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FOREWORD

P M oph lho ra  is o n e  of th e  m ost d estm ctiv e  plant p a th o g e n s  c au sin g  en o rm o u s 

econom ic lo ss  in c ro p s  w orldw ide. P hy toph thora  d ise a s e s  a re  com m on in plan tation  c ro p s  

like rubber, c o co a , co co n u t an d  p e p p e r an d  a  lot of resea rch  h a s  b een  d o n e  on Phytophthora 

bv the  R u b b er R e s e a rc h  Institu te of India during th e  las t m ore th an  five d e c a d e s  and  

findings a re  s c a t te re d  in d ifferent s o u rc e s  su ch  a s  periodicals, m on o g rap h s, c o n fe ren ce  

i t e e d i n g s  b o o k s , e tc . T h e  Library an d  D ocum entation  C en tre  of RRIi h a s  m ad e  an  

a ttem p t to  bring to g e th e r  all s c a t te re d  inform ation an d  list them  in a  single  publication in a  

systerrratic an d  user-friendly  s e q u e n c e  with a d d e d  facilities of key w ord, au th o r an d  author-

title ind ices.

This com pilation entitled C ontribu tions o f RBH on Rubber D iseases: An A nno ,a ,ed  

B ib lio g rap h y , b e in g  p u b lish ed  w h en  RRII is  hosting  a n  In te rn a l,a n a l W o rts  P  

D isease  M a n a g e m e n t in  R u b O erw o u ld  definitely b e  a  va luab le  re fe ren ce  m ate  .

1 e x p re s s  m y a p p rec ia tio n  to  th e  a u th o rs  for their im m ense  efforts to  bring out this 

very  tim ely a n d  ex trem ely  usefu l publication.

J a m e s  Ja c o b  
Director

K ottayam  R ubber R e se a rc h  Institu te of India
2 “  S e p te m b e r  2011





ABOUT THE COMPILATION

This com pilation , C o n t r ib u t io n s  o f RRII o n  R u b b e r  D is e a s e s ;  An A n n o ta te d  

Bibliography, is p u b lish ed  in conjunction  with the  International Workshop on Disease 

M a n a g e m e n t  in Rubber. 2 0 1 1 . It c o v e rs  literature on  d ise a s e s , their etiology, diversity and  

m anagem ent, p e s ts  a n d  their m an ag em en t, p lant protection equipm ent, etc. T he bibliography 

contains 3 36  rec o rd s  rep o rted  by sc ien tis ts  from RRII covering the  period from 1956 to till 

date  T he  m ate ria ls  a re  co llec ted  from periodicals, m o nographs, co n feren ce  p roceed ings, 

bocks, e tc . T h e  com pilation  e n d e a v o u rs  to  bring to g e th e r all sc a tte re d  information an d  to 

list them  in a  s ing le  publication  in a  sy stem atic  an d  user-friendly se q u e n c e  with ad d ed  

facilities of key w ord , a u th o r  a n d  au thor- title indices.

This com pilation  c o n s is ts  of four m ajor sectio n s. S ec tion  I is th e  bibliography an d  it is 

divided a s  d ise a s e s /d ise a s e  m an ag em en t, non-microbial m aladies, p ests /p est m anagem ent, 

plant p ro tection  e q u ip m e n t a n d  m icrobiology. In e a c h  division, th e  articles a re  a rra n g e d  a s  

per au th o r 's  a lp h a b e t  in a  chronological m an n er. Section  II, th e  key w ord index  b n n g s 

to g eth er all re lev an t key  w o rd s  from  resp ec tiv e  articles. S ec tion  111 g ives au th o r index  and  

S ection IV is author-title  index. T h e  ind ices a re  suffixed with their respec tive  entry nu m b ers . 

M aximum effort h a s  b e e n  con trib u ted  by a u th o rs  to  co llect all relevant re fe ren c e s  av ailab le  

and  any o m ission  is unin ten tional,

T h e  a u th o rs  a re  ex trem ely  grateful to  Dr. J a m e s  J a c o b , Director of R e se a rc h ^  for 

granting p e rm iss io n  to pub lish  th is  bibliography. T he help  rece ived  from  Dr. C. Bindu Roy, 

during th e  p rep a ra tio n  of a b s tra c ts  is duly acknow ledged . W e a lso  record  our th an k s  to 

Mrs. tVlercy J o s e ,  fo rm er D o cum enta tion  Officer an d  the  c o lleag u es  of RRII Library for their 

w h o le-hearted  co -o p e ra tio n  an d  su p p o rt in bringing out th is  com pilation.

A ccam m a C. K orah
K ottayam  ^  L atha
2"« S e p tem b e r  2011
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DISEASES/DISEASE MANAGEMENT

G eorge , K.V. (1965-66). D ev elo p m en t of plant protection in the  rubber plantation 

industry in India. Rubber Board Bulletin. 8 (3); 152-157.

T his article  d e a ls  m ainly with th e  m ost d estruc tive  leaf d ise a s e  of rubber in India, 

viz. A bnorm al leaf fall c a u s e d  by Phytophthora patmivora. High-volum e bordeaux  

sp ray ing  is  e ffective, bu t su ited  to  sm allhold ings only. For m edium -sized  holdings 

sp ray ing  of oil b a s e d  c o p p e r  fung ic ides is econom ical, whilst for large s tre tc h e s  

of ru b b er aeria l app lica tion  a p p e a r s  to  b e  the  b e s t su ited  b e c a u s e  of the  quick 

c o v e ra g e . Brief inform ation is p re se n te d  on pow dery mildew c a u se d  by Oidiurn 

heveae, a n d  o n  o th er d i s e a s e s  an d  p e s ts .

K ey w o rd s :  C rop  p ro tection; R u b b er plan tation  industry

Idicula, S .P ., J a c o b , C.K. a n d  Nair, R.B. (2005). Current s ta tu s  of d ise a se  m an ag em en t 

s tra te g ie s  in sm allh o ld in g s  in traditional rubber growing region of India. Proceedings 

o l the Ninth Sem inar on the Progress and Development o l Rubber Smallholders, 9-

11 N o v em b er 2 0 0 5 , C och in , India, pp. 140-148.

T h e  o c c u rre n c e , eco n o m ic  im p o rtan ce  an d  various p rac tices  em ployed  for the  

m a n a g e m e n t of ru b b e r  d i s e a s e s  of im portance in sm allhold ings in traditional 

reg ion , c o v e rin g  K anyakum ari District in Tamil N adu, en tire  Kerala an d  D akshin 

K a n n a d a  District in K a rn a tak a  h a v e  b e e n  d isc u sse d . V arious im ped im en ts faced  

by sm all g ro w e rs  for u n dertak ing  high a n d  low volum e sp ray ing  a g a in s t A bnorm al 

leaf fall d i s e a s e  (ALFD) o v er th e  y e a rs  a n d  re a s o n s  fo rth e lr  shift in p refe ren ce  for 

th e s e  m e th o d s  of sp ra y in g  a re  a lso  su m m arized . S u rv ey s  ind ica ted  d ras tic  

reduction  in th e  ex te n t of sp ra y e d  a re a s . T he m ajor r e a so n s  fo rth is  reduction  a re  

a lso  included. A ttem pts m ad e  by RRIl on  reducing spraying co st yielded 
resu lts . S u rv ey  c o n d u c te d  for th re e  y e a rs  on  severity  of ALFD in c lone RRIl 105 

in d ica ted  th a t  6 2 %  a re a  reco rd ed  <25%  d ise a s e  a n d  the  res t of th e  a re a  a  

d i s e a s e  sev erity  w arran tin g  control m e a su re s . Am ong the  th re e  z o n e s . 95  /o a re a  

in so u th  reg is te re d  <25%  d ise a s e , w h e re a s  40  - 50%  a re a  in cen tral an d  north 

z o n e s  n e e d  p ro tec tio n  from  ALFD. T h e  o th er a d v a n ta g e s  of ^

RRIl 105  a re  a ls o  briefly m en tioned . O ther leaf d ise a s e s  su e  a s  pow  ® '
Colletotrichumar.<i C o ry n esp o ra  leaf d ise a s e s  a re  a lso  important in smallholdings.



Among the stem  d iseases, pink and  bark rot d is e a s e s  a re  of m ajor co n cern . Pink 

d isease incidence in different regions in traditional belt ran g ed  from 3 .47  to  13.21 % 

ttiougii individual c a se s  up to 40%  h ave  b e e n  reported . D ise a se  m an ag em en t 
s tra teg ies  a re  im portant for red u c tio n  of im m aturity  p e rio d  a s  well a s  for 

enhancem ent of productivity. C oncrete recom m endations for d ise a s e  control have 

been evolved through five d e c a d e s  of rese a rch  an d  th e s e  innovations a re  being 
transferred to growers through effective ex ten sio n  m ethods.

Key w o rd s: Abnorm al leaf fall; D is e a s e  m an a g e m e n t;  E x te n sio n  m eth o d ; 
Smallholdings; Traditional regions

3. Jacob, C.K. (1997). D iseases of potential th reat to rubber in India. Planters'Chronicle, 
92(10); 451-461.

Two of the main d iseases, C orynespora  leaf d ise a s e  an d  S o u th  A m erican  Leaf 

Blight, affecting rubber {Hevea) a re  d escrib ed . Inform ation is prov ided  on  (1) 

epidem ics in various coun tries, rep o rts  of th e  d i s e a s e  in India, sy m p to m s, 

m echanism s of infection and  d ise a s e  developm ent, susceptib ility  of c lo n es , host 

range and control m easu res  for C orynespora  leaf d ise a s e  c a u se d  by C. cassiicola] 

and (2 ) sym ptom s, distribution, cau sa l organism  {MIcrocyclus utei), h o s t range , 

life cycle, physiological races, physiology of p lant res is ta n c e , b eh av io u r of M. ulei 

in Asia, m anagem ent, crown budding, chem ical control, p reven tion , q u a ran tin e  

agreem ents, phytosanitary a rran g em en ts  in India an d  em e rg e n cy  e rad icatio n  of 
South American Leaf Blight.

Key w o rd s; D isease  control; Q uarantine  regulation; R ubber d ise a s e

'■ m m ! ;  Chronicle.11;: d b -47 .

p ro du c tiv ity  Of our

occurr „  =‘'" '™ te d ,  d u e  to  the

a ^ e  ed Th P lan ta tion  is not

Tnd rllL  ir',r "  “
d isease  epidemic.^ “  ' ' ' ' '
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Jacob, C.K. (2003). M an ag e m e n t of m icroorgan ism s an d  in se c ts  for cost reduction 

in rubber p lan tation . In: Global Competitiveness of Indian Rubber Plantation Industry: 

P u b b e r  Planters' Conference, India 2002. (Ed. C.Kuruvilla Jacob). R ubber R esearch  

institute of India, K ottayam , India, pp . 283-297.

C areful m a n a g e m e n t of m icroorgan ism s an d  in sec ts  can  im prove productivity 

and  red u ce  c o st of p roduction from rubber plantations. C ost reduction, improvement 

in crop production  a n d  healtfiy  farm  env ironm ent w ere tfie g oa ls in c rop protection 

re se a rc h . Contro l of fu n g al d is e a s e s  of rubber with red u ced  inputs co s t w as 

a tte m p te d . As A bnorm al leaf fall d ise a s e  c a u s e s  significant crop  loss, its control 

can  im prove productivity  e v e n  in c lo n e s  like RRI1105. R eduction in sp ray  volume, 

m ech an iza tio n , partial rep la c em e n t of C u S O , an d  u se  of additives like rubber 

s e e d  oil to B o rd e a u x  m ixture resu lted  in reduction in co st of fungicide an d  labour 

without com prom ising  on  th e  d ise a s e  control using high volum e spraying. In micron 

sp ray ing , reduc tion  in w eigh t of th e  sp ray er, im provem ents in atom ization of sp ray  

fluid, red u c tio n  in u s e  of c o p p e r  oxychloride an d  partial rep lacem en t of sp ray  oil 

with ru b b e r  s e e d  oil w e re  e ffec tiv e  in c o s t  red u c tio n . C row n b u d d in g  an d  

d e v e lo p m en t of re s is ta n c e  c lo n e s  h av e  long-term  benefit. Control of pow dery 

m ildew in d ise a s e -p ro n e  a re a s  using  in teg rated  sch ed u le  of system ic an d  non- 

sy s tem ic  fu n g ic id es  resu lte d  in co n s id e rab le  im provem ent in crop  production. 

S t ra te g ie s  d e v e lo p e d  for contro l of C o ry n esp o ra  leaf d ise a s e  could a rre s t the  

s p re a d  of d i s e a s e  b ey o n d  S o u th  K arna taka . S u n /ey  of c lo n es  h av e  show n th at 

RRII 105 is highly su sc e p tib le  a n d  GT 1 to le ran t am ong  c lo n es  cultivated in the  

d is e a s e  a ffe c te d  a re a .  T h e  m ech an ism  of to le ran ce  in GT 1 a p p e a rs  to  b e  d u e  to 

triggering of P R  p ro te in s. Control of Colletotrlchum acutatum  in young p lantations 

could  b e  a c h ie v e d  by  in teg ra ted  u s e  of sy stem ic  an d  non-system ic fungicides. 

P rophy lac tic  p ro tec tio n  e ith e r by painting or sp ray ing  on  the  d ise a se -p ro n e  loci 

with c o p p e r  fu ng ic ide  red u c e d  in cid en ce  of pink d ise a se . Rain w ash  of Bordeaux 

p a s te  cou ld  b e  re d u c e d  by using  add itiv es  like rubber s e e d  oil. Dry rot an d  patch  

c a n k e r  d i s e a s e s  c a u s e  p ro b lem s only in limited a re a s  a n d  could b e  controlled by 

fungicide painting on  a ffec ted  portion. Black stripe is a  problem  during rainy s e a so n  

w hich d e m a n d s  reg u la r  pro tec tion . C h e a p  a lte rna tives for m ercurial fungicides 

could b e  identified for its control. Root d ise a s e  incidence is sporad ic  and  its sp read



can be controlled using system ic fungicides. Investigations on biotic etiology of 

TPD fiave indicated ttiat involvement of p tiytoplasm a, bac te ria , fungi an d  protozoa 

can be ruled out. Association of low m olecular w eight RNA with TPD  h a s  been  

obsen/ed. Hence, a  possible viroid etiology is su sp ec te d . Insect p e s ts  a re  confined 

to limited a reas  and h en ce  their control s tra teg y  Is ta rg e te d  to  su c h  a re a s  only. 

Termites cau se  problem s in relatively dry a re a s  like O rissa  but c a n  b e  controlled 

by repeated  application of insecticide lii<e syn thetic  pyrethro ids. B orer b ee tles  

that p enetrate dry bark of trees  and  m ake ga lle ries  into w ood ca u sin g  b reak ag e  

of trees could be  controlled to so m e  ex ten t by pain ting  with in sec tic id es . Bark 

feeding caterpillar, though could be  controlled using  insec tic ide  d u s t a n d  spray, 

their use m ay lead to pollution of environm ent. H e n c e  biological a lte rn a tiv es  a re  

being sought. Crickets dam aging rain g uard s  could b e  avoided  by painting repellant 

oils like cashew  kernel oil. Root-knot n em ato d e  population  in n u rse r ie s  could  be 

reduced by incorporating leaves of Pongamia. Azadirachta  a n d  Mucuna  into the 

soil. M icroorganisms which a re  beneficial in rubber cultivation include N-fixers, 

P-solubilizers and mycorrhizae. Iso lates of Bradyrhizobium  which p rom ote growth 

and establishm ent of cover crops like Mucuna an d  Pueraria h a v e  b e e n  identified, 

multiplied and u sed. Among the free N-fixers Azotobacter and Azospiriilum  red u ce  

the requirem ent of N fertilizers in nursery  by 25  p e r  cen t. U se  of p h o sp h o b ac te rla  

and m ycorrhizae reduces the  P requirem ent in n u rsery  cu lture. Solid w a s te  from 

rubber wood processing  is found to  b e  a  very  goo d  su b s tra te  for m ushroom  

cultivation. Effluent form sh e e t p ro cessin g  units is a  g ood  s u b s tra te  for b iogas 

generation. Biogas generation  system  w as d ev e lo p ed  for h o u se h o ld s  an d  group 

processing units. The b iogas g en e ra ted  could rep lace  th e  firew ood requ irem en t 

m sm oke hou ses  by about 40 per cent. Its u se  im proved the  quality of th e  s h e e ts  

p uced. The technology h as  b een  widely ad o p ted . H oney b e e s  a re  beneficial 

insects which give additional incom e to the  rubber cultivators. T he  Indian honey  

ee . y , s  cerana indica. has  show n s ig n s  of revival after th e  Thai s a c  brood virus 

attac and  the  honey production h a s  im proved. V erm icom posting  is a n o th e r 

b e n e ta a l  activify on rubber b a sed  farm s. R ubber w ood sa w  d u s t is a  goo d  

o roan irm  ^ h e  verm icom post s o  d e v e lo p ed  is useful a s
organic m anure for young rubber.



Jacob, C.K. (2008). P o ten tia l u s e  of endophytic  m icroorganism s for tree  d ise a se  
m a n a g e m e n t .  IPS-M EZ Annual Meeting & National Symposium on Advances in 
Microbial Diversity and Disease Management for Sustainable Crop Production, 13- 
15 O c tob e r 2008 , C o lleg e  of F orestry  a n d  Hill Agriculture. Ranichauri. U ttarakhand, 

S ouvenir an d  A b s tra c ts , pp . 62-63 .

M a n ag em en t of d i s e a s e s  of t re e s  p o s e s  sev era l ch a llen g es . D evelopm ent of 

su s ta in ab le  p lan t p ro tec tio n  tec h n iq u e s  is th e  m ost d esirab le  ap p ro ach  for tree  

d ise a s e  m an a g e m e n t. As th e  endophy tic  m icroorganism s occur naturally within 

the  p lan t sy s te m , th ey  c a n  b e  m an ipu lated  for su sta in ab le  protection of trees . 

O b se rv a tio n  of e n d o p h y tic  b a c te r ia  on  ru b b er t re e s  rev ea led  co lonisation on 

d iffe re n t p la n t  p a r ts .  E ffec tiv e  a n ta g o n is tic  e n d o p h y te s  w h en  s p ra y e d  on 

su sce p tib le  im m atu re  a n d  m atu re  rubber t re e s  grown in C. cassiicola d ise a se  

en d e m ic  lo ca tio n s  p ro te c te d  th em  from th e  d ise a se . T he t re e s  sp ray ed  with the  

end o p h y tic  b a c te r ia  sh o w e d  fa s te r  sp rou ting  an d  e n h a n ce d  growth.

Key vKords: D is e a s e  m a n a g e m en t; Endophytic m icroorganism s

7. Ja co b , C.K., K o th a n d a ra m an , R. a n d  Idicula, S .P . (1996). A dvances in th e  control 

of d i s e a s e s  of ru b b e r  in India. National Symposium on Diseases o l Plantation Crops 

and their Management. 18 -20  F eb ru ary  1996, S reen ik e th an , India.

K ey w o rd s :  A bnorm al leaf fall; D ise a se  control; Minor d ise a se ; Pink d ise a se ; 

P ow dery  m ildew

8. Jo sep h , K. a n d  J a c o b , C.K. (2009). Biological m an ag em en t of p a th o g en s in plantation 

c ro p s , in : Ro le o f B iocon tro l Agents fo r Disease Management m Sustainable  

Agriculture. (E d s. P . P o n m u ru g a n  a n d  M.A. D eepa). S citech  P ub lishers (India) Pvt. 

Ltd., C h e n n a i, India, pp . 8 9 -106 .

P la n ts  h a rb o u r  a  h e te r o g e n o u s  p o p u la t io n  of ep ip h y tic  a n d  e n d o p h y tic  

m icroorgan ism s. C o lon isa tion  of p lan t a n d  its rh izosphere  by d ise a s e  supp ress iv e  

m ic ro o rg an ism s c a n  p rev e n t p a th o g e n s  from estab lish ing  on plant. T he ch ap te r  

rev iew s m ic ro o rg a n ism s  u s e d  for d is e a s e  m an ag em en t of agricultural c rops, 

dlH erent m e c h a n ism s  of biocontrol a n d  s tu d ie s  carried  out in different plantation 

c rops .



10.

Mathew, J., Roy, C.B., Raj, S., Abraham, T„ Jo se , V.T., M ondal, G .C. an d  Sailajadevi, 

T. (2010). Changing climate and chang ing  p a tte rn s  of o c c u rre n c e  of p e s ts  and 

d iseases in natural rubber in India. In: Climate Change, Low Carbon Economy and 

Sustainable Natural Rubber Industry: Preprints o f Proceedings o f IRRDB International 
Rubber Conference. 18-19 O ctober 2010, H ainan, C hina, pp. 193-196.

W eather param eters have an  im portant role in triggering a n d  sp read in g  p e s ts  

and d iseases  in natural rubber. Abnorm al leaf fall d ise a s e  c a u s e d  by tfie fungus 

Phytophthora occurring during m onsoon s e a s o n  is highly influenced  by rainfall 

pattern. ALF has not b een  observ ed  in rubber p lan ta tions of North E a s t India, 

w here a  Phytophthora su s c e p tib le  c lo n e  RRIM  6 0 0  is  w ide ly  cu ltiv a te d . 

Corynespora leaf fall d ise a se  c a u se d  by the  fungus Corynespora cassllcola h as  

been found in nursery plants in Central K erala from 1958 onw ards. Pov^dery mildew 

d isease  cau sed  by Oidium heveae is the  m ajor leaf d is e a s e  in th e  North E aste rn  

s ta tes  of India during the winter period from Ja n u a ry  to  M arch. T hough  p est 

incidence in natural rubber is com paratively less , th e  s a m e  Is a lso  found to  be  on 

the nse  b ecau se  of warming tem pera tu re  in recen t y e a rs . In g en e ra l, a  c h a n g e  in 

the d isease  and  p est incidence in natural rubber in India co rre sp o n d in g  to the 

changes in climatic p aram eters  could b e  o b se rv ed . T h erefo re , in th e  cu rren t 

scenano  of clim ate change, shift in the  pa tte rn  of th e s e  p e s ts /d is e a s e  a tta c k s  In 

natural njbber should be  anticipated and  their evolution shou ld  b e  closely w atched.

Key w o rd s :  C lim ate  c h a n g e ;  Corynespora cass llco la : O id ium  heveae: 
Phytophthora

Mathew, J., Abraham, T. and Biju, B. (2010). R ubber clinic: A d is ta n c e  d iagnostic  

and .nfomiatlon system  for the rapid diagnosis and  m an ag em en t of p e s ts  an d  d ise a s e s  

o n a u ra  rubber. In: Climate Change: Placrosym XIX, 7 -1 0  D e c e m b e r  2010 , 
Kottayam, India, Abstracts, pp. 197.

l l t r  ( ° ° 'S )  -  'R u b b er Clinic' w as

Board s  w 'b  , ^  'h e  R ubber

diagnosis and ^
n e t /m s  SQL b a r r i r ' " ' ^  '^” '^^' d ise a s e s  of rubber. DDIS is a



p h o to g rap h s  of th e  d i s e a s e  sy m p to m s a long  with the  descrip tions and  rem edial 

m e a s u re s  u p lo ad e d  in th e  w eb  p a g e s , to d iag n o se  the p roblem s on their own and 

ad o p t th e  a p p ro p r ia te  contro l s tra te g ie s . If, in any  c a se , the  grow er finds it difficult 

to d iag n o se  th e  p ro b lem  from  th e  d e ta ils  a lready  available on the  clinic site, digital 

im a g e s  of th e  p ro b le m s in th e  field m ay  b e  tak en  by him which is to be  uploaded 

on th e  site  a lo n g  with a  b rief d escrip tion  of th e  sym ptom s and  their history. Experts 

from th e  RRIl will in turn  identify th e  problem  an d  appropriate  recom m endations 

will b e  g iven  b a c k  to  th e  g ro w er within 2 4  hours. E ach  u se r  c a n  c rea te  a  login 

u se r a c co u n t th ro u g h  w hich h e  c a n  com m unicate /in teract with experts  and  receive 

the  reco m m en d a tio n s . In th e  R u b b er Clinic, there  is provision for online live chatting 

with s c ie n tis ts /e x p e r ts  from  2 to  3 pm (IST) on every  working day. T he u se r can  

a lso  log o n  to  th e  C linic a t  a n y  tim e of th e  d ay  for d iag n o sis  on his own or for fixing 

a n  a p p o in tm en t with th e  e x p e rt. A part from  d ise a s e  an d  p est p roblem s, u se rs  can  

a lso  a s k  q u e s tio n s  o n  an y  to p ic  re la ted  to ru b b er cultivation/processing etc. which 

will b e  e x a m in e d  by  e x p e r ts  in th e  resp ec tiv e  fields a n d  recom m endations will be 

given th ro u g h  th e  R u b b e r  Clinic.

K ey w o r d s ;  Digital im a g e  library; D is tan ce  D iagnostic an d  Identification System  

(DDIS); P e s ts  a n d  d i s e a s e s ;  R u b b er clinic

11. Pillay, P .N .R . (1 9 7 2 ). D i s e a s e s  of ru b b er  t re e  in India. Planters Journal and 

Agriculture.

K ey w o rd s ;  R u b b e r  d i s e a s e

12. Pillay, P .N .R . (1972). U se  of low U S R  v a lu e  diluent m ineral oil for rubber spraying. 

Rubber Research Newsletter, 1.

K ey w o rd s ;  M ineral oil; S p ray in g

'3  Pillay, P .N .R . a n d  G e o rg e , M.K. (1973). R ecen t a d v a n ce s  in plant protectiofl of 

rubber in India. Sem inar on Rubber. 1973, P alai, India.

Key VKords; C ro p  p ro tec tio n ; R u b b e r  d ise a s e



14 Pitlay, P.N.R., George, M.K. and T hankam m a, L  (1974). Effect of defo lia tion  in the  

yield of Hevea. IRRDB Scientific Symposium, P art 1.26-28  S e p tem b e r  1974, Cocliin, 

India.

1956 planted G1. 1 plants w ere defoliated a t 0, 25, 50. 7 5  a n d  100%  levels by 

clipping off the leaves. Five trees  w ere  included in e a c h  trea tm en t. Defoliation 

was uniformly carried out sp read  over the  entire canopy . Yield d a ta  indicated  that 

there w as 0.37%  increase  in yield in the  c a s e  of p lan ts on which 25%  defoliation 
was effected. D ecrease  in yield w as 22 .79 , 30 .60  a n d  2 4 .14%  in th e  c a s e  of 

plants defoliated at 50. 75 and  100%  levels, respectively . T h e  resu lts  ind icated  

that in a clone like G1. 1 with a  very s p a rs e  can o p y  th e re  w as no  d rop  in yield 

when 25% defoliation w as e ffec ted . All th e  p lan ts  in clu d ed  in th e  d ifferent 

treatm ents in this experim ent w intered uniformly during the  m onth  of F ebruary  

indicating that the critical factor influencing w intering habit in Hevea is n o t th e  a g e  

of the leaves.

Key w ords: Defoliation; Yield

15. Pitlay. P.N.R. and  Edathil, T.T. (1979). P rob lem s of p lan t p ro tec tio n  in ru b b er 

smallholdings In India. In: Progress and Development o f Rubber Smallholders: 
Proceedings o f the Third Seminar. 24-30  N ovem ber 1977, C ochin , India. (Eds. 

Sumardi Reksopoetranto and G .S. Tan). A ssociation  of N atural R u b b er P roducing  
Countries. Kuala Lumpur, M alaysia, pp. 187-190.

The paper points out that sm allholdings in India fa c e  m any  p lan t p ro tection  

problem s. The various types of d ise a s e s  affecting ru b b er tre e s  a re  m en tio n ed  

and m easu res  adopted  to e rad icate  them  a re  d isc u sse d . R e a s o n s  a re  g iven  for 

the non-adoption of a d eq u ate  plant protection m e a s u re s  by sm allh o ld ers  a n d  the  
vanous schem es drawn up to a ss is t  them  a re  ana lysed .

Key w ords: D isease  m an ag em ert; Plant protection; Sm allholdings

Raplakshm y V^K. (2000). Use of wild germ plasm  in breeding  for d ise a s e  res is tan ce . 
Rubber Board Bulletin. 27(4): 21-24,

The Cheapest and m ost effective m ethod of com bating d is e a s e s  an d  p e s ts  is the  

resistant vaneties. Provided th at inherited re s is ta n c e  is not a s so c ia te d



with low yield a n d  p o o r quality, it is a s  c h e a p  for a  farm er to grow a  resistan t 

variety  a s  o n e  w hich  is su scep tib le . Wild g erm plasm  h a s  b e e n  widely u se d  in 

b reed in g  for d i s e a s e  re s is ta n c e .

K ey w ords-. D is e a s e  re s is ta n c e ; G erm plasm
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17 A braham , A„ Philip, S ., J o s e p h , K., Jo s e p h , J ., P ram od , S . and  J a co b , C.K. (2008). 

Isolation a n d  s c re e n in g  of A ntagonistic bacteria l endo-sym bion ts from rubber (H evea 

brasiliensis) a n d  th eir  grow th prom oting  activity. IPS-MEZ Annual Meeting and 

National Sym posium  on Advances in Microbial Diversity and Disease Management 

for Sustainable Crop Production. 13-15 O ctober 2008, C ollege of Forestry  an d  Hill 

Agriculture, R an ichauri, U ttarkhand , Souven ir an d  A bstracts.

Hevea brasiliensis  is th e  com m only cultivated com m ercial crop  for th e  natural 

p roduction  of ru b b er. Popu lation  of endophy tic  bac te ria  colonizing aeria l plant 

p a rts  ( s te m  a n d  leaf) of H. brasiliensis w as  e s tim a ted  from the  newly d e v e lo p ed  

RRII 4 0 0  s e r ie s  c lo n e s  (RRII 414, RRII 417, RRIl 422 , RRII 429, RRII 430) and  

th e  p o p u la r  c lo n e  RRII 105 . G re a te r  population  of en d o p h y tic  b a c te r ia  w a s  

rec o v e re d  from  s te m  th an  leaf tis su e s . P opulation d en sitie s  in aeria l p a rts  ran g ed  

from  6 .3 x 1 0 3  to  1 .9x104  cfu/g s tem  an d  1 .4x103 to 1 .3x104 cfu/g leaf on  dry 

w eigh t b a s is .  Endophy tic  b ac te ria  w ere  localized in th e  Intercellular s p a c e s  of 

p lan t t is s u e  by  2 ,3 ,5-T riphenyl tetrazolium  chloride stain ing . A ntagonistic activity 

of e n d o p h y te s  a g a in s t  th e s e  fungal p a th g e n s  of H. brasiliensis viz. Phytophthora 

meadii, Corynespora cassiicola  an d  Corticium saimonicolor^^as s tu d ied  ,n vitro. 

O u t of 127 iso la te s ,  21 sh o w e d  a n ta g o n ism  a g a in s t  P . meadil. 16 a g a in s t  

C. salm onlcolor anti 14 a g a in s t C. cassiicola. T h ree  b e s t a n ta g o n is ts  from  e a c h  

group  w e re  se le c te d  an d  th e  production on  antifungal c o m p o u n d s viz. non-volat,le 

a n d  v o latile  o rg an ic  c o m p o u n d s , s id e ro p h o re s , HCN, salicylic ac id  a n d  lytic 

ch itin ase  w e re  c h e ck e d . A consortium  of th ree  efficient a n tag o n is ts  w ere  p rep a red  

an d  th e ir  ro le in inducing S y stem ic  re s is ta n c e  (ISR) of tre a te d  p lan ts  d e te c te d  by 

th e  e lev a tio n  of th e  P R  p ro te ins viz. ch itin ase  an d  p e ro x id ase. B 'o a s say  using  

c o n so rtiu m  of b a c te r ia  sh o w e d  low er d ise a s e  incidence  on th e  c lo n e  R ™ ’ 05  

a n d  RRIM 6 0 0 . T h e  grow th  prom oting activity of th e  consortium  w ere  c h e ck e d  by



measuring the photosynthetic rate and  accum ulation  of s ta rc h  g ran u le s  in plant 
tissues. The consortium of bacteria w hen applied to seed ling  p lan ts sh o w ed  growth 

promotion. Isolates which show ed  prom ising resu lts  w ere  identified a s  Bacillus 
sp. and Pseudomonas sp. by 16S rDNA seq u en c in g . T h e  resu lts  ind icate  that 
endophytic bacteria of H. brasiliensis offer potential a s  biocontrol a g e n ts  and  

plant growth promoters.

Key w o rd s : B acterial en d o sy m b io n ts : Corynespora cassllco la : Cortlcium  
salmonicolor: Phytophthora meadii

18. Abraham, A.. Philip. S. and  Jo sep h , K. (2011). A ntagonistic p o ten tial of bacterial 

en d o p h y tes  iso la ted  from Hevea brasiliensis  a g a in s t  P hytoph tho ra  m eadii. 
International Workshop Seminar and Exhibition on Phytophthora D iseases o f 
Plantation Crops and their Management, 12-17 S e p tem b e r  2 011 , K ottayam , India.

Bacterial endophytes colonize the internal t is su e s  of th e  p lan ts a n d  help  th e  p lants 
in many ways such a s  increased  s tre s s  to le rance  (abiotic an d  biotic), p lan t growth 

promotion etc. Population of endophytic bac te ria  in different tis s u e s  of Hevea 
brasiliensis w as estim ated  and  w ere found to b e  m ore in root th an  p e tio les  and  
leaf. Out of 252 morphologically different endophytic  b acteria l iso la te s  of Hevea 
from five different locations, 42 show ed in vitro an tag o n ism s a g a in s t Phytophthora 
meadii. causing various d ise a se s  in rubber. O ut of the  six se le c te d  a n tag o n is ts , 

five were identified a s  Pseudomonas sp. an d  o n e  a s  Alcaiigenes sp . by 16 S  rDNA 

sequencing. B ioassay of the  antagonistic  efficiency of Alcaiigenes sp . ag a in s t 
P. m eadnw as studied using polybag p lants of H ev ea  c lo n e s  RR I1105, to le ran t to 

P. meadii and susceptible clone RRIM 600. in vitro a s s e s s m e n t  w a s  ca rried  out 
in plants inoculated with broth culture of b ioagen t by foliar sp ray in g  a n d  soil 
application. Controls w ere m aintained with cell free broth tre a te d  an d  u n trea ted  

plants. Leaves w ere collected after 7 d ay s of inoculation u n d er e a c h  trea tm en t 

7 P P m ead i; sp o re  su sp en sio n . Lesion s ize  w a s  reco rd ed  afte r

tea. t i l ' u " r ° " - P ' a n t s  sh o w ed  le s s  infection in 

( S i m  T r  cell free  broth

600 lesion .5,7 6 .3  mm) p lan ts. In RRIM

Z  e Z n  o  n r .  '  in cell free  broth

plants were in ocu ire rw im ^so rrrsp o res  of P.meadii after b ioagen t application  an d



R ^ r D l « « e B i l > l i o 6 r « p k . j  21

r e c o r d e d  th e  d i s e a s e  in tensity  a fte r  7 d a y s  of incubation. N o  significant difference 

w as o b se rv ed  in tfie d ise a s e  d evelopm ent betw een  b ioagent inoculated and  control 

p lan ts of th e  to le ran t c lo n e  RRll 105 while in RRIM 600, th e  suscep tib le  clone, 

b io ag en t tre a te d  p lan ts  sh o w e d  le s s  d ise a s e  d eve lopm ent co m p ared  to  control 

p lan ts. T his s tu d y  c learly  in d ica te s  th a t endophytic  bac te ria  of H. brasiliensis offer 

g rea t p o ten tial a s  a n ta g o n is tic  a g e n ts  ag a in s t P. mead)/.

K ey w o rd s ;  A n tagon ism ; Endophytic bac teria ; Phytophttiora m ead//

19 A nanth, K.C. a n d  M enon , K.N.G. (1965). S h a d e  a s  a  culture for th e  control of leaf- 

sp o t d is e a s e  o ccu rrin g  in Hevea seed lin g  n u rseries . Rubber Board Bulletm. 8(2): 

78-89.

W hile th e  in c id en ce  of lea f-sp o t d ise a s e  c a u se d  by Helminlhosponum heveae in 

ru b b er n u rse r ie s  o f so u th e rn  India is d ec reas in g , th at of a  sim ilar but m ore serio u s  

d is e a s e  c a u s e d  by  Corynespora cassiicola is on th e  in crease . A nursery  trial 

sh o w e d  th a t  sh a d in g  by  palm  fronds from  th e  2"“ to  the  6 -  m onth afte r planting 

r e d u c e d  th e  se v e r i ty  of th is  d i s e a s e  a n d  th e  proportion  of c a su a ltie s ,  an d  

co n sid e rab ly  in c re a se d  th e  proportion of s e ed lin g s  tran sp lan tab le  to  the  field after 

10 m o n th s . T h e  u su a l NPK fertilizer d ress in g s  had  no or a n  a d v e rse  effect on  the  

sev erity  of leaf sp o t; th ey  in c re a se d  p lant height a n d  th e  proportion of c asu a ltie s . 

F ertilizers in co m b in a tio n  with s h a d e  e n h a n c e d  the  beneficial e ffects  of sh a d e . 

F our low -volum e sp ra y in g s  with B o rdeaux  m ixture h ad  a  slight beneficial effect 

on  th e  u n s h a d e d  b e d s  only.

K ey w o rd s ;  Corynespora cassiicola-. Helminthosporium heveae: Leaf spot

20. C hacko , N., Philip, S ., Z ach a riah , C.A. an d  J a co b , C.K. (2005). Artificial induction of 

ch itinase  a n d  p h en y la lan in e  am m o n ia  lyase  activity in Hevea brasiliensis. In: Prepnnis 
of Papers. International NaturalRubberConference. Ind ia  2005 . 6-B U o^em ber2005 . 

C ochin, India. (C o m p s. N.M. M athew , e (  a/.). R ubber R e se a rc h  Instrtute of India. 

K ottayam , India, pp . 523-526 ,

A c o m p a ra tiv e  s tu d y  of b iochem ical variation in ex p ress io n  of d e fe n se  re n te d  

e n z y m e s  in r e s p o n s e  to  salicylic ac id  an d  p a th o g en  inoculation "

tw o  H evea b ra s ilie n s is  c lo n e s  sh o w in g  v a ry in g  d e g r e e s  o  o  e
C o ry n e sp o ra  leaf d ise a s e . Sim ilar increasing  trend w as n o tic e d in c h it in a s e  activity



in both salicylic acid and  p a thogen-inocu la ted  p lan ts. T he  activity w as m ore 

prominGrt in the tolerant c lone GT 1 co m p ared  to the  su sce p tib le  o n e , RRll 105 

Phenylalanine am m onia lyase activity shov^ed a n  initial in c re a se  up to 96  h after 
treatment and thereafter it declined. T he en zy m e activity induced  by th e  p a thogen  
and salicylic acid w ere com parable.

Key w ords: Corynespora cassiicola: Isozym e

21. Deka, H.K., Thapliyal, A.P., Mondal, G .C., S inha, R.R. a n d  S e thura j, M.R. (1996). 

Occurrence of Gloeosporium alborubrum  on rubber in luteghalaya. Indian Journal of 
Natural Rubber Research, 9(1): 55-57.

The in cid en ce, s e a s o n a l  o c c u r r e n c e  a n d  e x te n t  of d a m a g e  c a u s e d  by 

G. alborubrum {Glomerella cingulata) on ru b b er (Hevea braslllensls) t re e s  in 

M eghalaya, India, w as studied. T he fungus w as ab u n d a n t in th e  rainy s e a s o n s , 

but the % d isease  index diminished w hen tem pera tu re  an d  RH w ere  com paratively 

low. In the plants exam ined, the  d ise a s e  w as so  mild th at defoliation a n d  d ieback  
of plants did not occur.

Key w ords: Gloeosporium alborubrum-. S eco n d ary  leaf fail; M eghalaya

2. Edathil, T.T. (1987). South Am erican leaf blight: A potential th re a t to  th e  natural 

rubber industry in Asia and Afnca. Rubber Board Bulletin. 22(3): 5 -13 .

The t l̂ight, caused  by Microcyclus ulei. is the  main limiting factor to the  developm ent 

^ a t u r a l  rubberindustry in South  a n d  C entral Am erica. P re se n t know ledge of its

Africa a r d i t e ' T ' K ® ' '
t N H i L a  1 '’“ f “ ent r i es a re  review ed. In th e  control of 

r l i s ^ n c e  a^d c t '  r . ! '  b reed in g  for leaf blight
blight-resistant c ro '^" yielding su scep tib le  pane l c lo n e s  with leaf

qlalTnerTI”™
is em phasized. for m ore rigorous m e a s u re s

Key w ords: South American Leaf Blight; Africa



Edathil, T.T. an d  G eo rg e , M.K. (1976). Phytophthora n /coH anaevar parasitica (Dastur) 
W a te rh o u s e  o n  Hevea b ra s ilie n s is  in S o u th  Ind ia . R ubber Board Bulle tin,

13(18,2): 3-4.

phytophthora  in fec ted  p e tio les  a n d  fruits of Hevea brasiliensis w ere  collected 

from an  iso la ted  ru b b e r  e s ta te  during th e  Phytophthora d ise a s e  s e a s o n  of July 

1971. P. nicotianae  v a r  parasitica  w a s  iso lated  from th e  infected p etio les and  
fruits of ru b b er. T h e  iso la te , w h en  artificially inoculated  on  healthy twigs of the 

c lo n e  RRIM 7 0 1 , p ro d u ce d  typical sym ptom s of Abnorm al leaf fall d ise a s e  of 
rubber u n d e r  con tro lled  c o nd itions in the  laboratory. T he p a th o g en  w as reiso lated  

from  artificially in o cu la ted  a n d  in fected  p lant p arts .

K ey w o rd s :  A bnorm al leaf tall; Phytophthora nicotianae

24. Edathil, T.T. a n d  Pillay, P .N .R . (1976). S tu d ie s  on  th e  role of wind an d  in sec ts  in the  

d issem ina tion  of A bnorm al leaf fall d is e a s e  of m b b er in South  India. Rubber Board 

S u//e f/n ,1 3 (4 ):1 0 7 -1 1 5 .

On rainy d a y s  h ea lth y  a n d  v iab le  sp o ran g ia  co n ta ined  in sm all w ater particles 

blow n by w ind w e re  c a u g h t o n  th e  s lid es  e x p o sed  in sp o re  tra p s  which w ere 

p laced  6 -1 2 0  m e tre s  aw ay  from  m atu re  ru b b er a re a  a t  different locations of the  

RRII E x p erim en t s ta tio n . In se c ts , which w ere  ob seri/ed  to visit in fected fruits, 

w ere  fo u n d  to  c a rry  la rg e  n u m b er  of viab le  sp o ran g ia  on their body p arts . S uch  

sp o ra n g ia , c o n ta in e d  in w a te r  p a rtic le s  blown by wind an d  carried  by in sec ts  on 

their b ody  p a rts ,  g e rm in a te d  readily  an d  took infection on  leav es  and  fruits of 

Hevea  w h e n  artific ia l in o cu la tio n  w a s  c a rried  out. H en ce , d issem in a tio n  of 

A bnorm al leaf fall d i s e a s e  could  b e  clearly  po ssib le  with the  help  of th e s e  two 

a g e n c ie s .

Key words: A bnorm al leaf fall; Insec t

25. Edathil, T.T. a n d  G e o rg e . M.K. (1980). Phytophthora botryosa C h e e  on Hevea 
brasiliensis in S o u th  A n d a m a n  Island . International Rubber Conference. 23-28  

N ovem ber 1980 , R u b b e r  R e s e a rc h  Institu te of India, Kottayam , India.

In cid en ce  of A bnorm al leaf fall d is e a s e  for rubber p lan ts in S ou th  A ndam ans w as 
investigated  during th e  y e a r  1976. Phytophthora infected petioles and tender shoots 

w ere  co lle c te d  from  th e re  a n d  th e  p a th o g e n  w as iso la ted  by tissu e  culturing the



infected m aterials on potalo-dextrose a g a r  m edium . In the  prelim inary s tu d ies  the 

isolate show ed m uch variation to the  o th er th re e  know n s p e c ie s  of Phylophlhora 

infecting rubber plants in the m ain land. The iso la te  w as o b se rv e d  to p roduce 

sporangia, in large clumps, in o a ts  ag a r  medium . W hen artificial Inoculation studies 

were conducted with this isolate. 100 p e r ce n t infection w as o b tain ed  on  cu t twigs 

of rubber plants (RRIM 701). This iso late  w as identified a s  Phytophthora botryosa 
C hee by the Com monwealth fulycological Institute.

Key w ords: Phytophthora botryosa; A n dam ans

26. Edathil, T .T , George, M.K., Krishnankutty, V., J a co b , C.K. a n d  Pillay, P .N .R . (1984). 

Fogging for controlling Phytophthora an d  Oidiunt leaf d is e a s e s  of ru b b er in India. 

Fourth National Seminar on Rubber, J u n e  1984, S a lvador, Brazil, pp. 156 .

The leaf falls cau sed  by Phytophthora sp p . an d  Oidium heveae  a re  th e  m ost 

senous leaf d iseases  of Hevea brasiliensis in India. T he form er o ccu rs  during the 

southw est i^onsoon m onths of Ju n e , July an d  A ugust a n d  c a u s e s  very  se v ere  

defohation and  extensive die-back of ten d e r  twigs of th e  m atu re  p lan tations. It 

also cau ses  leaf fall and  sho o t rot in young p lan ts. It is a n  annually  recurring

l o ' s s T e T l * ? " ' " '  Vield
I n  n w  3°-® ° P -  -  su scep tib le

Plantings a n d  to

rubber d u ™  ^

fall and die-bacY^lt° i T "  “ >Jses p rem a tu re  leaf
susceptible clones F c a u s e  yield lo s s e s  up to  30%  in

fog generator usino '^^^ng 19 82 s e a s o n  with “TIFA" TIga

spray oil per hectare “ VCltoncle pow der 56%  in 20  i of diluent

aerial spraying of 8 ka o 7  '®af fall than  conventional

'■e. 4 kg of C O CI56% in 16 L  d i ilT  t “ PP®'
although in o ne  location fr, ■ "  P®''f’®'=’are . T he resu lt w as poor;

" a s  marginally less e f f e c t i ! r L T  m"*"' it
fogged four tim es at the rate  of s"l/h 3%  in diluent sp ray  oil

I/ha/round a t an  interval of 10-15 d a y s  g av e



b e tte r  control of po w d ery  m ildew  d is e a s e  than  an  eq u a l round of sulphur dusting 
a t 12  k g /ha/round .

K ey w o rd s :  D is e a s e  control; Fogging  equ ipm ent; Leaf d ise a se ; Oidium heveae: 
phytophthora

27 . Edathil, T .T ., K rishnanku tty , V. a n d  J a co b , C.K. (1984). Therm al fogging: A new 
m ethod for contro lling  p o w d ery  m ildew d is e a s e  of rubber in India. Pesticides, 18(5)- 
35-36.

A portab le  fog g e n e ra to r  Pulsfog  K3 w as field te s te d  for fogging tridemorph against 

p o w d ery  m ildew  d i s e a s e  of ru b b er. Furtfier inv estig a tio n s  on im proving the  
feasibility of its u s e  a r e  su g g e s te d .

K ey w o rd s :  D is e a s e  contro l; P ow dery  mildew; T herm al fogging

28. Edathil, T .T ., J a c o b , C .K .,ld ic u la ,S .P . a n d  Ja y a ra th n a m , K. (1984). C om bating leaf 
fall. Planters' Chronicie, 79(5& 6): 199-200.

T h e  n e e d  for p ro p h y lac tic  sp ray in g  a g a in s t  Abnorm al leaf fall d ise a se  of Hevea 
c a u s e d  by Phytophthora  s p p . in K anyakum ari district w as investigated . Annual 
prophy lactic  sp ra y in g  w a s  found to  b e  u n n e c essa ry .

K ey w o rd s :  A bnorm al leaf fall; K anyakum ari

29. Edathil. T .T ., K rishnanku tty , V., Idicula, S .P . an d  Jay ara th n am , K. (1988). Pow dery 

mildew d is e a s e  m a n a g e m e n t  in l-tevea brasiliensis using  non-sulphur fungicides. 
Indian Journal o f Natura l R ubber Research, 1 (2); 61 -65.

E x p erim en ts  w e re  c o n d u c te d  to  identify m ore efficient non-su lphur fungicides, in 

p lace  of s u lp h u r  fu n g ic id es , for effective m an a g e m en t of pow dery mildew d ise a se  
of m a tu re  a s  well a s  y o u n g  Hevea  ru b b er p lan ts. In m atu re  a re a s  application of 
tridem orph 1.5 p e r  c e n t  d u s t  w a s  found superio r to sulphur dust. Spray  application 

of c a rb e n d a z im  0 .0 5  p e r  c e n t w a s  found to give b e tte r control than  the  conventional 
w e tta b le  s u lp h u r . A s r e p e a te d  u s e  of a n y  sy s te m ic  fungicide m ay lead  to 

d e v e lo p m e n t of r e s is ta n c e  to  th e  fungicide by th e  p a th o g en , a lte rn a te  u se  of 

sy s tem ic  a n d  n o n -sy s te m ic  fu n g ic id es  is s u g g e s te d .



