . This area was surrounded by dark 

co lou red  p le s io n e c r o t ic  area w ithout any d is t in c t  

margin, but there was a b r ig h t ye llow  h a lo  around 

t h is  n e cr o t ic  area. The in fe c te d  leaves shed w ithin 

two weeks.

(7 )  On the tender sh oots, the i n i t i a l  symptom was 

s im ila r  t o  that on le a v e s . The n e c r o t ic  area was 

very dark in  co lo u r . The shoot got d ried  when the 

in fe c t io n  spread around the shoot.

(8 ) The pathogen attacked a l l  parts o f the spike 

namely p e d ic e l ,  rach is  and b e r r ie s .

(9 ) P ed ice l in fe c t io n  resu lted  in shedding o f  the spike

(10)The i n i t i a l  symptom on the p e d ic e l was as that 

on the leaves and tender shoots.
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(11 ) The d iffe re n ce  between the p h y s io lo g ica l 

shedding and shedding due to  C olletotrichum  

g lo eosn or io id es  can e a s ily  be d istin g u ish ed  by the 

f a c t  that in the case o f  form er, there w i l l  be 

ca llu s  form ation at the base o f  the p e d ice l 

whereas in  the la t t e r  case, the in fe c te d  portion  

o f  the p e d ice l was found to  he ro tten  and dark

in  co lo u r . P ed ice l in fe c t io n  was n o t observed on 

mature sp ik es.

(12 ) Rachis in fe c t io n  u su a lly  occurred  on h a lf  

mature sp ik es . A ll  the b e r r ie s  below  the in fe c te d  

p o rt io n  were found t o  be d ried  and d id  n ot get 

detached from the ra ch is .

(13 ) On b e r r ie s , two types o f  in fe c t io n  were n o tice d . 

In the case o f  immature b e r r ie s ,- th e  in fe c te d  

b e r r ie s  became com pletely  s h r iv e lle d , dark in co lou r  

and l ig h t  in  w eight. In fe ction  on mature b err ie s  

caused cracking o f  the skin o f  the p erica rp  and 

r o t t in g  o f  the p erica rp . The seed o f  the berry , 

however, remained in ta c t  w ithout much reduction  in  

w eigh t.



(1*+) The clim ate o f  Vellanikkara t r a c t  was ty p ic a l ly  

monsoonic co n s is t in g  o f  South West and North East 

monsoons.

(15 ) Observations on the weather parameters revea led  

that the clim ate o f  the t r a c t  cou ld  be ca tegorised  

in to  s ix  w e ll d e fin ed  periods in  an year namely (1 ) 

warm dry p eriod  (2 ) pre-monsoon p eriod  (3 ) south

west monsoon p eriod  (*0 monsoon break p eriod  (5 ) North 

East monsoon p er io d  (6 ) c o o l  dry p e r io d .

(16 ) The fresh  in fe c t io n  by the pathogen was found 

during the pre-monsoon period  and the peak p eriod  o f  

in fe c t io n  was during the South West monsoon p er io d .

(17 ) Bate o f  in fe c t io n  reduced during the monsoon 

break p eriod . L ater, during the North East Monsoon 

p er io d  the in fe c t io n  s l ig h t ly  in crea sed .

(18 ) No fresh  in fe c t io n  was observed during c o o l  dry 

and warm dry p e r io d s .

(1 9 ) The in te n s ity  o f  the fresh  in fe c t io n  was found 

to  be s ig n i f ic a n t ly  and p o s it iv e ly  co rre la ted  with 

number o f  rainy days, t o t a l  r a in fa l l  and averages o f  

maximum and minimum tem perature.
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(20 ) The minimum disease index was observed during 

the warm dry p er iod s . 3he d isease index s l ig h t ly  

in crea sed  during pre-monsoon p e r io d . During the 

South West monsoon p e r io d , the d isease progressed 

and by the end o f  th is  period  the disease index 

reached 0.868 per cent from 0 .12? per cen t recorded 

during the beginning o f  th is  p er iod . The d isease 

index a lso  progressed  during the monsoon break p e r io d .

(21 ) The increase in  the d isease index during the 

North East monsoon p eriod  was n e g l ig ib le .

(22 ) During the c o o l  dry period  the in te n s ity  o f  

the d isea se  gradually  decreased and atta in ed  the 

minimum index during the warm dry p eriod .

(23 ) The maximum in fe c t io n  on the p e d ice l o f  the 

sp ik e  was found during the South West monsoon p er io d . 

The c o e f f i c i e n t  o f  .simple c o r re la t io n  o f the p e d ice l 

in fe c t io n  with weather parameters namely number o f  

rainy days, t o t a l  r a in fa l l ,  averages o f  maximum and 

minimum temperature and averages o f  maximum and 

minimum r e la t iv e  humidity were s ig n i f ic a n t .