30. Edalhil. T.T,, KrishnankuHy. V., Jacob , C.K. and  Idicula, S .P . (1988). P ro tection  of 

young rabber plants from powdery mildew d ise a se  with sy stem ic  fungicides. Rubber 

B o a^ Bulletin, 24(2): 22-23.

Applications of Bavistin [carbendazim ) a t 0 .2%  a.i. g ave  ttie  b e s t control of Oidium 
heveae. followed by Topsin [thiophanate]. T he a lte rn a te  u se  of c a rb en d az im  and  

wettable sulfur is sug g ested , to prevent the  possib le  d ev e lo p m en t of fungicide 

resistance in the pathogen.

Key w ords: Fungicide; Pow dery mildew; Young rubber

31. Edathil, T.T., Idicula, S.P., Jacob, C.K., Krishnankutty, V. an d  Jay ara th n am , K. (1992).
Recent experim ents on m anagem ent of two Phytophthora d i s e a s e s  of Hevea rubber 

in India. International Natural Rubber Conference, 5-8 F eb ru ary  1992, B angalore , 

India.

The varied perform ance of certain c lo n es  ag a in st Abnorm al leaf fall d is e a s e  of 

rubber cau sed  by Phytophthora spp . in low an d  high rainfall a r e a s  a n d  the 

escalation cost of copper fungicides sp ray  oil and  spraying opera tion  n ec ess ita ted  

the n eed  for clone w ise and  region w ise reco m m en d atio n s  for ru b b er sp ray ing . In 

order to achieve this objective, experim en ts w ere  s ta r te d  in a  low rainfall a re a  at 

Punaiur and high rainfall a re a  at Palapiily on  the  c lo n e  RR I1105 during 1990 and  
this w as ex tended to the  susceptib le  clone RRIM 6 0 0  a lso  during 1991 in th e  high 

rainfall a rea . In low rainfall a re a  the lower an d  h igher d o s a g e s  te s te d  w ere  2 kg 

and 8 kg copper oxychloride (COC) 56  p e r c e n t oil d ispersib le  p o w d er (OD P) in 
30 litres of spray oil per hec ta re  respectively. In high rainfall a re a  th e  d o s a g e s  

were higher than  that of the  low rainfall a re a  with 4  kg CO C 56%  O D P  for the  

lower d o se  and 10 kg COC 56%  OD P for the higher d o se . H ow ever, the  volum e 
of the spray oil rem ained sam e for both locations. Spraying w a s  carried  out with 

micron sprayers in two d ise a se  s e a s o n s  in 0 .4 h a  plot e a c h  with four rep lications. 
The results for the trials indicated that th ere  w as no  difference in leaf fall am o n g  
treatm ents in low rainfall a re a  in 1990 and  1991 s e a s o n s . H ow ever, th e re  w as 

m arked difference betw een treatm ents in high rainfall a re a  with reg ard  to  c lone 

1105 in both the years. The unsprayed  plots suffered  heavy leaf fall of 81 and  
per cent respectively in the first and seco n d  year. In RRIM 600, th e re  w as 

sev ere  leaf fall although better leaf retention w as noticed in plo ts app lied  with



higher d o s a g e s .  T h e  s p ra y  vo lum e a n d  d o s a g e  experim en ts in aerial sp rayed  

plots in d ica ted  th a t a  defin ite  conc lusion  could  not b e  draw n with the available 

d a ta . High v o lu m e sp ray in g  ex p e rim e n ts  w ere  c o n d u c ted  on the  clone GT 1 with 

various d o s a g e s  of 1 p e r  c e n t B o rdeaux  m ixture. T h e  resu lts  indicated that a 

sp ray  v o lu m e of 3 0 0 0  I/ha h a s  given sa tisfac to ry  protection for th at clone. The 

lower d o s a g e s  1 000  a n d  2 0 0 0 1/ha w ere  quiet in ad eq u a te  for giving satisfactory 

leaf re ten tion . In o rd er to  find o u t th e  interval of the  application of the  m ost effective 

fungicide, m an c o z e b  a g a in s t b ark  rot d ise a se  control, experim ents w ere conducted 

in 2 8  tap p in g  b lo ck s  to  a c c o m m o d a te  se v e n  trea tm en ts  with four replications 

e a c h  for tw o d i s e a s e  s e a s o n s .  It w a s  o b se rv e d  th a t m an co zeb  a t  0 .75  p e r cent 

a.i. with w eek ly  app lica tio n  w a s  significantly superio r to fortnightly application 

sch ed u le .

Key w o rd s :  D is e a s e  contro l; PhytopMhora

32. Edathil, T.T., K rlshnankutty , V., Idicula, S .P . a n d  J ay ara th n am , K. (1992). Econom ic 

an d  effective  m a n a g e m e n t  of pow dery  m ildew d ise a s e  of Hevea rubber in South 

Ind ia . P lac rosym  IX, 1 9 9 0 , B a n g a lo re ,  In d ia . Jou rna l o f P lanta tion  Crops, 

2 0 (S u p p lem en t): 61 -6 4 .

E x p e rim e n ts  w e re  c o n d u c te d  to  find o u t m eth o d s  of econom ic  a n d  effective 

m a n a g e m e n t of po w d ery  m ildew d ise a s e  of m ature  a s  well a s  young Hevea rubber 

p lan ts. In m a tu re  p lan ta tio n s  it w a s  found  th a t 4  rou n d s of a lte rn a te  application of 

su lp h u r d u s t  (12  k g /h a/ro u n d ) a n d  tridem orph 1.5 per ce n t d u s t (10 kg/ha/round) 

g a v e  b e tte r  con tro l of th e  d i s e a s e  th an  4  ro u n d s of su lphur dusting  at 12 kg/ha/ 

round. H o w ev er, tw o ro u n d s  of tridem orph 1.5 p e r cen t d u s t a t 10 kg/ha/round 

with o n e  round  of su lp h u r d u s t a t  12 kg/ha/round in be tw een  w as the  m ost effective. 

In a n  a tte m p t to  re d u c e  th e  d o s a g e , tw o rou n d s of tridem orph 1.5 p e r ce n t du st at 

7  k g /h a /ro u n d  with o n e  ro u n d  of su lp h u r d u s t (12 kg/ha/round) in the  m iddle, w as 

found to  b e  eq u a lly  effective. In young  rubber plan tations, 4 rounds of sp ray  

application of 0 .0 2 5  p e r  ce n t c a rb en d az im  in com bination with 0.1 p e r cent w ettable 

su lp h u r w a s  eq u a lly  e ffec tiv e  with c a rb en d az im  in com bination with 0.1 p e r cen t 

w e ttab le  s u lp h u r  w a s  eq u a lly  effective  with cartjendazim , and  tnadem oforn  and 

g a v e  m o re  e c o n o m ic  d i s e a s e  control.



33. Edathil. T.T., Jacob. C.K. and  Idicula, S .P . (1994). Evaluation of c o p p er fungicide 
dosage requirem ents against Abnormal leaf fall d ise a s e  of rubber for a  high an d  low 

susceptibility clone in two agroclim atic regions. IRRDB Symposium on Diseases o f 
Hevea, 21-22 Novem ber 1994, Cochin. India, pp. 52-55.

Evaluation of copper fungicide d o sag e  requ irem en ts a g a in s t abnorm al leaf fall 

d isease  fo ra  high susceptibility clone (RRfM 600) an d  a  low susceptib ility  clone 
(RRH 105) in two different agroclim atic conditions, viz. low a n d  high rainfall a re a s , 

from 1990-1992 w as carried out to a s s e s s  the  n ecess ity  for th e  evolution of clonal 
and regional recom m endations for rubber spraying. A m inimum  d o s e  of 2 kg/ha 
was sufficient to protect clone RRtI 105 in a  low rainfall a re a  whilst 4  kg /ha w as 

required fo rd o n e  RRIM 600. A higher d o se  of 10 kg/ha w a s  n e c e s s a ry  to pro tect 
the low susceptibility clone in a  high rainfall a re a  w h e re a s  ev en  this d o s e  w a s  not 
effective on the highly susceptib le  clone.

Key w ords: Abnormal leaf fall; Agroclimatology: C o p p er fungicide: Phytophthora

34. Edathil, T.T., Jacob, C.K., Idicula, S .P . an d  J o sep h , M. (1998). Efficient m an a g e m en t 

of powdery mildew d ise a se  of Hevea rubber p lan ts with in teg rated  u s e  of sy stem ic  

and non-system ic fungicides. In: Developments in Plantation Crops Research: 
Placrosymxn, 27-29 N ovem ber 1996, Kotlayam , India. (Eds. N.M. M athew  and  
C. Kunjvilla Jacob). Allied Publishers, New Delhi, pp. 287-291

Expenments were conducted to evolve suitable techn iques of fungicidal application 
for the integrated u se  of system ic and  non-system ic fungicides an d  to identify 
effective non-system ic fungicides in the m an ag em en t of pow dery m ildew d ise a s e  
of rubber plants (Hevea brasiliensis Muell. Arg.). In th e  m atu re  tre e s , it w as 

found that two rounds of dusting of 1.5 per cen t tridem orph d u s t with o n e  round of 
dusting of 70 per cent sulphur dust in the  middle p roved to  b e  the  m o st effective 

and significantly superior to three  rounds of e ither tridem orph or su lp h u r dusting  

The mixed use  of system ic and  non-system ic fungicides (tridem orph + su lphur) 
was on par with this treatm ent. The cost of application of th e s e  two tre a tm e n ts

s v s t e l T . r " ’" ' ^ ' ! '  O' sy stem ic  a n d  non-

system ic fungicide w as found to be m uch prom ising an d  econom ic.



36.
Edathil, T .T., J a c o b , C.K. a n d  J o s e p h ,  A. (2000). Leaf d ise a se s . In: Natural Rubber: 
AgromariagerDent and  Crop Process'mg. (Eds. P .J. G eo rg e  and  C. Kumvilla Jacob). 

Rubber R e s e a rc h  Institu te  of India, K ottayam , India, pp. 273-296.

This c h a p te r  d e a ls  with th e  leaf d i s e a s e s  of rubber. T he ch ap te r  is divided into 

sev era l c h a p te rs .  A g e n e ra l  in troduction on  th e  leaf d ise a se s . This is followed by 

details  reg a rd in g  e a c h  d is e a s e .  T h e  d is e a s e s  including abnorm al leaf fall, shoot 

rot, pow dery  m ildew, C o ry n e sp o ra  leaf d ise a se , Gloeosporium  leaf d isease , Bird's 

eye spot, A n th racn o se , T h read  blight an d  South Am erican leaf blight a re  d iscussed. 

The d ise a s e  d ev e lo p m e n t a n d  sy m ptom s, c a u sa l o rganism , econom ic importance, 

clonal susceptib ility , a n d  control m e a su re s  a re  d iscu ssed  in detail for each  d isease .

Key words; A bnorm al leaf fall; D is e a s e  control; Leaf d ise a se : Pow dery mildew; 

South  A m erican  L eaf Blight

36. Edathil, T.T., L a k sh m a n a n , R. a n d  T h o m as, V. (2009). S creen ing  of c lones of m bber 

{Hevea brasiliensis) for grow th  a n d  to le ran c e  to  pow dery mildew d ise a se  a t a  high 

altitude s ta tio n  in K era la , India. Natural Rubber Research. 22(1&2): 151-155.

T en  o rte t s e le c tio n s  a n d  five p o p u lar  c lo n e s  of Hevea brasiliensis w ere  sc re e n e d  

to a s c e r ta in  p o w d e ry  m ildew  d is e a s e  to le ran c e  In a  high altitude sta tio n  at 

A m balavayal, W a y a n a d  in K erala. T h e  experim en t w a s  co nducted  during the  

refoliation from  J a n u a ry  to  April for a  period of four years. T he plants w ere protected 

with a lte rn a te  ap p lic a tio n  of sy s te m ic  (carb en d azim  0 .06  p e r cen t) and  non- 

sy s tem ic  (w e ttab le  su lp h u r 0 .2  p e r  cen t) fungicides a s  p e r s tan d a rd  practice. 

Girth of th e  p la n ts  a n d  p o w d ery  m ildew d ise a s e  a s s e s s m e n ts  prior to and  after 

t re a tm e n ts  w e re  re c o rd e d . T h e  o rte t se lec tio n  Iritfy 1 sh ow ed  high d eg ree  of 

d is e a s e  to le ra n c e  with b e tte r  grow th.

Key words: D is e a s e  s c reen in g ; Fungicide; O rtets; Pow dery mildew; Susceptibility. 

T o leran ce

37. G eorge, M.K. a n d  Edath il, T .T . (1975). O ver sum m ering  of Phytophthora causing  

A bnorm al leaf fall d i s e a s e  of ru b b er. Rubber Board Bulletin, 12 (3 ). 112-114.

S tu d ies  o n  o v e r  su m m e rin g  of Phytophthora infecting rubber w ere carried  out by 

collecting in fec ted  s p e c im e n s  a n d  soil s a m p le s  from different e s ta te s  and  isolating



the pathogen from such m aterials, during the off s e a s o n . T he fungus w as isolated 
from oospores from infected dried up plant m aterials. Similarly the  p a th o g en  w as 
isolated from soil sam ples using a  se lective  m edium  an d  by baiting wilh healthy 

green fruits. The isolates obtained from soil and  dried up plant p arts  w ere identified 
a s  P. meadii. The so u rces  of inoculum for prim ary Infection of A bnorm al leaf fall 

d isease  on rubber w ere d iscussed .

Key w ords: Abnormal leaf fall; Phytophthora meadii

38. George. M.K. and Edathil, T.T. (1980). A report on C o ry n esp o ra  leaf sp o t d ise a s e  
on m ature rubber. International Rubber Conference. 23 -28  N ovem ber 1980, R ubber 
R esearch  Institute of India, Kottayam, India.

The m ature rubber trees  w ere found infected by Corynespora cassiicola {Berl< & 

Curt). This w as so  far noticed only on rubber se ed lin g s  an d  im m ature  rubber 

trees  in India, But this fungus w as found infecting m atu re  ru b b er tre e s  in India 

during February-March period causing  leaf spot. If hum id conditions prevail during 

this period, d isease  b ecom es s e v ere  an d  c a u s e s  leaf fall in all th e  p opu lar c lones. 

Further sp read  of the  d ise a se  is controlled by regu lar c o p p e r fungicide spraying  
carried out against Abnormal leaf fall d ise a se , during April-May.

Key w ords: Corynespora: D isease  m an ag em en t; Fungicide

39, Gogol, N,K„ Dey, S,K, and Idicula, S .P . (2011). Baiting of Phytophthora  sp e c ie s  

from rubber {Hevea brasiliensis) soil of Tripura a n d  tes tin g  c ro s s  infectivity of 

Phytophthora sp ecies  of o ther crops in rubber. International Workshop Seminar and 

Exhibition on Phytophthora Diseases o t Plantation Crops and their Management. 
12-17 Septem ber 2011, Kottayam, India,

Abnormal leaf fall (ALF) c au sed  by Phytophthora sp p . is th e  m ost d estru c tiv e  leaf 
d isease  of rubber in India. In traditional rubber growing reg ions of India, ex tensive  
defol,at,on due  to ALF resu lts  in co n s id e rab le  crop  lo ss  rang ing  7  to 32% .

o nT  n  '  "  which

Clone R R i r 6 n ? ' 'p ! ™ '
therefore a  sudd c lo n e  is w idely cu ltivated  an d

India, f o u r s p e o , e s o f P . „ o , ,  wz. P. pa/rr,/vora(But,er), P. m e a ^ .M c R a e ..



p. nicotianae  v a r. parasitica  (D aslu r) W ate rh o u se  an d  P. botrosa C h ee  w ere 

isolated from  in fected  sp e c im en s  of rubber. T fiough ALF is not observed  in Tripura, 

incidence of o th e r  Phylophthora  d i s e a s e s  like late blight of potato, blight of taro, 

ieaf rot of b e te lv in e , foot rot of b lack  p e p p e r, citrus gum m osis, leaf sp o t of 

Philodendron e tc . a re  o b se rv e d  in varying intensity. Among th ese , the  inciting 

a g en t of leaf rot of be te lv in e , foot rot of b lack  p e p p e r an d  leaf spo t of Philodendron 

sp. a re  rep o r ted  to  b e  P. nicotianae  var. parasitica an d  P. palmivora (Holliday and 

Mowat, 1963, R id ings a n d  M critchie, 1974, Tripathi etal., 2003), which a lso  infects 

rubber. T h e refo re , a n  a tte m p t w a s  m ad e  to  exam ine  the  p resen ce  of Phytophlhora 

spp . in ru b b e r  soil of T ripura  by baiting  tech n iq u e , to te s t its pathogenicity on 

rubber leaf a n d  to  p e rfo rm  c ro s s  infectivity te s t  of Phytophlhora sp. isolated from 

betelvine, b lack  p e p p e r  a n d  Philodendron sp. on  rubber leav es  of RRIM 600 clone. 

Leaf baiting  te c h n iq u e  v/as u s e d  for fishing out the  Phylophthora spp . from soil of 

RRIM 6 0 0  p lan ta tio n . R e s e a rc h  Farm  of RRII, T aranagar. T he baited  leav es  w ere 

p laced  in p o ta to  c a rro t a g a r  (PCA ) m edium  a m e n d e d  with antibiotics ampicillin 

and  refam plcin . T h e  in cu b atio n  tem p e ra tu re  w a s  ad justed  at 22  ±1"C for all in 

vitro o b se rv a tio n s . F rom  m ajority  of th e  b a ited  leaf bits, rapid growth of Pythium 

spp . w a s  o b se rv e d , w hile th e  growrth of Phylophthora w as  little. T he pathogenicity 

of the  iso la ted  soil Phytophlhora  s p p . w a s  te s te d  in m ature  rubber leav es  of RRIM 

600 c lo n e  in vitro  by  d e ta c h e d  leaf m ethod . N one of th e  iso la tes could produce 

charac te ristic  b lack-b row n les io n s  of Phytophlhora on  inoculated leaves. Incidence 

of Phytophlhora  lea f rot of b e te lv ine  (variety-Mithapatti) and  foot rot of black pepper 

(v a r ie ty -P a n n iu rl)  w a s  o b s e rv e d  a t  Horticulture R esea rch  Com plex, Nagicherra, 

Tripura (W est) d u rin g  Ivlay-June, 2011 . Phylophthora leaf spo t w as a lso  observed  

in o rn am e n ta l Philodendron  p lan t a t  R u b b er Board com plex, Agartala. D iseased  

leav es , s te m s  a n d  rh lz c s p h e re  soil s a m p le s  w ere  co llected  for isolation of the 

p a th o g en  a s  well a s  b a iting  of Phylophthora. T he p a th o g en s w ere isolated in 

PCA m edium  a n d  o b s e rv e d  to  b e  Phytophlhora  sp . under m icroscopic study. 

Iso la ted  Phytoph lhora  s p p . w a s  s u b je c ted  to  sp o ran g ia  production using non- 

sterile soil e x trac t. P ro fu s e  lem o n  s h a p e d  papillate sporang ia  and  terminal a s  

well a s  in te rca la ry  c h la m y d o s p o re s  w e re  o b se rv ed  u nder com pound m icroscope. 

T he m e a n  lin ea r g row th  of Phytophlhora  sp p . of betelv ine plant in PCA medium 

w as o b s e rv e d  fa s t  rec o rd in g  3 9 .6 9  m m  in 144 h o u rs  after incubation (HAI), while 

it w a s  only 1 1 .6 7  m m  in p o ta to  d e x tro se  a g a r  m edium . The culture developed



white colony with aerial habit in PCA mediunn. C ro ss  infectivity of Phytophthora 

species Isolated from betelvine. black pepper and Philodendron w as d o n e  In m ature 

leaves of RRIIvl 600  clone by slight m odification of d e ta c h e d  leaf m ethod  

(Pongplsutta and Sangchote, 2004). The p a thogen  w as sim ultaneously  inoculated 

in healthy leaves of betelvine and  Philodendron p lant. In both  th e  c a s e s ,  leav es  

inoculated with PCA ag a r plugs devoid of Phytophthora sp p . s e rv e d  a s  control. 

The m ean diam eter of lesions in betelvine leaf w as 7 .4  mm In 2 4  HAI, 12.8 mm in 

48 HAI, 22.8 mm in 72 HAI, 30 mm in 96 HAI an d  40  mm in 120 HAI. In rubber, 

lesion developm ent s ta rted  In 48 HAI and  It en la rg ed  slowly. T h e  m ean  d iam eter 

of lesions in rubber leaf w as 0 mm in 24  HAI, 9 .8  mm in 48  HAI, 14.0 mm in 72 

HAI, 18.4 mm in 96 HAI and  20 .4  mm in 120 HAI. Phytophthora  w as  reiso lated  

from the artificially infected lesions an d  th u s  confirm ed it pa thogen ic ity  on  rubber 

leaves. Brown lesion developm ent w as a lso  o b se rv ed  in ru b b er po d  Inoculated 

with the sam e Phytophthora spp . L eaves inoculated with PCA a g a r  p lugs devoid 

of Phytophthora spp . did not d eve lop  any  brown o r n ecro tic  sy m p to m s. In 

Philodendron leaves also, the lesion developm ent w a s  o b se rv e d  fas t an d  the 

m ean diam eter of lesion recorded 31 .3  mm in 120 HAI. H ence , th e  betelv ine 

pathogen, Phytophthora spp. w as o b se rv ed  to b e  m odera te ly  virulent to  rubber 

leaves inflicting infection an d  developing  les io n s  u n d e r labora to ry  condition. 

Phytophthora Isolated from black p ep p e r an d  philodendron p lant a lso  o b se rv ed  

partially pathogenic to rubber. Baiting of Phytophthora  w as  a lso  d o n e  in soil 

sam p les  co llec ted  from rh izo p h e re  reg io n  of b e te lv in e , b lack  p e p p e r  an d  

philodendron plant and both rubber and  host p lants w ere o b se n /e d  equally  efficient 

in fishing out Phytophthora from soil. ALF which occurs during so u th  w est m onsoon 

se aso n  in traditional rubber growing reg ions is highly influenced  by th e  rainfall 

pattern (Mathew etat.. 2010). A few w eather p aram eters  of A gartala w ere ana lyzed  

for the rainy penod (May to August) of 2008-2010. T he m ean  m axim um  an d  

minimum tem perature w as observed  to b e  32 .6  a n d  25»C respectively . T he m ean  

monthly rainy days w as 18; however, the  m ean  daily rainfall w a s  reco rd ed  only

I’® =hort (1-2 d ay s) and  

a b s e n r o f ^  'o ’- *L F developm ent. H ence,
warm wsather” Phytophthora s tra in s  a n d  p rev a le n ce  of

Z r Z  h T  b e  so m e  of th e  fac to rs
governing the a b se n c e  of ALF in north e a s t  ru b b er p lan ta tio n s . H ow ever,



e m e rg e n c e  of viru len t Phytophthora  s tra in s  from already  existing stra ins of other 
c ro p s  in ttie  c h a n g in g  clim atic s c en a r io  a n d  infecting rubber canno t b e  ruled out 
in future d ay s .

Key w o rd s :  Phytophthora: Soil; Tripura

40, Idicula, S .P . (2006). C o ry n e s p o ra  leaf d ise a s e  control through cultural practices. 
tn: Corynespora le a f disease o f Hevea brasiliensis: Strategies for Management. 
(Ed. C. Kumvilla J aco b ). R ubber R esearch  Institute of India, Kottayam, India, pp. 97-1 o i

M anipulation of c ro p  m a n a g e m e n t m eth o d s  h a s  b een  an  a g e  old practice with 
farm ers for p rev en tio n  of d a m a g e  d u e  to d ise a se s . Though application of chemicals 
an d  evolv ing  r e s is ta n t  p lan ting  m ateria ls  yield be tte r d ise a s e  control, cultural 
m eth o d s  of d i s e a s e  con tro l is im portan t a g a in s t m any d ise a se s . This chap ter 
d is c u s s e s  o n  ad o p tin g  cu ltu ral p rac tic e s  su c h  a s  b a s e  budding, crown budding 
an d  o v e r b u d d in g  for th e  m a n a g e m e n t of C ory n esp o ra  leaf d ise a s e  in Hevea.

Key w o rd s :  C o ry n esp o ra ,-C u ltu ra l p rac tices ; D ise ase  m anagem ent

41, Idicula, S .P .,  E dath il, T.T. a n d  J a c o b ,  C.K. (1989). S pray  fluid requirem ents in high 
volum e sp ray in g  of ru b b er, PlacrosymVW, 1986, Coonoor, India. Journal o f Plantation 
Crops, 1 6 (S u p p le m e n t) : 2 7 3 -2 7 5 .

An ex p e rim e n t to  d e te rm in e  th e  m inim um  sp ray  volum e required for a d eq u ate  
p ro tec tion  of m a tu re  ru b b e r  tre e s  a g a in s t  Abnorm al leaf fall by spraying one per 

cen t B o rd e a u x  m ix tu re  re v e a le d  th a t sa tisfac to ry  leaf retention could b e  en su red  
by usin g  3 0 0 0  litres p e r  h e c ta re . T h e  reduction  in spray  volum e to 3000 litres 
from th e  c u rre n t  re c o m m e n d a tio n  of 500 0  litres helped  in a  saving  of Rs. 560.00 

p e r h e c ta re .

Key w o r d s :  A b n o rm al leaf fall; High volum e spraying

"*2. Idicula, S .P .,  K rish n an k u tty , V., E dathil. T.T. an d  Ja co b , C.K. (1989). Com parative 

efficacy of d ifferent c o p p e r  fung icide form ulations an d  spraying m ethods in controlling 
Abnorm al leaf fall d i s e a s e  of Hevea brasiliensis. In: Recent Trends in Plant Disease 
Control. (E d s. H .B. S in g h , D.N. U p ad h y ay  an d  L.R. Saha). Today and  Tomorrow 

P ub lishers, N ew  D elhi, India, pp .5 5 -6 2 .

Key w o r d s ;  A b n o rm al lea f  fall; C o p p e r  fungicide; D isease  control



43. Idicula, S.P., Edathil, T.T., Jayara thnam , K. an d  Ja co b , C.K, (1990). Dry rot d ise a se  
m anagem eni in Hevea brasiliensis. Indian Journal o f Natural Rubber Research, 

3(1): 36-39.

Three years trials on screening  of different fungicides indicated  th at m ethoxyethyl 

mercury chloride, thiram. oxycarboxin, carb en d az im , th io p h an a te  m ethyl and 

propiconazole w ere effective In checking dry rot d ise a s e  of ru b b er w ere  superior 

to Bordeaux paste. Com parison of two carriers for fungicides viz. pidivyi com pound 

and petroleum  wound dressing  com pound indicated a  significant superiority  of 

the latter. The interaction betw een fungicide an d  carrie r w a s  a lso  significant. 

Incorporating the fungicide in petroleum  com pound  an d  applying to  th e  affected  

a rea  w as a s  effective a s  applying fungicide solution followed by su b se q u e n t 

application of petroleum  com pound.

Key w o rd s; D isease control; Dry rot; Fungicide

44. Idicula, S .P ., Edathil, T.T. and  Krishnankutty, V. (1992). E valuation of fungicides 

for the  control of Phytophthora shoot rot of rubber. Placrosym  IX, 1990, B angalo re , 

India. Journal o f Plantation Crops, 20 (Supplem ent): 76-78.

Field experim ents w ere carried out a t two locations for th re e  y e a rs  using  sy stem ic  

and non-system ic fungicides ag a in st sho o t rot d ise a se  c a u se d  by Phytophthora 

spp. on young rubber plants. C opper fungicides w ere  su p e rio r  to o th er  non- 

system ic fungicides. T he system ic fungicide, Fosetyl A1, w as not c o n s is ten t In Its 

efficacy. Addition of Zinc su lpha te  to  B ordeaux m ixture yielded b e tte r  control. 

Merits of spraying 0.5 per cent B ordeaux m ixture with 0 .5  p e r  c e n t z inc su lp h a te  

a re  d iscussed . The girth increm ent of rubber In th e  experim en ta l p lo ts w a s  not 
significant.

Key w ords; Fungicide; Phytophthora-, Shoot rot

Idicula, S .P ., Edathil, T.T., Jacob , C.K. and  Jay ara th n am , K. (1994). Im provem ent in 

the oKicacy of bordeaux mixture for the controi of Abnormal leaf fall d ise a s e  of rubber 

by addition of zinc su lphate . IRRDB Symposium on Diseases o f Hevea 2 1 -2 2  
Novem ber 1994, Cochin, India, pp. 66-58,



Field ex p e rim en ts  w e re  c o n d u c te d  to eva lu a te  the  efficacy of 0.5 Bordeaux mixture 

mixed wittn 0 .5  z in c  s u lp h a te  for th e  control of A bnorm al leaf fall d ise a se  cau sed  

by phytophthora  s p p . c o m p a re d  to  o th e r  conventional c o p p e r fungicides such  as  

Bordeaux m ixture  a n d  oil dispersible c o p p e r oxychloride. T he experim ents w ere 

co n d u cted  o n  c lo n e s  RRIt;^ 6 0 0  a n d  RRII 105 in a  high rainfall a rea . T he results 

of the  trial in d ica ted  th a t  th e  addition  of 0 .5  z inc su lp h a te  to 0 .5  B ordeaux mixture 

could give a d e q u a te  p ro tec tio n  to th e  lea v e s  in both c lo n es  ag a in st Abnormal leaf 

fall d ise a s e .  T h e  p e rc e n ta g e  leaf reten tion  afte r th e  d ise a s e  s e a s o n  w as on a  par 

or be tte r th an  w h e n  th e  tw o o th e r  c o p p e r  fungicides w ere em ployed. T he reduction 

in the  c o s t of c h e m ic a ls  for th e  sp ray ing  of 0 .5  Bordeaux mixture with zinc sulphate 
co m p ared  to  1 B o rd e a u x  m ixture  is d isc u sse d .

Key w o rd s :  A bnorm al lea f  fall; B o rd eau x  mixture; D isease  control

46. Idicula, S .P ., J a c o b , C.K. a n d  K o th an d aram an , R. (1998). Control of shoot rot d isease  

in Hevea. In: Developm ents in Plantation Crops Research: Placrosym  XII, 27-29 

N ovem ber 1 996 , K o ttayam , India. (E ds. N.M. M athew  and  C. Kuruvilla Jacob). Allied 
Publishers, N ew  Delhi, India, pp . 2 51-254 .

Field e x p e rim e n ts  w e re  c o n d u c te d  during 1993-95 d ise a s e  s e a s o n s  at two high 

d ise a s e  p ro n e  a r e a s  viz. lu lundakayam  a n d  Palapilly, for the  control of shoot rot 

d ise a s e  c a u s e d  by  Phytophthora  sp p . in young rubber plants. System ic fungicides 

su ch  a s  m eta lax y l MZ, fo se ty l A1 a n d  p h o sp h o ru s  acid w ere com pared  with 

B ordeaux  m ix tu re  for th e ir  e fficacy  in check ing  the  d isease . Two herbal b ased  

fung ic ides viz. K a a rm a r  a n d  P ro tec t, w e re  la te r included in the  trial. T he effect of 

p h o sp h o ru s  a c id , w hich  c o n ta in e d  p h o sp h o ru s , on  p lant growth w as studied. The 

resu lts  in d ica ted  th a t  p h o s p h o ru s  ac id  a t  0 .16  p e r  c en t an d  metalaxyl MZ a t 0.20 

p e r c e n t  w e re  th e  e ffe c tiv e  tre a tm e n ts .  S p ray in g  of p h o sp h o ru s  acid had 

sig n ifican tly  in c r e a s e d  th e  g irth  of p la n ts .  T ho u g h  th e  c o s t of sp ray ing  of 

p h o sp h o ru s  a c id  is h igh , it h a s  s o m e  a d v a n ta g e s  over co p p er fungicides.

Key w o rd s :  B o rd e a u x  m ixture; S h o o t rot

Idicula, S .P ., J a c o b ,  C .K ., M anju, M .J. a n d  K othandaram an , R. (2000). C orynespora 

leaf d is e a s e  in India: A s ta tu s  rep o rt. IRRDB Workshop on Corynespora Leal Fall o f 

Rubber. 6 -9  J u n e  2 0 0 0 , K u a la  L um pur, Ivlalaysia.



Ttie Corynespora leaf d isease  cau sed  by Corynespora cassiicola w as  firs! reported 
in 1958 from India. The d ise a se  w as noticed m ore on nursery  p lan ts. T he d ise a s e  
is more severe  in m ature plantations during the  refoliation period  a fte r  w intering. 
This paper d iscusses about sym ptom s, p re  d isposing factors, c lonal susceptibility, 
pathogen, d isease  survey, a w a re n ess  cam paign , d ise a s e  m an ag em en t, etc.

Key w o rd s: C orynespora leaf fall; D isease  control

4S. Idicula, S. P. and Joseph , A, (2011), S tra teg ies of Phytophlhora d ise a s e  m an ag em en t 
in rubber. International Workshop Seminar and Exhibition on Phytophlhora Diseases 
of Plantation Crops and their Managen^ent. 12-M  S ep tem b er 2011, K ottayam , India.

Key w ords: Abnormal leaf fall; Bark rot; Phytophlhora; P a tch  can k er; S h o o t rot

49. Ja co b , C.K. (1996). Phytophlhora  d iag n o s is . IRRDB In form ation Quarterly, 
Part 4 :1 4 .

Standardization protocol for PCR reaction w as optim ized for ru b b er c lo n e s  an d  it 

was found that 50  mg of tem plate DNA, 5 picom oles of prim er an d  1 unit of T ag 
polym erase per 25 ml reaction mixture yielded the  b e s t amplification. An a ttem p t 
w as m ade to locate DNA m arkers linked to to le rance  for Phytophthora in rubber, 
which will b e  of great u se  in rapid screen ing  of rubber germ plasm  for incorporation 
in breeding program m es.

Key w o rd s: Phytophthora diagnosis

50. Jacob , C.K. (2006). Corynespora leaf disease o f Hevea brasiliensis'. Strategies lo r 
Management. Rubber R esearch  Institute of India, Kottayam , India, 188 p.

This book is a  compilation of reviews on the  cu rren t s ta tu s  a n d  projection of the
possibilities for m anagem ent of C orynespora  leaf d ise a s e  of Hevea brasiliensis,
the rubber tree . The book contains deta iled  description of the  im pact, sy m p to m s

pathogen, environment, host defense , clonal res is tan ce , toxins, control m e a s u re s
including cultural, genetic, biological and chem ical m eth o d s an d  their in teg rated

use^ A detailed bibliography on the  d ise a se  provided in this volum e will facilitate 
further reference.



«  Jacob, C.K. (2006). C o ry n e sp o ra  leaf d ise a s e  of Hevea brasiliensis: A threat to natural 

rubber production . In: Corynespora lea f disease o f Hevea brasiliensis: Strategies for 
Management. (Ed. C . Kuruvilla J a co b ) . R u b b er R esea rch  Institute of India, Kottayam, 

India, pp. 9-^6-

This c h a p te r  d e a ls  with th e  h istory  of C o ry n esp o ra  leaf d isease , d ise a se  incidence 

a s  reported  from  Sri L anka, M alaysia , Indonesia , Thailand, India. Vietnam, Africa, 

Cote d ’ Ivoire, G a b o n  a n d  C a m e ro o n  a s  well a s  d ise a se  incidence in Nigeria. The 

im pact of C o ry n e s p o ra  lea f  d i s e a s e  in different rubber growing regions in term s 

of crop io ss  d u e  to  th e  d i s e a s e  is a ls o  m entioned .

Key w o rd s :  C o ry n e s p o ra  leaf fall; A frica; India; Indonesia; M alaysia; Nigeria: Sri 

Lanka: T hailand ; V ie tnam

52. Jacob, C.K. (2 0 0 6 ). S y m p to m s  of C o ry n e s p o ra  leaf d ise a s e  on rubber {Hevea 

brasiliensis). In: Corynespora le a f disease o f Hevea brasiliensis: Strategies for 

Management. (Ed. C . Kuruvilla J a c o b ) . R ubber R e sea rch  Institute of India, Kottayam, 

india, pp. 17-25.

This c h a p te r  g iv e s  a  d esc r ip tio n  on  th e  sym ptom s of C orynespora ieaf d isease  

on n u rse ry  p la n ts  a n d  o n  m a tu re  tre e s  a long  with colour photographs. Towards 

the en d  of th e  c h a p te r  a  ta b le  c learly  c o m p a re s  the  sym ptom s of Corynespora 

ieaf sp o t d i s e a s e  with th e  o th e r  leaf sp o t d ise a s e s  nam ely powdery mildew disease, 

Colletotrlchum  lea f d i s e a s e  a n d  B ird 's e y e  sp o t d ise a se .

Key w o rd s :  C o ry n e s p o ra  leaf fall; D is e a s e  sym ptom s

53. Jacob, C. K. (2 0 0 8 ). Phytophtf^ora  d i s e a s e s  of rubber tree  {Hevea brasiliensis). 

IPS-MEZ Annual Ivleeting & N ational Symposium on Advances In Microbial Diversity 

and Disease M anagem ent fo r Sustainable Crop Production, 13-15 October 2008, 

Coliege of F o re stry  a n d  Hill A gricu lture , R anichauri, U ttarakhand. Souvenir and 

A bstracts, pp . 18-24 .

This p a p e r  d i s c u s s e s  a b o u t  th e  A bnorm al leaf fall d ise a s e  of Hevea brasiliensis, 

the p a ra  ru b b e r  t re e ,  c ro p  lo s s  d u e  to  th e  d ise a se , cau sa l agent, its biology and 

ecology, e p id em io lo g y , d i s e a s e  m a n a g e m en t, developm ent of tolerant clone, 

chem ical contro l e tc . O th e r  d i s e a s e s  c a u se d  by Phytopftthora are  also d iscussed.

Key w o rd s :  A b n o rm al leaf fall; D is e a s e  m an ag em en t; Phytophthora



54. Jacob, C.K., Edalhii, TT ., Idicula, S .P ., Jay ara th n am , K. a n d  S e thura j, M.R. ( ig a g ) 

Etfeci of Abnormal leaf fall d ise a se  c a u se d  by Phylophlhora  spp . on  th e  yieW of 

rubber tree. Indian Journal of Natural Rubber Research. 2(2): 77-80

Abnormal leaf fall d isease  w as observ ed  to c a u se  9  to  16 p e r  ce n t yield loss in 

susceptible clones of Hevea braslliensis. of 10 to 25  y e a rs  ag e , w hen  prophylactic 

spraying w as skipped for one  se a so n . T he d ise a s e  a d v e rse ly  a ffec ted  growth 

and bark renew al of the trees. T he yield in the  su b se q u e n t y e a r  w a s  a lso  affected 

adversely in unsprayed  a reas . The d ise a se  in c re a se d  th e  p lugging index and  

r^ u c e d  the dry rubber content of the  latex. W eed growth w as m ore in the  untreated

Key w ords. Abnormal leaf fall; PbytopMhora: P lugging index; W eed  growth; Yield 

Jacob, C K„ Edathil, T .T , Idicuia, S .P. and  Jayarathnam , K. (1992 ). Effect of powdery

untreated. S e r d e f o l ^ Z ^  T  “

untreated  trees  of both c lones r a s e i r " ' " ' T
PB 8 6 , and 8-18% h lo h e r  i ,  8 -12%  hig h er in un trea ted

-  Clones. C ^ o r : :  sulfur tre a te d  tre e s  of

higher in untreated RRIM 600  resn e  ! i ^  14-29%
clones. Bark renewal w as a lso  h' h ^®=P®ctive su lfur tre a te d

•hat the yield increases which w o L '" b r a c W e I e T r '" ‘‘ 
powdery mildew on H. braslliensis in th» ^  control
for the cost of control m easu res  ®"''® ''‘Jhiari district w ould c o m p e n sa te

Key w ords: Powdery m,ldew; Yield loss



56, Jacob, C.K., J a y a ra th n a m , K. a n d  Idicula, S .P . (1994 ), U se ot oil dispersible 

m ancozeb a s  a n  a lte rn a tiv e  fung ic ide  for th e  control of Abnormal leaf fall d ise a se  of 

Hevea. IRRDB Sym posium  on D iseases ofHevea, 21-22  N ovem ber 1994 , Cochin 
India, pp. 39-42 .

Oil d isp ers ib le  m a n c o z e b  w a s  te s te d  in the  field a t different d o sa g es  over two 

s e a s o n s  for th e  co n tro l of A bnorm al leaf fall d ise a s e  of rubber in c lones RRIm 

600 and  PB 2 35 . T h e  n e w  fung ic ide  form ulation g ave  com parable  d isease  control 

to that of oil d isp e rs ib le  c o p p e r  oxychloride a t th e  sa m e  active ingredient levels 

w hen sp ra y e d  from  th e  g ro u n d . In aeria l spraying , m an co zeb  gave higher leaf 

retention c o m p a re d  to  c o p p e r  oxychloride a t the  sa m e  d o sag e  of formulated 
product.

Key words: A bnorm al leaf fall; D ise a se  control; Fungicide; Phytophthora: Spraying

57. Jacob, C.K. a n d  R a ja lak sh m y , V.K. (1994). Phytophthora diseases of rubber. I^ational 

Group Meeting on Phytophthora Diseases o f Horticultural Crops. 21-23 Septem ber 
1994, Calicut, India.

Key words: D is e a s e  con tro l; Phytophthora-, R ubber d ise a se

Jacob, C.K., Idicula, S .P ..  E dath il, T .T . a n d  Ja y ara th n a m , K. (1995). New strateg ies 

in tlie control of m ajo r lea f  d i s e a s e s  of Hevea. Global Conference on Advances in 

Research on P lant D iseases an d  the ir Management, 12-17 February 1995, Udaipur 
India.

Keywords; D is e a s e  control; D o sa g e ; Leaf d ise a se ; Oidium heveae; Phytophthora

Jacob, C.K., Id icu la, S .P .,  Edath il, T.T. a n d  Jay ara th n am , K. (1996). Evaluation of 

dust form ulations of tw o s y s te m ic  fung ic ides for the  control of powdery mildew disease  

of Hevea brasiiiensis. P lacrosym X \, 1994, Calicut, India. Journal o f Plantation Crops, 

2‘l(S u p p lem en t) (E d s . K.V. P e te r ,  Y .R. S a rm a , V. R ajagopal, K.V. Ram ana, S. 

D ev a sa h a y am  a n d  K .S . K r ish n a m u rth y ) . Indian  S o ciety  for P lantation  Crops, 

K asaragod, India, p p . 2 2 9 -2 3 2 .

The sy s te m ic  d u s t  fo rm u la tio n s  of th e  fungicides, tridem orph 1.5 % a.i. and 

carbendazim  1 .5  %  a .i. w e re  e v a lu a ted  for their effectiveness in controlling powdery



mildew d ise a se  of rubber in d ise a se  p rone  a re a s  for two s e a s o n s .  Both the 
formulations w ere m ore effective than  su lp h u r du st. An in teg ra ted  sch ed u le  
involving both system ic and  non system ic  fungicides w as a s  effective a s  the 
system ic fungicides, but w as superior to non sy stem ic  fungicide w hen  e ither w as 
used  alone. The adv an tag es  of the in tegrated  a p p ro ach  a re  d isc u sse d .

Key w o rd s: D isease  control; Fungicide: Pow dery mildew; R u b b er d ise a s e

60. Jacob. C.K.. Manju. M.J., idicula, S .P , an d  K othandaram an , R. (2001). Evaluation 

of new oil-dispersible fungicide form ulations for th e  control of A bnorm al leaf fall of 
rubber {Hevea brasiliensis) c a u se d  by Phytophthora sp p . Indian Journal o f Natural 
Rubber Research. 14(2): 112-115.

New oil-dispersible fungicide fonnulations. m an co zeb  an d  its com bination  with 
copper oxychlonde (COC) and m etalaxyl in com bination with C O C  w ere  field- 
tested  in different locations for the control of A bnorm al leaf fall d is e a s e  of rubber 

(Hevea brasiliensis) c au sed  by Phytophthora sp p . by aerial an d  ground  spraying. 

A pow der formulation of m an co zeb  an d  a  com bination  p ro d u ct of C O C  and  
metalaxyl (5 kg/ha) w ere found to be  a s  effective a s  C O C  (8 kg/ha). T h e  new 

fungicides a re  useful a lternatives for CO C, which h a s  b e e n  continuously  in u se  
for about four d ecad es .

Key w o rd s: Abnormal leaf fall; D isease  control; Phytophthora. S praying

61. Jacob , C.K. and Idicula, S .P . (2004). D evelopm ents in leaf d i s e a s e  ep idem ic  

m an ag em en t techno logy  for ru b b er [Hevea brasilier,sis) p la n ta tio n s  in India 
lnternat,or,al Workshop on South American Leaf Blight. 4-6 M ay 2004 , S alvador, 
Bahia, Brazil.

Pttvtr^hm  to com bat the  ep idem ic leaf d is e a s e s  c a u se d  by

b a i l  X l T  ' .  Corynespora cassiicola in India on  the

d isease  have T  su scep tib le  to Phytophthora

prevalent in india has 
O. heveaeate  no.



protection. T h e  m e c h a n ism  of to le ran c e  of G T 1 to CorynBspora leal d isease  has 

been  s tu d ied  with a  v iew  to  lo ca te  fac to rs  th at could be  transferred  to susceptible 

high yielding c lo n e s . A m ong  th e  Corynespora iso la tes, putative virulence-apecilic 

iso lates cou ld  b e  identified . T h e  v iru lence  could b e  related to their elticacy of 

toxin production. F or th e  control of Phytophlhora, prophylactic high volume sprayimj 

of B ordeaux  m ix tu re  1%  h a s  b e e n  in recom m endation  from very early days. Ah 

this m eth o d  w a s  co s tly , e ffo rts  w e re  m ad e  to red u ce  the  requirem ent spray Huid 

and c h em ica ls . M e ch a n iz a tio n  of high volum e spraying  w as a lso  attem pted to 

reduce lab o u r a n d  to  in c re a s e  c o v e ra g e . G round spraying with copper oxy(;hlorid<t 

d isp e rs e d  in s p ra y  oil u s in g  m icro  s p ra y e r s  w ere  in troduced  for prolonyod 

protection a n d  b e tte r  c o v e ra g e . R e fin em en ts  w ere  m ad e  to reduce the WBighl o1 

the  sp ra y e rs  a n d  im p ro v e  th e  efficacy  of fungicide d ischarge and  light* w^jight k w  

volum e s p ra y e r s  w e re  d e v e lo p e d . A lternative fungicides for copper w©r« 

located. A erial ap p lic a tio n  of c o p p e r  fungicide w as attem pted  and the mf»th(«J 

gained  w ide po p u larity  a m o n g  la rg e  e s ta te s .  Im pact of continuous u se  of ooppftr 

fungicides to  soil m tcro flo ra  a n d  fa u n a  w a s  o b se n /e d  to b e  negligible. Powdery 

mildew d is e a s e  h a s  b e e n  co n tro lled  by prophylactic dusting of sulphur Alternatfvft 

system ic fu n g ic id es  w e re  t ried  for po w d ery  m ildew d ise a se  control and  integrated 

dusting s c h e d u le s  e v o lv ed . E p idem ics of C orynespora leaf d isease  occurred during 

1996-98 for w h ich  c o n tro l m e a s u r e s  us in g  high volum e and  low volume spraying 

a s  well a s  dustir>g of f u n g o d e s  w e re  evolved. Using th ese  techniques, a campaign 

w as l a u n c h e d  for s u p p re s s io n  of th e  p a th o g e n  during 1999. Subsequen t surveys 

rev ea led  c o n s id e ra b le  red u c tio n  in d is e a s e  intensity an d  declined in sp read  of 

the d is e a s e .  In o r d e r  to  p re v e n t  th e  en try  of S ou th  Am erican Leaf Blight into India, 

q u a ran tin e  r e g u la tio n s  h a v e  b e e n  stip u la ted . U nder th e s e  rules, im p o r t  of rutiber 

plant m a te ria ls  from  T ro p ica l A m erica  is p rev en ted . Import of rubber plants from 

any o th e r  co u n try  is  p e rm itte d  only th ro u g h  th e  R ubber R esearch  Institute of India 

and  strict p o s t-e n try  q u a ra n t in e  is  p resc rib ed . Although techniques for sudden 

defoliation of ru b b e r  h a v e  b e e n  ev o lv ed , th e  cho ice  is for chemical control as 

rubber is m ain ly  g ro w n  in h o m e s te a d  g a rd e n s  in te rsp e rsed  with many o ther crop 

p lants in th e  sm a llh o ld in g s .

Key w o rd s ;  D is e a s e  con tro l: F ung icide; Leaf d ise a se ; Phytophthora, Rubber 

Plantation



62. Jacob. C.K., Srinivas, P., Prem, E.E.. Manju, M.J., Mushrif. S.K. a n d  Idicula, S .P. 

(2005). Potential u se  of rubber s e e d  oil a s  carrier for c o p p e r fung ic ides in the 

m anagem ent of Abnormal leaf fall d ise a se  of Hevea brasiliensis. In: Preprints of 
Papers. International Natural Rubber Conference, India 2005, 6-8  N o v em b er 2005, 

Cochin. India. {Comps. N.f^. f^athew, et al.). R ubber R e se a rc h  Institute of India, 

Kottayam, India, pp. 456-462.

Rubber se ed  oil w as evaluated  for its potential u se  in oil b a s e d  sp ray  form ulations 

against Abnormal leaf fall d ise a se  of H. brasiliensis leading  to  m o re  econom ic 

d isease  m anagem ent. R ubber s e e d  oil (RSO) an d  m ineral sp ray  oil (SO ) mixed 

in the proportion of 1:2  w as  a s s e s s e d  a s  c a rr ie r  for th e  fu n g ic id e  C o p p er 

oxychloride (COC), in com parison with m ineral oil a lone. T he sc o p e  for reducing 

the dosage  of COC, when RSO and  SO  w ere m ixed (1 ;2 proportion) for spraying  

against Abnormal leaf fall d isease , w as a lso  investiga ted  in field trials in two 

endem ic locations. Result indicated th at the  u s e  of ru b b er s e e d  oil for partial 

substitution of spray  oil w as promising an d  resu lted  in sim ilar d is e a s e  control a s  

provided by the standard recom mendation over six years of experim entation. Lower 

d o se  (6 kg/ha) of COC w as found to be  com parab le  to reco m m en d ed  d o s e  of (8 

k g ^ a )  when RSO+SO w as u sed  a s  carrier. RSO  fiad no phytotoxic effect on  the 

rubber leaves either a lone or in different com bination with sp ray  oil. R eduction  in 

the cost w as evident by imposing of a  com bination of partial com plem enta tion  
with RSO and reduced  d o sa g e  of COC.

Key w o rd s: Abnormal leaf fall; C opper fungicide; D ise ase  control; R u b b er s e e d  
oil; Spraying

63.
Jacob, C. K.. Prem, E. E., Manju, M.J., idicula. S. P . an d  Edathil, T. (2006). Crop

y l phthora Sfip. Natural Rubber Research, 19(1 8, 2 ): 1-8 .

sppT Z I I h  ' " T " ‘’y Pbytophmora 

RRI1118 ove GT 1 and

No such  loss w as L s ^ rv e d  tor r r i I  "05  in T
India The m M n lo f Plantation in so u th w estern

ag a in s t54  B ^ n  RWi 05  T h ™  -54.82 RRI, 105. There w as a  significant and  positive correlation b e tw een



crop lo ss  in th e  c lo n e  RRIM  6 0 0  a n d  th e  leaf fall in the  preceding two years For 

RRIi 105, th e  d e p re s s io n  in y ield  during  th e  d ise a s e  s e a so n  w as com pensated  

by the  p o s t w in tering  r e s u rg e n c e  in c ro p  production. T he w eather conditions had 

m ore p ro n o u n ced  e ffect o n  c ro p  production in this clone than  the d isease  incidence. 

The a d v e rs e  e ffec t of d i s e a s e  on  th e  a ffec ted  c lo n es  resu lted  in poor girthing and 

lower w ood v o lu m e  a t  felling. An in c re a se  in crop  by 2 to 3 per cent com pensates 

for the  c o s t o f sp ra y in g . L oca tion  specific  recom m endations of clones tor d isease  
av o id an ce  cou ld  b e  a  u se fu l s tra te g y  for h igher c rop  production.

Key w o rd s :  A bnorm al lea f  fall; C lone; C rop  loss; Leaf d isease ; Phylophlhora] 
W ood volum e

64. Jacob, C.K., S rin iv as , P. a n d  Roy, C .B . (2006). A Laboratory Manual for tnlernalional 

Training on S trategies fo r M anagem ent o f  C o ry n esp o ra  Leaf Fall Disease of Hevea 
brasiiiensis. R u b b e r  R e s e a rc h  Institu te  of India, Kottayam , India, 58  p.

This m an u a l is  a  g u id e  to  th e  v a rio u s  p ractical activities included in the training 

p ro g ram m e o n  “S tra te g ie s  for m a n a g e m e n t of C orynespora  leaf fall d isease  of 

Hevea b ra s ii ie n s is " .  T h is  c o m p ila t io n  c o v e r s  te c h n iq u e s  ran g in g  from 

m o rp h o lo g ic a l  id e n t i f i c a t io n  to  m o le c u la r  p la n t  p a th o lo g y  a n d  d is e a s e  

m an ag em en t.

Key w o r d s :  C o ry n e s p o ra  lea f  fall; L aboratory  m anual

65. Jacob, C. K., S rin iv as , P ., P re m , E. E., M anju, lul.J., I^ushrif. S. K. and Idicula, S. P. 

(2007). R u b b er s e e d  oil for p artia l substitu tion  of m ineral oil u sed  a s  carrier for copper 

fungicide in th e  m a n a g e m e n t  of A bnorm al leaf fall d ise a se  of aibber. Journal of Rubber 

Research, 10(1): 5 4 -6 1 .

R ubber s e e d  oil (R S O ) w a s  e v a lu a te d  for its potential u se  in oil-based spray 

form ulations a g a in s t  A b n o rm al leaf fall d ise a s e  of rubber (Hevea brasiiiensis) 

which cou ld  in flu e n ce  th e  e c o n o m ic s  of d ise a s e  m anagem ent. A mixture of RSO 

and  m ineral s p ra y  oil (S O ) in a  p roportion  of 1 :2 w as a s s e s s e d  a s  a  carrier tor the 

fungicide c o p p e r  o x y ch lo rid e  (C O C ), in co m p ariso n  with SO alone. The scope for 

reducing th e  d o s a g e  of C O C , w h e n  R S O  a n d  S O  w ere mixed (1:2 proportion) for 

spraying  a g a in s t  A b n o rm al leaf fall d is e a s e ,  w as investigated In field trials in two 

endem ic  lo ca tio n s  o v e r  six  y e a rs .  R e su lts  ind icated  that the  u se  of RSO for partial



substitution of SO  w as promising and  resulted In similar d ise a s e  control a s  provided 
by the u se  of SO. Lower d o sag e  (6 kg/ha) of COG w as found to b e  c o m p arab le  to 

the recom m ended d o sag e  of COC (8 kg/ha) w hen R S O  + S O  w as u se d  a s  carrier, 
RSO had no phytotoxic effect on the rubber leav es  e ith e r a lo n e  o r in com bination 

with spray  oil. Reduction in cost w as ev id en t w hen  a  com bina tion  of partial 
complementation with RSO and  a  reduced  d o sa g e  of CO C w a s  applied

Key w o rd s: Abnormal leaf fall: C o p p er fungicide: D is e a s e  contro l; R ubber 
se ed  oil

66. Jayarathnam , K., Rao, P .S ., Jaco b , C.K. a n d  Edathil, T.T. (1987). P rophylactic 

spraying against Abnormal leaf fall d isease : E ssen tia l o r  no t?  R ubber Board Bulletin 
23(2): 24-28.

This paper indicates that d ise a se  a p p e a r  even  in y e a rs  w hen  m o n so o n  fall, but 
the intensity of the d ise a se  m ay not b e  sev ere . C onsidering  th e  d a m a g e  d o n e  to 

the b ees  such  a s  leaf fall, die back of twigs and  drying b ra n c h e s  which resu lt in 

the loss of vitality of the trees  and  a lso  the crop  loss, pro tecting  the  tre e s  a g a in st 

the ravages of the d ise a se  is essen tia l for a  tree  crop  like rubber. U nprotected  

trees  will b e  m ore prone to d ise a se s . M oderately to leran t c lo n e s  a re  likely to get 

protection with lower d o sa g es  and  fungicide accord ing  to rainfall p a tte rn  of the 
region concerned.

Key w ords: Abnormal leaf fall; Crop loss; P rophylactic spraying

K e ra ,aA g ricu ,tu ra lU n ,v ers ity ,T rirr ,‘“ d iap p 9 3 ^^^^

e se n  ê d An o i r r  a re

day The e p t e l  "  ^ -  — st

- P e n d l n g o n t h e o n s e t : s “ : : n : r ^ ^ ^

Key w ords: Abnormal leaf fall; Agrom eteorology



ra thnam , K ., J a c o b ,  C .K ., Idicula, S .P . a n d  Edathil, T.T. (1994). Incidence of 

b d i s e a s e  in c lo n e  RRIi 105 in traditional rubber growing areas.

IPRDB Symposium on D iseases o f Hevea, 21-22  N ovem ber 1994, Cochin, India, 

pp. 59-63.

The in c id en ce  of A bnorm al leaf fall d ise a s e  in the  c lone RR I1105 w as studied 

over a  tw o y e a r  p e rio d  th ro u g h  a  su rv e y  covering the  traditional rubber growing 

trac ts  of India. T h e  re su lts  in d ica ted  th a t this c lone sh o w s considerable  tolerance 

to the  d is e a s e .  D is e a s e  in c id en ce  in th e  so u th e rn  a rea , covering the Kanyakumari 

district a n d  s o u th e rn  d istric ts  of K erala , is very low an d  judicious om ission ot 

spraying is p e rm iss ib le . H ow ever, th e re  w ere  individual plantations, which showed 

a  high d i s e a s e  in c id e n c e  in m o st of th e  reg ions.

K e y w o rd s :  A b n o m ial leaf fall; R R I1105; Phytophthora

69 John, A., J o s e p h ,  A., M een ak u m ari, T ., S a rasw a th y am m a, C.K. and  V arghese, Y.A. 

(2000). C lonal v aria tio n  in th e  in tensity  of pow dery  mildew (Oidium heveae Stem.) 

d ise a se  of Hevea. M ia n  Journal o f Natural Rubber Research. 13(1-2): 64-68.

Tw enty Hevea g e n o ty p e s  rep resen tin g  g e n e  pools of d iverse origin w ere screen ed  

in th e  n u rse ry  to  identify  s o u rc e s  of re s is ta n c e  a g a in st Oidium heveae causing 

p ow dery  m ildew  in c id en ce . An a ttem p t w a s  a lso  m ad e  to u nderstand  the  pattern 

of re s p o n s e  of th e  g e n o ty p e s  in different y ea rs . C lonal variation for ■"tensity 

of p o w d e r  m ildew  w a s  highly significant. Am ong the  20  9 « " “*Vpes stud,ed^e,gh 

g e n o ty p e s  (R RIC  52 , A C /S /1 2  42 /1 8 6 , P R  261, RO/CM /10 44/7, RR M 703 AC 

S /12  4 2 /5 9 , PB  8 6  a n d  IAN 45-873) p o s s e s s e d  high d e g re e s  o o e ra n  

stability in th e ir  r e s p o n s e  to  d i s e a s e  intensity.

Key w o r d s ;  C lonal varia tion ; P o w d ery  mildew; Oidium  h e v e ae

Jo se , M. a n d  L a th a, N. (2006). A b ib liography on
In: Corynespora le a f disease o f Hevea brasiliensis: Strategies

(Ed. C . K uruvilla J a c o b ) .  R u b b e r  R e s e a rc h  Institu te of India, o

pp. 174-188.

T his c h a p te r  c o v e rs  a  list of p u b lica tions on  leaf d ise a s e s  of 
Corynespora cassiicola  p u b lish e d  from  1917 to  2005. Articles a re  collected
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Joseph A. (Z006). E n z y m e s  in h o s t-p a th o g e n  im eractlons, !n: Com aspora laal 

^  jisease o f Hevea brastliensis: Strategies for Managemani. ; Ed. C. Kufuvrlla Jacotj), 

BubOei R e se a rc h  In stitu te  o f India, K ottayam , India, pp. 54-«2

Fungal p a tn o g e n e s is  c o m m e n c e s  w h en  ttie  s p o re  lo n isa s s  tUb hqsI surface, t i i s  

cnapier d e a ls  wJlti th e  e n z y m e s  invoiusti in aohe8jor>/chsimeqrm!on a t  tissuus 

jn d  m o ie c u ie s  fav o u rin g  a d h e s io n  o t  sp o re s , TUtf ijffsrsffl sn z y m ss  nvcnveu it 

.lisn te q ia t ic n  o f  t i s s u e s  s u c n  m  s a c t lc  rteimctRluissas, i-aluicHync

. jn a m e s  a n d  [iraieQlytte m a m g s  a r e  d s c u s s e i t .  ,«iC!SscttFtnm Jr* ’cw  iwit>ua8«s 

m aBTto n a lu re  a t'iS !!  « a i i s d T i c s t ,  >»cw :M h c 8 » ’s  ST'-'dliW .‘sil * a l  J» s ra « n « , 

.^na im es n  a  s e q u u n . 's  ^ n d i 'n t  ■!yerCTt*ne «TCTmj >  3tnun im »>l

-3T >~au«F iK » ^isirjES®:^ T*!? arT i-jm es in i.d ii« i i- ■*csf » )w > sif s ic *  j s  (*.r 

~ p u j3 £ ra iie  : * c a j i w  i!»,r*nT®s x«K K U »sft w iw n ^ n f i  j u i a w ,

aBEOTtKT iiEic O t i i a a *  .-.HiBifiss a t s - u i a s ^ i r *  sTwrtonai h a s t  s n j  V 'w l ’*

aram anffi \m s i  is- t r f o v i ^ a  T * e  o e f s ' ^  s - i’ v m ss  n  * •*  a s e  ln ,io « s«  

K e f worctE: C annasparB . EriZMTies.: M o a  p a ttioger, in w a iS io r

73. Josep h . A. (20061. T o x in s  m D a th o g e n es is  a n d  tcwirt-Iaased sceeening  <n '^pkbs 

btasilmnss c to n e s  a g a r n a  CorynBspora cassiicolB. In: Corynespora leal disease a t  

Hevea brssiliBnsis. S trategies for M a n ag e m e m  l td .  C. Kunn/illa Jaco b i. R ut)t*r 

R esea rch  Instrtule of India. K o ttayam . India, p p  73-B2.

T h is  c h a p te r  d e a l s  w ith  h o s t  s p e c i f ic  to x in s , h o s t  r to ti-sp ec ifK  to x in s , 

a g g re s s iv e n e ss /v iru le n c e  a n d  tox ins, to x in s  in cell m em b ran e  dysfunction and 

d ea th  a n d  o n  to x in s  in s u p p re s s io n  of h o s t d e fe n se  m echanism . T he details on 

how  p a th o g e n s  in d u c e  m e m b ra n e  d y sfunc tion  only in su sce p tib le  h o s ts  by 

detoxification of to x in s  a n d  a b o u t  toxin  in Corynespora cassiKOto is a lso  provided. 

T he specific ity  of cassiicola. ro le of cassiicola  in p a th o g en es is , pathogenicrty of 

different iso la te s  of C. cassiicola  in rela tion  to  toxin production and  on screening  

of Hevea  c lo n e s  fo r  Corynespora cassiicola  re s is ta n c e  is provided in detail. A 

m ention  o n  th e  te c h n iq u e s  of b io a s s a y  to d e te rm in e  toxin s  ability to  c a u se  t o s  

cell d a m a g e  by  leaf-w ilt b io a s s a y  a n d  leaf pu n ctu re  b io assay  is a lso  provkj

Key words: Corynespora cassiicola-. D ise a se  control; Leaf-wilt b ioassay . Lea 

pu n c tu re  b io a s s a y



74. Joseph. A,. Idicula, S .P. and Rajalakshm y, V.K. (1994). C ontrol of G /oeosn  ■ 
leaf d isease  in young rubber plantations. IRRDB Symposium on Diseases o f 
21-22 November 1994. Cochin. India, pp. 82-84.

Gloeosporium leaf d isease  has  b eco m e a  se rio u s  p roblem  on young rubber plant 

in certain parts of southern India. Trials w ere  ca rried  o u t in two co n secu tiv e  y e 2 s  

in a d isease prone a rea  on a  suscep tib le  c lo n e  RRII 105. T h e s e  u se d  d if fe ^ ^  

fungicides with the aim of selecting a  su itab le  fungicide for control of Gtoeosporil 
leaf d isease. The results show ed that m an co zeb  (0.2% ) w a s  th e  m ost effective 

and economic fungicide followed by carb en d az im  (0 .0 5 %) d ith ianon 2  m 
bitertanol (0.25%) and Bordeaux m ixture (1 %).

Key w ords. Colletotrichum gloeosporioides; D ise a se  control; F ungicide 

m Z ' m a n r  ieaf d i s e a s e  on young

ppm w as observed. Field trials ® co n cen tra tio n  of 25

°n e  in a  seedling nursery a n d 'Z r  '^^'^"^'^ different d i s e a s e  se aso n s ,
most susceptible clone Nino < n u rse rie s  of c lo n e  RRII 105 the

'0  day intervals. The results in d ic ! r th a 't  T ' "
and metalaxyl + m ancozeb (0 2<>/1 (0 2% ) c a rb e n d a z im  (0.05%)
d isease  in all the se aso n s  tested  co n sisten tly  effective in check ing  the

cheapest fungicide followed by c a rb e ^ ™ ^ ' ^h alysis  rev e a led  m an c o z e b  a s  the

76- Jo s e p h , A., M a n i r r T T ” ' '



an d  M icrobia l B io lechnoiogy. (E d s. G . B a g y a n a ra y a n a , B. B hadraiah  and  I.K. 

L n w a r) .  BS P u b lica tio n s , H y d erab ad , India, pp. 28-36.

Corynespora lea f d i s e a s e  c a u s e d  by Corynespora cassiicola is one of the m ost 

im portan t d i s e a s e s  of Hevea brasiliensis. An a ttem pt w as m ade to  study ttie 

aggressiveness of s ix te e n  iso la te s  of Corynespora and  tfieir interactions with 

s ix teen  Hevea  c lo n e s  in th e  laborato ry  by d e ta c h e d  leaf inoculation technique. 

A ggressiveness o f th e  is o la te s  w a s  a lso  s tu d ie d  by es tim atin g  their toxin 

production . T h e  d i s e a s e  in tensity  in 13 c lo n es  plan ted  a t RRII, Hevea breeding 

su b  sta tio n , N e tta n a , K a rn a ta k a  w a s  c o m p ared  with their d ise a se  severity in the  

laborato ry  te s t .  T h e  d i s e a s e  sev erity  m ea su red  by the  lesion size  produced by 

th e  iso la te s  o n  d iffe ren t c lo n e s  v a ried  significantly, RRII 105 w as th e  m ost 

su sce p tib le  a n d  G T 1 th e  m o st to le ran t c lone. T he d ise a se  intensity in different 

c lo n e s  u n d e r  field cond ition  w ere  c o m p arab le  to their reaction observ ed  in the  

laborato ry . T h e  d e g re e  of v iru lence  of the  iso la tes  on rubber clones w as also 

found to  v a ry  sign ifican tly . A positive  correla tion  w as o b se rv ed  be tw een  the 

path o g en ic ity  a n d  th e  q uan tity  of toxin p roduced  by e a ch  isolate.

Key w o r d s ;  Corynespora cassiicola; P athogenicity; Toxin production

77. Jo sep h , A., Philip, S ., G e o rg e , J .,  Z achariah , C.A. and  J a co b , C.K. (2004). Variability 

of Corynespora cassiicola  in p athogen icity  toxin production, re sp o n se  to fungicides 

an d  m o le c u la r  a s p e c t s .  N a tiona l Sym posium  on Crop Surveillance: Disease 

Forecasting and  Management. 19-21 F ebruary  2004, Division of P lant Pathology, 

New Delhi, India, p p .2 0 .

An a tte m p t w a s  m a d e  to  s tu d y  variability am o n g  16 iso la tes  of Con,nespora 

cassiicola  aH ecting  Hevea brasiliensis  in relation to  their pathogenici y, o 

p roduction , r e s p o n s e  to  fun g ic id es  a n d  m olecular a sp e c ts .  Pathogenicity  s tu d  e s
in ,w o  c lo n e s  wz. R R I1105  (su sc e p tib le  c lone) and G T  1 (tolerant c lone  revealed

varia tio n s . S im ilar re su lts  w e re  o b ta in ed  for toxin production w hen

leaf wilting b io a s s a y  usin g  c ru d e  culture  filtrate. P e rcen tag e  of wi ting o

w a s  high in cu ltu re  filtrate from  th e  m ore p a thogen ic  iso la tes e  ^

a  p o sitive  co rre la tio n  b e tw e e n  p athogen icity  an d  quantity  o  toxin pr

iso la te . All th e  iso la te s  w e re  highly sen sitiv e  to  2
co n o en tra tio n  te s te d  (5 ppm ) e x c ep t th e  iso la te  Nos. 2  an d  15. T he isolate



showed 88.6 and 94.4%  inhibition a n d  iso la te  15 sh o w e d  8 3  3%  and  

inhibition at 15 and 5 ppm respectively. T he re s p o n s e  of iso la te s  to m a n . 

was highly variable, RAPD analysis of the iso la te s  clearly  in d ica ted  e x is ten r 
3 distinct genetic patterns of C. casslicola. The iso la tes 2 ,3  a n d  17 show ort rti«

molecular characters could not b e  co rre la ted  to th e  varia tion  in p a thoqenec l. 
toxir, production and  in resp o n se  of the  iso la tes  to fungicides.

Key w ords: Corynespora oassiicola: Fungicide; Pathogen icity ; Toxin roduction 

M a n a t e m ^ e n r o f C o «  ^  (2005).

Kottayam, India, pp. 462 -465 . ^  ^  R e s e a rc h  Institu te of India,

throughout the rubber growing reg io n ro " frd  "  ^ " 'a 'u r e  plantations
recently due to the dam age cau sed  in hioh vIp n ' ™ P °1 an ce

extensively. With a  view to find out effective ’ OS cultivated
trials were carried out to evaluate  the  " la n a g e m e n t  s tra te g y  field

effective spraying schedule The resu lts form ulate  an

a n d c a r b e n d a .m e « h e r a s c o rn b ™ :io n o r :s i :
"hen  applied weekly for reducinn th equally effective

„» i x — r  “ r .

Pl.n1. J "  " " “ “ "W

^9- '^“ "P '’.A -a h d M u sh r if ,S K  (2006, I ,
“ - i n  screening Of ru b b e rc lo n e s .? ;^ !^ ^ ^ ^ ^ ^  purification of cass ico lin  a n d  its

b r a s r “  ''^anagem e/rf o f  C orvn ^  Training
P O isease o f H e J a

'n^titute Of India, Kottayam, India, pp. Bindu Roy). R u b b er R esea rch



In this c h a p te r  m e th o d s  for iso lation  of toxin from  culture filtrate, purification of 

toxin by v a rio u s  p r o c e s s e s ,  toxin activity b io assa y  and  screen ing  m ethods of 

Hevea c lo n e s  for level of a  clonal re s is ta n c e  a re  described .

Key w o rd s :  Corynespora cassiicola', C assico lin ; R ubber c lones

80 Josep h , A. a n d  Roy, C .B . (2006). M orphology and  culture techniques. In: A Laboratory 
Manual for Interrjational Training on Strategies for fvlanagement of Corynespora Leaf 

Fall D isease o f Hevea brasiliensis. (E d s . C. Kuruvilla J a co b , P . Srinivas and 

C Bindu Roy). R u b b e r  R e s e a rc h  Institu te of India, Kottayam, India, pp. 1-7.

To d e te rm in e  th e  c a u sa l  relationship  b etw een  a  m icroorganism and a  plant d isease, 

ex p erim en ta l in v es tig a tio n s  a re  requ ired . If a  m ixture of organism s is present, 

p recau tio n s  n e e d  to  b e  ta k e n  to  s e p a ra te  th em  and  to  exam ine them  one at a  

time. In th is  c h a p te r  p r o c e s s  of co llection of sam p les, identification of pathogens, 

purification of fu n g a l c u ltu re s  by different m ethods, various culture m edia for 

iso la tio n  a n d  g ro w th  of C cassiico la. m a in te n a n c e  of cu ltu re  collection , 

m orphological a n d  cu ltu ral c h a ra c te rs  of the  iso lates, artificial inoculation m ethods 

e tc . a re  e x p la in ed .

Key w o r d s ;  C a u s a l  rela tio n sh ip ; Corynespora cassiicola', Culture m edia

81. Jo sep h , A., D ivakar, K., Philip, S . an d  J a c o b . C.K. (2009). Inactivation of phytotoxin 

produced  by  Corynespora cassiicola  c au sin g  C ory n esp o ra  leaf fall d ise a se  of Hevea 

brasiliensis. Indian Phytopathology, 62(3): M EZ.29. pp. 397.

An a tte m p t w a s  m a d e  to  s tu d y  th e  p o ssib le  detoxification of phytotoxin produced 

by th e  fu n g u s  Corynespora cassiicola  c au sin g  C ory n esp o ra  leaf fall d ise a se  of 

rubber. Thirty iso la te s  of en d o p h y tic  b a c te ria  from leaf, petiole an d  s tem  of G T 1, 

a  c lone to le ran t to  Corynespora  w e re  sc re e n e d  for their antagonistic activity against 

the  fu n g u s a n d  detoxification  e ffec ted  on  C orynespora  toxin. Gut of 30 e n d o p h ^ e s  

sc re e n e d , four iso la te s  w e re  fo u n d  to  b e  an tagon istic  to C. cassiicola, in 

culture tech n iq u e . B e s id es , th e  m ixed culture filtrate of th e s e  isolates and pathogen 

w ere  te s te d  for p h y to tox ic  activity  us in g  sym ptom  b io assay  on  rubber leaves y 

d e ta c h e d  leaf tec h n iq u e . It w a s  o b s e n /e d  th at m etabolites of two en  op  e 
an d  E 85 w e re  e ffec tiv e  in red u c in g  d is e a s e  sym ptom  on leav es  of rubber agains 

phytotoxin a t  m ixed  inocu la tion  ratio of 1 :3 of toxin an d  endo p h y tes  respect



82.

The isolate E34 show ed antagonism  to the  fun g u s a s  well a s  detoxification of 
toxin proving that it can  b e  u sed  a s  a  very effective biocontrol a g e n t How '  " 

ESS showed only detoxification effect. The five iso la te s  show ing  a n ta g o n i lr ^ '^  
detoxification effect were identified a s  Bacillusspp. th rough 16 S  rDNA s e q u e n t  

Effective isolates were a lso  sc reen ed  ag a in s t the  fung ic ides com m only  u s T Z  

nibberpiantation vfc m ancozeb, carbendazim . a  com bination p roduct of m ancozeh 
and cattoendazim, tridemorph, copper oxychloride, w ettab le  su lphur, prooicona7r,i. 
and hexaconazole. All the five en d o p h y tes  w ere  fo u n d  to b e  re s is ta n t to 

recom mended dose  of carbendazim , co p p er oxychloride a n d  w ettab le  sulphur 
but sens,t,ve to recom m ended d o se  of m an co zeb  a n d  tridem orph. T he  i s o l L s  
E 4 was resistant to 50% of the recom m ended d o se  of m an c o z e b  a n d  t r id e m trh

Key w ords: Corynespora cassiicola; Phytotoxin

- - - 1 0 O e c e m b e r . 0 t 0 , K o C : , : r A r a : ,

disease  caused  by

India. Severe  incidence of th ese  d i . « !  T
of Ihe plants. Since the incidence anrf int a « e c ts  th e  grow th a n d  yield

an attempt w as m ade to evaluate c e r t a i r w ^
and powdery mildew d iseases. Twpnt a g a in s t  A bnorm al leaf fall

RRII 400 series Hevea c lones w ere e v a i ° " r r e c o m m e n d e d  
'n comparison with RR|| 105 ,hp ^lildew  d ise a se
scale  trials (Trial 1 s  |, ) g, cen tra l ^  India in two large

Trial t i n c . , , ,  t le lv e  c.on 3 r r , "

three t,mes respectively With sixteen trp ' ''eplicated six and
d ise a se  was carried out for th ree con ^ P o w d e r y  mildew 
- - o n .  D isease a sse ssm  I T  peaK tim e of d ise a s e

- te n s ity  of infection on the I aves  a n 7 ,h  ™  ^  ,0  the
'  "^ean in tensity  p e r  plot w as



ted  W intering  p a tte rn  a n d  leaf s ta g e  a t the  tim e of a s se s sm e n t for eacfi 

w a s  a lso  c a rr ie d  out. Sim ilarly five prom ising 400 se rie s  c lones viz, RRII 

'^ 'u^R R II 4 3 0 . R R "  evaluated  for Abnormal
1* a t fall d i s e a s e  in c o m p a riso n  with RRII 105 (in the  1982 small scale  trial at 
Rubber Research In stitu te  of India) for three consecutive y ears. Five twigs per 

m e  w e re  ta g g e d , initial a n d  final leaf co u n t afte r d ise a s e  se aso n  w ere recorded 

*^nd p e r  c e n t  lea f re te n tio n  w a s  ca lcu la ted . V isual a s se s s m e n t on leaf retention 

w as a lso  d o n e  a t  th e  e n d  of d i s e a s e  s e a s o n  for all the  years. T he results indicated 

that In g e n e ra l all th e  c lo n e s  w e re  su sce p tib le  to pow dery mildew d ise a se  with 

more th an  50%  d i s e a s e  in tensity . Significant variation in d ise a se  intensity was 

o b se n /e d  a m o n g  c lo n e s  a n d  y e a rs .  M ean  d ise a s e  intensity w as found to be 

significantly low for th e  c lo n e s  RRII 55  an d  RRII 42 2  though RRII 55 w as on par 

with RRII 10 5  a n d  RRII 4 0 7 . V aria tions in d ise a s e  intensity w ere correlated to 

variations in th e  tim e  of w intering  of c lo n e s  and  climatic conditions dunng different 

v e a rs  E valu atio n  of c lo n e s  for ALF d ise a s e  revea led  no significant variation in 

leaf re ten tio n  a m o n g  th e  five c lo n e s  an d  w ere  on par with RRII 105, a  clone 

relatively to le ran t to  ALF d is e a s e .  RRII 422 recorded  low est leaf retention though 

Statistically did not differ from  other clones.

Key words: A b n o rm al leaf fall; C lone; Pow dery  mildew

83. Jo sep h . A., S a ila jad e v i, T. a n d  S in g h , M. (2011). R eport

Phy toph thora  d i s e a s e s  in th e  ru b b er p lan ta tio n s  of o ,

International W orkshop S em inar  2 0 1 1 , Kottayam, India.
Plantation Crops and  their Management, 12 1 P

Abnorm al leaf ,all( A L F ) a n d  sh o o t rot c a u se d  by
d is e a s e s  of Hevea brasiliensis  in th e  traditional rubber growi

India. T h e  d i s e a s e  o c c u rs  an n u ally  during so u th  „ „ , e r

July an d  A ug u st. In m a tu re  p lan ta tio n  th e  " '"9 “  of crop. In nurseries
s h o o ts c a u s in g  heavy defoliation resu lting  in cons,^^^^^^^^^

and  on  y o u n g  ru b b e r  u p to  th re e  y e a rs ,  leaf d ise a se  ca u se d  by
e x te n s iv e  d ie -b a c k . D uring 1 9 88  and 19 8 9  pod ro a n  p j ,jn g

P.botryosa w a s  rep o r ted  from  th re e  reg io n s  3, ^ „d n ra  P radesh .

2010 th e  d i s e a s e  h a s  b e e n  rep o rted  from  R am  traditional regionsH o w e v e r . th e d ls e a s e h a s n o tb e e n re p o r te d f ro m th e o th e rn o n — nal



until 2010. During the  seco n d  w eek of July 2011, sy m ptom s resem bling  the  shoot 
rot d isease  I.e. brown lesions on tender sh o o ts  an d  lea v e s  with leaf fall and 
shoot die-bacl< w as observed  in polybag p lan ts of th e  c lone RRIM 600. T he new 
sprouts developed were infected and  13% of the p lants w ere lost d u e  to the d isease  
Subsequently  leaf fall w as observed  in the m ature  polyclone a re a  an d  two year 
old wild Hevea germ plasm  access io n s  in the  field, in th e  g e rm p lasm  a re a , 50% 
of the plants were affected by sho o t rot with se v e re  d ie-back  sy m ptom s, in the 
m ature plantation, 40-60%  leaf fall w as o b se rv ed  a n d  the  infected  petio le  show ed 
(he typical symptom of ALF with black lesion an d  drop  of latex  oozing  from the 
centre. Brown lesions w ere observ ed  in the  lam ina a lso . T he fungus w as isolated 
on PDA medium from the infected shoot, petiole a n d  leaf lam ina a n d  identified as  
Phytophthora spp. by morphological ch a rac te rs . T he  sp o ran g ia  w ere  papillate 
and  ovoid ,nshape.T his is the first report on the  incidence of sho o t rot an d  Abnomial 
leaf fall d ise a se s  from Dapchari, K onkan region of M ah arash tra . W e ath e r p lays 

an important role in the incidence an d  severity  of the  d ise a s e . A total rainfall of 
112 mm or m ore with at least 1 mm p e r d ay  for a  period  of .5  co n tin o u s d a y s  and

T n s n !  n .  '  '^^ring th e  so u th  w est
m onsoon penod a re  reported  to c a u se  d ise a se  within in a  period  of 9-15  d a y s  At

, ~  w ere o b se rv ed  continuously  for 7  days
( 3  during July 2011 . The critical period of s e v e n  fully o v e rc a s t d a y s  with

t“ g e  in

ranging from 13 1 «  f m
intensi e  r l l ^  d  T  " I " ' '  '^'=®ase incidence. Rainfall

h ^ v !  3  d l T l  f  h eav y  (2days),

Departm ent. During j 2  2 o T r d 'a V '* ' '’ “  M eteoro log ical

90%  continuously for 20  d a y s ’from 7̂ ^ "

conditions conducive for the  p rev a len ce  o f T h r d i s e a s r

K ey w o rd s : Abnormal leaf fall; S h o o , rot; W e ath e r p a ra m e te rs

C o ry n esp o ra  d l L a s e  m l T g e m ln r '/™ ' C o ° '’'“ ' 'o'-
Strategies forManaopm  ^  le a f d isease o f Hevea

Institute Of India, Kottayam, Indfa, pp“ i 09“ s f



This c h a p te r  d e a ls  with application  of biocontrol a g e n ts  for d ise a s e  m anagem ent, 

m ech an isn n s  of b io co n tro l, co m p e titio n , a n tib io sis , p lan t grow th prom oting 

rh izobac teria  (P G P R ), ro le of lytic en z y m e s , role of lipopolysaccharides, role of 

salicylic acid , role of s id e ro p h o re s , role of volatile organic  co m pounds (VOC), 

induced  sy s te m ic  re s is ta n c e  (ISR), m ech an ism s  of ISR, bacterial en d o p h y tes  a s  

eiicitors of in d u ce d  sy s te m ic  re s is ta n c e  (ISR), m ixtures of microbial stra ins, 

inoculation m eth o d o lo g y , biological control of p a th o g en  of H. brasiliensis, sco p e  

for biocontrol of C o ry n e sp o ra  leaf d ise a s e  of rubber an d  on  th e  m ajor resea rch  

priorities for e ffec tiv e  d i s e a s e  m an a g e m en t using  biocontrol agen ts.

Key w o rd s :  Biological control; Corynespora: D ise ase  m an ag em en t; Induced 

sy s te m ic  r e s is ta n c e :  P la n t grow th  p rom oting  rh izobac te ria ; Volatile organic  

c o m p o u n d s

85. Jo sep h , K. a n d  D eka , H.K. (2006). Biocontrol tech n iq u es, /n: A Laboratory Mar^ua! 

for lnlerr)ational Training on Strategies for Management o f  C orynespora Leaf Fail 

Disease o f Hevea brasiliensis. (E d s. C. Kuruvilla Ja co b , P. Srinivas and  C. Bindu 

Roy). R u b b er R e s e a rc h  Institu te  of India, Kottayam , India, pp. 31-39.

T he C o ry n e sp o ra  leaf fall d is e a s e  w as earlier considered  to tie a  m inor leaf d isease  

of ru b b er p lan ts . N ow  it is c o n s id e red  to  b e  a  se rio u s  d ise a s e  affecting rubber 

p lan ts in a lm o s t all th e  rubber-grow ing countries. It a ttack s  at all developm ental 

s ta g e  of th e  ru b b er le a v e s  ca u sin g  rep e a ted  defoliation leading to die back. Hence 

chem ical con tro l is difficult a n d  costly . Adoption of biological control m easu res  for 

rubber d i s e a s e s  h a s  recen tly  a ttrac te d  a tten tion  of th e  rese a rch e rs  and  is being 

in teg rated  effectively with o th er m eth o d s  su ch  a s  the  u se  of fungicides. Biocontrol 

is c o n s id e red  a s  a  s a fe  m eth o d  a s  it m inim izes environm ental pollution. T he 

s u c c e s s e s  in bio logical contro l of p lan t p a th o g e n s  h ave  mainly b een  d ependen t 

upon re s id e n t a n ta g o n is ts  m an ag ed /ex p lo ited  by cultural practices.

Key w o rd s :  Biological contro l; C o ry n esp o ra  leaf fall; Cultural practices

Jo sep h , K., F a rh a , A. K.. Philip, S ., A braham , A, and  J a co b , C. K. (2008). Non target 

e ffects  of fu n g ic id es  o n  a n ta g o n is tic  bac te ria l iso la te s  from a  rubber plantation. IPS 

MEZ Annual M eeting & National Symposium on Advances in Microbial Diversity 

and Disease M anagem ent fo r Sustainable Crop Production. 13-15 O ctober 2008.



oo

College of Forestry and  Hill Agriculture, Ranictiaurl, U ttarakhand , Souven ir and 
Abstracts, pp. 174.

The population of bacteria in ttie rh izosptiere  an d  non rh lzo sp h e re  soil an d  the 
bacterial root endophytes from two popu lar c lo n es  viz. R R I 1 105 a n d  RRII  4 1 4  of 

natural rubber [Hevea brasiliensis) w as  estim ated . O ut of th e  84  morphologically 
different isolates se lec ted  from different a re a s  30, w ere  an tag o n is tic  to any  of the 

four major pathogens of rubber, viz. Phytophthora meadii. Corticium salmonicolor, 
Corynespora cassiicola an d  Pheiiinus noxius. T h e  com patib ility  of th e s e  
a n ta g o n is ts  with e ight fu n g ic id es  u s e d  in ru b b e r  p la n ta tio n s , viz. c o p p e r  

oxychloride, carbendazim , m ancozeb, SAAF (m ancozeb+ carbendazim ). W ettable 
sulphur, tridemorph, propiconazole an d  h ex aco n azo le  a t  reco m m en d ed  levels 

show ed that wettable sulphur and  carb en d az im  w ere  m ore sa fe . T hey inhibited 
the growth of only 2 and 5 isolates, respectively. Am ong the  fungicides, tridem orph 

and  m ancozeb which inhibited the  growth of 13 an d  11 iso la tes , respectively  
w ere m ore harmful. Among the  an tag o n is ts , th re e  iso la te s  inhibited th e  growth of 
all four p a th o g e n s  s tu d ied  by dua l c u ltu re  m e th o d  a n d  w e re  id en tified  a s  

Burkholdena (from non rh izosphere  soil) an d  Bacillus (from rh lzo sp h ere  soil and  
an  endophyte) g roups by 16S rDNA seq u en cin g . T he e ight fungicides te s te d  w ere 
found to reduce the growth of th ese  th ree  iso la te s  a t  the  reco m m en d ed  levels 

T v I T  ^^“ '^ " 'e n d e d  levels p rev en ted  their growth in

o l r ? x  I ' d
a t r  recom m  d i T  “̂ ° ^ '^ « n d e d  level, even

a  t un a  v l t T  ^ h e y  p ro d u ced
Wungal volatile com p o u n d s an d  s id e re o p h o re s  an d  exh ib ited  p lan t growth

also p r d u c e r T , " ' "  «n d  fixation of n itrogen. They
also prod ced  indole acetic  ac id  and  am m onia in the  growth m ed ia  T h e se  th ree

d is e a s e s

Key w o rd s: Antagonism ; Fungicide 

■’  « » » -
u bber p lan tations a n d  their com patibility with



R u tb e lD * * ® ^
Biiliogrnpliij

com m only  u s e d  fu n g ic id es . International Workshop Seminar and Exhibition on 

Phytophthora Diseases o f Plantation Crops and their Management, 12-17 S ep tem ber 

201 1 , K ottayam , India,

R ubber p lan ts  (H ev ea  brasiliensis), at their im m ature and  m ature s ta g e s  of growth, 

a re  in fected  by Phytophthora  sp p . c au sin g  various d ise a s e s  like A bnorm al leaf 

fall, sh o o t rot, p a tc h  can k er, black  stripe  e tc . affecting their growth an d  yield. 

S ev en ty  s e v e n  b ac te ria l iso la te s  co llected  from rh izosphere  an d  n on rh izosphere  

so ils a n d  e n d o p h y te s  of ru b b er p lan ts w ere stud ied  for their an tagon istic  activity 

a g a in s t Phytophthora m eadii by dual inoculation in p o tato  d ex tro se  a g a r  p la tes . 

Five iso la te s  (RB66, Rl 31 , P P 3 6 a . L54 an d  A1) show ing m ore zo n e  of inhibition 
of Phytophthora w ere  se le c te d  an d  b iochem ical charac te riza tion  w a s  studied . 

T h e  iso la te s  b e lo n g ed  to  Bacillus, Pseudomonas and  Proteus group. T he se lec ted  

iso la te s  w e re  te s te d  for th e  production  of antifungal m etab o lites  a n d  grow th 

prom oting activities. T h e  production of s id ero p h o res  by th e s e  iso la tes  w as m edium  

to low T h e  volatile  o rgan ic  co m p o u n d s by the  iso la tes  had  no effect on the  growth 

of Phytophthora sp . T h e  iso la tes  w ere  efficient in solubilising p h o sp h a te , producing 

1AA, NH p o ly sa c c h a rid e s  e tc . T h e  compatibility of the  a n tag o n is ts  with com m only 

u s e d  fu n g ic id es  in ru b b e r  p lan ta tio n s  viz. tridem orph(C alixin), h e ^ a c o n a z o le  
(C ontaf), p rop iconazo le(T ilt), carbendazim (B av istin ), m ancozeb(lndofil M -45), 

w e tta b le  su lp h u r(S u ife x )  a n d  c o p p e r  o x y ch lo rid e(F y tran ) w e re  s tu d ie d  by 

in c o rp o ra t in g  to  th e  b a c te r ia l  g ro w th  m ed ia  a t 2 5 , 5 0 ,7 5 ,1 0 0  2 ° 0 / .
r e c o m m e n d e d  level. Am ong th e  fungicides, m an co zeb  w a s  harm ful to  th e  f j e  

iso la te s , while o a rb en d az im  an d  su lphur w ere  sa fe  a t  all c o n cen tra tio n s  s tu d ied . 

T h e  iso la te s  b e long ing  to Bacillus group  (P P 3 6 a , L54, A1) °
trid em o rp h , h e x a c o n a z o le , p ro p ico n azo le  a n d  c o p p e r  “ V C h t o n d ^ ^ ^  
c o n c en tra tio n s  s tu d ied . T h e  iso la te s  RB66 (Pseudomonas sp .) a n d  Rl 31 (P ro to n s 
sp .)  w e re  to le ran t to  th e s e  fung ic ides a t all c o n cen tra tio n s  e x cep t to  fytran, w h ere  

they  w ere  to le ran t only upto 25%  recom m ended  level. E ven though the  a n tagor^sts  

of Phytophthora  a re  p re s e n t  in ru b b er p lan tation  the  d is e a s e s  ^
T h e  re a s o n  m ay  b e  th e  low population  of th e  a n tag o n is t o r m ay not b e  a c  ive a  

th e  cu ltu ral co n d itio n s  p revailing  in ru b b er p lan ta tio n s . T h e  v a rio u s  cu ltu ral 

o p e ra tio n s  including fungicide application for m anag ing  v a n o u s  d is e a s e s  

m ay  affec t th em .



88 K olhandaram an, H„ Jacob , C.K. and  N a ra s im h a n , K. (1998). A d v an ces  in fungicide  

use in rubber p lantations. National Symposium on Recent Developments In Plant 

Pathology, 12-15 February 1998, M adras, India.

Key w ords: Fungicide: R ubber plantation

89- Krishnankutty. V. and Edathil, T.T. (1987). Evaluation of new  loco-system ic fungicide

- Bitertanol (Baycor KWG 0599) for controlling pow dery m ildew d ise a s e  of rubber in 

India. Pesticides, 21(3): 40-41.

Sulphur dusting is the  conventional control m ea su re  a g a in s t pow dery  mildew 

d ise a se  of rubber. High rainfall during the  refoliating period  p rom pted  th e  u se  of 

system ic fungicides like bitertanol to  control pow dery m ildew d ise a se . As bitertanol 

is a  locosystem ic fungicide, it p e n e tra te s  the  cuticle an d  e n te rs  th e  tis su e , which 

enabled  the fungicide to rem ain undiluted giving m axim um  p rotection an d  curative 

properties against pow dery mildew d ise a se .

Key w o rd s: D isease  control; Pow dery mildew

90. Kumar. K.A.. J a c o b . C.K. an d  J o s e p h , A. (2002). M orphological a n d  cu ltu ral 

characteristics of Colletotrichum  iso la tes from Hevea brasiliensis. Indian Journal of 

Natural Rubber Research, 15(2); 150-157.

The morphology of conidia and growth rate  of iso la tes of the fungus cau sin g  raised, 

an th racn o se  and papery  lesions of Colletotrichum  leaf d ise a s e  on  ru b b er w ere 

com pared . T he iso la tes produced  m orphologically  uniform  con id ia  on  p o tato  

dex trose  a g a r (PDA). Conidia! sh a p e  w as m ore usefu l th an  s ize  in differentiation 

of isolates. Growth rate of the  iso lates from raised  les io n s  w a s  significantly lower 

than  that from an th racn o se  and  p apery  lesions. T he latter two a p p e a re d  to  be  

similar. In general, the  iso la tes from raised  les io n s  p ro d u ced  pink p igm entation  

on PDA while those  from an th racnose an d  papery  lesions p roduced  grey p igm ents. 

The Isolates from raised lesions w ere of Colletotrichum acutatum, d istinct from 

an th racnose and papery  lesion iso la tes which w ere  of C. gloeosporioides.

K eyw ords; Colletotrichum acutatum\ Colletotrichum gloeosporioides', Glomerella 
cingulata: Gloeospohum alborubrum-, T axonom y; Variability



, V J  D ickinson, M. J .,  Bligh, F.J., Pow er, J .B ., S arasw athyam m a,C .K . andD avey , 
M R  (2000). An a p p ro a c h  to  identify d ise a s e  res is tan ce  g e n e  a n a lo g u es  in Hevea. 

Indian Journal o f Natural Rubber Research. 13(1-2); 79-85.

A prelim inary a tte m p t w a s  m ad e  to  identify possib le  d ise a s e  res is tan ce  g ene  

^nalOQues in ru b b er. A p ro ce d u re  w as d eve loped  for the extraction of h,gh quality 

DNA from  ru b b er le a v e s , w hich c a n  b e  u se d  for the  p o ly m erase  chain  reaction 

(PCR ) am plification of DNA. E igh teen  prim ers, d esig n ed  b a s e d  on hom ologies 

b e tw e en  know n re s is ta n c e  g e n e s , w ere  u se d  in various com binations to amplity 

s e q u e n c e s  from  ru b b er cultivar FX 516, which is res is tan t to Phytophthora leaf 

fall d is e a s e  a n d  cultivar RRII 105, which is to lerant. T he PCR 
c lo n e d  in to  p lasm id  v e c to rs  an d  th e  cloned  in serts  w ere s e q u en c e d . Although 

n o n e  of th e  c lo n e s  o b ta in ed  h ad  high hom ology to re s is ta n c e  g e n e  seq u en ces^  

T  pu tative  pro te in  e n c o d e d  by o n e  se q u e n c e  had  so m e  hom ology to  hem  N

g e n e

K ey w o rd s :  C loning; P hy to p h th o ra  leaf fall; P o ly m erase  chain  reaction; G e n e  

re s is ta n c e

M an iu ,M .J .(2 0 0 6 ).C h em lca l control Of Corynesporaleaffall d i s e a s e . , . ^

lea, disease o , H e .ea  brasiliensis: Slrategies ,or 
Ja c o b )  R u b b er R e s e a rc h  Institute of India, K ottayam , n 1 , p 

—leaf d i s e a s e  in ru b b er n u rse r ie s  an d  you g p 
contro l by ch em ical m e a n s  in m atu re  rubber plan tations.