(2*0 S ig n ific a n t  negative c o rre la tio n  was observed



between the in te n s ity  o f  p e d ice l in fe c t io n  with the 

average maximum and minimum temperature o f  the fo r tn ig h t ,

(25 ) The berry  in fe c t io n  commenced during the la t e  

p a rt o f  the South West monsoon and i t  progressed  

during the,monsoon break p eriod  and North East monsoon
i

p e r io d . The mature b e rr ie s  got more in fe c t io n  than 

the immature ones,

( 2 6 ) Out o f  seven fu n g ic id es  tr ie d  in  v i t r o , only 

fo u r  fu n g ic id es  were e f fe c t iv e  in  g e tt in g  more than 

75 pe** cen t in h ib it io n . They were Bordeaux m ixture, 

D ifo la ta n , Bayleton and A ntracol r e s p e c t iv e ly  in  the 

decreasing order o f  e f f i c a c y .  Bordeaux mixture one 

per cen t ,..D ifo la ta n , A ntracol and Bayleton each at 

2000ppm gave cent per cent in h ib it io n  o f  fungal growth. 

The l e a s t  in h ib it io n  o f  growth n o t ice d  in Fycop 

(25.^3 per c e n t ) .

(27 ) The fo u r  fu n g ic id es  namely Bordeaux m ixture, 

B ayleton, D ifo latan  and A ntracol which were proved 

e f f e c t iv e  in  checking the growth were taken f o r  

f i e l d  s tu d ie s . A ll  the fu n g icid es  t r ie d  in  the f i e l d  

s ig n i f ic a n t ly  decreased the In te n s ity  o f  in fe c t io n  as 

compared to  that o f  c o n tr o l ,

I
(28 ) Among the fu n g ic id e s , Bordeaux mixture one



1 2 1

per cent was found to  be the b es t  in  c o n tro llin g  

the d isease in  the f i e l d  c lo s e ly  fo llow ed  by 

D ifo la ta n .

(29 ) The maximum y ie ld  o f  pepper was observed in  

Bordeaux mixture trea ted  p lo t  fo llow ed  by D ifo la ta n . 

However, the in flu en ce  o f fu n g ic id es  on the y ie ld  

was not s t a t i s t i c a l ly  s ig n i f ic a n t .
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ABSTRACT

Laboratory and f i e l d  experiments o f  the 

"stu d y  on the e t io lo g y  and e co log y  o f  fungal p o llu "  

was conducted a t  Pepper Research S ta tion , attached 

t o  the C ollege o f  H orticu ltu re , V ellanikkara from 

1978-1979.

The pathogen associa ted  with the d isease was 

found to  be C olletotrichum  g lo e o s p o r io id e s . The 

i n i t i a l  symptom o f  the d isease observed on leaves 

tender shoots and b e rr ie s  was c h lo r o t ic  specks. Only 

p h y s io lo g ic a lly  a c t iv e  leaves were in fe c te d . The w ell 

developed l e a f  spot under dry con d ition  were c ir c u la r  

to  ir r e g u la r ly  c ir c u la r  in  shape. Under humid moisture 

co n d it io n s , the l e a f  spot enlarged qu ick ly  and the 

h o lo n e cro t ic  area was ashy -white in  co lo u r . P ed ice l 

in fe c t io n  caused the shedding o f  the sp ike. In fected  

tender shoots d r ie d , Rachis in fe c t io n  was n o tice d  

r a r e ly . The in fe c te d  b e rr ie s  became d ried , s h r iv e lle d , 

dark In  co lou r  and l ig h t  in  w eight. In fe c t io n  on 

mature b e r r ie s  caused cracking o f  the r in d .



The clim ate of V ellan ik k ara t r a c t  i s  

t y p i c a l ly  monsoonic, co n sistin g o f South West and 

North E a st  monsoons.

The fre sh  l e a f  in fe ctio n  by the pathogen 

was found during the pre-monsoon period and the peak 

period o f in fe ctio n  was during South West monsoon 

p erio d . The In te n s ity  of the fre sh  le a f  in fe ctio n  

was found to be s ig n ific a n t  and p o s it iv e ly  co rrelated  

w ith number of rain y days t o t a l  r a i n f a l l  and averages 

o f maximum and minimum temperature. Maximum disease  

index was observed during the South West monsoon 

perio d . The minimum disease index was observed during 

the warm dry p e rio d s.

Maximum in fe c tio n  on the p e d ice l o f the 

spike was found during the South West monsoon period. 

The c o e ffic ie n t  of j simple co rre la tio n  of the 

p e d ice l in fe ctio n  with weather parameters namely 

number of rain y days, to ta l rainfallonlaverages of 

maximum and minimum r e la t iv e  humidity were s ig n if ic a n t .

The b erry  in fe ctio n  commenced during the 

l a t e  p a rt of the South West monsoon period. Mature 

b e r r ie s  got more in fe ctio n  than immature b e r r ie s .



Out of seven fu n gicid es t r ie d , in v it r o  

one per cent of Bordeaux m ixture, D ifo latan  

2000 ppm, Antrocal 2000 ppm and Bayleton 2000 ppm 

gave cent per cent in h ib itio n  o f the fungal growth.

In the f i e l d  one per cent of Bordeaux 

mixture was found to be the most e ffe c t iv e  fu n gicid e  

in  co n tro llin g  the d isease, follow ed by D ifo la ta n . 

Maximum y ie ld  of pepper was observed in Bordeaux 

m ixture treated  p lo t  follow ed by D ifo la ta n .