K ey w o rd s ;  Corynespora: C hem ical control; Nursery; Y oung planta .ion  

M aniu, M .J., Idlcula, S .P .,  J o s e p h , A., Jo y , M.
in c id en ce  a n d  sev erity  0 , Gloeosporiun. leaf d ise a s e  of rubber in Sou th  India. 

Journal o f Natural Rubber Research. 12(1&2); 34-38.

A su rv e y  on  Gloeosporiurr, lea . d ise a s e
c o n d u c tL in S o u th ln d la to m o n ito r th e d is tr ib u tio n o th e is

Eight rep re se n ta tiv e  rubber grow ing reg ions w e re  se lec ted



The results indicated that ttie d ise a se  incidence an d  severity  of infection w ere 
m oderate to very sev ere  in all ttie regions, ex cep t in K ulasekfiaram  w h ere  the 
d isease  w as mild. The c lones RRil 105, G T 1 an d  PR 2 2 5  w ere  m ore suscep tib le  
com pared to the other clones covered  u nder the  survey.

Key w ords. D isease  survey; Gloeosporium: Glomerella; Leaf d ise a s e

4. M anju.M .J .Id icu la .S .P ., Jacob , C .K .,V in o d ,K ,K .,P rem ,E .E .,S u ry ak u m ar M and
Kothandaram an, R, (2001), incidence an d  severity  of C o ry n esp o ra  leaf fall (CLF) 
d isease  of rubber in coastal K arnataka an d  north M alabar region of K erala. Indian 
•Journal Of Natural Rubber Research, 14(2): 137-141.

W idespread incidence of C orynespora  leaf fall (CLF) d ise a s e  in m atu re  rubber 
plantations w as reported in 1996 from N ettana in S ou th  K arnataka, India Surveys 

earned  out in coasta l K arnataka a n d  North M alabar region of K erala during 1998- 

2000 d isease  seaso n s  indicated that the  d ise a se  incidence a n d  severity  of infection 
varied betw een light to sev ere  in all the  locations. T he intensity  of infection w as 
ound to increase gradually and the incidence to widen y ea r after year. S ubram anya

Key w o rd s: Corynespora cassiioola; C ory n esp o ra  leaf fall; K arnataka

Manju, M .J., Idlcula S P iar-r,h r  

M anagem ent of C orynespora  leaf fall (C L P ^d
fungicide formulations. In-Plantation Crnn I  ™ a>er-based
Millennium: Piacrosym  XIV 12 IS  n  A/eiv

P. Rethinam , H,H. X a n  L  ^

Development Board, Cochin, India, pp.

C o /ynesporara°sfco fe(P g^^^^  by

of Hevea by i r r d b  1993/94  d ise a s e  *°“ 1h m ost se rio u s  d ise a se
investigation w as carried  to evai ® m an a g e m en t practice , an
fungicides to form a  p ari of fh ■ . ^  efficacy of a  few w ater d isp ers ib le

part of the  in tegrated  m an ag em en t sy stem  for CLF d l e a s e .



The fun g ic id es  in clu d ed  w e re  m an c o z e b  7 5  W P, C artjendazim  50 W P, copper 

oxychloride (COG) 50  W P , B o rdeaux  m ixture (BM) 1. Along with the  trea ted  plots, 

an  u n sp ra y e d  con tro lled  plot w a s  a lso  m ain tained . T reatm en ts  w ere  im posed  

during refoliation period , on  th e  a p p e a ra n c e  of d ise a s e  sym ptom s. Am ong the  

fungicide fo rm u la tio n s  tried , m an c o z e b  75  W P w a s  found to b e  superior to  o ther 

form ulations. S im ilar tre n d  w a s  o b se rv e d  in plots trea ted  with carbendaz im  and  
C O C 5 0  W P. H ow ever, with BM 1 d ise a s e  infested  w as h igher th an  m an co zeb  75 

W P a n d  c a rb e n d a z im  record ing  30 .60 , 32 .70  an d  28 .00  respectively, for the  

d is e a s e  s e a s o n s .  T h e  c o s t an a ly s is  rev ea led  m an co zeb  to  b e  the  b e s t fungicide, 

be ing  b o th  c h e a p  a n d  e ffec tiv e  follow ed by ca rb en d az im . In m atu re  rubber 

p lan ta tions, sp ray in g  of sy s te m ic  fungicides c a n  b e  of m ore ad v an tag e  th an  the  

co n tac t fu n g ic id es . C a rb e n d az im  w a s  found to  b e  equally  effective to m ancozeb , 

it could  b e  b e tte r  op tion  for m atu re  p lan tations of su scep tib le  c lones, although 

sp ray ing  c a rb e n d a z im  involved slightly h igher cost p e r round.

Key w o r d s  C o ry n e sp o ra  leaf fall; D ise ase  control; Fungicide; Perk  curt

96 ^^aniu, M .J., J a c o b ,  C.K., Idicula, S .P . an d  Vinod, K.K. (2002). C o ry n esp o ra  leaf fall 

d ise a s e  m a n a g e m e n t in Hevea u sing  o il-dispersible and  du st fungicide form ulations. 

Indian Journal o f Natural Rubber Research. 15(1); 44-48.

C o ry n e sp o ra  leaf fall (CLF) d is e a s e  c a u se d  by Corynespora cass,Vco/a (Berk & 

Curt) W ei. is  cu rren tly  c o n s id e red  a s  o n e  of th e  m aior leaf d ise a s e s  of H ev ea  

brasiliensis  in S o u th  a n d  S o u th  E a s t A sian countries. C hem ical control of this 

d i s e a s e  by  h igh  v o lu m e  sp ra y in g  in m atu re  p lan ta tio n s  is ex p e n siv e . R e  d 

e x p e rim en ts  w e re  co n d u c te d  from  1988 to 200 0  to a s s e s s  th e  efficacy of oil- 

d isp e rs ib le  a n d  d u s t fungicide form ulations in controlling th e  d ise a s e . Four - 

d isp e rs ib le  fun g ic id es  wz. m an c o z e b  7 5%  pow der, m an co zeb  50  « 

oxychloride (C O C ) 5 6 %  p o w d er a n d  m an co zeb  50%  CO C ^ 5 ^  (mixe 
and  th ree  d u s t fungicides viz. hexaconazo le  2% , carbendazim  1.5.= and  t i d e m o jh  

1.5%  w ere  te s te d . M an co zeb  75%  p ow der an d  m an co zeb  liquid fo rm u la tan s  w ere 

found to  b e  m o re  effective  tre a tm e n ts  am o n g  the  oil-dispersible ^
56  O D P  a n d  m an c o z e b  .  C O C  m ixed form ulations a lso  g a v e  significant con t o
of the disease. Hexaconazole 2%andcarbendazlm1.5% w ere found to b e  superio

a m o n g  th e  d u s t  fo rm u la t io n s . D u s tin g  d u rin g  re fo lia tio n  p e rio d



99.

ad v an tag eo u s for controlling CLF d is e a s e  a s  c o m p a re d  to  sp ray in o  of , 
dispersible fungicides. > 9 of oil-

Key w ords. Corynespora cassiicola-. D ise ase  control: Fungicide

S7. M aniu ,M .J.,V inod ,K .K .and ld icu la ,S .P .(2002) O c c u rre n rp n f™  • ,

C r o p s  R e s e a r c h  I n s t i tu t e ,  K a s a r a g o d ,  India. t - e n t r a l  P la n ta t io n

Key w ords: D isease  incidence: Leaf d ise a se : K arna taka

' r ,.r .
C o / f e t o t o c t o m l e a f s p o t d is e a s e o f H ™ . . , -  cassiico la  l e a f  f a l l  a n d

Asian Congress o f Mycology and Plant Path 'll C o a s t a l  K a r n a t a k a .

M « n iu , M . J . , i d i c u l a , S . P .  a n d  J a c o b ,  C K  ( 2 0 0 4 ,  r
" m a n a g e m e n t in  m a tu r e  r u b b e r  p l a n t a t i o n s '  Z  l e a f  f a l l  d is e a s e

d ise a se s  of t o t f e l r Z t r a n J s  “ 7 "

= - = r : : : r ~ -
recom m ended w a te r-b ased  or o i l - b a s e d T '
d is e a s e  m a n a g e m e n t  is  e x p e n s iv e  a n d  m  C o r y n e s p o r a  le a f  fa l l

f o r m u la t io n s  a r e  p r e fe r r e d  in  m a tu r e  T  T  ' ' ‘^ " " ' ^ ' ’ S ic id e



du st fungicide fo rm u la tio n s  in m atu re  ru b b er during the  refoliation period are  

d iscu ssed .

Key w o rd s :  Corynespora cassiicota: Dust; Fungicide; H exaconazole; Leaf fall

nn Maniu M .J., id icu la, S .P .,  S u ry ak u m ar, M. an d  Murtf>y, P.V. (2004). R e sp o n se s  of 
 ̂ som e Hevea brasiliensis  c lo n e s  to  m ajor leaf a n d  stem  d ise a s e s  in fiigfier e levations 

of K arna taka  reg ion . Placrosym  XVI, 2 004 , K asarag o d , India. Journal of Plantation 

Crops, 3 2 (S u p p lem en t); 388-390 .

Cultivation of ru b b er  {Hevea brasiliensis) in both  p lains a s  well a s  a t higher 

e lev a tio n s  of K a rn a ta k a  e x p e rie n c e s  ou tb reak  of various d ise a se s . Important 

a m o n g  th e m  a r e  le a f  d i s e a s e s  like A b n o rm al leaf fall, p o w d ery  m ildew, 

Colietotrichum  leaf s p o t  a n d  C o ry n esp o ra  leaf fall. Am ong the  d ise a se s , affecting 

th e  s te m , pink a n d  p a tc h  c a n k e r  d is e a s e s  c a u se  se rio u s  d a m a g e  ^>^^9 
se a s o n . A s tudy , co n d u c te d  a t h igher e leva tions in the  Regional R esea rch  Station, 

un iversity  of A gricultural S c ie n c e s , M udigere, Chikm angalore distnct, Karnataka^ 

to a s s e s s  th e  susceptibility  of tw elve Hevea c lones for m a|or leaf and  stem  d i s e a ^  

rev ea led  th a t, po w d ery  m ildew is th e  m ajor d ise a se , and  am ong  ^
RRIM 5 0 f a n d  PB  2 3 5  rec o rd e d  >80 p e r cen t d ise a s e  intensity an d  hence are 

highly su sc e p tib le  to  po w d ery  m ildew. Mild to  light (9-34% ) intensity o A b n o rm ^  

leaf fall d i s e a s e  w a s  rec o rd e d . O c c u rre n c e  of various s tem  d ise a s e s  w as 

mild a n d  d i s e a s e  w a s  a b s e n t  in so m e  c lones.

K ey w o rd s ;  C lonal susceptib ility ; H igher elevation; Leaf d ise a s e . S tem  d ise a s  , 

K arna taka

Manju, M .J., Idicula, S .P .,  S u ry ak u m ar, M. an d  Ja co b , C.K. (2005). N - J —  

w a te r-b a se d  fu n g ic id es  in C o ^ n e s p o ra  leaf fall ”
S e m ^ r  on  E m erg /n g  T re n d s  In Plant Pathology a n ,  t r . , r  
March 2 005 , D ep artm en t of P lant Pathology, A nnam alai University, 

pp. 87.

C o ry n e sp o ra  leaf fall d i s e a s e  (CLF) incited by
th e m a jo r le a fd is e a s e s o f  H e vea  .ras//,-—

in S o u th  a n d  S o u th  E a s t  A sia. Incidence  of CLF dis refoliation
m o nths a tte r  th e  a n n u a l leaf fall a n d  c a u s e s  rep e a ted  leaf fall

101.
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period. Use of effective and  econom ic fungicides is very im portant for efficient 

d isease  m anagem ent in im m ature rubber plantations. Field trials w ere carried 

o u t to e v a lu a te  n e w -g e n e ra tio n  v n a te r-b a se d  fu n g ic id es  in C L F d is e a s e  

m an a g e m en t, SAAF, a  co m b in a tio n  fu n g ic id e  c o n ta in in g  m a n c o z e b  an d  

carbendazim , @ 2 g/l w as found to b e  m ore effective in CLF d ise a s e  m an ag em en t 

in imm ature rubber a s  com pared  to the  currently reco m m en d ed  fungicides like 

m ancozeb and  carbendazim . Being a  fungicide having both co n tac t a n d  system ic 

action. SAAF prov ides pro tection  from  bud b rea k  to v a rio u s  s ta g e s  of leaf 
developm ent.

Key w o rd s: Corynespora cassiicola- C orynespora  leaf fall; Fungicide

iVlanju, Ivl. J ., Jacob , C. K., Prem , E.E. an d  fvlathew, J . (2010). Im pact of herb icide 

and  fungicide application in suppression  of Corynespora cassiicola inoculum potential 

in rubber plantation, in: Climate Change: Placrosym XIX, 7 -10 D ecem b er 2010, 
Kotfayam, India, A bstracts, pp. 190-191.

C orynespora leaf fall (CLF) d ise a se  incited by Corynespora cassiicola  (Berk & 

Curt) IS becom ing one  of the m ajor p roduction co n stra in ts  to ru b b er cultivation in 

m ost of the rubber growing countries. R ecen t epidem ic developm ent of this d ise a se  

in Asian rubber growing countries h as  c re a ted  a  new  co n cern  on th e  e x is te n ce  of 

rubber p lantations in the  world. As a  result, specia l a tten tion  h a s  b e e n  given to 

integrated d ise a se  m an ag em en t for boom ing th e  d ise a s e  control. H en ce  a  study

r G l v o h r t t h  "

l i d  T he resu lts

C o rn e s o o ra  -
theTnfected r hh i " '^ ''^S e ^ 'e n t or in the suppression of inoculum in

well as in i L  f ^  T ' ” " ’well a s  in leaf fall w as o b se rv ed  in all the  th ree  d ise a s e  s e a s o n s  T he  d ise a s e

s to o  To s T o T a 'd  per cent,

432, 416 to 423 I d  4 44°t'°rR 7^^
d ise a se  s  ason r" 7  an d  third

var^ m L h  Howe e  P -  «  no,
the plots treated  with w eedicide a long with fungicide recorded



n u m b er of s p o re s  ju st a b o v e  ground  level (H-1), but it did nol show any 

significant co rre la tio n  o n  th e  d is e a s e  d ev e lo p m en t a t canopy level.

Key w o rd s :  Corynespora cassiicola; C o ry n esp o ra  leaf fall; Fungicide; Herbicide

103.
■ M J  Idicula S  P. a n d  M athew , J . (2011). Propensity  of H evea b ras/fens/s

irs a n d o rte ts e le c tio n s to  Abnormal leaffalldisease(ALF).,nterr,atoa/lVo*sh^

seminar and Exhibition on Phytophthora Diseases o i Plantation Crops and t t o r  

Management. 1 2 -1 7  S e p te m b e r  2 0 1 1 , K ottayam , India,

A bnorm al leaf fall d i s e a s e  (ALF) of ru b b er c a u se d  by Phytophthora spp. is the 

m ost d isp a ra g in g  leaf d i s e a s e  of p a ra  rubber in m ost of the  traditional rubbe 

□rowing reg io n s  in S o u th  India. T h e  d ise a s e  o ccu rs  regularly dunng southw est

differential rea c tio n  to  A bnorm al e a f  ^  ^ o 3 0 & 0 5 1  recorded

from 8  to  9 6  p e r  c e n t. T h e  o rte t , n d  information

le s s  leaf fall ran g in g  from  4  to12  p e r c e n  ^  P^^ 3g,e(,,ions to  ALF d ise a se  is
g e n e ra te d  on  re a c tio n s  of h e v e a  c lo n e s  an  
useful in su c c e s s fu l  d i s e a s e  r e s is ta n c e  b reed in g  program m es.

I . . .

O rte ts

*. M athew, J .  (2006). C lonal re s is ta n c e  for

India, pp . 83 -9 6 . . .

This c h a p te r  d i s c u s s e s  on  th e  clonal resistance to ”  India,
identified for re s is ta n c e /  susceptib ility  in S n  Lanka, M alaysia,



Africa and  Vietnam a s  well a s  a  lab le on the  res is tan ce  of reco m m en d ed  clones 
a re  provided. Ttie perform ance of popular clones, estim ation of m an ag em en t using 

resistan t clones, resp o n ses  of recom m ended rubber c lo n es  to C. cassiicola in 
Indonesia, screening Corynespora resistant c lones in Thailand, screen ing  of rubber 

c lones for d ise a se  resistance  in H4alaysia, sc reen ing  for C ory n esp o ra  leaf d ise a se  
to lerance in India and  on developm ent of res is tan t c lo n es  a re  d isc u sse d  in detail

K ey w o rd s : Clonal res is tan ce ; Clonal susceptib iiity ; Corynespora: D ise a se  
m anagem ent: Africa. India; Indonesia; M alaysia,' Sri Lanka; V ietnam

105. Mondal, G.C., K o thandaram an , R., C haudhuri, D. an d  V a rg h e se , Y.A. (1998) 

O ccurrence of Pericorria leaf blight d ise a se  on Hevea brasWensis in N orth-East India 
Indian Jourr)al o l Natural Rubber Research. 11(1&2); 1-7.

The incidence and  severity of leaf blight d ise a s e  on  Hevea brasiliensis fvluell. 

Arg. ca u se d  by Periconia heveae w ere  studied  over 4  co n secu tiv e  y e a rs  from 
1990 in 3  locations (2 in A ssam  an d  1 in M eghalaya). High incidence an d  severity  

of the  d ise a s e  w as no ticed  in Ja n u a ry -F e b ru a ry  which d e c re a s e d  ab rup tly  
thereafter a t all 3 locations. T em pera tu re  in th e  ran g e  15-25“C, cool nights dew  

and  90%  RH favoured d evelopm ent of the  d ise a se . T he optim um  tem p e ra tu re  for 

the  growth of the fungal p a thogen  w as 25"C an d  the  p a th o g en  exhib ited  very little 
growth at 10“ and  30»C, tn vitro s tu d ie s  rev ea led  c a rb en d az im  (0.1%  ai) to  be 

su p en o r to m ancozeb  (0.2%  ai) in checking th e  growth of th e  p a th o g en . T h e se  
fungicides proved to  b e  effective u nder field conditions a lso .

Key w o rd s; Leaf blight; Periconia heveae: North E a s t India

106. Mondal, G.C., Sethuraj, M .R., Potty, S.N. an d  S inha, R.R. (1998) Influence of 

ruDDer in A ssam . Rubber Board Bulletin, 27(3); 1 8 -2 4 .

LtpTete Show ed

R C e o .  T r  ^  PB 235, Gl 1 and

less. Due to “ T
rep ea ted  m assive p rem atu re  defoliation c a u se d  by Oidium  a ttack



107.

from F eb ru ary  to  M ay in both  S " a n d  6”  y ea r of plantation, com paratively greater 

I L n t  of d ie -b a c k  w a s  n o ticed  in PB  5/51 (70% ) followed by RRI1105 (40%), PB 

235 (30% ), G1 1 (30°''°) (26.7% ) in 6  y ea r old trees . However, the
clone PB 8 6  did not sh o w  an y  s ign of die-back. R em arkable girth increm ent (above 

10 mm) w a s  not found  in an y  of th e  experim ental c lo n es  excep t PB 86 during 

Ju n e  in both  5* a n d  e*- y e a r  p lan ta tio n s  a s  co m p ared  to 7» year plantation. This 

might b e  d u e  to  d u s tin g  of su lp h u r a g a in s t th e  control of Oidium  SLF d ise a se  in 

y e a r  p lan ta tio n  w h e re  rem ark ab le  girth increm ent in the  range  of 11 to  29 mm 

in all th e  ex p e rim en ta l c lo n e s  w a s  noted .

Key w o rd s :  C lone ; D is e a s e  control; 0 /d /u m  d ise a se ; W intering; A ssam

Mondal, G .C . a n d  J a c o b .  C.K. (2002). Effect of pow dery mildew d ise a se  on yield of 

rubber in n o rth e rn  p a rt of W e st B engal. Placrosym  XV, 2002, M ysore, lnd ,a^(E ds 

K .S reed h a ran , P.K . V inod K um ar, J a y a ra m a  an d  B asav ara ja  M. Chaluki). Central 

Coffee R e s e a rc h  Institu te , K arn a tak a . India, pp. 531-534.

A field trial w a s  c o n d u c te d  during 1999 to  2001 a t Regional E xpenm ent Station, 

N a g a rk a ta  for ev a lu a tio n  of e conom ic  efficacy of sulphur dust ag a in st the  powdery 

m ildew d is e a s e  in 10 -year-o ld  tre e s  of H e .e a  c lone RRI1105. T h e  im pact of t h .  

d ise a s e  o n  grow th  a n d  yield of RR I1105 w as a lso  reported . S even ty  of pow dery 

m ildew d is e a s e  w a s  very  high in u n d u s ted  block (3.0) a s  co m p ared  t ^ h e ^ ^ e d  

block (1 .3). Which re su lte d  a n  an n u a l crop  loss of 28 .52  p e r “ n t - ^  

a lso  a d v e rse ly  a ffe c te d  th e  growth of t re e s  which reflected on poor 
in u n d u s te d  b lock  a s  c o m p a re d  to  th e  d u s ted  plot. T he econom ic S'9™f
s u lp h u rd u s tin g a s a c o n tro lm e a s u re a g a in s t  powdery m ildew d isease was evident.

Key words; C rop lo ss ; P ow dery  mildew; RRIl 105; Sulphur dusting; W est B engal

M ondal, G .C ., K o th a n d a ra m an , R. a n d  G upta , C. (2002). Effect of zinc on  g r o ^  

and  in c id en ce  of p o w d ery  m ildew d is e a s e  of rubber se ed lin g s  in nursery .

Journal o f Natural R u b b e r  Research, 15(2): 187-189.

E x p erim en ts  w e re  c o n d u c te d  during 1993/94, 1994/95  an d  1995/96  a » ^
A s s a m ,ln d ia  to in v e s t ig a te th e  e ffect of Z n c h e la te o n  the  g r o M h ^ ^ ™

s e ed lin g s  a n d  th e  in c id en ce  of rou n d s of dusting
T h e  following t re a tm e n ts  w e re  u se d ; u n trea ted  contro  [



109.

of sulfur (85%) a t 21 -day intervals from January-M arch  (T2); 4 rou n d s of spraying 
of w ettable sulfur (80 WP) a t 2 .4 g/litre a lte rna ted  with oarbendaz im  (50 W P) at 1 

g/litre from February-M arcfi (T3): 3  rounds of spraying  of C helazin  liquid (0.5 2 5  

S O and 7.5 ml/litre) a t 30-day  intervals from O otober-D eoem ber (T4-T7); an d  3 

rounds of spraying of Chelazin pow der (0 .1 , 0.5, 1.0 an d  1.5 g/litre) a t  30-day  
intervals from O ctober-D ecem ber (T8-T11). S praying w as ca rr ied  out using  a 

hand  com pression sp ray e r and  s c re e n s  w ere  u se d  to p rev en t drift. T h e  incidence 
of powdery mildew w as a s s e s s e d  on 16 seed lin g s  from the  inner row s of each  
plot during March-April after the final round of all treatm ents. Incidence a n d  severity 
of powdeo, mildew w as maximum in T1, T8 , T9 and  T4. On the o ther hand  pow deiv 

mildew w as completely controlled u nder T2. D isease  incidence w as com paratively 
tow in T6 , T7 and  T3. Although incidence a n d  severity  w ere  red u ced  in T10 and  

T 11, neither w as a s  effective a s  T2, T3, T6 an d  T7. Application of ch e la ted  Zn 

dunng O ctober-N ovem ber a t 5  and  7.5 ml/litre of w ater in liquid form or 1 0 and  
1.5 g/litre m pow der form red u ced  th e  in c id en ce  of po w d ery  m ildew  in the

( 33.0 cm) and  d iam eter (1.3 cm) w as o b se rv ed  in T 7 . T he growth of se ed lin g s  in

h i l  i n d d ! ? " " 'H  '0  the

notto rd in  S  I T d  T ' f r  9™™'^ » a s
P a s  the  incidence of pow dery m ildew

seedlings. ^  “ "S eq u en t h ea lthy  grow th of rubber

Key w o rd s: D isease  control; O i,lum  . e v e a e ;  Pow dery m ildew; Zinc ch e la te  effect

dteteot̂ vllL "es^X ?rm N
In: Preprints o f P a p e T ln  Z J -  » Bengal.
Novem ber 2005, Cochin India f^ubber Cor^ference. India 2005. 6-8

Institute of India, Kottayam, India, p r 5 0 2 -5 0 5 . '

0* R esearch Farm in A ssam  M elh  , r  experim en ta l trials

At the m ature s t^ g e  o T q / o l t  '
tag e  of growth the  severity  of pow dery  m ildew d is e a s e  w as



a te d  for th e  th re e  c o n se c u tiv e  y e a rs  in different Hevea c lones during peal< 

of the  d is e a s e  (i.e . M arch-April) a fter wintering. Out of forty clones the severity 

w dery m ildew  d is e a s e  w a s  found  in th irteen  clo n es  betw een the infection 

1 5  to  2 .5  in PB  86 , RRIM 600, GT 1 , PB 311, PB 310. SCATC 88/13, 

SCATC 9 3 /1 1 4 . Hil^en 1, RRIM  7 0 3 , RRII 429, R R II417, R R IC 100 and RRI1176 
. dicating th e re b y  th a t  t h e s e  c lo n e s  a re  m oderate ly  tolerant to powdery mildew 

d ise a se . C lo n e s  PB  2 3 5 , PB  5 /51 , RRII 300, RRII 5, G1 1, RRI1105 and RRII 308 

show ed th e  sev e r ity  of po w d ery  m ildew d ise a s e  a b o v e  the  infection grade 3.5 

which reflec ted  th a t  t h e s e  c lo n e s  a re  su sce p tib le  to this d isease . Due to repeated  

m assive  p re m a tu re  defo liation  c a u s e d  by pow dery mildew d ise a se  from March to 

May co m p ara tiv e ly  g re a te r  ex te n t of d ie-back  d a m a g e  w as noticed in PB 5/51 

PB 2 3 5  G1 1 R R " 3 ° ° '  July-August
indicating th e re b y  th a t  th e s e  c lo n e s  a re  highly suscep tib le  
d ise a se . T h e  p ro m isin g  c lo n e s  (viz. RRIM 600, PB  311, PB 235, PB 310^G T 1 

and  RR I1105) in t e rm s  of y ield (g/t/t) po tential reported  from A ssam  show ed to 
m oderate ly  to le ran t to  p o w d ery  m ildew d ise a s e  an d  c an  b e  cultivated extensively 

in this z o n e  e x c e p t  PB  2 3 5  a n d  RRH 105.

Key w o rd s :  O idium  heveae. P ow dery  mildew; W est Bengal

110. Mondal, G. C ., D ek a , H. K, a n d  C h au d h u ri, D. (2007). R eaction  of
clones a g a in s t  p o w d ery  m ildew  d is e a s e  in north e a s te rn  region of India. Natara

Rubber Research. 20^1 -2): 90 -9 3 .

T he in c id en ce  a n d  sev erity  of p ow dery  mildew d ise a s e  ca u se d  by 

w ere a s s e s s e d  in forty c lo n e s  of Hevea brasiliensis 

A ssam , M eg h alay a , T rip u ra  a n d  n o d h e rn  W es,

g row th , th e  s e v e r i ty  of p o w d e ry  m ildew  di April) after wintering.
co n secu tiv e  y e a rs  during  th e  p eak  tim e of th e  d ise a se  (March Apr^) a n

S ix teen  c lo n e s  w e re  fo u n d  to  b e  m odera te ly  to lerant wit m e c  ^  by the

from 1,5 to 2 .5 , D u e  to  re p e a te d  m ass iv e  "  “ r n e s ^  5/
d ise a s e  d uring  M arch  to  M ay, d ieb a c k  w a s  noticed  su  seq

51, PB 2 35 , RRII 3 0 0 . RRII 51 , RRU 105, RRH 5, RRH “
c lo n e s  a re  th e re fo re  ra te d  a s  highly su sce p tib le  to  pow



111, Mondal, G. C,, Meti, S., S arm a, A. C, and  Nair, R. B. (2008), R e sp o n se  to zinc on 

growth and incidence of powdery miidew d ise a se  in RRIM 600 clone of Hevea in 

nursery. Placrosym XVIII, 10-13 D ecem ber 2008, Puttur, Karnatal<a, India. Journal 
of Planlatlon Crops. 36(3): 471-474.

Powdery mildew d ise a se  of rubber t re e s  c a u se d  by Oldluir, heveae  is known to
be very sev ere  at the  time of refoliation a fte r  w intering in norlh e a s t  region and

northern part of W est Bengal, This investigation w as u n d ertak en  to e v a lu a te  the
effect of zinc on the growth and  incidence of pow dery  m ildew d ise a s e  of RRiM

600 clone of Hevea in nursery. The experim en t w as c o n d u c ted  in nursery  at

Regional Experim ent Station. N agrakata  u nder the  agro-clim atic conditions of
northern part of W est Bengal for two co n secu tiv e  y ea rs . From  the  resu lts  of the

p resen t experim ent, it m ay b e  concluded  th at th e  foliar application  of ch e la ted

zinc has  been  found to b e  very effective an d  superior to zinc su lp h a te  for increasing
growth of RRif^ 600 d o n e  of Hevea an d  a lso  tor control of pow dery  mildew 
0IS63S6.

Key w o rd s: Pow dery miidew; RRIM 600,- Soil; Zinc c h e la te  effect; Z inc su lpha te  

d e v e  oprrient of Phytophlhora  lea f fall in K e ra la  with th a t  in n o r th e rn  p a rt  of 

= = = = ■ - = = —  
w as first noticed in 1910 a t P a l l  , 

rot and ALF d isease  of H p u . .  !
in 1988 a t Pathalia and  P a t ic h e X u b b e '' bolryose  w as first o b sen /ed

and  Plantation Corporation (TFPDC)
this study a ttem n ts  a t f  ri o rth e a s t India. The m ain objective of



ted  in d iffe ren t lo ca tio n s  of tfie N o rttieas t India and  northern W est Bengal 

'^"'isolation of phytophthora spp. Bright g ree n  rubber leaf and  healthy green mature 

Tbber p o d s  w e re  u s e d  a s  b a its  to  a ttrac t the  swimm ing p h a se  of Phytophthora 

in w ater. U sually  in th is  non-trad itional rubber growing region, pod rot and 

t l f  le r e  se ld o m  o b s e rv e d  in s u b s e q u e n t  y e a rs  after a  mild or m oderate d isease  

o ccurrence. T h is  w a s  a ls o  s e e n  from  th e  soil sam p les  collected Irom Tripura 

T h e re  th e  inocu lum  d e n s ity  w a s  s e e n  to be  very low. W eather plays an  important 

role in de te rm in in g  th e  o n s e t  of P h y to p h th o ra  leaf fall d isease . It w as observed 

that rainfall a n d  te m p e ra tu re  a re  th e  m o st im portant climatic factors goveming 

the  o n se t a n d  se v e r ity  of ALF d is e a s e  in S ou th  India. Therefore, the important 

w eather p a ra m e te rs  iil<e w eekly  (S tan d a rd  M eteorological W eeks) rainfall, num ber 

of rainy d ay s , te m p e ra tu re  a n d  relative humidity o bserved  in Regional Expenmental 

Station N a g ra k a ta  in n o rth e rn  p a rt of W est B engal and  at Saru tarr R esearch  

Farm  in A ssa m  w e re  e x a m in e d  during Ju n e -S ep tem b er, 1995 to 2005 and the
tindings w ere compared With th e  o b se rv a tio n so f  the  R esea rch  Institu teo  ndja^

Kottayam , K e ra la  w hich  is c o n s id e re d  a s  th e  m ost susceptib le
d ise a se . I tw a s f o u n d th a td u r in g  th e  south-w est monsoon rainyseason^ he m^^^

m axim um  te m p e ra tu re  a t  N a g ra k a ta  an d  Saru tarl w as ,n the  range to  32^6 C

and  30  5  to  3 4  4”C  resp ec tiv e ly , w hich w a s  h igher than  th at o bserved  ,n Kottayam
L r  the sam e  p a i d  (23  7  to  27  7»C). During th e  period, though the  relative hum,d,ty

w as found to  b e  fluctuating on  a  h igher ran g e  in

to N a g rak a ta  a n d  S a ru ta ry  (both  in th e  ran g e  of 85 .

th resho ld  of 8 0 %  rela tiv e  hum idity  fav o u red  the d ise a se

locations. Rainfall p lay s  a  v ery  im portan t role in ,^,3 „ 3et

m oisture  a s  well a s  th e  d isp e rsa l of sp o ran g ia , whic
of ALF d is e a s e ,  e ith e r  in th e  m o n th  of J u n e  or July. This w as ^

o b se rv a tio n s  in K o ttayam , w h e re  th e  high rainfall an d  num  er

th e  Ju n e -Ju ly  p e rio d  for , 9 95 -2 0 0 .

Clones RRIM  6 0 0 , RRIM 7 0 3 , H ia k e n l,

co n d itio n s  in rainfall, n u m b e r  of rainy  low m ost probably
experienced in Nagrakata and S aru tary , but the  „  K,a„fakata a n d  Kottayam,

d u e  to  th e  v aria tion  of th e  te m p e ra tu re  ra n g e s  b e tw een

which e x is te d  d u rin g  th e  perio d  of s tudy . T h e  ig , phytophthora
N agrakataandS aru ta rym lgh thavepreven ted the^^^^^^^^^^^^^

S porangia  o n  g re e n  m a tu re  ru b b er p o d s. As rep



continuous spell of rain of 350  mm or m o rs  p e rs is ts  for a  period  of 5 d a y s  with a 

tem perature range of 24 to 28“C witfiout sunny  b rea k s  b e tw een  rainy d a y s  and  a 

relative tiumidity of 80%  during June-Ju ly , the o n se t of Phytophthora c an  be 

expected within 15 days in N agrakata an d  Saru tary . O n ce  the  o n se t of the  d isease  

occurs in the June-July period, continuous rainy d ay s  of a lm ost five d a y s  susta ins 

the sp read  of infection. During the study period optim um  conditions for d ise a se  

occurrence, w ere never n o ted  in the  non-traditional a r e a s  of N a g rak a ta  and 
Sarutary.

Key w o rd s: Abnormal leaf fail: Rainfall; T em pera tu re ; W eather; North E ast India

113. Mushrif, S.K. (2006). Morphology, physiology a n d  survival of Corynespora cassiicola 

(Berk & Curt.) Wei. In: Corynespora leaf disease o f Hevea brasiUensis: Strategies 

for Mar,ageme„t. (Ed. C. Kuruviiia Jaco b ). R u b b er R e se a rc h  Institute of India 
Kottayam, India, pp. 26-32.

This c hap ter d escrib es  in detail th e  m orphology an d  physiology of C. cassiicola 

A description on the sun^ival of the  fungus a s  so il-borne p a th o g e n s , s e ed -b o m e  

pathogens and on alternate host and  off-season c rops is a lso  m entioned . A m ention 
on the d ispersal of Corynespora cassiicola is a lso  m ade.

Key w o rd s; Corynespora cassiicola-. Soil b o rne  pa th o g en ; S e e d  b o rn e  pa thogen

ev a lu a ted  for

»or seven  years unde , J  Phytophthora spp . consecutively

13 Clones r ^  inc ude  ^  h
clone RRii 105 I t  '  r  » a s  no ticed  in the

SCO, Haike B 2 ?0  b T bo ^

: “ r

Key w ords; Abnormal leaf fall; C lone evaluation; Phytophthora



■( S K  Philip, S .,  J o s e p h ,  A,, P rem , E .E . an d  Ja co b , C.K. (2004). Factors 

fleeting grow th a n d  sp o ru la tio n  of Colletolrichum acutatum  and  C. gloeosporioides 

^ndlUe c h a n g e s  in b io ch em ica l p a ra m e te rs  in tw o Hevea brasiliensis c iones due to 

^Heir infection. Symposium on Biology, Biotechnology, Epidemiology and Management 

of Plant Diseases, 9 -1 0  D e c e m b e r  2 0 0 4 , K arnataka, India, pp.63.

Colletotrichum acutatum  a n d  C. gloeosporioides preferred  fructose a s  carbon 

so u rce  for th e ir  g ro w th . T h e  tw o s p e c ie s  did not differ significantly in their 

p re fe ren ce  to  v a rio u s  n itrogen  so u rc e s  with a sp arg in e  being the  better source. 

Both th e  s p e c ie s  re s p o n d e d  sim ilarly to  different pH and  tem perature  levels with 

pH levels of 6 .0  to  7 .5  a n d  tem p e ra tu re  of 25°C  being optimum for growth and 

sporulation. T h e  c h a n g e s  in th e  activity of pero x id ase  and  phenylalanine amm onia 

lyase an d  to ta l p ro te in  c o n te n t w e re  stu d ied  by inoculating the two sp ec ie s  of 

Colletotrichum o n  th e  le a v e s  of Hevea brasiliensis clo n es  RRll 105 and  RRIM 

600. S ignificantly  h ig h e r  activity  of p e ro x id a se  and  phenylalanine am m onia lyase 

w as n o ticed  in th e  c lo n e  RRIM  60 0  inoculated  with C. acutatum  48 and  24 hours 

after infection resp ec tiv e ly . In c re a se  in total protein con ten t w as a lso  o b sen /ed  in 

this c lo n e  w h en  in o cu la te d  with C. acutatum a t  4 8  hours after infection. The 

to le ran ce  in th e  c lo n e  RRIM 6 0 0  to  Colletolrichum is a ttnbu ted  to  h igher enzym e 

activity.

Key w o rd s :  B io ch em ical p a ra m e te r ; C o lle to trichum  acuta tum

y Mushrlf, S.K ., Philip, S ., J o s e p h ,  A., P rem , E.E. an d  Ja co b , C.K^ 
sporulation of Colle totrichum  acutatum  a n d  C. gloeosponoi es an
changes d u e  to  in fe c tio n  in H e vea  bras/7/ens/s. N a tu ra l R ubbe r esea r

72-80.

T h e  C o lle to trichum  le a f  d i s e a s e  c a u s e d  by Colletotrichum —  ̂̂  
C. gloeosporioides is a n  im portan t d ise a s e  during the  ^
(H evea  L i l ie n s is ) .  T h e  a g g re s s iv e n e s s  of the  pa th o g en  

s p e c ie s  a n d  th e re fo re  a  s tu d y  w a s  un d e rtak en  to  u n d e rs tan d  P ^ 

req u irem en t of bo th  th e  s p e c ie s  a n d  th e  b iochem ical sp arg in e  a s

infection. Both  s p e c ie s  p re fe rre d  7 " ' ° "  “ ; ; L p e r a t u r e  levels,
n itrogen s o u rc e . T h ey  a ls o  re sp o n d e d  similarly P sporulation.
With PH 6 .0  to  7 .5  a n d  L p e r a t u r e  25"C  being optimum for growth and sporulatio



The ch an g es  in the activity of peox idase . pheny lalan ine am m onia  ly ase  a n d  total 

protein content w ere studied by inoculating the  two s p e c ie s  of ColletoMchum  on 

the leaves of clones RRII 105 an d  RRIfv! 600. Significantly h ig h er activities of 

peroxidase and  phenylalanine am m onia lyase  w ere noticed  in th e  c lone RRIM 

600 inoculated with C. aculatum  a t 24 an d  48  h afte r induction, respectively 

S teady increase  in total protein con ten t w as a lso  o b se rv e d  up to  72  h in this clone 

w hen inoculated with C. aculalum. T he  to le ran ce  in th e  c lo n e  RRIfuI 60 0  to 
CoHetotrichum is attributed to this higher en zy m e activity.

Key w o rd s: Carbon; CoHetotrichum acutatum: CoHetotrichum gloeosporioldes, 
Nitrogen: Oxidative enzym es

117. Narasim han, K., T hu laseedharan , A. an d  K othandaram an , R. (2000). D etection  of 

pathogenesis related proteins in Hevea brasiliensis in fected by Phytophthora meadii. 

Indian Journal o f Natural Rubber Research. 13(1&2): 30-37.

A study w as conducted  to identity the  p a th o g en esis-re la ted  pro teins (PR-proteins) 

induced in rubber (Hevea brasiliensis) tree  during Phytophthora m eadtfinfection . 

Eleven PR-proteins w ere induced in the  resistan t c lo n e  during p a th o g en  infection. 

In the susceptib le  clone, no new  pro teins w ere form ed during 42  a n d  4 8  h after 

challenging with the pa thogen. I  wo pro teins with prom inent b a n d s  a n d  m olecular 

weights 29 and  33KD w ere o b se rv ed  from to le ran t p lan ts 2 4  h a fte r  inoculation 

with the fungal pa thogen , tn vacua infiltration s tu d ie s  rev ea led  th e  p re s e n c e  of 

sirnilar proteins in the  intercellular fluids. Isoelectric focusing  s tu d ie s  on sam p les  

extracted from leaves of H. brasiliensis sh o w ed  th e  a p p e a ra n c e  of s e v e ra l new 

nicnic peroxidase  b an d s in the  res is tan t p lan ts. Similar c h a n g e s  in th e  protein 

duct on w ere o bserved  on  trea tm en t with salicylic acid. R esu lts  show  a  system ic

indicate

resistan t plants to ward oft p a thogens.

Key w ords: Anionic peroxidase; Phyiophthora meadii-. PR  pro tein  de tec tion



118. 
of

06) P a th o g e n e s is - r e la te d  p ro te ins, phytolexins their role in resistance 

brasiliensis  to  lea l d i s e a s e s .  In: Corynespora leaf disease of Hevea 

s- stra teg ies for Management. (Ed. C. Kuruvilla Jacob). Rubber R esearch 

i n i t e o )  India, K o ttay am , India, pp. 63-72 .

This c h a p te r  d i s c u s s e s  o n  p a th o g e n e s is - re la te d  p roteins, the  PR-2 proteins (fi-1, 
, P R -3  p ro te in s , an titungal activity of chitinases, thaum atin -  like

{PR - 5 ) .  P R -9  P™*®'"®' P f’
c W tiL se  a n d  o n  p h y to a le x in s  in H. brasiliensis.

Key words: C h itin a se ; M olecu lar p lan t pathology; Phytolexins; Pathogenesis

119,
PH iin S (2 0 11 ) T h e  h o s t fa c to rs  in  P/,y(opWt>ora-Hevea in te rac tio n ./n te m a fcna /

i L o J  S e L r  a n ,  E .„t> i,io n  on P.ytopM bora Diseases of Plantation Crops 

and their Management. 1 2 -17  S e p te m b e r  2011, Kottayam , India.

.  n a tu re  d i f f e re n t  h o s t - p a th o g e n

susceptib ility  / re s is ta n c e  of p lan ts  to  bacteria, fungi and
to infection by  d iffe ren t p a th o g e n ic  mi

v iru ses  is  accom panied  by the synthesis o , ,ejps resulted In

term ed P R  p ro te in s  (V an lo on ,1985 ).The  s i  Hypersensitive
the development of hypersensitive area aroun „,etabollc

re s p o n s e  is  a s s o c i a te d  w ith a  c o o r  ina ^ pa thogen  a s  well as

alterations that are essential for delaying infection (Vidhyasekharan,
for e n h a n c in g  th e  c a p a c ity  of host to lim it s u b seq u e n t I

1993). A bnorm al leaf fall c a u s e d  by yfop  m bber growing areas ,
d ise a s e  of ru b b e r  (H e v e a  h ra s ilie n s i, in

M any of th e  h igh  y ield ing  c lo n e s  of ru b b er a re  pathogen

E xpression  of p a th o g e n e s is  re la ted  pro teins a re  c h a ck o  et a/., 2005).

infection (Philip e t at., 200 1 , 201 0 , T h a n se m  e  expression

M ajor P R  p ro te in s  like p -1 ,3  ,c  challenge inoculation
w e re  o b s e rv e d  in to le ran t c lo n e  RRH 10t> su o  ,^lg^ant

with Pt^ytopMhora. A nionic p e ro x id ase(P R  P™ peroxidase  proteins

Clone RRIl 105  during  
corresponding to m olecular weights 29K



from challenged c lone RR I1105. V acuum  filtra tion  s tud ie s  re ve a le d  the prese 

of sim ilar prote in in the in terce llu la r flu ids obta ined  from  the  leaves o f RR|| I’m  

(Narasimhan e f a i,  2000). Thanseem  et a!. (2004) reported  the  ro le  o f B 1 .  

glcicanase gene in Phytophthora  in fec tio n  in ru b be r, p -1 ,3  g iu c a n a s e  1  

expression was analyzed upon a rtific ia l inocu la tion  o f PhytpMhora in s u s c e p tib i!

clone, RRIf^ 600 and  tolerant clone RRII 105 by northern  blot an a ly sis  and

higher level o f expression was observed  in RRII 10S. Fu ll leng th  ()-1 3  g lucanasp 

cDNA was am plified from  the c lone  RRII 105  and e xp resse d  in an expression 

vector. Recom binant p -1 ,3  g iucanase  p ro te in  w as p urified  and  tes te d  in vitro 
antifungal property and it inhibited the  g row th o f PHytopMhora. S up riya  e ta !  (20081

r e p o r te d th e is o ,o r .s o fp - 1 ,3 g ,u c a n a s e g e n e in s ix H e v a a c lo n e s ^ ^
vanation was found w ith in the  in tron ic  sequences “C P ' repea ts  w ith in  thp  ' t 
. . . . . .

venation in nucleotide was observed  in the  e xons  The  e xa c t ro le  o f in ,

PR1 g en es. I n c r e a s H  , I T  ^®P°rted
of PR s to important plant oerfor ”  k now ledge on  th e  re lev an ce

adaptation  to stressful e l l n m e r T h -
PR s g en es  in screening for d ise a se  re s i^ n T e T d ^  e n c o u ra g e d  th e  application  of 
for crop im provem ent. '^®=®'ance an d  g en e-en g in eerin g  technologies

- - o . s :  , 1,3 g iucanase : P a th o g en e s is  rela ted  protein:

120- S.. Jo sep h , A. and  Jaco b  C K  (20011 1 ,
Ibe surface a ttachm ent of conidia of Cn e s te r a s e  isozym e in

brasilicnsis) leaves. Soutf, Zons Meel/no
'December 2001, Calicut, India. ^^y>°P^tfiological Society, 10-12

conidia of the '>Jngts“ T h ? g e r , ^ i n a t i r r  

- ^ e r  the  scanning electron m icroscope o :T b L n L :“
and  inert su rfaces



f I ) T h e  s tu d y  in d ica ted  th a t  ttie  conid ia  germ inate on the surface of tubtier 

an d  p ro d u ce  a p p re s s o r ia  a n d  infection p eg  prior to penetration. On labeling 

'^^'"conidia with a  lec tin  C o n  A (1 m g/m l), th e  germ  tube  failed to attach to the 

'^'rf'^ce Isozym e a n a ly s e s  s h o w e d  tw o prom inent e s te ra se  bands on 1 native 

p ^ Q ^ g e is .  T h is  is  th e  first rep o rt o n  th e  role of e s te ra s e  enzyme in the conidial 

a ttachm ent of C. cass iico la to  ru b b er leav es .

Key w ords-. C o ty n e s p o ra  ca ss iico la - Isozym e

9  J o s e p h  A K um ar, K.A., J a c o b , C.K, and  K othandaram an, R. (2001).

’"  ; c t i L . H , 3 - 9 ' — e ls o f o rm s  ag a in s t

^Hevea b ra s ilie ns is ). In d ia n  J o u rn a l o f N a tu ra l R u t,b s r R e sea rch  14(1). 1-6.

Corvryespcra c a s s iic o la  c a u s in g  leaf d is e a s e  of H e .e a  is considered  a s  a  senous 

problem  in m o s t of th e  ru b b e r  grow ing coun tries. Production of a  pathogenesis 

e la ted  [PR] p ro te in  |i - 1 ,3 -g lu c a n a se  upon infection w as tes ted  m four clones o 

2 a  L L i d e r a b f e  v anab ility  in th e  , 1 ,3 -9 .c a n a s e  - i v i .  

observed  a m o n g  d iffe ren t c lo n e s  during p a th o g en esis , ncrea 

w as found  in th e  to le ran t c lo n e  (GT 1), while a  d e c re a se  *  n

su scep tib le  (RRN 105). T h re e  p ro m in en t p-1 ,3 -g lu can ase  .sozym e bands 

d e tec ted  by 1 7 .5  p e r  c e n t  PA G E  in th e  to le ran t clone.

K e y w o rd s :  C o ry n e s p o ra  cassiicola-, |5-1 , 3-g lu can ase

™ lip , S ., J o s e p h ,  A., A b rah am , T ., Z achariah ,

Jacob , C.K. (2 0 0 4 ). E R IC  P C R  b a s e d  g enom ic  fi g e  p „ „ o sy m X V I,

cassiico la  iso la te s  in fec ting  ru b b e r  supp lem en t): 301-305.
2004, K a sa rag o d , India. J o u rn a l o f  P la n ta tion  Crop .

. . .  of H ei/ea is considered  to  b e  a
Corynespora cassiicola  c a u s in g  leaf d ise a s e  A ttem pts w ere m ade to

se rio u s  p ro b lem  in m o s t of th e  ru b b e r  growing coun  (jeterm ine the

study th e  p r e s e n c e  of E R IC -like s e q u e n c e  in C. f r o m  different

genetic  d iversity  a m o n g  th e  iso la te s . O n e  ^^^j^g^acterization to detect

rubber grow ing re g io n s  w e re  su b je c te d  to   ̂ EPIC 2 primers,

variation if an y . G e n o m ic  DNA w a s  am plified with analysis grouped
ERIC r,rr.ll«»  r« n e n e ra te d  for o n e  h u n d red  iso lates, on  cluster



into four clusters. This is the first d ocum ent of the  u s e  of ERIC PC R in 
variability studies of C. cassiicola. 9®netic

Key w ords: Corynespora cassiicola: DNA fingerprinting

123. Philip. S.. Joseph , A., Zachariah, C.A.. G eorge , J ., P rem , E .E . a n d  Ja c o b  C k  

(2004). M olecular characterizalion of Phytophthora iso la te s  infecting ru b b er (Hevln 
t>ras,l,ensis) using rDNA RFLP. NationalSyn^paslu^ on C ro p  S u ^ M e n c e - L Z Z

» , . «

^ n o rm a l  leaf fall ca u se d  by PhytopMhora spp . is a  se rio u s  d is e a s e  of rubber

« : r .r =  ir ™  -  « •  ...------- icy iuna  in inaia. I'
so la .e s  from d.ffereni ru b b er grow ing reg io n s  w e re  s u b je c te d  to m olecular 

characlenzation to o bserve variation if any. Internal tran sc rib ed  s p a c e r s  (ITSt I  
nbosom al DNA of the  iso la tes w ere am plified with ITS 4  a n d  lTS 6  '

124.

---------- a"'M "iiea witn i r s  4  a n d  ITS 6

Key w o rd s: Phytophthora-. rDNA-RFLP

C.K. (200S). f e h a 'l i s m T in v d ^  Za'^hariah, C.A., C hacko , N. a n d  Jaco b ,

(rom rubber (Hevea brasiliensis) ag a in st C o r ^ n e s r  “l
variability. In: Preprints o f Papers ln le rn ., n T . r  9®™ ""
SOOS. 6-8 Novem ber 2005, Cochin India \ c ^  Conference. India

Research instituteo, India, Kottayam. India, p p .X ^ ^ ^ ^ ^  M athew , et ai.y R ubber

tes ted  against a  v i r u te n r s 't r a ! ^ ! ?  brasiliensis  and

Production of antibiotics and  volatile rn  
wfro. ERIC-PCR am plification f en d o p h y te s  were tes ted

variation. 2.4-DAPG grnl a Z  sh o w ed

rubber treated with endophy tes show  ^"'^S on is lic  en d o p h y tes . L eav es  of
P M e s  Showed systemic tolerance to C. cassiicola. This



the f i r s t  f®P°^ ° *  end o p h y tic  b ac teria  against C. cassiicola inlecting

Hevea brasiliensis.

Key w o rd s ; Corynespora cassiicols, A ntagonism ; Endopinylic bacteria

g  and Roy, C .B . (2006). M olecular characterization  of Corynespora cassiicola.

T A  Laboratory M anual fo r International Training on Strategies for Management of 

"  n espora Lea f Fall D isease o f Hevea brasiliensis. (Eds. C. Kuruvilla Jacob, 

p°Srinivas a n d  C . B indu Roy). R u b b e r  R e se a rc h  Institute of India, Kottayam, India,

pp. 8-16.

Classical s tra te g ie s  of ev a lu a tio n  of g en e tic  variation have b een  increasingly 

com plim ented by  m o le c u la r  te c h n iq u e s . T his ch ap te r  d isc u sse s  on the different 

m olecular a s p e c t s  involved  in th e  c h a rac te risa tio n  of Corynespora beginning with 

the isolation of DNA, e s tim a tio n  of DNA concen tration , setting up a  polymerase 

chain reac tio n  a s s a y ,  R A PD  a s s a y ,  visualisation  of DNA fragm ents by agarose 

gel e le c tro p h o re sis , ge l d o c u m e n ta tio n , scoring  and  d a ta  analysis, amplification 

of ribosom al DNA, rib o so m al DNA R estriction  Fragm ent Length Polymorphism, 

cloning a n d  se q u e n c in g .

Key w o rd s :  Corynespora cassiicola-, PC R ; RAPD; rDNA-RFLP

126. Philip, S ., J o s e p h ,  K„ A bdul K are e m , V.K., S n e h a , P.,
Joseph. A. a n d  J a c o b ,  C . K. (2007). Antifungal activity of endophytic ^ o t e ^  a g a ^  

™ |o r leaf p a th o g e n s  c ,  Hevea brasiliensis. Microbes:

Annual Conference o f the Association o f f^icrobiologists of In ,

Chennai, India. A b s tra c ts , p p . 153.

Hevea brasiliensis  is  a n  im p o rtan t industrial c rop  cultivated in the
and north  e a s t e r n  re g io n s  c ,  India. It is the  m ajor so u rce  «« - t u r a l  mbb^^^^

Phytopf)tf)ora m eadii a n d  Coiynespora  ^ g g g n t l y ,  growers
leading to  leaf fall in Hevea brasiliensis. T o  control t practiced

resort to  p rophy lactic  sp ray in g  of fungicides. Biocontro m the

at p rese n t for th e  m a n a g e m e n t  of th e s e  d ise a s e s  o, endophytic

p resen t s tudy , a n  a tte m p t w a s  m a d e  tor th e  isolatio ^

bacteria  th a t  ex h ib ited  s ign ifican t an tifungal activity ag

total of 36  b a c te r ia l  i s o la te s  c o lle c te d  from  ® screened tor
K  5 ras /;/e n s /s  c lo n e s ,  RRII 105, G T  1 a n d  RRIM 600, w ere



antagonistic activ ity in vitro against the  v iru len t s tra ins  o f ttie se  p a ttiogens  Th 

isolates showing m aximum antagonism  w ere  se lected. A n ta go n is tic  iso la tes we ^ 

identified as Bacillus spp. by 16S rDNA sequencing . In vitro tes ting  o f r u b te  

leaves treated with a conso tlium  of the  se lec te d  end op h y tic  bac te ria  showed 

system ic tolerance to P. meadii and C. cassiicola. C h itinase , P eroxidase  
PAL activity increased in the treated  seed lings up  to  4 5  days.

Key w o rd s : Antifungal activ ity; Corynespora cassiicola: E nd o ph y tic  bacteria- 
Phylophthora meadii

127. Philip. S., Josep h , K., Jo sep h , A., A braham , A., Elias, R. S ., A braham , T., Thom as 

V.. Fram ed, S. and  Jacob , C. K. (2008). Influence of bac te ria l en d o sy m b io n ts  on

C o^nespora  leaf fall d isease o f m b b e r ( H e .e a to s / / fe n s /s ) . /P S -^ ^ ^

 ̂' f̂°"^ymposmm on Advances in Microbial Diversity and Disease Management
fo r Sustainable Crop Production. 13-15 O c to b e r 2008, C o llege  of F orestry  an d  Hill 

gnculture, Ranichaun, U ttarakhand, Souvenir a n d  A b strac ts, pp. 180 - 1 81 .

^ I t r a T d r r '  “ “ P Southern

e n d o ^ L  cn bacterial

- e a s e  incidence which was on : :  : : l S e r a “ ^^^

K ey words: B acteria l endosym bionts; C o rynespora  le a f fa ll

128. Philip, s . ,  Joseph, K., Abraham  A E lias R q  i 
A ntagonistic activ ity o f endophytic bacteria  f , "
brasiliensis. First Asian PGPR r  P a th o g en s  of Hevea

2009, India and Auburn U n t : i S ° r A “ “

antagonistic activity in vitro a a a in «  th ’ i ■ s c re e n e d  for
Corynespora casiicola Six efficient a^ t^^  P® "^°9ens Phylophthora m eadii and 
produced antipathogenic

9en,c volatile compounds, siderophores and salicylic acid.



isolates w ere  iden tified  a s  Bacillus  sp p . by 16S  rDN A sequencing. Colonization 

of bacterial e n d o p h y te s  in ru b b er  se ed lin g s  w ere  confirmed by ERIC-PCR. Rubber 

seedlings ino cu la ted  with a  consortiunn of the  se lec ted  endophytic bacteria showed 

induced sy s te m ic  r e s i s ta n c e  (ISR ) to  P. meadii and  C, cassiicola. Chitinase, 

P e ro x id a s e  a n d  PAL activ ity  in c re a se d  in th e  trea ted  plants up to 45 days.

Key w o rd s : A n ta g o n is m ;  C o ryne spora  cassiico la ; E ndophytic  bacteria ; 

phytophlhora m eadii

,29 phillp, S., J o s e p h ,  K., J o s e p h ,  A., A b rah am , A., Elias, R. S., Abraham, T., Thomas,

V Pram od, S . a n d  J a c o b ,  C.K . (2009). Influence of bacterial endosymbionts on 

C orynespora lea f fall d i s e a s e  of ru b b e r  {Hevea brasiliensis). Indian Phytopathology, 

62(3):MEZ.25, pp . 3 96 .

Hevea brasiliensis  is a n  im p o rtan t com m ercial crop cultivated in the Southern 

s ta te s  an d  N orth e a s te rn  re g io n s  of India. It is th e  m ajor source  of natural rubber. 

Corynespora cassiicola  c a u s e s  s e v e re  leaf infection leading to leaf fall and die 

back in H. brasiliensis. At p re s e n t  g ro w ers  report two prophylactic spraying of 

fungicides. B iocontro l m e a s u r e s  a re  not ye t p racticed  for the  m anagem ent of any 

d isease  in ru b b er  p lan ta tio n s . An a tte m p t w a s  m ad e  for th e  isolation and selection 

of e n d o p h y tic  b a c te r ia  th a t  e x h ib ite d  s ig n ifican t an tlfungal activity against 

C. cassiicola. F ifty-four e n d o sy m b io n t iso la te s  co llected from leaf, petiole and 

stem  of H. brasiliensis  c lo n e  G T  1 w e re  sc re e n e d  in vitro for antagonistic activity 

against C. cassiicola. T h re e  efficien t an ta g o n is ts  w ere se lec ted  which produced 

an tipathogenic volatile  c o m p o u n d s , s id e ro p h o res  and  salicylic acid. These bacteria 

were lo calized  in th e  in te rce llu la r  s p a c e s  of t is s u e s  by 2,3,5-tri phenyl tetrazolium 

chloride s ta in in g . A n tag o n is tic  iso la te s  w ere  identified a s  Bacillus spp. by 16S 

rDNA s e q u e n c in g . In vitro  te s t in g  of ru b b er lea v e s  trea ted  with a  consortium of 

the se le c te d  e n d o p h y tic  b a c te r ia  sh o w e d  induced  system ic resistance (ISR) o 

C. cassiicola. E n h a n c e d  ISR  activity  w a s  o b se rv e d  in endosym biont treate  

seed lings u p  to  4 5  d a y s . F ield  ev a lu a tio n  sh o w ed  th at the spraying of 

en d o p h y tes  on  le a v e s  a t  refclia tion  period  after annual wintering redu 

d ise a se  in c id en ce , w h ich  w a s  o n  p a r  with fungicide trea ted  control plants

Key w ords: Corynespora cassiicola; Corynespora leaf fall; Disease management, 

Fungicide; In d u ced  sy s te m ic  re s is ta n c e



130. Philip, S ., A braham , A. a n d  Jo se p h , A. (2010), Corynespora cassiicola induced 

ch itin ase  activity and  cloning of ch itinase  cDNA from ru b b er (Hevea brasiliensis) 

In: a ,m a le  Change: Placrosym XIX. 7-10 D ecem ber 2010, Kottayam , India, Abstracts 
pp. 81-82.

The C orynespora  leaf d isease , c a u se d  by Corynespora cassiicola in rubber {Hevea 
bras,i:ens,s) is now co n sid ered  to be  a  se rio u s  th rea t in S o u th  K arna taka  and 

adiolnlng reg ions ot Kerala. Chem ical control h a s  b e e n  a d o p te d  to  control the 

d i s e a s e  in th e  field. T he r e p e a te d  fungicide s p ra y  o r d u s tin g  m ay  lea d  to 

environm ental pollution. M ost of the  high yielding c lo n e s  a re  su sce p tib le  to 

a  cassiicola. D isease  res is tan ce  in p lan ts is brought a b o u t by constitu tive and 

induced  m echan ism s. In Incom patible ho st-p a th o g en  interaction, v arious noval 
pro teins a re  induced called p ath o g en esis  related proteins (PR), w hich play a  m ajor 

r c ^  in p lan , d e fe n se  m echanism . T he d e fe n se  g e n e s  rem ain  q u ie sc e n t in healthy 
p lants. Infection of p a thogen  on host su rface  elicits d e fe n se  m ech an ism s  in p lants

Tp R w lT r  ' - S i .  T he ch itinase
(PR -3) is he  m ost widely stud ied  group of PR  protein. C h itinase  g e n e  c o d e s  for

an tifungal ch itinase , which ca ta ly se  th e  hydrolysis of 1 ,4 linkages of N -acetyl -D -

g  u co sam in e  polym er (chitin) found in the  cell wall of higher fungi. T he objective

a l l y  r l T  d T ? ractivity re la ted  to to le ran ce  in Hevea brasiliensis c lo n es  /  g erm piasm  a c c e s s io n s  

during C cassiicola induction an d  to amplify full length ch itinase  cDNA from the 

to le ran t c lone for th e  d eve lopm ent of recom binant ch itinase protein T he widely 
cu ltivated  a n d  su scep tib le  c lone of H. brasiliensis nam ely, RR„ 105 the  t o r a n !

clone G T  la n d  germpiasm accessions (RO  3413, M T 1598 R 0  3172 AC 2717

AC 4338) were selected forthestudy.Budded stumps of these clo n es/g erm p lasm
a c c e s s io n s  w ere  ra ised  in polybag In g la ssh o u se  to p revent i n f e c in  hT 
fu n g ai p a th o g e n s . Artificial inocu lation  w a s  d o n e  by sn rav in n  th 

s u sp e n s io n  of C. cassiicola (7x10^ spores/m l) on th eT ea v e T a n H  T  

s ta g e .  C on tro l p la n ts  w e re  sp ra y e d  with dou b le  distilled s te rile  Z J  a n d

m ain tain ed  u n d e r sim ilar conditions. Induced leaves w ere collected a t  24

96. 120 , 144, 168 a n d  196 hours. Spectrophotom etric  estim ation of ch itinase 
e n z y m e  w as carried  out using colloidal chitin a s  substra te . Total r | \ i a  w ' 

from  th e  in d u ce d  le a v e s  of th e  c lo n e  GT 1 a t 96 hours by llth irm '^ ch r^ '^ '' 
p rec ip ita tion . First s tra n d  cDNA w as sy n th es ized  using ImProm II rev ere^



i iq A l a n d  full length  ch itinase  g e n e  w as amplified
. a n s c r ip ta s e  k it  ( P " ’ p c R  product w a s  p u r if ie d , C o n e d  in  T /A  c lo n in g

«ith chitinase specific prime . . j, Increased from 72 to 96 hours

- t o r , s e . uenc eda— clone GT I and tolerant 
and remained conste P clone
germplasm accessions. There difference in  the enzyme

RRI1105. In G T  1 « a s  phenom enal, while in RRH

—

the  re s is ta n c e  a g a in s t  C. cassiico

K ey  w o rd s :  Corynespora cassiicola: C h itinase

P/anters-Conference/nd/a, 1974, Ko ay para rubber tree was

S o u th  A m erica  is  th e  n a tiv e  h o m e  ,^ b b e r  a s  a  plantation
in tro d u ced  to  S o u th  E a s t  A sia. In ,or the  l a r g e  scale cultivation

crop , rep o rts  a re
notavailableaboutattemptsm^^^^^^^^^^^^^

of Hevea in S o u th  A m erica , m th e  b e g  9 ' an d  th o se  am bitious
a n  e x te n s iv e  s c a le  in S o u th  A m enca because of the incidence
p ro g ram m es  w ere almost a b a n d o n ed  ^ ^ e r ic a n  Leaf Blight,

of th e  d e v a s ta tin g  d i s e a s e  of , V .Arx(Doth/de"a u M -  In this
c a u s e d  by th e  fu n g u s  Microcyclus u ^  p ,om s, causative path o g en ,
p a p e r th e  c l im a te  and disease in c id e n ce ^c^ is  , i 3 , a s e

d isp e rsa l of th e  p a th o g e n , d is e a s e  c  ■ ,n,o Sou th
eradication and the precaution ,0 prevent the entry

E a s t  A sia e tc . a re  d isc u sse d .

Key words: S o u th  Am erican Leaf Blight

„  aoainst Abnorm al leaf fall disease of ru b b er in
132, Pillay, P .N .R . (1977). Aerial spraying ag  

India. Planters' Bulletin, 1 4 8 :1 0 -1 4 .

Key vKords; Aerial sp ray ing ; A bnorm al Leaf Fall



133. Pillay. P.N B. (1982). Abnormal leaf fall d ise a se  of rubber c a u se d  by Phytophlhora 
spp. Proceedings of the Workshop on phytophlhora Disease o f Tropical Cultivated 

Plants. 1980, Central Plantation C rops R esea rch  Institute, K asarag o d , India, pp. 17, 

23.

Key w ords: Abnornnal leaf fail; Phytophlhora

134. Pillay, P.N.R. and Chee, K.H. (1968). Susceptibility of Hevea ru b b er c lo n es  of leaf 

disease caused  by two species of Phytophlhora. FAO Plant Protection Bulletin. 16: 

49-51.

The degree of susceptibility of ten  Hevea c lo n es  to Phytophlhora leaf fall and the 

pathogenicity of five distinct strains isolated from d ise a s e d  lea v e s  w ere  a sse sse d  

in the laboratory by a technique described  ab o v e . No significant d ifferences in 

pathogenicity between the five isolates w as revealed , nor w a s  th e re  any  significant 

interaction between clones and isolates. D ifferences in clonal susceptibility were 

found to be highly significant. Among the  ten  c lo n es  stu d ied , RRIM 701 w as the 

most susceptible and G T 1 the least. Field o bserva tions  on  susceptibility  of certain 

known clones (Tjir 1, PB 86 and PR  107) a re  in a g re e m en t with their reaction to 

the d isease under the described m ethod of artificial inoculation.

Key words: Clonal susceptibility; Leaf d ise a se ; Phytophlhora

135. Pillay, P.IM.R. and George, M.K. (1973). R ecen t e x p e rim en ts  on  the  control of 

Abnomial leaf fall d isease of m bber in India. Quarterly Journal o fthe  Rubber Research 
Institute of Sri Lanka, 50; 223-227.

Abnormal leaf fall d ise a se  is annually  recurring  d i s e a s e  of ru b b e r  in India, 

raphylactic spraying of copper fungicides befo re  th e  o n s e t  of the  South-W est 

con  had  b e co m e  a  ro u tin e  cu ltu ra l o p e ra t io n  a m o n g  e s ta t e s  and 

oldings. Pre-m onsoon protective sp ray ing  w a s  ca rr ied  out with rocl^er 

sprayers using Bordeaux mixture o r low volum e application from the  ground, with 

I application from helicopters. T h e  co s t of spraying was

fnrm ' ®xper i meht s  carried  out, with new  c o p p e r fungicide 
a  ions and low UR value d iluent m ineral o ils h a v e  e s ta b lis h e d  that



satisfactory  d ise a s e  control could b e  obtained with these  new formulations. By 

u se  of th e s e  m ateria ls , which a re  now recom m ended for large scale use in rubber 

plan tations, c o n s id e rab le  sav ing  in spraying cost could be achieved.

Key w o rd s ;  A bnorm al leaf fall; D isease  control

136 Pillay, P.N .R ., G eo rg e , M.K., R ajalakshm y, V.K. and Krishnanl(utty, V. (1980). Crown 

budding; A m ethod  to  avoid Abnorm al leaf fall d isease  of mbber. International Rubber 

Conference. 2 3 -2 8  N ovem ber 1980, R ubber R esearch  Institute of India, Kottayam, 

India.

O ne of th e  m o st im portan t d ise a s e s  of rubber in South India is the Abnormal leal 

fall d ise a s e , c a u s e d  by Phytophthora spp . Though this d isease  can be controlled 

by prophylactic  sp ray in g  of fungicides, the  operation is costly and has to be 

rep e a ted  ev e ry  y ea r. T h e re  is a  possibility of avoiding this d isease  by crown 

budding the  h igh yielding c lo n es  with clones resistant/ tolerant to Phytophthora. 

T he c h a ra c te rs  of d is e a s e  res is tan ce  w as a s se s se d  from selections from old 

seed ling  popu lation  a n d  im ported clones. A selection from seedling population of 

two sh o w ed  to le ran c e  to  A bnorm al leaf fall d isease . These clones were selected 

an d  w ere  crow n b u d d e d  on  GT 1, RRIM 628 and RRIM 600 in three locations. A 

block of 2 5 0  p lan ts  in o n e  location w as crown budded with each  of the three 

se lec tio n s  during  197 0  a n d  1971. T he  crown budded plants were left unsprayed 

from th e  beginning . T h e  d a ta  indicated that the d isease  w as alm ost absen t ,n the 

c a se  of crow n b u d d e d  p lan ts  com pared  to  control. The initial yield data indicated 

th at in two locations, the  yield of RRIM 628 and RRIM 600, crown budded wrth the 

a b o v e  r e s is ta n c e  c lo n es , a s  higher than  that of control, except in RRIM 600 pic , 

crow n b u d d e d  with FX 516. In the  o ther location, however, the yield of GT 1̂  

crow n b u d d e d  with all the  th ree  selections, w as found to be lower. T^'°ugh crown 

budding a p p e a r s  to b e  a  prom ising m ethod in the avoidance of ^bnorm a lea 

d i s e a s e ,  fu r th e r  e x p e r im e n ta l  d a ta  a re  n e c e s s a r y  for m aking g en e ra l 

reco m m en d atio n  in this regard .



137. Pillay.P.N.R.. George. M.K. and Rajalakshmy, V.K. (1980). Leaf an d  sho o t d iseases 
In: Handbook of Natural Rubber Production in India. (Ed. P.N. R ad h ak rish n a  Piliay) 
Rubber R esearch Institute of India. Kottayam, india. pp. 249-278.

This chapter deais with all the leaf and  sho o t d ise a s e s  of rubber. T he details 
concerning Abnormal leaf fall d ise a se  a re  abou t its history an d  occurrence  the 
factors influencing the d isease , the initial infection on pods, sp re a d  to leaves and 
twigs, causative organism, alternative hosts, sp read  an d  over-sum m ering , clonal 
susceptibility, effect on growth and  yield and  its control m ea su res . Regarding 
Powdery mildew, the factors influencing d ise a se , clonal susceptibility, infection 
on m ature rubber, infection on nursery  and  im m ature p lan ts, ca u sa tiv e  organism  
effect on growth and  yield and  th e  contro l m e a s u re s  a re  e la b o ra te d . For 
Corynespora leaf spot, Bird s ey e  spot, S econdary  leaf fall. A n th racnose, Shoot 
rot and Thread blight d isease , the sym ptom s, c au sa tiv e  organ ism  an d  control 
m easures a re  discussed. For South American leaf blight, the  influence of w eather 
symptoms, causative organism  and  control m ea su res  a re  m entioned . A brief note 
on the origin, history and preparation of B ordeaux m ixture an d  its u se  in rubber is 
also included.

Key w ords: Abnormal leaf tall; D isease  control; Leaf d ise a se ; S h o o t d ise a se

t o ! ! l r e ™  ■; T.T. (1989). Crown budding: A m ethod

India. Journal o f /Plantation Crops. 16(Supplem ent): 277-279.

Since the Abnormal leaf fail d ise a se  of rubber c a u se d  by Phytophthora sp p  is

30“ “ ! ' ' - ^ P ~ L ' w n  b u dded  plam s' 

clones. Though, the crown budding a p p e a r s ' t o t
control of Abnormal leaf fall d ise a s !  further ® 'method in the
high yielding clones aro r. ’ expenm ental d a ta  tor all available
te c h ^ u e .  recom m endation  of this



prem, E.E. (2 0 0 6 ). P ro s p e c ts  of in teg rated  d isease  m anagem ent of Corynespora 

leaf fall d ise a s e . In: Corynespora leaf disease of Hevea brasWerysis: Strategies lor 
M a n a g e m e n t . (Ed. C . Kuruvilla Jaco b ). Rubber R esearch Institute of India, Kottayam. 

India, pp. 142-157.

This ch a p te r  d e a ls  with d iag n o sis  of d isease , monitoring pathogen, predicting 

critical level for d i s e a s e  contro l, prevention and m anagem ent methods, site 

selection, h o s t r e s is ta n c e , irrigation m anagem ent, soil and nutrition management, 

cultural p rac tices , budd ing , san itation , w eed control, biological control, chemical 

control a n d  IDM s tra te g y  for C ory n esp o ra  leaf d isease  in rubber.

Key words: C o ry n e sp o ra  leaf fall; D isease control

140 Prem, E. E„ M anju, M. J ., Mushrif, S . K., Idicula, S. P, and Jacob, C.K. (2002). 

Evaluation of d u s t form ulation  of h exaconazo le  for the control of powdery mildew 

d isease  of Hevea brasiliensis. Placrosym XV, 2002. (Eds. K. Sreedharan, P.K. Vinod 

Kumar, J a y a ra m a  a n d  B asav a ra j M. Chaluki). Central Coffee Research Institute, 

Karnataka, India, pp. 5 72-575 .

Field ex p e rim en ts  w e re  co n d u cted  to evaluate a  triazoie fungicide, hexaconazole, 

for the  m a n a g e m e n t of pow dery  mildew d isease  of rubber {Hevea brasiliensis) 

cau sed  by Oidium heveae  Steinm . T he experiment was conducted on a  susceptible 

clone PB  5/51 in C heruvaliy  e s ta te , Kottayam, Kerala and also in a disease- 

p rone a re a  o n  c lo n e  R R M  60 0  in Vaikundam  esta te, Kanyakumari district. Tamil 

Nadu for s e a s o n s  (1999  to 2002). H exaconazole (2) dust was evaluated a s  such 

and  in a lte rn a te  sc h e d u le  with su lphur and in combination with recommended 

su lphur fungicide a n d  a t th re e  concentrations. Results indicated that application 

of h e x a co n a z o le  (2) a s  su c h  and  in a lternate  schedule with sulphur was found to 

g ive  b e t t e r  c o n tro l .  C o m b in a tio n  of h e x a co n a z o le  (2) and  sulphur an 

h e x aco n azo le  (1) a s  su c h  w ere o bserved  to reduce powdery mildew disea 

Alternate u s e  of h e x a co n a z o le  with sulphur is suggested  to avoid the deve op 

of res is tan t s tra in s .



141 Prem, E.E. and Jacob, C.K. (2006). D isease intensity a s s e s s m e n t of Corynespora 
leaf fall d isease. In: A Laboratory Manual for International Training on Strategies for 
Management o f C o ry n e s p o ra  L ea f F a ll D isease  o f H evea  b ras lliens is  
(Eds. C. Kuruvilla Jacob. P. Srinivas and  C. Bindu Roy). R ubber R e se a rc h  institute 
of India, Kottayam, India, pp. 25*30.

Key w ords: Corynespora leaf fail: D isease  intensity a s se s s m e n t

142. Prem, E.E.. f^ushrlf, S.K. and Jacob, C.K. (2006). Effect of certa in  fungicides on tfie 
incidence and severity of CoHetotrictium leaf d ise a se  of im m ature rubber. Placrosym 
XVII, 2006, Kocfii, India. Journal o f Plantation Crops, 34  (3): 467-471

CoUetotriohum leaf d isease  (OLD) of rubber c a u se d  by Colletotrichum acutatum 
and C. gloeosporioides affect the  young foliage of nursery  an d  im m ature rubber 
plants (Hevea braslliensis). Reid studies w ere undertaken to a s s e s s  the distribution 
of the two Colletotrichum sp ecies  in the im m ature rubber p lan ts. P ropiconazole 
and SAAF (a combination product of m ancozeb  an d  carbendazim ), which were

during 2001
002, and 2003 seaso n s. On im m ature p lants of the c lone RRI1105, the  incidence

L  ™  distributed. P ropiconazole
and SAAF com pletely inhibited the  m ycelial grow th a t  100 ppm  a n d  sp o re

-he in c ir n c e l  r e X ' ^ r ^ a
m an co zeb (0 2" / l a  ri *  ^ " ''" ® = ™ '" P a r a b te to h e x a c o n a z o le ( 0 .02%),

:ndlcated7 a t ^ r C “ Z ^ ^ ^ ^ ^

— candcanheLdforZ:S::Z“ r : r
Key w ords: Colletotricbu.: Leaf d ise a se  control; P ropiconazole; SAAF

r ^ ; e d  ^^OOe). Effect of system ic

and Colletotrichum leal d ise a se s  of rubh ° n  pow dery mildew
Crop Science « e sea rc /i  21 2 /  ' -



,44 Raj, S. (2011). An o verv iew  of w ea th er and  its influence on Phytophthora leaf fall in 
rubber, In lernalional Workshop Seminar and Exhibition on Phytophthora Diseases 

of Plantation Crops and their Management. 12-17 Septem ber 2011, Kottayam, India 

Key w ords; Phytophthora', W eatfier

145. Raj. S- a i d  J o s e p h ,  A. (2010). Critical climatic factors influencing the incidence and 

severity of C o ry n e sp o ra  leaf d ise a s e  in rubber {Hevea brasiiiensis). International 

Workshop on Climate Change and Rubber Cultivation: R & D  Priorities, 28-30 July 

2010, R ubber R e s e a rc h  Institu te of India, Kottayam, India, pp. 96-98.

Key words: C lim ate  c h a n g e ; C orynespora  leaf fall

146. Ra ja lakshm y, V.K. (1 9 7 6 ). L eaf sp o t d isease  of rubber caused  by Curvularia 

pallescens Boedijin. Current Science, 45; 530

Cunrularia pallescens  w a s  reported  to be infecting Hevea in budwood nursery in 

the m o n th s  of J u n e  -  Ju ly  producing minute brownish red spots with yellow halo 

on leav es . T h e  f u n g u s  w a s  cu ltu red  and  artificial inoculation on rubber seedlings 

produced  h igh p e rc e n ta g e  of infection. Curvularia pallescensvias reisolated from 

lesions p ro d u ce d  by artificial inoculation.

Key words; Cun/ularia-, B udw ood nursery; Leaf d isease

147. Flajalakshmy, V.K. (1986). O ccu rren ce  of basidial s tage of Conicium salmonicolor 

in Hevea brasiiiensis. Indian Phytopathology, 39(2); 276-278.

Key words; Corticium  salmonicolor

148. Rajalakshm y, V.K. a n d  Pillay, P.f^.R . (1975). Nectar stage of Corticium salmonicolor 

{Pellicularia salmonicolor) in cu lture. Indian Phytopathology, 28; 112-113.

Key words; Corticium  salmonicolor: N ectar s tag e

iw . R ajalakshm y, V.K., Potty , S .N ., K othandaram an, R- and Karthikakuttyamma, M. 

(1979). Influence of nutrition o n  d ise a s e  incidence; G lasshouse experiment to sway 

the effect of N, P  a n d  K o n  leaf sp o t d ise a se  of rubber caused  by 

cassiicola (B erk & C urt) W ei. In: Entomology, Microbiology. Nemaoogy.



Pathology and Rodenlology of Plantation Crops: Placrosym  II, 1979, O otacam und,

India. (Ed. C.S.Venkata Ram), Indian Society for Plantation C rops, K asaragod , India,

pp. 118-125.

A pot culture experiment was conducted during 1977-78 s e a s o n  In ttie g lasshouse  

to study the effect of N, P, and  K on leaf sp o t d ise a s e  incidence c a u se d  by 

Corynespora casslicola (Berk and Curt) Wei. u nder controlled conditions. Two 

levels of nitrogen, phosphorous and  p o tass iu m  w e re  tried  in a  com pletely 

random ized d esign  with 5 rep lica tions. G e rm in a te d  s e e d s  w e re  sow n in 

earthenware pots filled with top soil p assing  through 2 mm. s iev e . Six w eeks after 

sowing, seedlings were thinned out retaining only o n e  seed ling  p e r pot. The first 

manuring with half of the d ose  of nitrogen and  th e  entire d o se  of p h o sp h o ru s  and 

potassium w as given. The remaining quantity of nitrogen w a s  given 12 w eeks 

after sowing. Height and girth of p lants w ere recorded  after 4  m onths. Artificial 

inoculation of the  seed lin g s  w as ca rried  o u t with a  s p o re  s u s p e n s io n  of 

Corynespora during the  month IWarch. D isease  intensity w a s  a s s e s s e d  7 days 

after inoculation by leaf scoring m ethod with regard  to the  n u m b er of sp o ts . Leaf 

sam ples were analysed  for nitrogen, p h o sp h o ru s , p o ta ss iu m , ca lc ium  and 

magnesium. The study points out that high d ise a se  incidence w a s  noticed  in the 

presence of nitrogen and low incidence in its ab sen ce . It is indicated that application 

of phosphorus partly reduces the adverse  effects of nitrogen. O n the  o th er hand 

rate of d isease  incidence is increased  by potassium  w hen applied  along with 

nitrogen. The results indicate the n eed  for b a lanced  nutrition for en su rin g  proper 

growth so that the loss due to the d iseased  b eco m es  less  significant.

Key w ords: Corynespora casslicola: Leaf spot

150.
s 'p t 'd t e a Z '  ' - “ ntrol of leaf
Rubber Resea° T i  ^ ^ ‘>‘>er Conference. 23-28  N ovem ber 1980,
Rubber R esearch Institute of India. Kottayam, India.

D Ton r 60  p e r cen t, O uter, Vitavax,

progen C esZ " :" 'siicoa, in the laboratory by po isoned  food techn ique



a s  well a s  by  m odified p a p e r  d isc  m ethod. Plain potato dextrose agar plates 

sterile w ater s e rv e d  a s  con tro ls. Colony m easurem ents of the test fungus M h e  

trea ted  a n d  contro l w e re  tak e n  an d  p ercen tage  of inhibition with respect to control 

w as ca lcu la ted . C e n t p e r  ce n t inhibition w as noticed in the case  of Bavistin 
Thiophenate m ethyl, RH, 893, Vitavax, Em isan and MBC 50 percent at S sZ p m  

level an d  D exon  a t  50 0  ppm  level. Calixin, RH. 124, Outer and Aureofungin sol 

show ed c e n t p e r  c e n t inhibition a t h igher concentrations. Of the fungicides tested 

viz. Plondrel, Kitazin, K ara th an e , Bam bro and Daconil were not very effective in 

checking th e  grow th  of th e  pa th o g en . Out of the effective fungicides, Bavistin, 

which w a s  com m erc ia lly  availab le , w as used  tor field trials. Using Knap-sack 

sp rayer 0 .2  p e r  c e n t B avistin w as u sed  for bulk spraying in the nursery at fortnightly 

intervals. U n sp ra y e d  se ed lin g s  in the  adjacent a rea  sen/ed as control. Disease 

a s s e s s m e n t w a s  m a d e  a t  th e  p eak  period of infection in March, April and May, by 

collecting 10 0  re p re se n ta tiv e  leaf sam ples  from the treated and control plots by 

visual g rad in g  of th e  s a m e . T h e  resu lts  show ed that four rounds of spraying of 

Bavistin (0 .2  p e r  cen t)  a t  fortnightly infen/als effectively controlled the leaf spot 
d ise a se  in cid en ce.

Key words: D is e a s e  control; Leaf sp o t

151. Rajalakshm y, V.K., J o s e p h ,  A. a n d  A rfhassery, S. (1985). Occurrence of two mating 

groups in Phytophthora m eadii cau sin g  Abnormal leal fall d isease of rubber in South 

India. Transactions o f the British Mycoiogicai Society, 85(4): 723-725.

H eterothallism  h a s  b e e n  d e m o n s tra te d  in Indian isolates of Phytophthora meadii 

from rubber. Thirty tw o iso la te s  w ere  mating type A1, twenty four were A2, two 

w ere  hom othallic  a n d  fo u r s terile.

Key words: A bnorm al leaf fall; Phytophthora meadii

'52. Rajalakshm y, V.K. a n d  J o s e p h ,  A. (1986). Production of sporangia by Phytophthora 

meadii indian Phytopathology, 39: 470-471.

High spo ru la tio n  is e s se n tia l  for taxonom ic or morphological studies of a 
In c a s e  of Phytophthora, a  sporang ia l suspension  is used a s  inoculum for arti icia 

inoculation p u rp o se s .  T his p a p e r  provides the protocol for producing sporangia



abundantly in a  short period by Phytophthora meadii m p u re  culture. II w as found 
ttiat profuse sporangial production w as induced on culture m edia u nder continuous 
light intensity in a short period of 16 hours and  a lso  u nder low nutritional conditions

Key w ords; Phytophthora meadii

153. Rajalal<shmy, V.K. and Joseph, A. (1988). O ccurrence  of Co/tetofr/c/ium  leaf spot
d isease of rubber in India. Indian Journal o f Natural Rubber Research, 1(1)- 50-52

This paper reports on a  leaf spot d ise a s e  c a u se d  by Colletotrichum  on rubber 
in India. This d isease  w as earlier reported in Ceylon, M alaysia an d  A ndam ans 

Severe d isease incidence w as noticed on six-year-old tre e s  of R RI1105 and  RRIM 
701 in Manimala. Kerala. Subsequently it w as found in m any o th er e s ta tes , affecting 
botfi mature trees and budwood plants. Isolation of th e  p a ttio g en  from different 
types of symptoms viz. dark sp o ts  with yellow halo, dark  black  lesions and  old 

spots with shot hole appearance yielded the  s a m e  p a th o g en , which w as identified 
by Commonwealth fvlycologicai Institute, England.

Key w ords: Colletotrichum] Leaf spot

154. Rajalakshmy, V.K. and Kothandaram an, R. (1996). C urren t s ta tu s  of Corynespora 
leaf fall ,n India. Proceedings o f the Workshop on Corynespom Lea f Fall Disease of 

Indonesian R ubber R esea rch  Institute, Medan,

C o^nespora  leaf d isease  on rubber c a u se d  by Corynespora cassiioola (Berk & 

ln>!iiti "1 India a t the  Experim ent S tation of R ubber R esearch
(Ramak ”  h" K°«ayam, Kerala, in the  m on ths of N ovem ber -  D ecem ber 1958 

M undakr„ b e e n  observed  in
Vithura in K *^3laketty, T hodupuzha , C halakudy, Trichur and

C oiynesporaT "*  Tam il N adu . At present

i o t a  The d from November

seedlings and budwood ^  9®n®''®lly confined  to nursery
widespread. Later on tho h- ^ d ise a s e  incidence is more
Corynespora intpfU u on  m atu re  tre e s  (1) and  in 1996,

on a s  been  found m uch dam ag ing  on  young m atu re  trees  of



8-9 y ea rs  old a t Hevea b reeding substa tion , N ettana. K arnataka, w here many 

clones including RRII 105, th e  m ost popular high yielding clone, w ere serlousty 

affected by the d isease . Young leaves developed after wintering w ere a ttacked  

causing  defoliation. R ep ea ted  defoliation resulted in the  die-back of twigs and 
drying up of plants.

Key w o rd s: Corynespora cassiicola; Clonal susceptibility: Leaf fall

155. Rajalakshm y, V.K., Jo sep h , A., V arghese, Y,A. and  K othandaram an, R. (1997). 

Evaluation of Hevea clones against powdery mildew cau sed  by Oldium heveae sxeinm. 
Indian Journal o f Natural Rubber Research, 10(1 &2 ); 110-112.

In each  of two trials conducted  in 1992-95, 13 Hevea brasiliensis c lo n es  were 

eva lua ted  for resistance to Oidium heveae. D isease intensity is tabulated  for each  

c lone in each  year. T here w ere significant differences betw een y ea rs  and  clones.

Key w o rd s : Clone; Oidium heveae: Powdery mildew

156. R am akrishnan. T .S. (1956-57). Powdery mildew of rubber cau sed  by Oidium heveae 

S te in m aan  and  its o ccurrence in South India. Rubber Board Bulletin, 4(2&3): 3-6.

Pow dery mildew controlled with sulphur d u sts  or wettable suphur sprays.

Key w o rd s : Pow dery mildew; Oidium heveae

157. R am akrishnan , T .S . (1956-57). Shoot rot of young rubber c au sed  by Phyiophihora 

palmivora  Butl. Rubber Board Bulletin, 4(2&3): 76-79.

C u p ro san a  du st effectively controlled a  nursery outbreak.

K ey w o rd s : Phyiophihora palmivora; Shoot rot

158. R am akrishnan , T .S . (1956-57). T hread  blight and  targe t spot of rubber c au sed  by 

Pellicularia filamentosa (Pat) Rogers. Rubber Board Bulletin, 4(2&3); 73-75.

A new  d ise a s e  of rubber w as found to b e  prevalent in som e of the e s ta te s  in 

K erala. T he d ise a s e  w as c a u se d  by Pellicularia filamentosa and  d am aged  tender



leaves. Details ot the symptoms, pa thogen, pathogenicity , record  of the disease 

from other countries and the control m e a s u re s  a d a p te d  for the  d isease  are 

discussed.

Key words; Thread blight; Pellicularia filamentosa

169. Ramai(rishnan, T.S. (1961). Experiments on the control of Abnorm al leaf fall of Hevea 
caused by Phylophthora palmivora in South  India. Proceedings o t Natural Rubber 
Research Conference, 1960, Kuala Lumpur, pp. 454-466.

Although a single pre-m onsoon spray  of 1% B o rdeaux  h a s  p roved consistently 

effective, the method is difficult to apply u nder S . Indian conditions. Preliminary 
work has shown low-volume, oil-based c o p p er sp ra y s  to  b e  promising

Key words: Abnormal leaf fall; Phylophthora palmivora

160. Ram akrishnan.T.S,and Pillay, P.N.R. (1961). A bnonnal leaf fall of rubber (He/ea 
brasiliensis) caused by Phylophthora palmivora Buti, in Sou th  India. 1. Rubber Board 
Bulletin, 11-20.

The earliest record of Abnormal leaf fail c a u se d  by Phytophthcra palmivora in 

India was in 1910 from som e e s ta te s  in Pudukkad . This p a p e r  d escrib es  about 

the d isease spread to different p a rts  of the  country. T h e  d e tec tio n  of d ise a se  from 

er ru ber growing countries is a lso  reco rded . T h e  p a p e r  d e scrib es  about the 

P gen, pathogenicity tes t factors affecting th e  d ise a s e , survival of ttie fungus 
from year to year and the loss ca u se d  by the  d ise a se .

Key w ords: Abnormal leaf fall; Phylophthora palmivora

b ra s U iln tr^ J s e d h ^ P ^ ''^ ''^ ' 'a "  ''ubber (Hevea
Bulletin. 5(2): 76-84  ^ Palmivora Butl. in S o u th  India. 2. Rubber Board

the c o n tL  ofTb^ different experim en ts u n d e rta k e n  from  early  years for

s e a s e  res is ta n c e  w as o b se rv e d  in certa in  clones.

words: A b n o rn .a „e a ffa ll;P ,^o p .,.o .a  pa/m,Vora



162 . R am akrishnan, T.S. and  Pillay, P.N.R. (1961). Leaf spot of rubber ca u se d  by 
Corynespora cassiicola (Berk & C oun) Wei. Rubber Board Bulletin, 5(1): 32-35.

Description of a  d ise a se  of rubber seed lings on nurseries in India resem bling the 
d ise a se  ca u se d  by Helminthosporium heveae. D am age m ay b e  sev ere  so  ttiat 
p ro te c tio n  by sp ra y in g  B o rd eau x  m ixture or d ith a n e  Z-78 is n e c e s s a ry . 
Susceptibility to this leaf spo t d ise a se  varies witfi clone, BRIM 610 and  622 being 
the  m ost suscep tib le  according to th ese  preliminary obsen/ation. Som etim es Tjir 
1 clonai seed lings a re  a lso  affected.

Key w o rd s : Corynespora cassiicola; Leaf spot

163. Ram akrishnan, T.S. and  Pillay, P.N.R. (1961-62). Powdery mildew of rubber cau sed  
by Oidium heveaeStein. Rubber Board Bulletin. 5(1); 187-201.

Powdery mildew of rubber h as  now reached the W estern H em isphere also, though 
it w as considered  to be  confined to the  East. In India it h as  sp read  through all 
rubber growing a re a s . The g rea te st d am ag e  is ca u se d  soon after refoliation of 
m ature  tre e s  su b seq u en t to wintering. Rubber trees  of all a g e s  a re  susceptible. 
T h ere  is positive correlation be tw een  the da te  of com m encem ent, ra te  and 
uniformity of wintering and mildew infection. This is further influenced by the climatic 
conditions prevalent at the time. Coot nights, heavy dew and light showers occurring 
during the  refoliation period favor the  d isease . All the commercially important 
c lo n es  a re  susceptib le . The Indonesian clone LCB 870 is resistan t but it is low 
yielder. Sulphur dusting is the  m ost reliable m ethod of control. Spraying against 
this d ise a s e  is possib le  only in n urseries  and  tre e s  below 15 feet in height and 
im practicable in m ature  plantations.

Key w o rd s : Pow dery mildew; Oidium heveae

164. R am akrishnan , T.S. and  Pillay, P.N.R. (1961-62). S econdary  leaf spot (Anthracnose 
of Hevea brasiliensis) c a u se d  by Glomerella cingulala (Stonem ) S  & VS. Rubber 
Board Bulletin, 5(2): 85-87.

A n th racn o se  o r seco n d ary  leaf spo t c a u se d  by Glomerella cingulata h a s  t>een 
rep o r ted  from  m o st ru b b er growing countries. T his p ap e r d isc u sse s  on the 
sy m p to m s of th e  d ise a se , th e  d e ta ils  to the  pathogen  and  preventive m easures.

Key w o rd s :  S eco n d ary  leaf spot; Glomerella cingulata



165. Ramakrishnan, T.S. and Pillay, P.N.R. (1962). S ec o n d a ry  leaf fall cau sed  by 
Glomerella cinguMa (Stonem ) S & VS {Gloeosporium alborubrum  petofi). Rubber 

Board Bulletin, 6(2): 72-78.

A review of the occurrence, sym ptom s, patfiogen  an d  control of secondary  leaf 

fall in rubber. In South India, the d ise a se  is of little im portance probably owing to 
the common practice of spraying with B ordeaux m ixture a g a in s t Abnormal leaf 

fall caused  by Phylophthora palmlvora. T he fungus resp o n sib le  for secondary 
leaf fall Is Glomerella cmgulala (Gloeosporium alborubrum).

Key w ords: Glomerella cingulata: G loeosporium alborubrum : Phylophthora 
palmimra] Secondary leaf fall

166. Ramakrishnan. T.S. and Pillay, P.N.R, (1963). Zinc deficiency. Rubber Board 
Bulletin, 6(3&4): 134,

Foliar application of the mixture of Zinc su lp h a te  an d  lime so lution is effective for 

the control of zinc deficiency in young rubber p lan ts. T h e  infestation  of slugs and 

snails in aibber p lants can b e  preven ted  by painting eigfit in ch es  of stem  above 

the soil with Dieldrex 18 E.C. (1 in 400) or by dusting  10%  g am m e x a n e  in young 
shoots.

Key words: Slug; Snail; Zinc deficiency

167. Ramakrishnan, T,S. and Pillay, P.N.R, (1963), J a fro p h a  c u rc a sL ,: A collateral host 
for Oidium heveae Stein. Current Science, 32: 428.

Infection transferred from affected J. curcas p lan ts  to H e r e a  a n d  show s that

J^curcas is a  collateral host for O. heveae. This is tfie  first reco rd  of this host for 
this pathogen.

Key words; Jatropha curcas L.; Oidium heveae

anatv/e- Variability of Corynespora cassiicola a s  rev ea led  through molecular

Manan ^ ”  ^ 'y n e s p o ra  lea f disease o f Hevea b ras iliens is : Strategies for 

tndia p ^ ^ 3 r4 3  ^ ^  Jacob). R ubber R e sea rch  Institute o f India, Kottayam.



This ch ap te r  d escrib es  In detail the  variability of C. cassiicola a s  revealed through 
m olecular analysis. A brief m ention on the  morphological variation am ong the 

Isolates of C. cassiicola is provided in the beginning of the chapter. This is followed 

by providing details  on w hat is m olecular variation, different DNA fingerprinting 
m eth o d s and  on how to m easu re  genetic  variability. A detailed description on 

genetic  variability in fungal pa th o g en s of rubber a s  well a s  am ong the isolates of 
C. cassiicola infecting Hevea is a lso  provided.

Key w o rd s : Corynespora cassiicola', DNA fingerprinting; G enetic  variability; 
Molecular variation

169. Roy, C.B. (2011). Tracking Phytophthora diversWy in rubber. International Workshop 
Seminar and Exhibition on Phytophthora Diseases of Plantation Crops and their 
Management, 12-17 S ep tem ber 2011, Kottayam, India.

Key w o rd s : Phytophthora

170. Roy, C.B., Zachariah, C.A., Philip, S., Idicula, S .P ., Jacob , C.K. and  S ah a , T. (2005). 

M olecular characterization  of Phytophthora infecting rubber plantations in South 
W estern  India. In: Preprints of Papers. International Natural Rubber Conference. 

India2005,6-8 N ovem ber2005, Cochin, India. (Com ps. N.M. Mathew, e ta i).  Rubber 

R esea rch  Institute of India. Kottayam, India, pp. 489-498.

T he plant pathogenic  fungus Phytophthora c a u se s  sev ere  d ise a se s  in a  num ber 

of im portant crops including Hevea brasiliensis. G enetic variability in 26  iso lates 

of Phytophthora  co llec ted  from d iv erse  h o s ts  an d  locations in Kerala and  

Kanyakum ari during 2004 w as a s s e s s e d  using random  amplified polymorphic 

DNA (RAPD) an a ly sis  and  restriction fragm ent length polymorphism  (RFLP) 

ana lysis  of the  internal transcribed  sp a ce r  (ITS) region of ribosomal DNA. RAPD 
profiles g en e ra ted  with 20  oligonucleotide d ecam er prim ers revealed  significant 

polym orphism  be tw een  the  isolates. G enetic relationships am ong the  isolates 

w ere determ ined  by cluster analysis  of the  RAPD d a ta  and  eight different clusters 

w ere  identified. How ever, amplified ITS region along with the 5.8S  rDNA from the 

26  iso la tes  exhibited an  identical s ize, and restriction analysis with sev en  differeni 

restriction e n d o n u c le a ses  revealed  identity in all of the  d e tec ted  DNA fragm ents. 

G en etic  re la te d n e ss  w as checked  by the cloning and  DNA sequencing  of the



ITSI-5 8S rDNA-iTS2 region from o n e  iso la te  e a c h  of K erala an d  Kanyakumari 

from two different Hevea c lones, RRII 105 an d  RRIIVl 6 0 0  respectively. The 

sequence data from both the c lones revealed  unique ITS se q u en c e , which showed 

maximum homology with the se q u en c e  of Phytophthora citrophthora, which has 

not been reported in India till date . Further s tu d ie s  to  confirm  th e  existence of 
P. cilrophthora in India are  in p rogress.

Key w ords; Molecular marker; Phytophthora: R u b b er plan tation

171. Roy. C.B., Ravindran, R., Jacob, C.K., N azeer, M.A. an d  S ah a , T. (2006). Phylogenetic 

relationships of Colletotrichum sp e c ie s  infecting ru b b er (Hevea brasiliensis) based 

on nuclear ribosomal DNA sp ace r s e q u e n c e s . In: Emerging Trends in Mycology 

Plant Pathology and Microbial Biotechnology. (E ds. G . B ag y an a ray an a , B. Bhadraiah 
and I.K. Kunwar). BS Publications, H yderabad , India, pp. 284-298 .

Colletotrichum leaf fall d ise a se  in ru b b er c a u s e d  by  th e  Colletotrichum  spp, 

produces three different d isease  symptonns, nam ely , ra ise d  sp o ts , anthracnose 

and circular papery lesions. Involvement of two d ifferent s p e c ie s  of the  pathogen 

namely C. gloeosporioides and C. acutatum couM  b e  e s ta b lish e d  through rDNA- 

ITS-RFLP analysis of the fungal iso la tes  from rubber. R ibosom al DNA spacer 

sequences from both the Colletotrichum  s p e c ie s  infecting ru b b er w ere compared 

to gel an idea about the nucleotide d ivergence  ex isting  am o n g  them  in the spacer 

regions including 5.8 S gene. Aligned se q u en c e  d a ta  of the  s p a c e r  regions revealed 

the existence of m ore nucleotide d iv erg en ce  including b a s e  substitutions and 

indels in the ITS 1 com pared to the ITS 2  region. P hytogeny of the  rubber pathogen 

with the closely related fungal iso la tes from different h o s ts , b a s e d  on the rDf'IA 

spacersequences, clearly revealed their u n iq u en ess . Tfie b o o tstrapped  consensus 

t ee  derived through neighbour-joining m ethod  co m p rised  of two m ajor branches 

aving the fungal isolates belonging to two different sp e c ie s  indicating clear species 

eation of Colletotrichum. T he fungal iso la te s  belong ing  to 0 . gloesporioides 

an . acutatum infecting Hevea a p p e a re d  to b e  c lo se ly  re la ted  to the  pathogens 
'"fecting fragaria and cyclam en respectively.

rDNA >! ^°ll^f°lnchum gloeosporioides; Colletotrichum acutatum: IIS-RFLP:
^DNA spacers; Phylogenetic relationship



172. Roy, C.B.. Zachariah, C.A.. Jacob , C.K. and  S aha, T. (2006). Firsl report of leaf 
blight c a u se d  by Alternaria allemata on Hevea brasiliensis in India. Placrosym XVII, 
2006. Kochi, India. Journal o f Plantation Crops. 34  (3): 449 -4 54 .

Alternaria leaf blight cau sed  by Alternaria alternata was obsen/ed  on rubber (Hevea 
brasiliensis) tree , the  so u rce  of natural rubber latex of comrr>ercial value, initial 
sym ptom s a p p e are d  on young leaves a s  minute spots, which enlarged with the 
growth of the  leav es . A characteristic browning and blackening of veins forming a  
‘f ishbone’ or ‘railway track’ sym ptom s w as noticed at later s tag e  of the d isease . 

This d ise a s e  sym ptom  ap p eared  similar to that of the devastating Corynespora 
leaf d ise a se , c a u se d  by Corynespora cassiicola on Hevea brasiliensis. Twenty- 
six iso la tes  from two s ta te s  of India, Kerala and Karnataka, w ere characterized  
using random  amplified polymorphic DNA (RAPD) analysis and two major profiles 
w ere  d e te c ted . C luste r analysis resolved the isolates into two major groups. 
Restriction ana lysis  of the PCR amplified ribosomal DNA including the  flanking 

internal transcribed  sp a c e rs  of representative isolates from both the groups a lso  
rev ea led  two distinct RFLP patterns reflecting the sam e grouping a s  detected  
through RA PDs. T he amplified rDNA from representative isolates of both the 

g ro u p s  w a s  c lo n ed  an d  se q u en c e d . S e q u en ce  analysis revealed  significant 

hom ology of o n e  group of isolates with A. alternate and the other with C. cassiicola. 
This is the  first report of this d ise a se  from India.

K ey w o rd s :  Alternaria alternata\ Corynespora: RAPD; RFLP

173. Roy, C. B. an d  J a co b , C. K. (2008). Differential g en e  expression during d isease  

d e v e lo p m e n t in ru b b e r  {Hevea brasiliensis) by fungal pa thogen  Corynespora 
cassiicola. IRRDB Natural Rubber Conference 2008, 13-15 O ctober 2008, Kuala 

Lum pur, M alaysia: A bstract of papers.

C o ry n esp o ra  leaf d ise a se  of rubber ca u se d  by Corynespora cassiicola is a  m ajor 
th rea t to  natural rubber production in Asia. The p resen t study w as to identify and 

iso la te  g e n e s  th at a re  differentially e x p ressed  in RRII 105, the popular clone In 
India, during d ise a se  developm ent. G ene  expression  profiles of Corynespora 
ch a llen g ed  leaf sam p les  along with the  uninfected leaves of RRII 105 a s  control 

w ere  s tud ied  using DD-PCR technique. Initially 60 differentially ex p ressed  (only 
up-regulated) m ajor b a n d s  w ere  cloned and seq u en ced  to determ ine the  identity



ITS1-5.8S rDNA-ITS2 region from one  isolate e a ch  of Kerala an d  Kanyakumari 
from two different Hevea clones, RRII 105 an d  RRIf\/l 6 0 0  respectively, Tfie 

sequence data from botfi the clones revealed unique ITS s e q u en c e , which showed 

maximum homology with the se q u en ce  of Phytophthora citrophthora, which has 

not been reported in India till date. Further s tu d ies  to confirm  the  ex istence of 
P. citrophthora in India a re  in progress.

Key w ords: fi/lolecular marker; Phytophthora: R ubber p lan tation

171. Roy, C.B., Ravindran, R„ Jacob, C.K„ Nazeer, M.A. and  S ah a , T. (2006). Phylogenetic 

relationships of Colletotnchum sp ecies  infecting rubber (Hevea brasiliensis) based 

on nuclear ribosomal DNA sp ace r s eq u en ces . In: Emerging Trends in Mycology 

Plant Pathology and Microbial Biotechnology. (Eds. G. B ag y an aray an a , B. Bhadraiah 
and I.K. Kunwar). BS Publications. H yderabad, India, pp. 284-298.

Colletotnchum leaf fall d ise a se  in rubber c a u se d  by th e  Colletotnchum  spp. 

produces three dilferent d ise a se  sym ptom s, nam ely, ra ised  sp o ts , an th racn o se  

and circular papery lesions. Involvement of tv»o different s p e c ie s  of the  pathogen 

namely C. gloeosporioides ar\6 C. acutatum could b e  e s ta b lish e d  through rDNA- 

ITS-RFLP analysis of the fungal iso la tes from rubber. R ibosom al DNA sp ace r 

sequences from both the Colletotrichum species infecting rubber w ere com pared  
to get an idea about the nucleotide d ivergence existing am o n g  them  in the  sp acer 

regions including 5.8 S gene. Aligned seq u en ce  d a ta  of the  s p a ce r  regions revealed 

e existence of more nucleotide d ivergence including b a s e  substitu tions and 
indels in tfie ITS 1 com pared to the ITS 2  region. Phytogeny of the  rubber pathogen 

e  c o s e  y related fungal iso lates from different h o sts , b a s e d  on  the  rDNA 

u n l e s s .  The boo tstrapped  c onsensus 

S n o  , r ,  ™ ‘9'’‘> -H o in in g  m ethod com prised  of two m a]or b ranches

a n ^ c l  f belonging to C. gloesporioides

infecting fragaria and cyclam en respectively.

rDNA Colletotrichum acutatum: ITS-RFLP;
ruNA spacers: Phylogenetic relationship



^72 . Roy, C.B., Z ach ariah , C.A., J a c o b . C.K. and S ah a . T. (2006). First report of leaf 
blight c a u se d  by Alternaria alternata on Hevea brasiliensis in India. Placrosym XVII. 
2006, Kochi, India. Journal o f Plantation Crops, 34 (3): 449-454.

Alternaria leaf blight c a u se d  by Alternaria alternata was observed on rubber {Hevea 

brasiliensis) t re e , th e  so u rc e  of natural rubber latex of commercial value. Initial 

sym ptom s a p p e a re d  on  young lea v e s  a s  minute spots, which enlarged with the 

growth of th e  lea v e s . A charac te ristic  browning and blackening of veins forming a 

‘f ishbone’ o r  ‘railway track ' sym ptom s w as noticed at later s tage of the d isease. 

This d is e a s e  sym ptom  a p p e a re d  similar to that of the devastating Corynespora 

leaf d ise a s e , c a u s e d  by Corynespora cassiicola on Hevea brasiliensis. Twenty- 
six iso la te s  from  tw o s ta te s  of India, Kerala and Karnataka, were characterized 

using random  am plified polym orphic DN A (RAPD) analysis and two major profiles 

w ere  d e te c ted . C lu ste r  an a ly sis  reso lved  the iso lates into two major groups. 

R estriction an a ly s is  of th e  PC R amplified ribosomal DNA including the flanking 

internal tra n sc rib e d  s p a c e rs  of rep resen tative isolates from both the groups also 

rev ea led  tw o d istinct RFLP pa tte rn s  reflecting the sam e grouping as  detected 

through RA PD s. T h e  am plified rDNA from representative isolates of both the 

g ro u p s  w a s  c lo n e d  a n d  s e q u e n c e d . S e q u en ce  analysis revealed significant 

hom ology of o n e  group  of iso la tes with A. alternata and the other with C. cassiicola. 

This is the  first report of this d ise a se  from India.

K ey w o rd s :  Alternaria alternata: Corynespora-, RAPD; RFLP

173. Roy, C. B. a n d  J a c o b , C. K. (2008). Differential g ene  expression during d isease  

d e v e lo p m e n t in ru b b e r  {Hevea brasiliensis) by fungal pa th o g en  Corynespora 

cassiicola. IRRDB Natural Rubber Conference 2008, 13-15 O ctober 2008, Kuala 

Lumpur, M alaysia: A bstrac t of pap ers .

C o ry n esp o ra  leaf d ise a s e  of rubber c a u se d  by Corynespora cassiicola is a  major 

th re a t to  na tu ra l ru b b er p roduction in Asia. T he present study w as to identify and 

iso late  g e n e s  th a t a re  differentially ex p ressed  in RRII 105, the  popular clone in 

India, during  d i s e a s e  developm ent. G ene  expression  profiles of Corynespora 

Challenged leaf s a m p le s  a long with the  uninfected leaves of RBH 105 a s  contro 

w ere  s tu d ied  usin g  DD -PCR technique. Initially 60 differentially expressed  (on^  

up-reg u lated ) m ajo r b a n d s  w ere  cloned and  seq u en ced  to determ ine t e  i en i



of Ihe candidate cDNA. S equence  analysis of ttie resulting c lo n es  revealed  that 

most of Ihe clones bear no significant similarity to th o se  in nucleotide and  protein 

databases and thus appeared  to b e  unique transcrip ts. S tre s s  resp o n siv e  genes 

were also identified am ong the transcripts. How ever, two c lo n es  DDCT7 and 

DDCTI2 showed significant homology with Anthocyanidin 3 -0-g lucosyitransferase  
(E value: 4e-48) and GRAS transcription factor (E value: 1e-15) respectively 

Anthooyanidin 3-0-giucosyltransferase is involved in the  b iosyn thesis of a  flavonoid 

compound. Beside their function a s  pigm ents in flowers an d  fruits, flavonoids are 

involved in UV -scavenging, fertility and  d ise a se  re s is ta n c e  in p lan ts. It is well 

known that transcriptional regulators of the GRAS family play e sse n tia l roles in a 

variety of growth and developm ental p ro ce sse s  that a re  un ique to p lan ts. A novel 

defense function for the m ultifaceted GRAS family of transcrip tional regulators 

has also been  established in m any plant sp ec ie s . Efforts a re  in p ro g re ss  to clone 

both these  g enes to understand their specific rote in d ise a s e  to le ran ce  in rubber. 

Key w ords: Corynespora leaf fall; D isease  developm ent; G e n e  expression
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Roy, C. B,. Jacob, C. K. and Saha,T . (2008). SCAR m arker for the  identification of

Z 7 o 7  Z T  ^  brasU,ens;s).

rubber The pathooe = P°' -disease in
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,75  Roy, c .  B., D ouhan, G ., Coffey, M. D., Jacob , C. K. and S aha ,T . (2008). Existence 
of two m atin g  ty p e s  c a u s in g  e x te n s iv e  gene tic  diversity in tlie population of 

phytophthora s p p . a s so c ia te d  with Abnormai ieaf fall d isease of rubber (Hevea 

bmsiliensis). IPS-M EZ Annual Meeting a National Symposium on Advances in 

Microbial Diversity and Disease Management for Sustainable Crop Production. 13- 

15 O ctober 2 0 0 8 , C o lleg e  of Forestry  and  Hill Agriculture, Ranichauri, Uftarakfiand, 

Souvenir a n d  A b strac ts , pp. 105.

A bnorm a l lea f fall d is e a s e  c a u se d  by Phytophthora spp. is an annually recurring 

destructive  d is e a s e  of rubber in India causing significant loss to rubber production. 

During 2001 to  2007 , e ighty tw o iso lates of Phytophthora spp. were collected 

from e ig h t d i s e a s e  o u tb re a k  s ite s  a c ro ss  South India. These isolates were 

ch a ra c te rize d  by m ating  type  and  genetic  variation was a sse sse d  by amplified 

fragm ent length  polym orphism  fingerprinting technique. It was observed that both 

m ating ty p e s  c o -ex is ted  in the  plantations and one-third of them were of the A1 

type. C o n s id e ra b le  m olecu lar diversity w as observed with all the isolates having 

unique AFLP p a tte rn s . T he p rese n c e  of mixed mating type in the populations 

a n d  th e  e x te n t  of A FLP d iversity  with no clonal geno types indicate that 

Phytophthora  sp p . affecting rubber in India undergo sexual reproduction during 

its life cycle , a n d  th ere fo re  their population is changing dynamically with the 

o ccu rren ce  of new  g en o ty p es . This conclusion w as also supported by population 

differentiation a n a ly s e s , which indicate that gene flow occurs among populations 

an d  m o st te s t s  of m ulti-locus disequilibrium analysis were consistent with random 

m ating. W hen  the  Phytophthora population is highly diverse, a s  in rubber, selection 

forces c a n  rapidly g ive rise to  c h an g es  in the population structure rendenng control 

s tra te g ie s  le s s  durab le .

Key w o rd s :  A bnorm al leaf fall; Phytophthora

Roy, 0 .  B., J a c o b , C.K. an d  S ah a , T. (2009). Towards identification of 

in ho st to le ran c e  to  Corynespora leaf d isease  in rubber {H ^e a
International Conference on Plant Pathology inthe Globalized Era.

2009, New  Delhi, India, pp-150.

C o ry n e sp o ra  leaf disease of rubber cau sed  by

th rea t to n a tu ra l ru b b er production in South



The present study was to identify and isolate g e n e s  that a re  differentially expressed 

during d isease  developm ent cau sed  by Corynespora. G e n e  express ion  profiles 

of Coo-nespora challenged leaf sam ples  along with the  uninfected  leav es  of RRn 

106 a s  control were studied using DD-RT-PCR technique. Differentially expressed 

(only up-regulated) major b ands w ere cloned an d  s e q u en c e d . R ev e rse  Northern 

analysis was performed to screen  for cDNA clones that truly rep resen t differentially 

expressed g enes in Corynespora challenge inoculated  a n d  control leaf sam ples 

of rubber clones RRII 105, GT 1 and  RR W  600. Majority of th e  cDNA clones 

showed consistent over-expression In all the  trea ted  s a m p le s  w hen com pared 

with the control. Among the  positive c lones, two of them  sh o w e d  significant 

homology with anthocyanidin 3 -0-g lucosyltransferase  an d  GRAS transcription 

factor. Recently, the importance of th ese  two g e n e s  in p lan t d ise a s e  resistance 

has been established in other plant sp ec ie s . Northern analysis a lso  confirmed over 

expression of the above two genes in Coo-rrespora-chalienged sam p les. Efforts 

are  ,n progress to clone the s tre s s  responsive g e n e s  to lin d e rstan d  their specific 
role in d isease  tolerance in rubber.

Key w ords: Corynespora leaf d ise a se

s T r l e l '  o 7 s v r '  '  i “  °  ’ w '.o
d s I s T o f  I I  >^>^y<ophmrs c au sin g  A bnorm al leaf fall

Key w ords: Abnormal leaf fall; Fungicide; P.ytophmora 
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ana Rubber Cultimtion R s. n p  r  ' or  ̂Climate
Institute of India, Kottayam, India, pp. s s T e
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, 79. Roy, C.B. a n d  C oftey , M.D. (2010). DNA barcoding for species delineation ol 
phytopMhora affecting ru b b er tre e s  in India, /n: Climate Change: Placrosym XIX, 
7-10  D e cem ber 2 0 1 0 , K ottayam , India, Abstracts, pp. 71.

DNA b arcod ing  is a  d iagnostic  technique for species identification using a  siiort, 

s tan d a rd ized  DNA. T his study  aim ed at presenting a  genus-wide phytogeny for 

four PhytopMhora s p e c ie s  nam ely P. meadii, P. botryosa. P. colocassiae and 

P. citrophthora  rep o rted  to b e  affecting rubber trees  in India. Two nuclear DNA 

regions (Internal T ran scrib ed  S p ace r region of the nuclear ribosomal DNA and 

th e  m ic ro tu b u le  c o n s ti tu e n t  pro te in  b-tubulin} and  one  mitochondrial gene 

(cy tochrom e C o x id ase  subunit 11) w ere u sed  in the  study to get a  more resolved 

phy logeny  of th e  four PhytopMhora sp ecies  affecting rubber, allowing better 

interpretation of the  overall evolutionary history of the genus. Sequence information 

s u g g e s te d  th a t  P. m eadii had  a  hybrid origin with P. colocassiae a s  one of the 

p a re n ts  a n d  p o ssib ly  P. citrophthora w as an asexual derivative of P. colocassiae. 

R esu lts  of th e  a n a ly s is  ind icated  a  robust phylogenetic framework for interpreting 

the evo lu tionary  history  of th e s e  four species.

K ey w o r d s :  DNA b a rco d in g ; fylolecular phylogeny: Phytophthora, Species 

identification

1B0. R oy ,C . B„ S rin ivas, P. a n d  J aco b ,C . K. (2010). Effect of different long terni storage 

m e th o d s  o n  su rv iv a l,  g ro w th  a n d  v iru len ce  of Coryr^espora cassiicola and 

Phytophthora sp p . p a th o g en ic  on rubber {Hevea brasiliensis) trees, /n: Climate 

Change: Placrosym XIX, 7 -10 D ecem ber 2010, Kottayam, India, Abstracts, pp. 166.

Two p hy topathogen ic  fungi Corynespora cassiicola and phytophthora meadii wee 

p re se rv e d  with 5  d ifferen t s to ra g e  m ethods Wz. continuous growth method. 

Im m ersion in s te rile  distilled w ater, desiccation (storage of fungi m ster e filter
p ap e r d isc s  a n d  s to ra g e  of fungal sp o res  in sterile soil), cryopresen/ation (color, ed

a g a r  p lugs p laced  in glycerol solution a t -80"C) and lyophilization Surv|va 
f u n g u sw a s  ev a lu a ted  a t 1, 3, 6 ,9 .1 2 ,1 8 ,24  a n d  36  m onths after date o f»  

C on tin u o u s grow th  m ethod  an d  imm ersion in sterile distilled "

b e  th e  b e s t  m e th o d s  for both th e  te s t fungi with a  revival rate of "

C. cassiicola an d  P. meadll. respectively. P. meadiiooo,6 w "
o th er m eth o d : ho w ev er, C. cassiicola sun,ived well ,n cryopreservation



desiccalion treatm ents also. It w as significant to note th at in con trast to continuous 

culturing, the virulence of tfie pattiogen C. cassiicola could b e  m aintained in all 
other preservation methods, which is of high value for tis su e  b a s e d  germ plasm  
screening against d readed  Corynespora leaf fall d ise a se . How ever, 'immersion 
in sterile distilled water' w as the only m ethod which could p rese rv e  the  virulence 
of Abnormal leaf fall pathogen P. meadii. This m ethod  w as a lso  the  m ost cost 
effective being devoid of any specialized equipm ent or sldils.

181

Key w ords: Culture m aintenance; Viability; Virulence

Saha, T.. Kumar. A., S reena, A.S., J o sep h , A„ Ja co b , C. K.. K o thandaram an , R. and 

Nazeer, M.A. (2000). Genetic variability of Corynespora cassiicola infecting Hevea 
brasiliensis isolated from the traditional rubber growing a re a s  in India. Indian Journal 
o l Natural Rubber Research, 13(1/2): 1-10 .

Molecular characteristics of 20 isolates of Corynespora cassiicola from 16 different 
locations of two rubber growing s ta te s  of sou them  India viz. K erala and  Karnataka 

were investigated using random  amplified polymorphic DfviA (RAPD) m arkers 
RAPD analysis cleariy indicated the ex istence of a t lea s t se v en  different genotypes

i s o L r s ' a l d t '  d e tec ted  am ong  the  Kerala

v i ^ r c e l T r  p  o n  ™  Putative
Where h e T s e  u identified am o n g  the  Isolates

Key w ords: Corynespora cassiicola: G enetic diversity; Leaf d ise a se ;  RAPD
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'he  pathogen causing l e a f X e a T e r 'f "  I " '
9 d ise a se s  of rubber. M olecular charac te riza tion  of the



C o lle to lr ichum  iso la te s  show ed  two m ajor RAPD profiles suggesting the possibility 

of involvem ent of two different fungi inciting different d isease symptoms, raised 

sp o ts , A n ttirao n o se  a n d  ciroular papery  lesions of Hevea. RFLP analysis of 

ribosom al DNA s p a c e r s  (ITS 4/5) including 5.8S ribosomal DNA also reflected 

two g ro u p in g s of tfie Colletolrichum  isolates confirming tfie existence of two 

different Colletotrichum  s p e c ie s  infecting Hevea. Nucleotide sequence analysis 

of th e  rDNAs rev e a led  th a t  th e  two groups of pathogens belong to two different 

sp e c ie s  of Colletotrichum. nam ely, C. acufatum  and C. gtoeosporioides. Genelic 

structuring of th e  Corynespora populations, another fungal pathogen of rubber, 

w as ca rr ied  out th ro u g h  RA PDs. Ten different genotypes/races of Corynespora 

cassiicola w e re  identified from different rubber plantations in Kerala and Karnataka 

s ta te s . W ide g e n e tic  variability w as noticed among the Corynespora isolates from 

Kerala. K now ledge a b o u t th e  ex is tence  of different Corynespora races would be 

very usefu l to  tra c e  th e  d evelopm ent of new virulent races among the populations 

for avoid ing  o u t b re a k s  of the  d isease .

Key w o rd s :  F ungal p a th o g e n s ; Leaf d isease ; Molecular characterization

183. S aha, T., K um ar, A., R avindran , M.. Jaco b , C.K., Roy, C. B. and Nazeer, M.A.

(2002). Identification of Colletotrichum acutatumUom aibber using random amplified

polym orphic DN As a n d  ribosom al DNA polymorphisms. Mycological Research.

106(2): 215-221 .

T he fungal p a th o g e n  resp o n s ib le  for Colletotrichum  leaf d isease  of Hevea, 

dev elo p s th re e  d ifferent d ise a s e  sym ptom s: raised spots, anthracnose and papery 

lesions. T h e s e  d i s e a s e s  h av e  b een  attributed to Colletotrichum gloeosponoKt^ 

(te leom orph  Glomerella cingulata) and the fungi involved are morphologi^lly 

indistinguishable. Twenty-five Colletolrichum  isolates, which originated from three 

different d i s e a s e  sy m p to m s, w ere characterized initially using RAPD m a r t e ^  

Two m ajor RAPD profiles w ere  d e tec ted  which w ere related to the type o 

sym ptom  d e v e lo p e d . Colletotrichum  isolates causing raised spot sy p 

easily  d istin g u ish ed  from  iso la te s  originating from either 

lesions, R e s L i o n  an a ly s is  of the  PCR

including both  th e  flanking internal transcnbed  sp  (distinct
iso la te s  from  th e  th re e  different d ise a se  symptoms, also revealed two d,st,nct



RFLP palterns reflecting the sam e  groupings a s  d e te c ted  ttirough RAPDs. Both 

molecular approacfies suggested  that there  w ere  two s p e c ie s  of Colletolrichum 

associated with Hevea inciting the  developm ent of th re e  different symptoms- 

Colletolrichum aculalum causing raised spo t sym ptom , an d  C. gloeosporioldes 
causing  both a n th ra c n o se  an d  p ap e ry  le s io n s . T h is  is  th e  first record  of 
Colletolrichum acutatum on He\/ea in India.

Key w ords; CoHetotrichum; Glomerella; S ym ptom s

184. Sailajadevi, T. (2006). D isease-w eather relationship. In: Corynespora leaf disease 
of Hevea brasillensis: Strategies for Managemertt. (Ed. C. Kuruvilla Ja co b ). Rubber 
Research Institute of India, Kottayam, India, pp. 44 -5 3 .

This chapter describes In detail the relationship b etw een  C orynespora  leaf d isease 
and weather. The chapter deals with w eath er-b ased  fo recast of d ise a s e  outbreak, 
the need for sun/eillance, alternate  host, carriers, ho st res is ta n c e , w ea th er and 

system ic setbacks. The various a p p ro a c h e s  to an tic ip a te  p e s t  an d  d ise a se  
outbreaks such  a s  geographic  m ethod, p h en o lo g ica l tec h n iq u e , biological 
indicators and biociimatic analysis a re  d iscu ssed . T he different m eth o d s u sed  in 

meteorological forecasting of d ise a se s  a re  a lso  provided such  a s  th e  physiological 
Paboratory) approach, empirical approach and w eather w arnings a g a in st d iseases  

The meteorological a ssis tan ce  for control opera tio n s  su ch  a s  chem ical control 
and b,ocontrol IS also provided. A relationship be tw een  d is e a s e  an d  w ea th er for

c Z s 7 r 7  .  E p idem ic of
a s  well a s  the  environm ental factors 

C  m en tio n ed . E pidem iology of
C  a s  wen a s  prevention of epidem ic o ccu rren ce  is a L  provided in

Key w ords: Corynespora leaf fall; W eather
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An attem pt h a s  b e e n  nnade a t He.ea  Breeding Substation, Karnataka lo understand 

m e influerice of local w e a th e r  on the triggering and subsequent development of 

m e C o ry n esp o ra  leaf fall (CLF) d isease . D isease intensity was obsen/ed in an 

u n sp ray ed  field p lan ted  with the  clone RRI1105 for a  period of three years from 

1999, T em pora l a n d  in ter annual variation in the  d isease  severity was analyzed 

in relation to  th e  local w ea th er to derive a  se t of environmental conditions congenial 

for d ise a s e  initiation a n d  p ro g ress . It could be inferred from the study that for this 

location a  m axim um  tem p e ra tu re  of 34 to 36 degree C, and a  minimum of 17 to 20 

d e g re e  C, a  m orning  hum idity of m ore than  85 per cent, an afternoon humidity of 

le ss  th an  4 0  p e r  c e n t with a  m ean  minimum sunshine duration of e  hrs/day is an 

e ssen tia l p re-req u is ite  for th e  triggering and development of CLF disease. The 

study g iv es  in indication  th a t s eco n d  fortnight of February may be the appropriate 

time for contro l m e a s u re s  th at aim  at minimizing the initial infection rate and 
preventing  th e  build u p  of inoculum .

Key w o rd s ;  C o ry n e sp o ra  leaf fall; M eteorological parameter; Karnataka

186. Sathik, Pfiilip, S ., M usthapha, M.P., J o se , R.M., Joseph, K., Jacob, C.K-and

Jacob. J . (2008). T ra n sie n t ex p ressio n  of chitinase gene in Bacillus subtilis: An 

endophyte  of Hevea brasiliensis. Journal o f Plantation Crops, 36(3): 239-242.

C o ry n esp o ra  leaf d is e a s e  in Hevea is a  serious problem caused by Corynespora 

cassiicola. O v e r-ex p re ss io n  of ch itinase gene is known to control the spread of 

Corynespora leaf d is e a s e  in Hevea brasiliensis (natural njbber trees). Engineering 

na tu ra l ru b b e r  t r e e s  to  o v e r-e x p re s s  ch itinase  is a  cum bersom e and time 

consum ing p ro c e s s .  As a n  a lternative novel approach, an attempt has been made 

h e re  to tran sfo rm  en d o p h y tic  bac te ria  (Bacillus subtilis) which are known to be 

en d o sy m b io n ts  of Hevea, with the  ch itinase  gene isolated from leaves of Hevea 

(clone G T 1), An e x p re ss io n  v ec to r for Bacillus subtilism s  engineered lo express 

the  c h itin ase  g e n e  a n d  w a s  introduced into Bacillus subtilis. Presence of the 

ex tra  c h ro m o so m al ch itin ase  g e n e  in Bacillus subtilis and its over-expression 

w as confirm ed by e stim ation  of chitinase activity in the transformed cells, Chitinase 

activity in th e  tra n s fo rm ed  cells  w a s  several tim es higher than the untransfomied 

e n d o s y m b io n ts .  T h is  s y s te m  of inducing  ex p ressio n  of chitinase usmg 

e n d o sy m b io n ts  in Hevea is fa s te r  and  easie r than developing a  transgenic



The experiment conducted to a s s e s s  th e  colonizing ability of the  transformed 

endosym b ion ts  in Hevea leaves, yielded quite a  g ood  n u m b er of colony forming 

units indicating the colonizing ability of the  tran sfo rm ed  Bacillus subtilis in the 

intercellular reg ions of Hevea le a v e s . T h e  o v e r -e x p re s s in g  transfo rm ed  

endosymbionts when applied to Hevea prior to infection of Corynespora may 

prevent the spread  of the d isease .

Key MTords: Bacillus subtilis: Corynespora cassiicola] Corynespora leaf faii: 

Endophytic bacteria; Transient g en e

187. Sethuraj, M.R. and George, M.J. (1973). Physiological s tu d ie s  on  th e  abscission ol 
leaves of rubber (Hevea brasiliensls) c a u se d  by Phytophthora palmivora and its 

inhibition by synthetic grovdh regulators. Journal o f Plantations Crops, 1(1 & 2 ): 32- 

36.

Physiological a spec ts of the ab scission  of ru b b er lea v e s  c a u s e d  by infection of 

Phytophthora palrnm m  w ere studied. No e n h a n c e m e n t of lAA-oxidase activity 

in the infected petioles w as d etected . B io assay  for e m a n a tio n  of e thy lene by the 

infected twigs gave positive tes ts  implicating e th y len e  in th e  a b sc iss io n  caused 

by Phytophthora. 2 ,4-D spray  at 100 and  20 0  ppm  could  c o u n te ra c t this process 

of abscission and prevent leaf drop in laboratory  e x p e rim en ts . B-995 and lAA 
were ineffective in this respect.

Key w ords: Abscission; Phytophthora: S ynthetic  grow th regu lato rs

188. Singh, R. P.. Baruah, N.J., Deka, H. K., Mondai, G .C. an d  K othandaram an , R. (1998). 

Secondary leaf fail d isease  of Hevea: A report from Hflizoram. Rubber Board Bulletin, 
27(3); 16-17.

A survey of rubber d iseases  in Mizoram during J u n e  to  S e p te m b e r  1994 revealed 

lor the first time the occurrence of seco n d ary  leaf fall (SLF) d ise a s e  cau sed  by 

olletotrichum gloeosporloldeson budw ood an d  seed lin g  n u rse rie s . The d isease 

with m oderate to severe  spotting on im m ature lea v e s  led  to  defoliation. Spraying

0 arbendazim (Bavistin 0.05% ) effectively contro lled  th e  SLF d ise a se .

Key w ords. Colletotnchum gloeosporloldes: N ursery; S ec o n d a ry  leaf fail



189. Srinivas, P. (2006). Possibilities of genetic  control a s  susta inab le  m anagem ent 
stra tegy  ag a in st Corynespora leaf fall d isease . In: Corynespora leaf disease ofHevea 

brasiliensis: Strategies for f/lanagemenl. (Ed. C. Kuruvilla Jacob). Rubber F(esearch 

Institute of India, Kottayann, India, pp. 122-141.

P lant g en e tic  control is generally  the  m ost effective m ean s of control w hen 

available, though, it m ust b e  continually m onitored, a s  p a thogens tend to develop 

virulence to tolerant m aterial in course  of time. This chapter concentrates on genetic 

control, gene tic  im provem ent of Hevea. breeding objectives in Hevea. breeding 

for d ise a s e  res is tan ce , facto rs in breeding  for d ise a se  res is tan ce , nature of 

pa thogen , na tu re  of host, sc reen ing  m ethodology and selection environment, 

breeding m ethods, introduction of clones, ortet selection, hybridization and clonal 

selection , m olecular gene tics, m olecular m arkers, m olecular and  biochemical 

m arkers in Hevea, m olecular linkage m ap s in Hevea, m arker a ssis ted  selection 

(MAS), biotechnological application in Hevea im provem ent, m icropropagation, 

p ro to p la st cu ltu re , so m a tic  e m b ry o g e n e sis , in vitro co n serv a tio n , g en e tic  

engineering , genetic  transform ation, cand idate  g e n e s  for genetic engineering of 

Hevea brasiliensis and  on the few m ethodologies for res is tan ce  breeding.

Key w o rd s : D isease  m anagem ent; G enetic control

190. Srinivas, P ., S e e n a , W., Krishnakum ar, B. and  Jacob , C.K. (2005). Induction of 
system ic acquired  res is tan ce  in Hevea brasiliensis against Colietotrichum aculalum  

by chem ical inducers. Second Global Conference, Plant Health -  Global Wealth, 

25-29 Novem ber 2 005. Udaipur, India.

Key w o rd s : Colietotrichum acutatum: Induced system ic resistance

191 Srinivas, P. and  Idicula, S .P . (2006). Fungicides in corynespora leaf fall d isease  
m an ag em en t, in: A  L aboratory Manual for International Training on Strategies for 

Management o f Corynespora Leaf Fait Disease of Hevea brasiliensis. (Eds^ 

C, Kuruvilla Jaco b , P. Srinivas and  C. Bindu Roy). R ubber R esearch  Institute of 

India, Kottayam , India, pp. 40-50.



192. Supriya, R., Suni, A.M., Vineelha, M. and  T h u laseed h aran , A. (2011). Isolation and 
Molecular Characterization of a  novel form of p -1 , 3- g lu ca n a se  g e n e  from Hevea 

brasiliensis. International Workshop Seminar and Exhibition on Phytophthora 
Diseases of Plantation Crops and their Management. 12-17 S e p tem b e r 2 0 i i , 

Kottayam, India,

|3-1, 3-Gluoanases, coming under the PR -2 family of p a th o g e n e s is  related (PR) 

proteins, piay a pivotal role in the plant re sp o n se  to microbial pa th o g en s. It is a 

multi faceted enzyme exhibiting a  p lethora of activities In the  d iverse  physiological 
and developmental p ro cesses  in plants. In Hevea, |J -1 ,3 -g lu can ases  play a  major 

role in combating the Abnormal leaf fall d ise a s e  c a u se d  by Phytophthora spp 

Studies in different crops indicated that th ere  a re  n u m ero u s genom ic form s of 
B-1,3-glucanases in a  single host plant which vary in their e x p re ss io n  p a tte rns In 

different tissues. In the p resen t study a  novel form of p -1 , 3 -g lu o an ase  g en e  from 

the genomic DNA of the Hevea c lone RRI1105 h a s  b e e n  PC R  amplified, cloned 

and characterized. Fora/ard prim er b a se d  on a  f3-1 ,3-g lucanase isoform  specific 
promoter sequence characterized earlier an d  rev e rse  prim er b a s e d  on the 3 ’ 

untranslated region of a  B -1,3-glucanase cDNA rep o rted  eartie r (NCBI accession  

no : U22147) were designed. T he nucleotide s e q u e n c e  o b tain ed  w as analyzed 

using bio-informatic tools like S ignalP , P lan t-m P L oc a n d  NetN glycosylation 

prediction seivers. The full length (from th e  transla tion  initiation codon  to stop 

codon) genom ic se q u en c e  of this novel form  is s in g le  in tron ic  with 1233 

nucleotides. This form c odes for a  c la ss  II acidic g lu c a n a se  with 373 am ino acids 

and designated a s  glucanase 4 (Gin 4) which v aries with th e  o th er reported  forms 

of Hevea in having a  different prom oter an d  p o s e s s  a  d ifferent s to p  codon, 'ochre' 

in comparison to the 'opal' codon in the o th er form s of B-1, 3 -g lu c a n a se . It is also 

showing a  deletion of a  single am lnoacld in th e  21« position (m ethionine). This 

m IS also showing significant am inoacid variation c o m p ared  with the  other 

reported forms showing a  phylogenetic d istan ce  of 0 .10634 . S ignal P prediction 

s  owed sigral peptidase I c leavage site  probability of 0 .99  b e tw een  the  positions 

that (glutamine) am m o acids. The P lant-m PLoc prediction showed
localized In the  vacuole. T he  NetN glycosylation prediction 

Qlvrn« ® ' " 0  potential glycosylation s ite s  which confirm s to be a

tissue J  p I  understand  the e xpress ion  p a tte rn  of th e  g e n e  in different
a s  been  isolated from Hevea leaf, latex  an d  callus. cDNA was



syn thesized  and RT- PCR h as  b een  performed. A high level g ene  expression  
w as o b sen /ed  in the  latex and  low level expression  in the  leaf. No expression  was 
observed  in the  callus. T he results indicate that this isoform is an acidic g lucanase 
which localized in the vacuole is constitutively expressing  In the latex and  in the 
leaf. T he g en e  expression  with resp o n se  to different biotic and  abiotic s tre s se s  is 
yet to be  studied.

Key w o rd s : cDNA; 13-1,3-G lucanase; Phylophthora: RT- PCR

193. S ureshkum ar, K.K. and  Jaco b , C.K. (2005). Role of physiological factors and 
p a th o g e n e s is  related enzym es on the  growth and p a thogenesis of Corynespora 
cassiicola causing  leaf d ise a se  in rubber (Hevea brasiliensis). In: Preprints o f Papers. 
International Natural Rubber Conference, India 2005. 6-8 N ovem ber 2005, Cochin, 
India. (Com ps. N.M. Mathew, e ta /,) . R ubber R esearch  Institute ot India, Kottayam, 

India, pp. 513-522.

A com parative study  of six iso la tes of Corynespora cassiicola (Berk & Curt) Wei. 
on utilization of different amino acids, m acronutrients, m icronutrients and behavior 
of two d e fe n se  rela ted  en zy m es wz, c a ta lase  and lipase in susceptib le  (RRI1105 
and  PB 260) and  resistan t (RRIM 600 and  GT 1) c lones of Hevea brasiliensis 
w ere carried  out. Proline supported  excellent grovirth and sporulation of all the 
C. cassiicola iso la tes excep t one  (Co 03), which did not sporulate in the  p resen ce  
of any of the  am ino acids tes ted . All iso la tes except Cc 08 exhibited retarded 
growth in m edium  devoid of m agnesium . Zinc and  copper supported the  growth 
an d  sp oru la tion  of all the  iso la te s . A positive con-elation w as noticed  with 
sporulation of iso la tes and colour of the culture filtrate and the intensity of the 
colour in creased  with the  in crease  in sporulation. Biowilt a ssa y  proved the toxic 

n a tu re  of the  culture filtrate with different trace  e lem en ts and  the  wilting w as m ore 
in co p p er and  zinc-am ended medium. Autoclaved culture filtrate a lso  produced 
wilting in Hevea c lones indicating therm ostable nature of the toxin. C a ta la se  and 
lipase  show ed  significantly higher activity in infected sam ples  than  the  uninfected 
controls. A s tead y  in crease  in c a ta la se  activity w as noticed in resistan t c lones 
from 24 to 96 hours a fter infection, but the  activity declined after an  initial increase  
in suscep tib le  c lones. Lipase activity w as higher in susceptib le  clones than  in 

resistan t c lo n es  during the  primary s ta g e s  of infection.



194. Sureshkumar, K,K. and Jacob, O.K. (2006). Posl-infectional c h a n g e s  of enzym es 
and proteins in Hevea brasiiiensis and  their role in re s is ta n c e  to  Corynespora 

cassiicola. In: Preprints o l Papers: International Natural Rubber Conference, 13-14 

November 2006. Ho Chi Minh City, Vietnam. (Comps. Mai Van so n , N guyen Ngoc 

Bich and Tong Viet Thinh). Rubber R esearch  Institute of Vietnam, V ietnam , pp. 440 - 

449.

The involvement of defense  rela ted  e n zy m es  an d  se co n d a ry  m etab o lites  in 

resistance of H ew a brasiiiensis c lo n es  a g a in s t th e  leaf d i s e a s e  p a th o g en  

Corynespora cassiicola was studied. C h an g es  in PAL, TAL,CAD, total protein 

and total free amino acid w ere evaluated  a fter C. cassiicola infection on the 

H. brasiiiensis clones RRII 105, PB 260, RRIM 600 and  G T 1. T he form er two 

clones show susceptible and the later two resistan t reaction a g a in s t the  iso late  of 

C. cassiicola used. The time course  accum ulation of d e fe n se  e n zy m es  triggered 

by pathogen inoculation show ed g rea te r activity in c lo n e s  RRIM 600 an d  GT 1. A 

steep  rise in activity of PAL w as noticed in GT 1 a t the  initial s ta g e s  of d ise a se  

developm ent and it continued even a t the later s ta g e s  of infection. A significant 

increase in activity of TAL w as a lso  noticed in both RRIM 600 an d  GT 1. T he  CAD 

activity was accelerated upto 72 h after infection in all th e s e  c lo n es  but a  reduction 

was obsen/ed in RRI1105 and PB 260 at 96 h. While protein accum ulation  w as 

noticed up to 96 h of infection in RRI1105 and  PB 260, it declined  a fter 72 h in GT

1 and RRIM 600. The total free amino acid con ten t w as g rea te r  in uninoculated  

plants of RRI1105 and  PB 260. It reduced  on infection with 0. cassiicola in all the 
clones.

K ey w o rd s :  Am m o a c id s ;  C orynespora cass iico la : C in n a m y l a lc o h o l 

dehydrogenase; Host defense; Phenylalanine am m onia lyase; Pro teins; Tyrosine 
am m onia fyase

i t e r r r ' «stein. Rubber Board Bulletin, 10(1): 38 -3 9 .

TWs paper reports Bi.a crellana a s  an  alternative host for 0 / * m  heveae. The

con,d,a Of 0 ,„u n .  from Hevea on seed lings of Bi.a. Mildew sp o ts  w ere  o bserved



w hen s p o re s  from  th e  inoculated  leaves, which took up the infection, were 

transfenred to healthy leaves of Hevaa confirming that Bixa Orellana is an alternative 
h o st of Oidium heveae.

K ey w o rd s ;  Bixa Orellana; Oidium heveae

196. T h an k am m a, L. (1969). Germ ination of oospores by Phytophthorapalmivora {Buii) 

and  P. meadii M cR ae causing  Abnormal leaf fall d isease  of n jbtier in India. Rubber 

Board Bulletin, 10(3&4); 197-199.

V ery y o u n g  2 -4  d a y s  old o o sp o re s  of Phytophthora form ed by pairing of 

P. palmivora  an d  P. m ead//both  isolated from rubber, w ere obsen/ed to germinate 

after 16 hours in PDA w hen incubated at 22”C and after 24 hours in distilled 

sterile w ater u nder room  tem perature . The germinating oospores produced germ 

tu b es  from  th e  s id e s  of the antheridium , oogonlal stalk or oospore wall. Germ 

sp o ra n g ia  w ere  a lso  produced a t the tips of germ  tubes. The cultures developed 

from single  g erm inated  o o sp o res  w ere found to be pathogenic to rubber.

Key w o rd s :  Abnorm al leaf fall; Phytophthora meadii; Phytophthora palmivora

197. T h an k am m a, L. (1974). Phytophthora nicotianae var nicotianae on Anacardium 

occidentale in S o u th  India. Plant Disease Reporter, 58(8). 767-766.

S h o o t rot a n d  leaf fall sym ptom s w ere observed on Anacardium occidenlale I .  in 

Ind ia  d u rin g  th e  so u th  w e s t m on so o n  m o nths of Ju n e , July and  August. 

P  nicotianae  v a r  nicotianae w as isolated for the first time from infected leaves 

an d  sh o o t portions of C ash ew  tree . T he isolate when artificially inoculated on 

h ea lth y  tw igs of c a sh e w  tre e  produced  typical sym ptom s under controlled 

conditions. T he pa th o g en  w as reisolated from atlificially inoculated and  infected 

plant parts . T h e  Phytophthora isolated from Anacardium occidentale h a s  been 

identified a s  P. nicotianae var nicotianae at the  Common W ealth Mycological 

Institute.

K ey w o rd s :  Anacardium occidentale: Phytophthora nicotianae

198. T h an k am m a, L. (1975). In w o  production of o o sp o res  by Phytophthora palmivora 

an d  P. meadii. Rubber Board Bulletin, 12(1): 7-10.



Host tissues when dual inoculated with P. palmivora and  P. meadiiand  in c u b a te d  

at low tem perature produced oo sp o res  in ab u n d an ce . O o sp o res  w ere formed 

inside the cortical region, phloem, cambium, xylem an d  a lso  the  pith. The shape  
of oogonia and oospores varied slightly depending  on the s ize  an d  sh a p e  of the 

bost cell. Comparatively young o o sp o res  germ inated  in situ  by the  production of 

germ tubes passing through the oogonial stalk, antheridium  or the  oogonial wall 
Potted plants w hen dual inoculated a lso  produced oosp o res .

Key w ords; O ospore germination: P^^ytophtho^a palmivora

199. Thankamma, L , George, M.K. and  G eorge, K.V. (1968). O ccu rren ce  of two spp . of 
Phytophthora on Hevea brasiliensis \n India. Rubber Board Bulletin, 10(1): 4 3 .

Key w ords: Phytophthora

200. Thankamma, L  and Pillay, P.N.R. (1970-71). Sexual compatibility of Phytophthora 

isolates causing d iseases  of Hevea in India. Rubber Board Bulletin, 11 (1): 9 -13 .

A comparison was m ade of 89 isolates from rubber by pairing for o o sp o re  formation 

on ag a r m edia and  by o ther characteristics. Of th e s e  33  w ere P. m eadii an d  56 

P. palmivora. O ospores w ere a lso  form ed w hen com patible iso la te s  of e a ch  sp  

were inoculated into petio les of p lo tted  rubber p lan ts  a t 2 2 “C. T h e  natural 

occurrence of oospores w as observed  and  it is therefore  su g g e s te d  th at variation 
under natural conditions m ay b e  sexually induced.

Key w o rd s: Phytophthora-. Rubber d isease

R- (1975). Effect of s tre p to m y c in  on 

1 2 ( ^ T l  5 T r " ' ' " '  Board Bulletin.

T I T  ^ '^ P 'o -^ y o in  so lu tio n , in je c te d  with

e a s e  ^  The
o “ • -  - i '  ' ‘- n c h e s  o , s trep tom ycin



Key w o rd s; Abnormal leaf fall; Streptomycin

202. Thankam m a. L., Rajatakshm y, V.K. and  Pillay, P.N.R. (1976). Mode of entry of 
Phytophthora  in Hevea brasiliensis. Proceedings o f the International Rubber 
Conference, 1975, Kuala Lumpur, M alaysia, V 3. pp. 213-216.

S pec ies  of Phytophthora a re  c au sa l a g e n ts  of a  num ber of d ise a se s  of rubber in 
India. This paper d isc u sse s  the m ode of entry of the  pa thogen into the  host. 
Z oospores exhibited an attraction tow ards stom ata! openings and  the  germ  tubes 
w ere found to en ter them . Infection of the leaf w as therefore effected only through 
the  lower surface, through the stom ata.

Key w o rd s ; Phytophthora; Z oospore germination

203. T hankam m a, L  and  Jayadevi, M. (1994). Ecofnendty heartw ood ex tracts  from 
different t re e s  sp e c ie s  a s  a  sa fe  natural fungicide ag a in st Phytophthora. IRRDB 
Symposium on Diseases of Hevea, 21-22 N ovem ber 1994, Cochin, India, pp, 70-73.

A ttem pts w ere  m ad e  to evolve natural fungicides for the  control of d ise a se s  of 
rubber by using w ater ex tracts of the  heartw ood of five tree  sp ec ie s  which are  
reported  to contain phenolic com pounds. The extracts w ere sc re e n e d  in the 
laboratory for inhibition of Phytophthora spp . which c a u se s  a  variety of d ise a se s  
in rubber. H eartw ood ex trac ts  of Enterolobium  sa m a n  sh o w ed  th e  h ig h est 
an tifungal activity. R osew ood  ex tract c a u se d  fungicidal activity a g a in s t the 
sporangia . Anjily wood extracts  show ed antifungal activity ag a in st a irborne fungi. 
The im portance of using ecofriendly fungicides is d iscussed .

Key w o rd s ; Antifungal activity: Heartwood extract; Fungicide: Phytophthora

204. Thankam ony, S. and  Philip, S . (2006). E nzym es and  PR proteins. In: A Laboratory 
Manual for International Training on Strategies for Management of Corynespora Leaf 
Fall Disease o f Hevea brasiliensis. (Eds. C. Kuruvilla Jaco b , P. Srinivas and  C. Bindu 
Roy). R ubber R esea rch  Institute of India. Kottayam, India, pp.17-20.

Key w o rd s ; Corynespora cassiicola; Enzym es; PR proteins

205. T h an seem , I., Jo sep h , A. and  T hu laseed h aran , A. (2005). Induction an d  differential 
expression  of b e ta -1 . 3 -g lu can ase  mRNAs in tolerant and  suscep tib le  Hevea c lones



in response to infection by Phytophlliora meadii. Tree Physiology. 25(11): 1361-

1368.

Most cultivated rubber tree  {Hevea brasiliensis Willd. ex  A. J u s s .)  c lo n e s  in India 
are  susceptible to Abnormal leaf fall d ise a s e  (ALF), which is c a u se d  by various 
Phytophthora species and  results in yield lo sse s  of up to 40% . B e c a u se  the 
conventional breeding program s for this perennial tre e  crop a re  com plex  and  

time consuming, we attempted to find a  m olecular solution to in crease  the  to lerance 
of rubber trees  to ALF. The ex p ress io n  p a tte rn s  of th e  g e n e  cod ing  for the  

pathogenesis-related b e ta  -1 ,3 -g iu can ase  (b eta  -glu) e n zy m e  in a  to leran t (RRII 
105) and a  highly susceptib le  {RRIM 600) c lone of rubber tre e  w ere  exam ined, 
following infection with ALF-causing Phytophthora meadii fyicRae. Infected leaf 
sam ples were collected a t different tim es after inoculation, and  RNA w as extracted  
and subjected to Northern blot hybridization and  rev erse  tran scrip tase  polym erase  
chain reaction (RT-PCR). O n hybridization with a 1,25 kb b e ta  -glu probe, Northern 
blots show ed a  m arked in crease  in b e ta  -glu transcrip t levels in both c lo n es  48  h 
after inoculation. How ever, co m p ared  with th e  suscep tib le  RRIM 600 clone, the 
tolerant RRII 105 clone had  a  higher ra te  of in crease  an d  a  m ore prolonged 
induction, with p-glu transcrip t levels rem aining high for 4  d ay s  a fter inoculation. 
In RRIM 600, the  mRNA levels d e c re a se d  significantly 48 h after inoculation. On 
re-hybridization with an  18S  rRNA probe, uniform signals w ere d e tec ted  in all the 
lanes, indicating th at an  equal am ount of total RNA w as p rese n t in all sam p les. 
Similar resu lts w ere ob tained  in relative quantitative RT-PCR experim en ts with 
the housekeep ing  actin g en e  a s  an  internal control. Thus, a lthough induction of 
th e  b e ta  -glu g e n e  o ccu rred  in both  to le ran t a n d  su s c e p tib le  c lo n e s , the  
predom inant difference betw een  clones w as in the intensity and  duration of the  
resp o n se . T he to lerance of clone RRI1105 m ay b e  a sso c ia ted  with the  prolonged 
expression of the gene following infection. The antifungal activity of th ese  hydrolase 
en z y m e s  m ak e s  them  rational c a n d id a te s  for o v er e x p re s s io n  by g e n e tic  
transform ation to produce d ise a se  resistan t crops.

Key w o rd s: Abnormal leaf fall; G enetic transform ation; Phytophthora meadii

Thanseem , I., Joseph , A. and  T hu laseedharan , A. (2005). C loning of a  pa thogen  

inducible (i-1, 3- g lucanase cD(>JA from Hevea brasiliensis and  Its over express ion  In 

E  coll. In: Preprints o f Papers. International Natural Rubber Conference. lnd ia200S.



6-8 N ovem ber 2005, Cochin, India. (Com ps. N.M.Mathew, ei a i). R ubber R esearch  
Institute of India. Kottayam, India, pp. 475-484,

[3-1, 3- g lu can ase  a re  abundant, highly regulated  hydrolytic en zy m es widely 

distributed in plant kingdom. Many Isoforms of plant g lu can ases  with varying 

functions w ere reported. In the  p resen t study, a  pathogen  inducible isoform of 
[i-1. 3- g lu can ase  from rubber tree  is being reported for the  first time. Two-week- 

old leaves of Hevea clone RRtl 105 w ere inoculated with Abnormal leaf fall causing 

Phytophthora meadii and RNA w as isolated from the n ea r necrotic z o n es  of the 

in fec ted  s a m p le s  by lithium c h o h d e  p recip ita tion . First s tra n d  cDNA w as 

sy n thesized  and  se q u en c e  coding for the final m ature [i-glu w as amplified using 

prim ers CGG GAT COG AGG TAG GTG TTT GCT ATG G AND GGA ATT CCC 

AGT TCT TTT CTG CAC. T he 963 bp g lucanase  g en e  fragm ent amplified w as 

cloned  unidirectional in the pET 32a+  expression  system . The predicted I! of the 

protein transla ted  from the  DNA se q u en c e s  of the  clone is 9.26. The major 

difference o b sen /ed  w as the  a b sen c e  of a glycosylation site at Asn-27, which is 

p resen t in o ther reported cDNA se q u en c e s  of Hevea p-glu. Conditions w ere 

optim ized for the  IPTG induced over-expression of the  g en e  in the  E. coli strain 

BL21 (DE 3) in the  soluble form. T he purified recom binant Hevea b-glu w as 

a s sa y e d  for its anti-fungal activity against Phytophthora. C lear inhibition z o n es  

w ere developed around the filters soaked  with th e  purified protein, w hen fungi 

w ere grown on PDA plates. This result cleariy indicates the  inhibitory action of 

purified enzym e.

Key w o rd s : E. coli: Phytophthora meadii

207. Vanrtha, S., Jaco b , C.K. and Jayara thnam . K, (1994). In vitro s tud ies on biological 

control of Phytophthora meadii using Trichoderma spp . IRRDB Symposiurt] on 

Diseases of Hevea. 21-22 N ovem ber 1994, Cochin, India, pp. 78-81.

An a ttem pt w as m ade to study ttie effect of antagonistic fimgi, Trichoderma viride, 

T. tora'ng; and  T. harzianum, against Phytophthora mead/7 wtiich c a u se s  Abnormal 

leaf fall d ise a s e  in ru b b er (Hevea brasiliensis). In vitro sc re e n in g  of th e s e  

an tagon ists  show ed  that all inhibited growth of the  pa thogen. The an tagon ists  

w ere a lso  found to  pen e tra te  the oo sp o res  of the  fungus an d  c a u se  their lysis.



Key w ords: Abnormal leaf fall; Antagonism; Biological control; Phytophthora 

meadik Trichoderma spp.

208. Viswanathan, P.K., George, K.T. and Jacob,C .K . (2005). Crop loss in rubber d u e  to 
Abnormal leaf fall. An analysis on the economic feasibility of plant protection m easu res  

in India. Journal of Plant Protection Research, 45(4): 235-248.

The paper attem pts to a s s e s s  the ex tent of crop  loss in rubber p lan tations in 
India, m easured in term s of loss in latex and tim ber output an d  thereby  to  exam ine 
the comparative econom ics of plant protection m ea su res  ag a in st Phytophthora 
spp. induced Abnormal leaf fall (ALF). The specific objectives w ere: (a) to exam ine 
the extent of loss in latex and tim ber output in u nsprayed  plots vis-a-vis sp ray ed  
plots across prominent rubber clones; (b) estim a te  the  value of lo ss  in latex and 
timber output a cro ss  c lones betw een sp ray ed  and  u n sprayed  plots; (c) exam ine  
the com para tive  e c o n o m ics  of p lan t p ro tec tio n  m e a s u re s  in te rm s  of the  
incremental co sts  and the increm ental returns from sp ray ed  plots a c ro ss  clones; 
and (d) reflect upon the  policy imperatives with resp ec t to region-specific resea rch  
and developm ent Interventions on plant protection m e a su re s  in India. T he study 
brings out significant clonal differences in lo ss of latex and  tim ber output in the 

ab sen ce  of prophylactic spraying ag a in st ALF. T he o b se rv ed  clonal differences 
with respect to feasibility of plant d ise a se  control m ea su res  indicate th e  n eed  for 

region and clone-specific recom m endations for plant protection m ea su res  in India 
instead of the currently followed unilateral prescription with due  allow ance to the  
costs and potential benefit accrued  from the control m ea su res . T he  study  also  
highlighted the n eed  for evolving interventions an d  a g ro -m an ag em en t/p lan t 
protection m easu res  for minimizing the  incidence of tree  casu a lty  in rubber 
plantation, a s  it am ounts to loss of potential incom e from latex and  tim ber from 
rubber p lantations in India, dom inated by the sm allholder sector.

Key w o rd s: Abnormal leaf fall; Crop loss; D iscounted c a sh  flow analysis; Latex 
yield; Phytophthora- Timber yield



209. Deka, H.K., Thapliyal, A.P., Mondai, G,C. and  K othandaram an, R. (1998). Pink 
d ise a se  of Hevea: A report from M eghalaya. Rubber Board Bulletin, 27(3): 29*30.

Pink d ise a se  c a u se d  by Corticium sa /m on/co/oraffects the stem  and  b ran ch es  of 
Hevea causing  considerable  loss of canopy, which retards growth and extends 
the period of Immaturity. This d ise a se  h a s  b een  reported from alm ost all rubber 
growing regions of Kerala and adjoining districts of K arnataka and  Tamil Nadu. 
This pap e r reports the incidence of pink d ise a se  on two Hevea p lants of PB 28/59 
a t the  a g e  of 5-6 years in North ea ste rn  India, particularly M eghalaya.

Key w o rd s: Corticium salmonicolor. Pink d isease ; M eghalaya

210. Edathil, T.T. and Pillay, P.N.R. (1976). U se of tetram ethyl thiuram disulphide (Thride) 
for the  control of pink d ise a se  of aibber. Rubber Board Bulletin, 13(3): 43-47.

Severa l fungicides w ere su b jec ted  to laboratory te s ts  em ploying p ap e r disk 
b io assay  m ethod against Corticium sa /m on/co/orcausing pink d ise a se  of rubber. 
Com plete growth inhibition of the pathogen w as obtained with thride a t 1000 ppm 
concentration, alone and incorporated in petroleum  products. Petroleum  products 
a lone did not inhibit the growth of the pa thogen in the laboratory test. Three 
concentrations of thiride-1500 ppm. 2000 ppm and 2500 ppm -incorporated in 
rubberkote, w ere painted around the affected portions of the  infected p lants in the 
field. Only one application w as m ade without scraping the infected bark. Application 
of thride a t 1500 and 2000 ppm concentrations incorporated in rubberkote resulted 
in 86 an d  87%  recovery, respectively. In the control trea ted  with bordeaux p aste  
only 60%  recovery w as obtained. B ased  on the  results. 2000 ppm  concentration 
of th rid e  in c o rp o ra te d  in ru b b erk o te  o r a n y  o th e r  p e tro leu m  p ro d u c t is 
recom m ended for the  control of pink d ise a se  of rubber.

Key w o rd s : Pink d isease : Tetram ethyl thiuram disulphide

211. Edathil, T.T., G eorge, M.K. and  Pillay. P.N.R. (1979). Evaluation of so m e  new 
fungicide formulations against Corticium sa/m on/co/orcausing pink d ise a se  of rubber. 
In: Entomology. Microbiology. Nematology. Plant Pathology and Rodentology of 
Plantation Crops: Placrosym  II, 1979, O otacam und, India. (E d.C .S .V enkata Ram). 
Indian Society for Plantation C rops, K asaragod, India, pp. 140-145.



TT,e efficiency of 15 fungicides w as tes ted  in the  laboratory a g a in st Coniciun. 

s a lm o n io o l .M g  pink d isease  of rubber by po isoned  food technique. B ased  

on the initial results of this study Calixin, Thinde and  Pancil T  w ere  se le c te d  for 

field trial Calixin 4% and thiride 2000 ppm r^ixed witf, stabilized field rubber latex 

and Panoil T a s  such  were painted around the  affected portions of the  p lan ts ,n 

the field. Only one application w as m ade after light scraping  of th e  infected bark. 

Application of Calixin, Thiride and  Pancil T resu lted  in 63, 70  an d  87%  recovery, 

respectively, in com parison to the control trea ted  with B ordeaux p a s te , which 

showed only 57% recovery.

Key w ords: Fungicide: Corticium salmonicolor, Pink d ise a se

212. Edathil. T.T. and Jacob, C.K. (1983). Control of pink d ise a s e  of H ev ea  using  

tridemorph In am m onlated latex. Pesticides, 17(12): 25-26.

Tridemorph a  system ic fungicide incorporated in am m oniated  latex w as evaluated  

for the control of pink d ise a se  of Hevea. All the concentrations tried w ere effective 

in vitro. Two per cent tridemorph is recom m ended for field application.

Key w ords; D isease  control; Pink d isease

213. Edathil, T.T., Idicula, S .P . and Jacob , C.K. (1988). Field evaluation of fungicides to 

identify a  substitute for organo-m ercurials in the  control of black stripe d ise a s e  of 

rubber in India. Indian Journal o f Natural Rubber Research, 1(1); 42-47.

Investigations w ere carried out to identify an  effective and  alternative  fungicide 

tor organom ercurial fungicides in the  control of b lackstripe d ise a s e  of rubber. 

T he high hum an toxicity of organo-m ercuria l fung ic ides a n d  th e ir  p o ss ib le  

withdrawal from the m arket necess ita te  the  search  for a  substitu te . Both captafol 

(Foltaf) and m ancozeb (Dithane M-45) w ere found to  be  effective for the  control 

of this d isease . On econom ic consideration, D ithane M -45 a t 0.75%  ai a p p e a rs  
better.

Key w o rd s; Bark rot; Fungicide evaluation; H um an toxicity: Phytophthora: 
Plasticity retention index



214. Edathi!, T.T., Idicula, S .P . and  Krishnankutty, V. (1991). Efficacy of two carrier 
formulations in the control of pink d isease  of Hevea cau sed  by Corticium salmonicx)lor.

A com parative study. Placrosym VIII, 1988, Cochin, India. Journal o f Plantation Crops, 
18 (Supplem ent): 269-271.

Com parison of two existing carrier formulations u sed  in the pink d ise a se  control 

operation  viz. a  petroleum  com pound (Sopkot) and  PidivyI ch ina clay w ater 

com pound after incorporating two effective fungicides (TMTD 7500 ppm and 

tridemorph 10,000 ppm) against Corticium salmonicolorcausing pink d ise a se  in 

rubber trees  w as done by field testing  on 3 year old, pink d ise a se  affected, rubber 

trees . The result indicated that the  petroleum  com pound carrier fomiutation w as 

superior to PidivyI com pound. Bordeaux paste  treatm ent w as not a s  effective as  

the  trea tm en ts  using carrier formulations. It w as a lso  confirmed that the eariy 

detection and treatm ent of the  d isease  a t cobw eb mycelial s tag e  en su re  maximum 

recovery.

Key w o rd s : Corticium salmonicolor, D isease  control: Pink d ise a se

215. G eorge, C.fvl. and  Ananth, K.C. (1963-64). Further s tudies on the copper sulphate, 

lime and  linseed oil p as te  used  in the  control of pink d ise a se  of rubber. Rubber 

Board Bulletin,7{4): 119-124.

From stud ies h ere  described  it is concluded that free linseed  oil Is seriously 

phytotoxic and, w hen u sed  in Bordeaux p aste , should b e  emulsified with water. 

T he quantity of oil u sed  in the p as te  should b e  1 oz. for every pound of total solids 

p resen t in the B ordeaux preparation.

Key w o rd s : Pink d isease ; D isease  control

216. G eorge, K.V., G eorge, M.K. and  Thankam m a, L. (1968-69). A note on shoot splitting 

in Hevea brasillensis. Rubber Board Bulletin. 10: 33-37.

Splitting of ten d e r g reen  s tem s and  petioles w ere observ ed  in a  s e v e re  form in 

different c lones of rubber in budwood nurseries. T he depth  of the  split varied from 

a  m ere cracking of th e  epiderm is and  a  few layers of the  cortex to d e e p  w ounding 

extending into the  pith. T he incidence w as particularly high in RRIM 605 and



RRIM 623. The clone G T 1 w as observed to b e  free from the d ise a se . Anatomical 
studies showed no abnormal tissue formation during the early s ta g e s  of the  malady. 
No pathogenic fungi, bacteria or virus could be a sso c ia ted  with the  d ise a se . No 
insect or animal p ests  could b e  observed  to be  responsib le  for this m alady.

Key w ords: Shoot splitting

217. Jacob,C.K.and Edathil. T T . (1986). New approaches of pink disease management 

in Hevea. The Planter, 6 2 :463-467.

In the field experiments on the control of pink d isease  of Hevea c a u se d  by Corticium 
salmonicolor, p ropiconazole, a new  sy stem ic  fungicide, w a s  e ffec tiv e  a t a  
concentration of 1000 ppm and tridemorph a t 10,000 ppm w hen a  newly form ulated 
carrier w as used. Bordeaux p aste  a lso  w as equally effective. T he  m erits of the 
new carrier a re  d iscussed , investigations carried  out to d e te c t th e  appropriate  
time of treatm ent of pink d ise a se  revealed  that early  detection  a t cobw eb  mycelial 
s tage en su res  maximum recovery. In a survey, the  b ran c h e s  of th e  five y e a r  old 
rubber tree above the third work were found to the  m ost vulnerable loci for infection.

Key w o rd s: Pink d isease : D isease  control

218. Jacob. C.K,, Edathil, T.T. and  Idicula, S .P . (1995). M anagem ent of black stripe 

d isease  of Hevea. Indian Journal of Natural Rubber Research, 8(1): 21-24.

Field experim ents w ere conducted  to evolve a  sch ed u le  for application of non- 
mercurial fungicides for protection of tapping pan els  of Hevea tre e s  from black 
stripe d ise a se  ca u se d  by Phytophlhora sp p . M ancozeb 0 .3 7 5  p e r  ce n t and  
phosphorous acid 0.08 per cen t gave effective and  econom ic pro tection  w hen 
applied at weekly inten/als.

Key w ords: Black stripe; Chem ical control; Phytophlhora

219. Jacob, C.K. and Idicula, S .P. (1997). Effect of fungicide spraying on pink d ise a s e  
incidence in Hevea brasiliensis. Indian Journal o f Natural Rubber Research. 10( 1 &2): 
48-52.

An attem pt w as m ade to evaluate  the effect of fungicide sp ray s  to trunk and 
branches of Hevea brasiliensis on incidence of pink d ise a se  c a u se d  by Corticium



salmonicolor. Two rounds of spraying, with a  knap sac  sp rayer with specially 
d esigned  sp ray  lance, the first in May before m onsoons and next in August/ 
S ep tem b er, w ere  com pared  with prophylactic and  curative  trea tm en ts  with 
B ordeaux p aste . During seco n d  and  third year of plant growth, the  d ise a se  
incidence could be  reduced  w hen amm oniacal copper o r B ordeaux mixture w as 
sprayed . The p ercen tag e  reduction in d ise a se  incidence w as 40 .4  and 35.4 for 
the treatm ents respectively when com pared to curative Bordeaux p aste  appiicatlon. 
Spraying of fungicides using modified mist blower during fourth year of growth 
proved to b e  difficult and  ineffective. The econom ics of fungicide spraying and 
ad v an tag es  in labour utilization a re  d iscussed .

Key w o rd s: Coriicium salmonicolor, Fungicide; Pink d isease ; Spraying

220. Ja in , P.M. (1991). Evaluation of the incidence of pink disease in rubber plantations 
in Kanjirappally taluk. Kerala s ta te . D issertation. PG Diploma in Natural Rubber 
Production, Kerala Agricultural University, Trichur, India, 28 p.

Key w o rd s : Pink d isease ; Rubber plantation

221. Joy, M. and Jacob, C.K. (2000). Dry rot d isease  m anagem ent in Hevea using system ic 
fungicides. In: Recent Advances in Plantation Crops Research: Placrosym  Xlll, 
16-18 D ecem ber 1998, Coim batore, Tamil Nadu, India. (Eds. N. M uraleedharan 
and  R. Raj Kumar). Allied Publishers. New Delhi, India, pp. 412-414.

Six system ic fungicides w ere evaluated  for the control of dry rot ( Ustulina deusta) 
d ise a se  of Hevea brasiliensis, cultivar 600 over th ree  s e a s o n s  in a  high rainfall 
a rea . R ubber kote w as used  a s  carrier for the  fungicides. H exaconazole  (0.02 
a.i.) had consistently given effective control irrespective of the  s ta g e  of the  d isease  
at the  tim e of treatm ent. The system ic fungicides afforded be tte r d ise a se  control 
w hen com pared  to the  currently recom m ended contact fungicide (TMTD 0.75 

a.i.).

Key w o rd s : Dry rot; D isease  control; Fungicide

222. K othandaram an. R. and  Idicula, S .P . (2000). S tem  d ise a se s . In: Natural Rubber: 
Agromanagement and Crop Processing. (Eds. P .J. G eorge and  C. Kuruvilla Jacob). 
R ubber R esea rch  Institute of India, Kottayam, India, pp. 297-308.



This chapter deals with the stem  d ise a se s  of rubber. The factors favouring d isease  

development and symptoms, the causal organism, its econom ic im portance, clonal 
susceplibiiity and control m easu res  of Pink d isease , Black stripe, P a tch  canker 
Dry rot. Mouldy rot and Bark necrosis a re  d iscu ssed  in detail.

Key w ords; Bark necrosis; Black stripe: Dry rot; Mouldy rot; P a tch  canker; Pink 
d isease

223. Mushrif, S.K., Prem, E.E. and Jacob, C.K. (2005). Control of p a tch  c a n k e r  d ise a se  
on Hevea brasiliensis. Natural Rubber Research, 18 (2 ): 149-153 .

Five system ic and contact fungicides incorporated in a  petroleum  w ound d ressing  

compound were evaluated for the control of patch  c a n k er d ise a s e  c a u se d  by 

Phytophthora spp. in the Hevea brasiliensis clone PB  260 in com p ariso n  with 

Bordeaux paste . Among them , m ancozeb , m etalaxyi+m ancozeb, p h o sp h o ro u s 

acid and th iophosphate  w ere  found to  b e  effective . H ow ever, c o n s id e rin g

consistency of disease control andthecostoftreatments mancozeb is the fungicide
Of choice for the control of the d isease .

Key words: D isease control; Patch canker; Phytophthora

224. Mushrif, S.K., Prem, E.E., idicula, S .P. and  Jaco b , C.K. (2005) U se of bacterial 

an tagonists for biological control of shoot rot of Hevea brasiliensis. In- Preprints o f

r e s e a r c h  Institute of India,

Phytophthora spp the causal a a e n t T  I ™  effective a n ta g o n is ts  of

W/.0. All the a n t a g o n i s r w l e  com  :  r
m ancozeb and metalaxvl U 7  r  u ' ^  fung ic ides ca rb en d az im ,

“ "•™ i“ h - ‘ested under g , a s s h l : Y n d l “ ^

Key words: Antagonism; Bacillus spp.; Biological control; S h o o , r
it rot



This p ap er d escribes on the different panel d ise a se s  of rubber, its symptom  the 
pa thogen involved and  control m easu res  adopted . The d ise a s e s  described  are  
blacl< s tnpe  d isease  a lso  called a s  black thread or bark rot cau sed  by Phytophthom 
pa m m ra: patch can k er or bark canker d ise a se  a lso  ca u se d  by P. palmivora and 
Pythium vexans. mouldy rot cau sed  by Ceratocystis fimbriata and brown bast. 

Key w o rd s: Panel d isease

226. Pillay, P.N.R. and  G eorge, M.K. (1980). Stem diseases. In: Handbook o l Natural 
Rubber Production in India. (Ed, P.N. Radhakrishna Pillay). Rubber R esearch  Institute 
of India, Kottayam, India, pp. 281-292.

This chap ter d ea ls  with the  different s tem  d iseases. The pink d ise a se  is detailed 
u nder the  following headings: the  history and occurrence, influence of w eather, 
sym ptom s, clonal susceptibility and control m easu res . For black stripe, patch 
canker, mouldy rot, dry rot and bark necrosis, the factors influencing d isease , 
sym ptom s, causative organism  and control m easu res  a re  d iscu ssed  in detail. 

Key w o rd s : Black stripe; Dry rot; Pink d isease

227. Pillay. P.N.R. and  G eorge, M.K. (1981). Pink d ise a se  of m bber. flu b b e r Boarrf 
Bulletin, 16(4): 8-10.

Key w o rd s ; Pink d ise a se

2 2 8 . Pink d isease . (1962). Rubber Board Bulletin, 6(1): 29-3-\.

In South India, rubber p lants 2-12 y ea rs  of a g e  a re  highly susceptib le  to pink 
d isease , cau sed  by the fungus Pellicularla salmonicolor(=Corticium salmonicolor). 
The d ise a se  Is virulent during the rainy seaso n . In the initial s ta g e s  of infection, 
painting with B ordeaux mixture or B ordeaux p as te  is recom m ended. In the m ore 
ad v an ced  s ta g e s , the  affected branch should first be  sp ray ed  with B ordeaux 
mixture and then cut at a  point, about 45 cm below the d iseased  spot,The branches 
thus rem oved should be burnt immediately. The rest of the  tre e  a s  well a s  the 
neighbouring trees  should be  sp rayed  with Bordeaux mixture. The cut surface 
should  b e  pain ted  with B ordeaux p a s te  or any o ther su itable product.



229. Rajalakshmy. V.K., Josep h , A., V arghese, Y.A., Vanitha, S ., J ay ara th n am . K. and 
Sethuraj, M.R. (1994). Evaluation of H evea clones against d ise a se s . 1. Susceptibility 

to pink d isease  caused  by Coriicium salmonicolor. IRRDB Symposium on Diseases 

ofHevea, 21-22 N ovem ber1994, Cochin, India, pp. 21-22.

Observations on the incidence of pink d ise a se  in trials laid out a t R ubber R esea rch  

Institute of India Experimental Station sh ow ed  that c lo n es  RRIl 208, PB 260, 

SCATC 93-114. PB 235. KRS 25, RRIM 703, RRM 118 an d  PCK 2 sh o w ed  low 

d isease  incidence while c lones PCK 1, RRIM 600, PB 217, Haiken 1 an d  PB  314 

showed high incidence com pared  to c lone RRIl 105. O ther c lo n e s  included in the 

trials w ere m oderate in their susceptibility to pink d ise a se . It w a s  a lso  noticed  that 

there was a high incidence of pink d ise a se  in the  seco n d  and  third y ea r of planting. 

During the second year, the pathogen primarily a ttack ed  the  m ain forking region 

but from the next year onw ards infection on the  first fork red u ced  an d  h igher forks 

and branches were m ore and m ore infected. P ercen t d ise a s e  incidence w as m ore 

in the second  and third year and gradually d e c re a se d  th ereafter.

Key w ords: Pink d isease : Corlicium salmonicolor, Clonal susceptibility

230, Ramakrishnan, T.S. (1963-64). Patch canker or bark canker c a u se d  by Phytophthora 

palmivora Butl. and Pythium vexans de Barry. Rubber Board Bulletin, 7(1); 11-13.

A description of the occurrence, sym ptom s and  treatm ent of patch  c an k er of rubber 

in India. The d isease  is cau sed  by Phytophthora palmivora or by Pythium vexans, 

it is prevalent in all rubber growing countries. It is especially  infectious during the 

rainy seasons. Symptortis a re  exudation of discoloured latex or liquids from affected 
patches of the bark. Every part of the  tre e  m ay b e  affected . W ounds by lightning, 

pruning or tapping often provide the  gatew/ay for infection. S ev era l c lo n es  a re  

noted for their susceptibility, especially th o se  which a re  a lso  su scep tib le  to leaf 

fall cau sed  by Phytophthora. Control is ach ieved  by scraping  aw ay the  affected 

tissue and treating the exposed  barl< with a  w ater-bom e fungicide. After drying, 

application of a  wound-cover, generally a  petrolatum  product, is n ecessa ry .

K ey w o rd s: D isease control; Fungicide; Patch  canker; Phytophthora palmivora: 
Pythium vexans



231. R am akrishnan .T .S . and  Pillay, P.N.R. (1962). Pink d isease  of rubber ca u se d  by 
Pellicularia salmonicolor (Berk and Br.) Dastur {Conicium salmonicolor Berk and 
Br.). Rubber Board Bulletin, 5 (3): 120-126.

Pink d ise a se  in rubber w as reported from Jav a  in 1901. T here a re  over 140 hosts 
p lan ts for this fungus from different parts of the  world. Young rubber within the 
a g e  of 1-12 years is readily affected by this d isease . T he main stem  or one or 
more b ranches m ay be affected and consequently the  upper portion dies. Exudation 
of latex tak es  place from the affected bark. A pinkish growth of the fungus can  be 
se e n  on the  surface. The clone Tjir-1 and its ciona! seedlings a re  very susceptible. 
T he d ise a se  occurs during the rainy se aso n . All factors, which contribute tow ards 
increasing  the a tm ospheric humidity inside the plantation, favour the  d isease . 
T he d ise a se  is of high im portance during the pre-tapping years and in the early 
tapping  y ears . The d ise a se  can  be controlled by the  application of efficient 
fungicides on the affected bark in the initial s ta g e s  and  pruning of d ead  b ranches. 
Bordeaux p a s te  and  the  p as te  with linseed-oil have b een  very satisfactory.

Key w o rd s ; Pink d isease ; Pellicularia salmonicolor: Corticium salmonicolor

232. R am akrishnan.T .S . and Pillay, P.N.R, (1962). A new d isease  causing limb b reakage 
in rubber. Rubber Board Bulletin, 5(4): 213-214.

A new d isease  affecting the bigger limbs of m ature rubber trees  h a s  been  observed 
in som e p lantations in M undakayam , India. A white fungus envelops the  b asal 
portions of one or m ore b ranches n ea r the  forks, gradually extending along the  
branch. Affected b ran ch es  dry up in the course  of 1 to 2 y ears. In the initial s tag e , 
it is advisable  to sc rap e  the affected bark lightly and  to apply B ordeaux p aste , 
after which prowax m ay be applied for quick regeneration. In c a se  of advanced  
infection, it is advisable to cut the  branch c lose to the  stem  and  to apply Bordeaux 
p a s te  on the cu t surface. T he cau sa l fungus is probably a  Marasmius.

K ey w o rd s: Limb breakage: Marasmius

233. Ram akrishnan. T.S. and Pillay, P.N.R. (1962). S p ea rh ead  drying of bark above  the 
bud union. Rubber Board Bulletin, 6(2): 57*58.

In young rubber p lantations in South India the sn a g  of the budded stock  often 
turns black and  is invaded by several fungi including Diplodia. U nder certain



conditions, the fungi grow down into the living p art of the  s tock  or up  into the 

scion, the side  of the  scion facing the  stock  developing a n  ex ten d ed  sp e a rh e a d ­

shaped  dry patch, broader below and tapering to a  point above . This m ay have 

serious consequences  since the  plants a re  liable to  b reak  or the  tapping  panel 

may b e  lost. The primary factor responsib le  for the  developm ent of sn a g  rot is the 

heat of the sun. The d am age m ay be preven ted  by p roper pruning of th e  snag , 

treatment of the wound, and protection against the sun  by shading  or whitewashing.

Key w o rd s: Diplodia-. S p ea rh ead  drying

234. Ramakrishnan, T.S. and Pillay, P.N.R. (1963). Black stripe, black  th read  or bark rot 

cau sed  by Phytophthora patmlvora Bull. {Phytophthora faberi M aubl. P. m eadii 

McRae) P. fteveae Thom pson. Rubber Board Bulletin, 6(3&4): 110-112.

A description is presen ted  of black stripe d ise a se  of the  rubber tapp ing  panel, 

cau sed  by the fungus Phytophthora palmivora. To control th e  d ise a se , p lan te rs  in 

South India a re  advised to stop tapping during the  m onths of m axim um  rainfall. If 

tapping is continued during the wet se aso n , an  organom ercuria i fungicide such  

a s  0.25% aretan  or 0.6%  ceresin  should be  applied to  the  pan e l by m e a n s  of a  

brush or hand sprayer either on the day after tapping  or on  the  day  of tapping 

before rem oving the  sc rap . W hen the  fungicide h a s  d ried , o n e  of s e v e ra l  

preparations yielding a waterproof coating should  b e  applied  over it.

Key w ords: Black stripe; Bark rot; Phytophthora palmivora

235. Ram akrishnan, T.S. and Pillay, P.N.R. (1963). Mouldy rot c a u se d  by C e ra to c y sfe  

fimbriata B l & Halst (Ceratostomella fimbrlata) (E & H) Elliot Sphaeronema llmbrlatum  
(E&H) Sacc. Rubber Board Bulletin, 6(38,4): 121-124 .

The sym ptom s of the d isease  and the pathogen  a re  described . Infected  tre e s  

should not be tapped  in the rainy se aso n . T he tapping  a re a  should  b e  tre a te d  with 
a  fungicide and covered with a  w aterproof seal.

Key w ords: Fungicide; Mouldy rot



236. T hankam m a, L. (1988). Role of injection wounds on bark rot d ise a se  incidence in 

Hevea brasiliensis. Indian Journal of Natural Rubber Research. 1(1): 48 -5 0 .

R ubber trees  w ere p ressu re  injected with 1 litre of streptom ycin at 5 and  10 g/ 
tree , injected with w ater or sprayed  with 4 litres Bordeaux mixture during Jul.- 
Aug. 1984. In N ovem ber th e  tre e s  w ere  inocu la ted  with cu ltu re  d isc s  of 
Phylophthora meadii. Significant control of bark rot occurred uniformly in the 3 
trea tm en ts  with injection-induced cailusing.

Key w o rd s : Bark rot; injection wound; Phytophthora

237. Thankam m a, L., f^arattukalam, J.G ., Joseph , A., Potty, S.N. and G eorge, K.T. (1994). 
Prophylactic prem onsoon brush on application of Bordeaux p a s te  for m anagem ent 
of pink d ise a s e  of th e  rubber tree  c a u se d  by Corticium salmonicolor. IRRDB 
Symposium on Diseases of Hevea. 21-22 Novem ber 1994, Cochin, India, pp. 105- 
1 1 1 .

T he severity  of pink d ise a se  can  be reduced by using a  long handled  b rush  to 
apply a  p rem onsoon prophylactic application of Bordeaux paste , in 30 cm  bands, 
to the  p a rts  of the  tree  from the ground to the  forking region and  the top-m ost 
brown portion of the stem . On average, severity is reduced  to o n e  eighth on two- 
year-o ld  rubber p lan ts and  to o n e  sixth on th ree-year-o ld  p lan ts using this 
prophylactic treatm ent in the seco n d  year com pared  to the  respective  curatively 
trea ted  controls. The d isease  could b e  successfully  m anaged  a t an  additional 
cost of R s.0.44 per plant. D isease severity w as brought down to  half of that in the  
curative control in the  c a se  of three-year-old p lants not prophylactically trea ted  
with Bordeaux p as te  during their second  year of growth.

Key w o rd s : Bordeaux mixture; Corticium salmonicolor. Pink d ise a se

238. T hankam m a, L., Marattukalam, J .G ., Josep h , A., Potty, S.N. and  G eorge, K.T. (1995). 
Pink d ise a s e  of rubber can  be  prevented. Rubber Board Bulletin, 27(2): 35-38.

This g en e ra l a cco u n t of m ea su res  to be  tak en  for th e  control of Corticium  
salmonicolor includes details of the conditions favouring d ise a se  incidence, time 
of a p p earan ce , clonal susceptibility, sym ptom s and  the u se  of B ordeaux p a s te  a s  
a  preventive or curative treatm ent.



239. Vanitha, S. and Jacob, C.K. (1996). Collar rot d ise a se  o( nu rsery  ru b b er seed lings 
cau sed  by Pyihium scleroteichum  d rech sler. Indian Journal o f Natural Rubber 

Research, 9(1): 58-59.

A new collar rol d isease  of rubber w as o bserv ed  a t Karii<attoor, Kerala, India. The 
first symptoms appeared  a s  sudden  deatfi of seedlings. On exam ination, d iseased  
plants had w ater soaked lesions around the  collar which later b e c am e  dull brown 
and w as followed by seedling death . T he cau sa l organism  w a s  iso la ted  and 
subsequently  identified a s  P. scleroteichum. T he pa th o g en  w as su b seq u en tly  
shown to re-infect m bber seedlings. S p read  of the  d ise a s e  w a s  controlled by 
drenching nursery b ed s  with either m anoozeb or m efhoxy ethyl m ercuric chloride. 
In a  survey of affected beds, c. 34%  of seed lin g s  w ere  a ffected  by th e  pa thogen .

Key w ords; Collar rot; Pythium scleroteichum-. S eedling

TAPPING PANEL DRYNESS

240. Abraham. T., lulathew, J ., Srinivas, P. and Jaco b , C.K. (2006). Incidence of tapping  

panel dryness on popular rubber c lones in Southern  rubber growing region of India. 
In: Tapping Panel Dryness o f Rubber Trees. (Eds. J a m e s  Ja co b , R. Krishnai<umar 
and N.lvl. Ii/lathew). Rubber R esearch  Institute of India, Kottayam , pp. 55-63.

Tapping panel dryness (TPD) is w idespread  in all rubber growing co u n tries  and  
this syndrom e is becoming a  m atter of serio u s  c o n cem . T h ere  a re  rep o rts  of 
varying intensities of TPD with regard to clone, a g e  of the plant, s ta g e  a n d  sy stem  
of tapping etc. In order to a s s e s s  the actual ex ten t of TPD in m edium  an d  large 
holdings having different c lones in different y ea rs  of tapping, a  study  w a s  m ad e  in 
clones RRII 105, RRIM 600, PB 28/59 and  GT 1, T he s tudy sh o w ed  that the  
num ber of trees  having 75-100%  TPD intensity in creased  and  th e  num ber of TPD 
trees with lesser intensity of TPD rem ained m ore o r less  c o n s tan t from the  first to 
the last panel. This w as due to the fact that t re e s  with le ss  th an  75%  TPD  would 
be convened to m ore than  75% TPD during the co u rse  of tim e a s  the  a g e  of the  
tree and tapping progressed. The num ber of TPD tre e s  d e c re a se d  in the  first y ea r 

T r  9 ° ' '^P P '^g  P ^ a ^ e s s e d  in
n o Z T  ‘ UT sy stem  th an  in

UT s v s ^ m  tap p e d  in the
system  of tapping, m ore than 30%  of the  trees  show ed  varying d e g re e s  of



dryness after four m onths of tapping In all the clones. W hen the forward occurrence 

of TPD trees  w as studied, the  num ber of TPD trees  in c lusters of two or more 

show ed a  rem arkable increase com pared to the  single TPD trees  a s  tapping 
p ro g ressed  from BO 1 to Bl 2. This is an indication that there  is a  ch an ce  of 

sp read  of TPD from one t ree  to the neighbouring tree  and a  pathogenic agen t is 
likely to b e  involved.

Key w o rd s ; Forward occurrence; Panel change; Tapping panel dryness

241. A braham , T., Mathew, J„  R am achandran, P., Philip, S., Jacob, C.K. and  Nair, R.B. 

(2009). Tapping panel dryness in Hevea brasiliensis: Symptoms suggesting a  possible 
pa th o g en  involved. Indian Phytopathology. 62 (3 ): MEZ.31 .

D espite  d e c a d e s  of research , the etiology of tapping panel d ryness in Hevea 

brasiliensis rem ains ambiguous. Different reports relate it to physiological disorders 

but none of them  w ere conclusive on the actual cau se . A large sca le  study w as 

conducted  on 1,20,000 trees  on the sym ptom s and  pattern of occurrence of TPD. 

T he sym ptom s of browning, cracking and  deform ation of the  bark a re  similar to 

th o se  o bserved  in m any of the d ise a se s  cau sed  by pathogens. W e have identified 

the sym ptom s of cracking, necrosis and bulging on the roots also, distan t from 

the  tapping  cut suspecting  a  pathogen to be involved. In healthy trees  92  p e r cent 

of the  trees  show ed normal flow of latex from the roots, w h ereas  in partially dry 

t re e s  it w as 25  per cen t and  in fully dry trees  it w as only 9 p e r cent. W hen the 

occurrence  of TPD in adjoining trees  w as studied the num ber of TPD tre e s  In 

c luste rs of two or m ore show ed a  rem arkable increase  from less  than  six in BO 1 

panel to m ore than  22 in 81 2 out of 100 trees  in all the locations studied a s  the 

tapping p ro g ressed  com pared  to the  num ber of single TPD trees  which rem ained 

alm ost in the sam e  level. This Is an indication that th ere  is a  c h an ce  of sp read  of 

TPD from one  tree  to the neighboring tree  and  a  pathogenic microbial a g en t is 

likely to b e  involved. Our investigations on the com m on p a th o g en s so  far could 

not estab lish  any  association  of fungi, bacteria, pro tozoa o r phytoplasm a in TPD. 

However, a  consisten t association  of a  viroid like low m olecular weight RNA in 

the TPD affected tre e s  w as o b sen /ed  and  detailed s tud ies a re  in progress.



242. Das, G„ Raj. S, and Dey, S.K. (2005). S easo n al variations in the  o ccu rren ce  of TPD 
under the agroclimatic condition of North East India. In: Tapping Panel Dryness of 
Rubber Trees. (Eds. J a m e s  Jacob , R. Krishnai<umar an d  N.M. M athew). R ubber 

R esearch  Institute ol India, Kottayam, India, pp. 68-73.

Four prominent s e aso n s  a re  prevalent in North E ast India. They a re  sum m er, 

rainy, post rainy and  cold s e a s o n s . T he ex ten t of o c c u rre n c e  of T PD  w as 

periodically determ ined during th ese  se a s o n s . T he  tre e s  w ere  tap p e d  u nder 
1/2Sd/2 7d/7 and  1/2Sd/3 7d/7 with or without tapping  rest during winter. T he 

study show ed that TPD w as m ore serious in the  winter s e a s o n  than  in th e  other 

seaso n s. A period of tapping rest for a  few w eek s during w inter considerab ly  

d ecreased  the progression of TPD in the o ther s e a s o n s . T he h ighest yield w as 

observed for both the tapping frequencies during the  p o st-m onsoon  period . With 

tapping rest in winter, the yield in sum m er an d  m onsoon  s e a s o n s  in creased  
compared to the control without rest. The fact that low winter tem peratu re  adversely  
affects the perform ance of the rubber tree  is d iscu ssed .

Key w ords: Cold tem perature: S easo n al variation: Tapping panel d ry n ess: 
Tapping rest; Tapping frequency; Yield

243. Deka, H.K., Mathew, J ., Abraham, T. and Jaco b , C.K. (2005). Incidence of TPD 

syndrom e in North E ast India: A prelim inary report. In: Preprin ts o f Papers.

International Natural Rubber Conference. M ia  2005. 6-8 N ovem ber 2 0 0 5 , Cochin,
India. (Com ps. N.M. Mathew, et al.). Rubber R esearch  Institute of India, Kottayam , 
India, pp. 509-513.

A total of 31 small rubber holdings w ere covered  in a  su rvey  in North E a s t India to 
a s se s s  the incidence of TPD syndrom e. TPD w as o b se rv ed  to o ccu r in all the 
holdings irrespective of ag e  and clone. In A ssam  the h ighest incidence of TPD 
w as o bsen ,ed  in RRI1105 and minimum in W est Bengal, w h e re a s  in c lone RRIM 
600 the TPD incidence w as highest in W est Bengal and  minimum in Tripura. Not 
much difference was observed on the o ccurrence of TPD  in c lone RRIM 6 0 0  and  
RRI 0 in relation to BO I and BO II panel. More TPD incidence w as no ticed  in 
he plants having the girth range 51-70 cm. No definite trend  in the  incidence of 

the syndrom e w as obsen ,ed  with a g e  of the  tre e s  and  y ea rs  of exploitation.

Key w ords: Tapping panel dryness; North E ast India



244. Deka, H.K., Mathew, J ,, Abraham, T. and Jacob. C.K. (2006). Characterisation ot 
TPD in different clones of Hevea in CUT panel. In: Tapping Panel Dryness olRubber 
Trees. (Eds. J a m e s  J aco b , R. Krishnakumar and N.M. Mathew). Rubber R esearch  
Institute of india, Kottayam, India, pp. 64-67.

O ccurrence  of TPD on b asal panel of rubber (Hevea brasiliensis) trees  and their 
p resen t s ta tu s  under CUT panel is d iscussed  in this study. The incidence of TPD 
varied considerably with clone and year of tapping. Nearly 25%  of the  total trees  
with TPD in the  b asal panel continued to be TPD affected In the CUT panel also. 
Nearly 40%  of the trees , which w ere healthy in the b asal panel continued to be 
healthy  in CUT panel. T here w as considerable variations in the remaining 35% of 
the  trees. S om e of the trees  which w ere healthy in the basal panel b ecam e affected 
by TPD  in the CUT panel while a  few basal panel affected trees  did not show TPD 
sym ptom  in the  CUT. The p resen t study clearly indicates that although som e of 
the  TPD affected p lants in the  basal panel yield latex in CUT, the ch an g e  over to 
CUT h a s  only limited benefits in the  m anagem ent of TPD. It a lso  e m p h asises  that 
o n c e  a  tre e  is severely  affected by TPD, it rem ains a s  TPD even w hen tapping is 
d o n e  in CUT panel.

Key w o rd s :  Controlled upward tapping: Tapping panel dryness

245. Gogoi, N. K., M andal, S ., Datta, B„ Mazumder, A., Dey, S. K. and  Mathew, J . (2010). 
Tapping  panel d ryness of rubber; Prevalence, incidence and  severity In different 

panel an d  s e a s o n  in Tripura. In: Climate Change: Placrosym XIX, 7-10 D ecem ber

2010, Kottayam , India. Abstracts, pp. 189*190.

T apping panel d ry n ess  (TPD) syndrom e is a  serious disorder of rubber {Hevea 
brasiliensis) resulting in considerable  yield loss. This syndrom e Is generally  
o b se rv ed  in rubber plantations of Tripura but information on various a sp ec ts  of its 

occurrence  is rather scanty. Therefore, a  field sun/ey w as conducted  in 43  rubber 
holdings of w est and  south Tripura districts comprising 4484 plants. In order to 
u n d e rs tan d  the occurrence, severity and seaso n a l variation of TPD in rubber 
plan tations of Thpura. T he 43  rubber holdings w ere distributed in 12 different 

locations, T rees  under various s ta g e s  of tapping from first year in th e  B01 panel 
to the  third y ea r in Bl 2 panel w ere closely m onitored during winter s e aso n  
(D ecem ber-January) of 2007 to sum m er (April-May) of 2009- Across the surveyed



locations and seaso n s, av erage incidence of TPD (e"50%  panel d ry n ess) w as 
observed to be 8.68 %. Incidence of TPD w as o b se rv ed  to vary from p lace  to 
place. Maximum m ean TPD of 13% w as o bserved  a t Kariam ura II followed by 
Mirza (12.91%), Prom odnagar (11.32% ) and  R an g am ala  (11.05% ). The low est 
incidence w as o b se rv ed  a t B ag h m ara  reco rd in g  1.94%  TPD , fo llow ed by 
Dariabagm a (2.94%). The lowest m ean  TPD of 7 .52%  w as o b se rv e d  in BO 1 
panel and the highest m ean TPD of 19.61 % w as o bserved  in B12 p anel. Variation 
in TPD incidence w as o bsen /ed  for six consecu tive  se a s o n s . Incidence of TPD 
w as observed maximum (16.61% ) during winter s e a so n  of 2 009  an d  minimum 
(9.06 %) during sum m er se aso n  of 2008. TPD intensity w as o b se rv ed  to in crease  
from sum m er to winter seaso n . A tapping rest of around  two m onths from middle 
of Febnjary to middle of April o bserved  to lower TPD  m arginally in s u b seq u e n t 
summ er season  com pared to that in previous winter se aso n . C lustered  o ccurrence 
of TPD trees  corresponding to the direction of tapping w as o b serv ed . Fifteen 

trees  w ere observed to dry in a  single row in few p laces . In crease  in c lu ste red  
fomi of TPD w as observed  m ore than single incidence of TPD  during the  survey  
period from winter, 2007 to winter, 2008-09. In general, TPD in ru b b er p lantation 
of Tnpura w as observed to vary from p lace  to place, over th e  s e a s o n s  an d  y e a rs  
of exploitation, however a  definite and  uniform trend  w a s  not o b se rv e d  in all the  
observed locations In this p resen t study.

Key w o rd s: Incidence; S eason : S ew rity ; Tapping panel d ryness; Tripura

246. Lathe. N. and Jo se . M. (2005). Tapping pane! dryness: An annotated bmUography. 
Rubber R esearch  institute of India, Kottayam, India, 95  p.

literature D ubl- it co v ers
!  iT e v  w d T  h - ‘> = -c ts .  Bibliography is su p p o rted
With a  Key word Index and Author Index.

Key w ords: Bibliography; Tapping panel d ryness

Mathew). Rubber Research institute o , India, K V a ;rn ,L “



This Chapter covers a  lisl of 402 publications on TPD, including brown bast, bark 
necrosis, bark dryness, phloem  necrosis and related a sp ec ts  affecting rubber 
plantations. At different tim es in different countries, TPD has  been  known by these  
different n am es. It covers literature published from 1917 -  2006 (May).

Key w o rd s : Bibliography; Tapping panel dryness

248. Ivlathew, J .. Abraham, T ,  Jacob, C.K. and Reghu, C.P. (2006). Tapping panel dryness; 
T he sym ptom s. In: Tapping Pane! Dryness o f Rubber Trees. (Eds. J a m e s  Jacob, 
H. K rishnakum ar and  N.M. (vlathew). Rubber R esearch  Institute of India, Kottayam, 
India, pp. 28-44.

The very first visible symptom  in a  TPD affected tree  is the cessation  of latex flow 
an d  drying of the  tapping panel. T he panel could be fully, partially or intermittently 
dry. In o rder to ex p ress  the intensily of TPD, a  sco re  w as developed b a s ^ i  on the 
percen tage  of dry a rea . A panel with 0-25% dryness would be low, 26-50% medium, 
51-75%  high and 76-100%  very high intensity of TPD. Though no foliar sym ptom s 
w ere o bserved , various secondary  external symptoms were evident in the  trunk 
of th e  a ffected trees . Variations In sym ptom s w ere se en  with respect to the clones 
an d  their ag e . T he external sym ptom s w ere more prominent in the  virgin than in 
the  renew ed  panels. Generally, spfitting/cracking of the bark along and below the 
tapping  panel w as observed  in m ost of the clones. However, tree s  without this 
p h en o m en o n  w ere a lso  seen . Necrotic pa tches could be se en  below the  cracking 
which w ere m ore on the basal portion near the  bud union. Inter and  inlraclonat 
varia tions in th ese  sym ptom s w ere obsen /ed  irrespective of the regions. C lones 
RRI1105, Tjir 1, PB 260 , PB 217 and RRIM 600 exhibited the cracking and  splitting 
of bark below  and  even  on the  opposite side of the tapping panel in certain c a se s . 
Trunk abnorm alities like formation of burrs, nodules, thickening etc. w ere s e e n  in 
the  a d v an ced  s ta g e s  in RRI1105. Clone PB 28/59 show ed a  special sym ptom  of 
bark sloughing w here the  splitted bark pea ls  off up to the cambium. Scaling of 
bark, occasionally , even  a t the  young ag e  of third year w as se en  In clone RRIM 
605. S u ch  tre e s  with bark scaling later turned to be TPD affected. C lone PB 235 
did not show  any specific external sym ptom s. Generally, upper pan e ls  did not 

show  prom inent external sym ptom s.

Key w o rd s ; Bark scaling: Bark sloughing; Burr formation; Cracking; Sym ptom s; 

T apping panel d ryness



249. Mathew. J.. Abraham, T., Phiitipose, J .. Prem , E.E., J a co b . C.K.. R am ach an d ran . P. 
and Varma. A, (2006). Inuestigations on the probable biotic etiology of TPD: Screening 
for common plant pathogens. In: Tapping Panel Dryness o f Rubber Trees. (Eds. 
Jam es  Jacob, R. Krishnaidimar and  N.M. M athew). R ubber R e se a rc h  Institute of 

India. Kottayam, India, pp. 175-182.

P ast investigations on the biotic etiology of TPD  h a v e  not b rough t out any 
conclusive evidence. In order to reinvestigate the  p ossib le  asso c ia tio n  of l(nown 
pathogens, attem pts were m ade to isolate the  cau sa tiv e  organism , if any, from 
the affected tissues. No pathogenic organism s, nam ely, fungi, bacteria , p rotozoa, 
phytoplasma. bacteria-lil<e o rganism s (BLO) or R ickettssia- like o rg an ism s (RLO) 
could be isolated. In another experim ent, rem ission of TPD  sym ptom s w as not 
observed  in spite of p ressu re  injection with tetracycline , penicillin flagyl or 
carbendazim  continuously for o n e  y ea r in partially affected  tre e s , which again  

indirectly proved that phytoplasma, bacteria, protozoa o r fungi w ere  not a sso c ia ted  
with TPD. M oreover, u n ta p p e d  t r e e s  w h ich  r e c e iv e d  t h e s e  c h e m ic a ls  
prophyiactically for one  year a lso  e x p ressed  the sym ptom s of TPD  w hen tapping 
w as initiated, intensity of TPD in the partially affected  tre e s  w as found to  steadily  

increase in maiority of trees  desp ite  the injections. O ur resu lts  clearly  Indicate 
lack of association of com m on d ise a se  causing  o rg an ism s with the  syndrom e.

Key w ords: Biotic etiology; Com mon p a thogens; P re ssu re  injection; T apping 
panel dryness

250. Mathew, J .. Abraham, T., R am achandran , P. and  Jaco b , C. K. (2008). Tapping 

panel d ryness: An enigm atic  d isorder. IPS-MEZ Annual M eeting & National 
Symposium oh Advances in Microbial Diversity and Disease Management for 
Sustainable Crop Production. 13-15 O ctober 2008. College of Forestry  a n d  Hill 
Agriculture, Ranichauri, U ttarakhand, Souvenir and  A bstracts, pp. 73-74.

Tapping panel d ryness of Hevea braslliensis is a  syndrom e with unidentified 
et|ology obsen/ed in all rubber growing countries and is a  m atter of serio u s  concern, 

a s  been  observed that the loss incurred due  to TPD in rubber production over

h l i r n r O ' ' h e  Wgh yielding c lo n es  falls below  
ir potential yield. Incidence of TPD in creases  with a g e  of the  tre e  a n d  y ea r of

ut one nf 'h e  c a u s e  of TPD,
none of them  w as conclusive. T here exist scan ty  reports  in literature on the



involvem ent of biotic ag en ts  with this disorder. TPD can neither b e  cured nor 
p rev en ted  with the presently  available i<nowledge and technology. O nce a  tree 
su ccu m b s to the d isorder it may remain that condition for the rest of its life. Good 
agronom ic p ractices, quality tapping practices and judicious stimulant application 

_ a re  so m e  healthy practices that can be adopted to reduce the incidence of TPD. 
Early detection of TPD symptoms, resting and controlled upward tapping a re  som e 
of the  b e s t possible w ays to m anage  the TPD affected trees, and get som e yield. 

Key w o rd s ;  Tapping panel dryness

251. M athew, J ., Abraham , T., R am achandran, P. and Malathi, V.G. (2009). Tapping panel 

d ry n ess  of Hevea brasiliensis: An overview. SIh International Conference on Plant 
Pathology In the Globalized Era, 10-13 November 2009, New Delhi, India, pp. 150.

Tapping panel d ryness (TPD) of Hevea brasiliensis is a  m atter of serious concern 
in ail rubber p lantations a s  the etiology is unl(nown and the loss incurred over the 
y e a rs  is on  the increase. Tapping panel of the TPD alfected trees  show s the 
charac te ristic  sym ptom  of d ryness. O ther external sym ptom s including cracking, 
bulging an d  necrosis of the  bark vary from tree  to tree  and  clone. T he root system  
below the  dry bark is a lso  usually affected. TPD incidence in creases  with a g e  of 
the  tre e  an d  y ea r of tapping. The num ber of trees  with very high TPD trees  with 
very high TPD intensity show s an increasing trend from opening to end of tapping 

s la te . Generally, o n ce  a  p ane  is fully affected, the other p anels a lso  get affected. 
Although the  spatial distribution of TPD trees  initially is at random , the  num ber of 
TPD  trees , in c lusters of two or m ore show ed a  rem arkable increase  com pared  to 
the  single TPD trees , from the first year of lapping to the last. Different s tud ies 
sh o w s physiological factors such  a s  s tre s s  resulting from tapping, a lte rna te  
respiration, peroxidative d am ag e  d ue  to various reactive oxygen sp ecies  (ROS), 
ethy lene  etc. a s  the  c a u se  of TPD. However, a ttem pts on prediction of o n se t of 
TPD by testing  the physiological param eters of the latex have not b een  successful 
a s  they w ere con seq u en ce  rather than cause. Anatomical abnormalities resem bled 
th o se  of virus infected woody plants. Detection of ricketssia like organism  (RLO) 
in TPD  tre e s  w as reported  from China and  w as cured  by the  application of 
tetracycline. But possib le involvement of fungi, phytoplasm a, bacteria  and  virus 
using  various m ethods could not find their involvem ent in TPD. Detection of 
p a th o g en s  using R-PAGE h a s  shown Ihe association of LI^W RNA b an d s  during



immature period show ed TPD upon opening tor tapping. T here  a re  a lso  reports 
which ruled out the involvement of virus/double s tran d ed  RNA/viroid. TPD can  
neither b e  cured nor p revented  with the p resen tly  availab le  know ledge and  

technology.

Key w ords: Tapping panel dryness

252, Philip, S., Abraham, T„ Zachariah, C.A., C hacko, N., M athew, J ., Ja co b , C.K. and  
R am achandran. P. (2006). U se of PCR technique for characterising  the  LMW RNA 
isolated from TPD affected rubber plants. In: Tapping Panel Dryness o f Rubber Trees 
(Eds. Jam es  Jacob, R. Krishnakum ar and  N.M. fVlathew). R ubber R e se a rc h  Institute 
of India, Kottayam, India, pp. 189-192.

P resen ce  of nucleic acid similar in e lectrophoretic mobility to  a  viroid-like LMW- 
RNA w as found c o n s is ten tly  a s s o c ia te d  with T PD  a ff e c te d  t r e e s  u s in g  
electrophoretic analysis. Viroid specific p rim ers w ere  d e s ig n e d , cDNA w as 
synthesized and specific PCR of amplified cDNA w as done. T he cDNA amplified 
by random prim ers produced a  band of - 3 6 0  bp in all TPD affected  p lants. After 
obtaining the seq u en ce  data, p robes will b e  developed  which can  b e  utilized for 
nucleic acid hybridization studies, which is a technique widely, used  in the  detection 
of viroids.

Key w o rd s; LMW-RNA; RT-PCR; Tapping panel d ryness; Viroid

253. P ushpadas. M.V. (1995). Brown b as t d ise a se  of rubber tre e s . Rubber Board 
Bulletin. 27(2); 32-34.

The symptoms, c a u se s , m echanism  and prevention/cure of brown b a s t a  d isorder 
of njbber trees  now known a s  tapping panel d ryness a re  d iscu ssed .

Key w o rd s: Brown bast; R ubber d isease ; Tapping panel d ry n ess

P ushpadas, ivt. V., Nair. IWI.K., Krishnakumari, M, and  Karthikakuttyam m a, H/l. (1975). 
Brown bast and nutrition: A c a se  study. Rubber Board Bulletin. 12(3); 83-88.

GG1 seedlings planted in 1966 in an e s ta te  in Kerala, w ere  fertilized during its 
m m ature p hase  using NPK mixtures having a  high proportion of po tass iu m  and

r s 7 d «  sv ? '  r t o p p i n ga  s/2  d/3 system  ,n S eptem ber 1971, an unusually high yield, two to  th re e  tim es



the  norm al, w as obtained and  late-dripping was also noticed. Witliin afew  monttis, 
incidence of brown b ast becam e evident. It would appear Irom the manorial history 

an d  the  resu lts  of analysis of soil, leaf and latex sam ples that unbalanced nutrition 

of the  t re e  m ay b e  responsib le  for the unhealthy symptoms. The study show s that 

high intensity  of tapping or frequency of the wounding process per se is not the 

c a u se  of th e  type of brown b ast observed in the esta te. The process of long 

duration  of flow or withdrawal of a  large quantity of latex resulting in the loss of a  

critical quantity  of m aterials from the trees  In a  relatively short period appears to 

b e  a  pre-condition for the developm ent of this type of brown bast.

Key w o rd s :  Brown bast; Nutrition

255. R am ach an d ran , P.. Mathur, S., Francis, L , Varma. A., Mathew, J„  Mathew, N. M. 

an d  S e thura j, M.R. (2000). Evidence for association of a  viroid with tapping panel 

d ry n ess  syndrom e of rubber {Hevea brasiliensis). Plant Disease. 84(10); 1155.

Tapping  pan e l d ry n ess  (TPD) is one of the m ost destructive m aladies affecting 

rubber p lan tations and  is becom ing a  m atter of serious concern. Reduced latex 

yield leading  to total drying of the tapping panel is the obvious symptom. The 

c a u s e  of TPD  syndrom e is unknown but has been  mostly attributed to abiotic 

c a u se s .  In India, th e  high yielding commercial clone RRI1105 is affected by TPD. 

leading  to  enorm ous lo sses . W e have obsen/ed  that TPD-affected trees  show 

sy m ptom s of bark scaling, cracking, drying, necrotic streaking, and  browning of 

internal bark leading to the decay  of internal tissues. Often prominent abnomnal 

b u lg es  on  the  lower part of tree  trunks occur where the first panel begins to dry. 
Investigations on TPD -affected rubber sam ples did not reveal the association of 

fungus, bacterium , virus, or a  protozoan. Total nucleic acid extracts purified from 

leaf, bark  tis s u e s  of affected  sam ples, and analyzed  by polyacrylam ide gel 
e lec tro p h o resis  under denaturing conditions of low salt and high tem perature  

sh o w ed  the  p re se n c e  of nucleic acids similar in electrophoretic mobility to  low 
m olecular w eight (LH^W) RNA, of -3 5 9  nucleotides such  a s  potato spindle tuber 

viroid (PSTVd). T he LMW nucleic acid d etected  from TPD-affected sam ples  w as 

found to  be  RNA b a sed  on its sensitivity to R N ase and insensitivity to DNase, 

phenol, an d  h e a t treatm en ts. T he LfylW RNA w as purified and cloned in a  PUC 

19-derived vector by using primers specific to PSTVd (1). The cloned DNA, w hen



random  labelled and used  a s  probe reac ted  specifically to nucleic acid ex tracts  
from TPD*affected rubber trees  but not from healthy tissue  in dot-blot hybridization 
a ssay s . Based on the above findings, a  viroid etiology for TPD sy n d ro m e is 

proposed.

Key w o rd s: Etiology; Gel electrophoresis: Tapping panel d ryness

256, Ram achandran, P., Varma, A., Ahlawat, Y.S., M athew, J ., Sethuraj, fvl.R.. M athew, 
N.M., Abraham. T., Philip, S. and  Jacob , C.K. (2006). Detection of a  low m olecular 
weight viroid-like RNA In Hevea brasillensis. In: Tapping Panel Dryness o f Rubber 
Trees. (Eds. J a m e s  Jacob . R. Krishnakum ar and  N.M. M athew). R ubber R e sea rch  
Institute of India, Kottayam. India, pp. 183-188.

Despite decad es  of research , the etiology of TPD rem ains am biguous. System atic  
field investigations using th erap eu tan ts  h ave  ruled out b ac te ria , fungi, RLO, 
phytoplasm a and protozoa a s  causa l organism s. A low m olecular w eight (LMW) 
RNA similar to viroid RNA w as isolated from TPD  affected  sa m p le s  of rubber 
trees . Viroids, which a re  LMW RNA, a re  th e  m ost re c e n t p lan t p a th o g e n s  
discovered in the last century and  a re  known to incite serious m aladies in important 
fruit and plantation c rops. The diagnostic  p ro ced u res  for d e tec tio n  of th e s e  
pathogens a re  of very recent origin and  h en ce  not tes ted  by m ost labora to ries. In 
the present study, a  modified reverse polyacrylamide gel electrophoresis (R-PAGE) 
procedure  w as s tandard ized . It w as found that a  viroid-like LMW RNA w as 
a sso c ia te d  with seed lin g s, u n tap p ed  tre e s  an d  t re e s  in th e  very  y e a r  an d  
su b seq u en t y ears of tapping. This Is for the  first time that a  biotic a g e n t is found 
consistently asso c ia ted  with the  syndrom e. The technology d e v e lo p ed  in the  
presen t study w as useful to d em onstrate  the  o n se t of TPD in u n tap p ed  tre e s  and  
also  helped in a sse ss in g  TPD distribution in different plantations.

Key w o rd s: LtvtW-RNA; R-PAGE; Tapping panel dryness: Viroid

257. R am achandran, P., Malathi, V.G., Kumar, A., M athew, J . and  A braham , T. (2009) 

Molecular investigations on etiological ag en t of tapping  panel d ry n ess  d ise a s e  of 
rubber. 5//, Inlernational Conference on Plant Pathology in the Globalized Era 10-13 
November 2009, New Delhi, India, pp. 4 2 .

Key w ords: Etiological agent: Tapping panel d ryness



268 . R a m a k rish n an .T .S .a n d  Pillay.P.N.R. (1963-64). Brown bast. Rubber Boant Bulletin. 
r(2& 3): 61-63 .

T he sy m p to m s a re  described  of a  physiological disorder affecting the tapping cut 

an d  bark. C lo n es  Gl 1, BD 5 ,1 0 , CH 30, CH 31, AVROS 255, and RRIM 628 are 

particularly su scep tib le  to the  disorder, and high-yielding clones are more prone 

th an  low-yielding o n es . W hen more than 10% of the plantation is affected the 

length  of th e  cut an d  the  frequency of tapping should be reduced. Affected trees 

shou ld  b e  re s te d  for 3-6  m onths according to the severity of the disorder, and the 

d a m a g e d  b a rk  rem oved, injection of copper suiphate at 6-month!y inten/ais into 

a ffec ted  t re e s  is reported  a s  giving som e control but the response varied from 

tre e  to  tree .

K ey w o rd s ;  Brown bast; Clone; Fungicide

259. Se thura j, M. R. (2006). A collection of thoughts and ideas on tapping panel dryness 

syn d ro m e, /n: Tapping Pane/ Dryness of Rubber Trees. (Eds. Jam es Jacob. R. 

Krishnakum ar an d  N.M. Mathew). Rubber R esearch Institute of India, Kottayam, India, 

pp. 252-257 .

K ey w o rd s :  G enetic  basis . Pathological basis; Tapping intensity; Tapping panel 

d ry n ess ; Stim ulation

ROOT DISEASES

260. D eka, H. K., tvlondal, G. C. and  Thapliyal, A.P. (2006). Purple root d isease  of Hevea: 

A report from  M eghalaya. R u b b e r  Board Bulletin, 28(2)'. 12-1‘*.

T he purple root d ise a s e  ca u se d  by Helicobasldlum compactum Boedijin has 

b e e n  co n s id e red  a s  an  important plant d isease  and w as reported from many 

p a rts  of th e  w odd. Sym ptom s of the occurrence of this d isease  in o n .  and two 

y e a r  old seed ling  nursery  a t District Development Centre, Jenggitohakgre, and 

a b o u t th e  control m ea su res  a re  described.



m  George. M.K. and Edathil, T.T. (1979). Phytophthorasp^ a n d  Oidium sp. a s  hyper 

parasites on Loranthus sp. a  phaneorgam ic p aras ite  of rubber. In: Entomology. 
Microbiology. Nemalology. Plant Pathology and Rodentology o f Plantation Crops: 

Placrosym II, 1979, Ootacam und, India. (Ed. C .S .V enkafa Ram ). Indian Society  for 

Plantation Crops. Kasaragod. India, pp. 159-162.

Loranthus is an occasional parasite  on rubber Phytophthora sp . a n d  Oidium  sp. 
were observed a s  hyperparasites on Loranthus sp . During so u th w est m onsoon  

period of June, July and August and the refoliation period of D ecem b er-Jan u ary , 

respectively. Phytophthora h a s  b een  isolated from the  infected m ateria ls  and  

identified a s  P. meadii. C ross inoculation s tud ies u nder laboratory  conditions, 

proved that Loranthus sp. is an  alternative h o st of Phytophthora m eadii infecting 

rubber. In the c ross inoculation s tudies with Oidium heveae co llected  from rubber 

and Loranthus under field conditions, proved that Loranthus is a lso  a n  a lternative 
host of Oidium heveae causing powdery mildew d ise a se  of rubber.

Key w ords: Oidium heveae: Phytophthora

262. Idicula, S.P.. Prem. E.E., Manju, f/I.J., fvlushrif, S.K. an d  J a co b , O.K. (2002). Purple 

root d isease and its control in rubber plantations. Placrosym  XV, 2002, M ysore, India. 

(Eds. K. Sreedharan, P.K. Vinod Kumar, J ay aram a  an d  B asav a ra ja  f^. Chaluki). 
Central Coffee R esearch  Institute. Kam ataka, India, pp. 609-612.

Purple root d isease  of Hevea brasiUensis c a u se d  by Helicobasidium compactum  

Boedijin h as recently b een  reported from India. E xperim ents w ere  c o n d u c ted  in a 

badly infected seedling nursery and  on polybag p lants to identify effective and  

economic control m easures  for the d isease . Efficacy of fungicides viz. tridem orph, 

prop ccnazole, hexaconazole and thiram w as evaluated . T he survival of p lan t in

f e ^ : : ; t r P ^ ' ^ b a g s  (at initial s L g e  of 
mfection) were significant. The budded stum ps a t a d v an ced  s ta g e  of infection

were the c h e a o e l T ' (“  01) an d  thiram  (0.75% ) 
ch eap est fungicides effective in controlling purple root d ise a s e

Key w ords : Purple root: Rubber p lantation



263, id icu la , S .P ., Ra ja lakshm y, V.K ., Joseph, A., Manju, M.J., Prem E E and Edathil 

T T .  (2002). M anagem en t o f root disease caused by Phellin,s noxius and Por/a 

vincta in ru b be r p lan ta tions. National Symposium on Crop Proleclion and WTO- An 

Indian Perspective. 22-25  January 2002, Central Plantation Crops Research Institute, 
K asaragod , India.

K e y  w o rd s :  R u bb e r p lantation; Root disease; Disease control; Pheltinus noxius

264. Jacob , O .K., Jo sep h , A. and Jayarathnam , K. (1991). Biological control of brown 

root d isease  o f Hevea by in troduction of fungal antagonists. National Seminar on 
Biological Control in Plantation Crops, 27-28 June 1991, Kottayam, India.

K e y  w o rd s :  B row n root; B io logical control

265. Jacob , C .K ., Joseph , A. and Jayarathnam , K. (1991). Effect of fungal antagonists 

on Phellinus noxius caus ing  brown root disease of Hevea. Indian Journal of Natural 
Rubber Research. 4 (2 ): 142-145.

A m ong  iso la te s  fro m  rubber rh izosphere soil Trichoderma harzianum was the 

m ost e ffe c tive  an tagon is t in pre lim inary tests against P. noxius in dual cultures. 

W h e n  ru b be r seed lings w ere  grown in soil infested with P. noxius, introduction of 

the  an ta go n is ts  in to  the  rh izosphere improved growth. Plant height in treatments 

w ith  T. vihde and T. w as greater than that of the uninoculated controls.

L es ions  o f the  pa thogen  w ere  present on the roots on inoculated control plants. 

A fte r 4  m o n th s  popu la tions o f the  antagonists in all treatments were higher than 

in the  un in o cu la te d  contro l.

K e y  w o rd s :  B row n root; Phellinus noxius

266. M onda l, G .C . and  D e lia , H.K. (2004). Purple root disease of Hevea brasiliensis 

s eed lings  in n ursery; A  report from  Assam and Meghalaya. Placrosym XVI, 2004, 

K asaragod , Ind ia . Journal o f Plantation Crops, 32(Supp!ement); 391-394.

T he  o u tb reak o f purple  root d isease caused by Heticobasidium oompactum Boedijin 

w a s o bse rve d  on Hevea brasiliensis seedlings in nursery for the first time in 

M e g ha la ya  in 1998 and  in Assam  during 2002 in North East India. High incidence 

o f p u rp le  ro o t d ise a se  (54 .0% ) w as o b s e ^ e d  in seedling nursery at DDC.



Jenggitchakgre, Tura in Meghalaya, which led to ye llow ing o f leaves and  caused 

a heavy loss of stands o f the affected plants (95.5% ). The deve lopm ent o f spongy, 

resupinate, purple coloured typical fru iting body gird ling the  co lla r reg ion o f Hevea 

was found in nursery seedlings as well as on the co lla r reg ion o f a lte rna te  host 

plant {Eupatoiium odoratum) growing nearby. A  fie ld  tria l w as conducted  on one 

year old seedlings o f Hevea in nursery during 2000-01 a t DDC, Jengg itchakgre  

(a highly susceptible  pocket) fo r evalua tion  o f fun g ic id es  (ca rb en d az im  and 

mancozeb) for the control o f purple root d isease. The  inc idence  o f purp le  root 

disease was s ignificantly reduced (17.5%) by drenching w ith ca rbendazim  (0.1 %). 

The treatment with carbendazim  (0.1%  ai) was superio r to  m ancozeb  (0 .75%  ai) 

for the control o f purple root d isease o f Hevea seed lings in nursery. The  untreated 

control had 54% infection.

K ey w o rd s : D isease contro l; Helicobasidium compactunr, Purple  root; Nursery; 

Assam; Meghalaya

267. Rajalakshmy, V.K. (1980). Root diseases, in: Handbook o f Natural Rubber Production 
in india. (Ed. P.N. Radhakrishna Pillay). Rubber R esearch Institute o f India, Kottayam , 
India, pp. 295-304.

This chapter deals w ith the d iffe rent root d iseases. The  various root d iseases  are 

Brown rool disease, W hite root disease, Red root d isease. D ry root rot, S tin l(ing 

root rot, Poria root rot, B lack root d isease and A rm illa ria  root rot. The  sym ptom s 

o f the disease, the causative organ ism  and spread of the  d isease  as w e ll as the  

control m easures fo r each d isease is m entioned in detail.

K ey w o rd s : Blacl< root; Brown root; Red root; W h ite  root

Rajalakshmy, V.K. and Pillay, P.N.R. ,1978). Poria root d isease  o f rubbe r in India. 
Indian Phytopathology, 31; 199-202.

Cke. V ar cinerea
(B es.) se tl,ff was obsen^ed on rubber p lants in India. Cultural charac te rs  o f the 

pathogen were studied and pathogenicity established by a rtific ia l inocu la tion tests. 

K ey w o rd s ; Pathogenicity; Poria vincta- Root d isease



269. Raja lakshm y, V .K . and  A rthassery, S. (1994). In W(rascreening of selected lungicldes 

aga inst Phellinus noxlus and  Poria vincta. Indian Journal of m u ra l Rubber Research, 

7(1): 63-64 .

In lab. tes ts  u s ing  12 fung ic ides and 1 antibiotic, TMTD [ttiiram], propiconazole, 

tr ia d im e fo n  and  tr id e m o rp ti w ere  e ffective  in intiibiting growtti of tfiese root 

p a th og en s o f Hevea brasiliensls.

K ey  w o rd s :  Fung ic ide ; Phellinus noxlus, Poria vincta

270. Raja lal<stim y, V ,K . and  Joseph, A. (1994). Purple root disease of rubber: A new 

report fo r  Ind ia . Indian Journal o f Natural Rubber Research, 7(2): 75-78.

T h e  o c c u rre n c e  o f purp le  root d isease caused by Helicobasidium compactum 

Boedljin is  re p o rte d  fo r the  firs t tim e on rubber in India. The attack is mainly on 

n u rse ry  p lan ts  o ccas io n a lly  leading to the ir mortality. The presence of distinct 

fru itin g  bod ie s  g ird ling  the  co lla r region, purple-coloured fungal growth on the root 

su rface  and  a dve n titio u s  root form ation were the distinguishing features of the 

d isease .

K e y  w o rd s :  Helicobasidium compactum: Purple root

271. R a ja lakshm y, V .K . and  Jayarathnam , K. (2000). Root diseases and non-microbial 

m a lad ies . In: Natural Rubber: A grom anagem ent and Crop Processing. (Eds. P J. 

G eorge  and C. K uruv illa  Jacob). Rubber Research Institute of India, Kottayam, India, 

pp. 309-324 .

T h is  c h a p te r d ea ls  w ith  the  root d iseases and non-microbial diseases. Regarding 

the  roo t d isea se s , the  d isease  developm ent and symptoms, causal organism and 

co n tro l m e a su re s  fo r W h ite  root d isease. Red root disease. Dry root rot St.n ing 

roo t ro t. P oria  roo t rot, B lack root disease, Purple root disease 

ro t a re  d iscussed  in detail. The d ifferent non-mterobial maladies such a s s u n ^ .  

d ro ug h t, w ind  dam age, co ld  dam age, lightning damage, fire 

w a te r logg ing , ch em ica l toxic ity, fasciation, woody nodues, se 

b lee d in g  and  p ha ne ro g am ic  parasites are  discussed in deta



Key w ords : Root disease; Brown root; W hite  root; Purp le  root; B lack root; Non 

parasitic malady; Sunscorcti; W ind dam age; L ig titn ing  dam age; Fire dam age; 

Hailstorm; W ater logging; Chem ical toxicity; Fascia tion; S e lf pruning

272. Ramakrishnan, T.S. and Pillay, P.N.R. (1961-62). Co lla r rot, d ry rot o r  charcoa l rot. 
Rubber Board Bulletin, 5: 88-91.

Ustulina infects different parts o f Hevea brasiliensis resu lting  in d iffe ren t types of 

damage. Collar rot is the common form  of in fection, w hich com m ences u nd er the  

accumulated mass o f b lackened latex pads a t the  base o f the  trees. From  the  

collar region the dam age may progress upwards to  a d is tance  and  a lso  into the 

lap root and main lateral roots. System atic and  susta ined  e ffo rts  shou ld  be taken 

to  prevent damage caused by the disease. Dead stum ps and  logs shou ld  not be 

allowed to lie in the p lantation. A ccum ulation o f la tex pads a t the  base  o f the  trees 

should be avoided. Organom ercuria ls are found to be su itab le  d is in fectan ts .

Key w o rds : Collar rot; Dry rot

f^ubberSoard

Brown root disease o f rubber caused by Fom es r,o><ius w as recently  found  in

fungicide down the stems of the remaining plants.

Key w o rd s : Brown root; D isease contro l



n o n -m ic r o b ia l  m ala dies

plantations: Preventive methods.
Rubber Board Bulletin, 27{3); 35-36.

W |nd dan^age is a serious problem  o, rubber p lan .a fcns . Th is paper explains 

W,nd dam age ,n o lder p lantations under four heads vfe. uprooting, trunk breaking 

anoh snapping  and slanting o, trees. Further, excessive te r ti li.e r appiloa.ion 

s h o ^ d  be avo,ded, pruning o f canopy ,o  maintain a regular canopy balance may

LlTth r '
nsuring the  rubber p lantations are essential to  prevent rubber loss due to  w ind 

dam age in rubber p lantations.

K ey  w o rd s : W ind dam age; Rubber plantation

275. M ondal, G .C ., Jose, V.T., Jayarathnam , K. and Sinha, R.R. (,9 95 ). Occurrence of 

Hypomeces squamosus {Coleoplera curculicnidae) on Hevea rubber: A new record 

from  India. Indian Journal o f Natural Rubber Reseawk 8 (2 ): 91-93.

Infestation  o f the leaves o f budwood nunsery p lants o f Hevea brasiliensis by the 

w eevil Hypomeces squamosus F. was noticed tor the first tim e at Sarutari farm, 

A ssam  in March, 1989. The infestation index w as recorded fo r three consecutive 

years  from  1990. H ighest infestation index and maxim um  num ber o f weevils per 

p lan t w ere  obse rved  in the month o f April.

K e y  w o rd s : D isease  contro l; Hypomeces squamosus(F): Infestation index

276. Thankam m a, L. (1990). D odder menace: A  threat to rubber plantations. HuW wf 

Board Bulletin, 26(2): 2, 27 .

In fes ta tions  o f dodde r (Cuscuta sp.) on rubber {Hevea brasiliensis) and  its cover 

c ro p  Pueraria phaseololdes are d iscussed briefly. Methods for Cuscula control 

a re  g iven .



277. Thankamma. L. and M arattuka lam . J.G . (1995). D odde r (Cuscuta campestris 

Yuncker) infestation in m bber plantations. Rubber Board Bulletin, 27(2): 15-18.

Extensive parasftic infestation on Pueraria phaseoloides by Cuscuta campestris, 

and its sporadic infestation o f Hevea brasiliensis and Mucuna bracteata  in India 

Is reported. Information is presented on C. campestris seed germ ination, anatom y, 

and pest status and contro l measures.

Key words; Dodder; Rubber p lantation



PESTS/ PEST MANAGEMENT

278 Jayara thnam , K. (1966-68). Term ite  contro l in rubber plantations. Rubber Board 

Bulletin, 9 (4 ): 33-40.

A  co m p a ra tiv e  e ffic a c y  o f five  insectic ides, viz. H eptactilo r, d ieldrin, aldrin, 

c tilo rdane  and  BHC at d ifferent concentrations and fom iulalions was tested against 

the  a tta ck  o f te rm ite  Odontotermes obesus in rubber. The results showed that 

e ffe c tive  con tro l o f te rm ite  can be achieved fo r a period o f one year by drenching 

soil a t the  co lla r reg ion o f p lants or trees w ith heptachlor 0.126%  followed by 

D ie ld r in  0 .0 6 % . T h e  co s t o f in sectic ides required fo r treating  150 trees  is 

app rox im a te ly  Rs. 8/- in the case o f heptachlor and Rs. 5.50 in the case of dieldrin.

K e y  w o rd s ;  R ubber p lantation; Term ite  control

279 Jayarathnam , K. (1980). Pests in rubber plantations. In: H a n d b o o k  o f  Natural Rubber 
Production in India. (Ed. P.N. Radhakrishna Pillay). Rubber Research Institute of 

Ind ia , K ottayam , India, pp. 315-323.

P ests o f rubber are not m any and the ir occurrence is sporadic and localized. 

H ow ever, the re  are a few  pests, which become serious at tim es and cause 

conside rab le  dam age. Th is  chap ter details on the pests in rubber p antatior,s 

nam ely the  insect pests: root grubs, gallery making caterpillar, term ites, scale 

i n s e c l  m ea ly  bugs and insects  a ttacking rubber wood. C erta in  n o n - s  c 

invertebra tes nam ely slugs, snails and m ites are
vertebra tes, rats, porcup ines, w ild pigs, elephants, monkeys and ^  = 
p ests  o f rubber p lantation. A mention about the  pests of cover crops and pests 

affecting  personne l in rubber esta tes are also d iscussed.

K ey  w o rd s : Insect; Pest; Rubber plantation; Slug; Snail; T en^ ite  control

280. Jayara.hnam,K.(1986).Newapproachesindiseaseandpestmanagementinnatura,

rubber. R u b b e r  B oard  Bulletin, 21(3): 5-7.

in tegra ted  contro l approach leading to  d isease and pest m anagem ent is found to 

be  the  best approach, as total e radication o f the  in im ical organ ism  is not aimed 

bu t only the  suppression o f the  in tensity o f a ttack below  the econom ic leve s o 

d a m a g e .  By such an action, a sm all population of the natural enem ies of the



pathogens and pests could survive and continue  to supp ress ttie  popu la tion  of 
noxious organisms.

Key w ords: Disease contro l; Pest contro l

261. Jayarathnam , K. (1992). Pests. In: Natural Rubber: Biology, Cu ltivation and  
Technology. (Eds. M R. Sethuraj and N.M. M athew). E lsev ier S c ience  Pub lishers 
Amsterdam, pp. 360-369.

Key w o rds ; Mite; Non insect pest; Pest contro l; Root grub; S lug; S na il; Term ite  
control

282. Jayarathnam, K . and Rajendran, T.P. (1 9 7 9 ) .  Control o f th e  snail Co^ptosora  b /s /ra fe

attackmg Hevea brasWensis. In: Entomology. Microbiology. Nemalology. Plant 

^ m o l ^ y  and Rodemology o f Plantation Crops: Placrosym  II, 1979, O otacam und,

P P  237 2 4 ^  India,

S lugs and snails are  the  im po rtan t n on -insec t in ve rteb ra te  p es ts  o f Hevea 

W r e n s , s .  They dam age young p lants and feed on la tex from  tapped  t r ^ s

: i r E r ~

is n ece ssa^  when the granules d is in tegrate  o o m p le t S r  

Key w o rd s : Cryptosona bislrialis: Pest contro l

283, Jayarathnam, K. and Nehru, C R ( i  g ao l r n n ,  , .

Memational Rubber Conference m " ‘Jras'V-
of India, Kottayam, India. RiJbber R esearch  Institu te

s : r ; “ r s «Plants and cause considerab le  loss in rubbe r nurseries



a d jo in in g  v irg in  fo re s t a reas, the  m ost p redom inant a m ong the  (oof se e o e s  «  H  
serrala. T h e  la rea l s tag e  o f th is  spec ies  lasts  from  June  to Decentier ana 9 v i 

stage  a lon e  d am ag es  ru b be r p lan ts . In young  p lan ts  of upto three m o >« »  

the  g ru bs  c o m p le te ly  fee d  on  the  root and  in o lder p lants, the y  teed on  « e  c a * " /  

ta p ro o t re su lt in g  in w iltin g  and  dea th . Such p lan ts  are reodefed js s - e w  

tra nsp la n tin g . In p lan ted  a reas, the y  w ere  not found  to  cause O e a f »  f *  ' - D t w  

p lan ts , a s  the y  do n o t depend on m bber p lan ts a tone  to r food. A ^  ra i-  

co n d u c te d  in a ru b be r n u rse ry  fo r the  con tro l o f g ru b s  w ith  n s e c tc r ia .  

trea tm en ts  and a  contro l, in a  random ized block design. The gram ies a r c  e'-T ja rx  
c o nce n tra te  o f seven  insectic ides w ere  app lied a long  wHh the seeds t r \ K  sowirrg 

w h e rea s  the  d us ts  w ere  incorpora ted  into the  so il befo re  soimng a l Ine  tirne o' 

p re pa ra tion  o f beds. O nly o ne  app lica tion  o f insectic ides w a s ca rried  o i*  in t r «  

m on th  o f A ugust. T he  e fficacy  o f the  treatm ents w as evaluated a s the  mdLictior. m 
th e  n u m b e r o f p lan ts  d am ag ed  due  to  root g ru bs  arKi re n de re d  usa iess to r 

tra nsp la n tin g . T h e  resu lts  ind icate  tha t Sevidol 4 .4G  10 kg/ha, S e v r, 4G  10 

ha E ka lux  5G  10 kg/ha, BHC 10 per cent 100 k g ^ .  Tem ik  10G lO kg.'ha and 

Te m ik  10G  20  kg/ha are on par in reducing  the  num ber o f p lan ts dam aged due  Id  

the  g ru bs  and a re  s ign ifican tly  m ore e ffic ien t than contro l. Sevkto l 4G  1 0 ^  

a lone  is s ig n ifican tly  supe rio r to  Th iodan  E.C. 0 .05 per ce n t and Dasanrt 5G  10 

kg /ha  in reducing  the  num ber o f p lan ts  dam aged due  to  the  
o th e r insec tic ide  tre a tm e n ts  including DDT 10 per ce n t 100 k g A «  and  B PM C  4G

10 kg /ha  a re  on  par. The  h ighest percen tage  o f dam aged p lan ts  (51.56) w as >n 

con tro l and the  low est is Sevido l 4G  (22.81).

K ey  w o rd s :  R oot grub; R ubber nursery

284. Jayarathnam, K. and Nehru, C .R . (1984). White gmbs and the,r management in

rubbe r n ursery. Pesticides, 18(1): 27-29.

in India, the  la rvae  o f Hclotrichia serrala. H. rufoflava and  H. fesa are  kn ow n  to  

cause  severe  root dam age to  rubbe r seed lings in the  n ursery  a nd  to  re n de r them  

unfit fo r transp lan ting . In fie ld  contro l tests  a t K anka ttoor in K era la  S ta te , g ranu la r 

fo rm u la tions  o f S evin  (ca rbary i), S ev ido l (ca rbary l w ith  lindane ), T em tk (aW Karb) 

o r Ekalux (qu ina iphos), a ll a t 20 kg/ha, e ithe r app lied  to g e th e r w ith  th e  seed  at 

sow ing  o r b roadcast befo re  sow ing, w ere  com pared , tog e th e r w ith  a  10%  d us t o f 

BHC (H CH) tha t w as b roadcast only, H CH dust a t tOO kg.'ha w as e ffec tive  a t k w



pest densities, and higher application rates w ere unnecessary. B roadcasting  was 

generally more effective than sowing w ith the seed  fo r a ll the  o th e r insectic ides 

tested, the carbaryl-based products gave s ligh tly b e tte r con tro l than  a ld lca rb  and 
quinalphos, but the d ifference was not significant.

Key w o rds : Pest control: Rubber nursery: W hite  grub

285, Jayarathnam, K „ Nehru, C.R, and Jose, V,T, (1991). Fie ld evalua tion  o f som e newer 

insecticides against bark feeding cate rp illar Aetherastis circulata in fes ting  rubber. 
Indian Journal of Natural Rubber Research, 4 (2): 131-133.

Effectiveness o f five  insectic ida l d usts  (ca rbary l, fe n v a le ra te , H C H , m e thy l 

parathion and quinalphos) was evaluated aga inst the  bark -feed ing  cate rp illar, 

Aetherastis circulata Meyr. feeding on the  bark o f Hevea brasiliensis. A ll the 

insecticidal applications were significantly superio r to contro l. Fenva le ra te , methyl 

parathion and quinalphos proved to be m ore e ffective  in re la tive  perfo rm ance. 

The most effective and low toxic fenva lerate  is recom m ended  fo r the  contro l of 
this pest.

Key w o rds : Aetherastis circulata- Fenvalerate: Insectic ide; H/1ethyl parath ion- Pest 
control; Quinalphos

repeltem^of * ' 989)- o f b orde au x pas te  as a

2 ( 1) 7 0 - 7 ^ ^ ^

young rubber p lants functioned as an e ffective  s lug repellant.

Key w o rd s : Bordeaux m ixture; Pest; Repellent; S lug; Snail

-:sryount::bber:î r"̂ "'
grubber. W , a „ ,o ,™ /o fW a r . r a /n .b b e r f le s e a r c / , ,  9 (1): 32-35.

p l a n T a n d T d t r b 'o l f p t c e n t  s r  -  ^™ ^dca s t (2 0 g/

when applied to young rubber p lants'^'BortTa
for 45 days. deaux paste  show ed repe llen t activ ity

Key w o rd s : Mariaeiia ,ussun,ieri; Cryptosona bistrialis. S lug; Sna il; M o lluscio ide

286.



288. Jose, V.T., Thankam ony, S. and Kothandaraman. R. (2000). Contro l of bark feeding 

ca te rp illa r Aetherastis circulala Meyr. infesting rubber w ith insecticida l dusts. In: 

Recent Advances in Plantation Crops Research: Placrosym XIII, 16-18 Decem ber 

1998, Coim batore, Tam il Nadu, India. (Eds. N. Muraleedharan and R. Ra| Kumar). 

A llied  Publishers, New Delhi, India, pp. 352-354,

The bark feeding caterpillar, Aetherastis circtata M eyer, in flicted severe in jury to 

rubber trees at Veiim alai eslate  in Kanyakum ari d is tric t o f Tam il Nadu. Dust 

form ulations of three insecticides viz. endosulfan 4D, fenva larate  0 .4D  and methyl 

parath ion 2D w ere evaluated. Pretreatment population during 1995-96 w as 15 to  

1B ca terp illars and in 1996-97 it was five  to  six per tree upto  a  height o f 1.5 m. 

Severity o f infestation was brought down by three  rounds o f dusting  to  a  level of 

one to fou r in 1995-96 and one to  three a fte r one round of dusting  in 1996-97. 

fi/lethyl parath ion 2D at 10 kg per ha achieved 92.6  per ce n t contro l a fte r three 

rounds o f dusting during 1995-96. Application o f fenva lara te  0 .4D  at 10 kg p e r ha 

had resu lted in 86.55 and 74.71 per cent contro l during  the  tw o  years. Dusting 

w ith methyl parath ion 2 0  a t 10 kg was the  m ost cost e ffective  treatm ent.

K ey w o rd s : Bark feeding cate rp illar; Pest contro l

289. Jose, V.T. and Thankam ony, S. (2005). CrickEFt [Gryllacrys sp.) dam age to  rain 

guards on rubber trees under tapping and the ir m anagem ent. In: Preprints of Papers. 

International Natural Rubber Conference, India 2005. 6 -8  N ovem ber 2005, Cochin, 

India. (Comps. N.fi/I. M athew, et a/.). R ubber Research  Institu te  o f India, Kottayam, 

India, pp. 499-501.

The crickets {Gryllacrys sp.), Orthoptera, Cryllacrididae a re  very destructive to 

the polythene rain guards o f tapp ing rubbe r trees. B ecause  of the  semi circular 

cut inflicted by the cricket, w a ter leaks in lead ing to  panel rot. Experiments showed 

that the app lica tion o f insectic ides such  as m a la th ion , neem  o il 0.010% and 

fenva lerate  0 .02%  along the  tapp ing panel once  in a  w eek reduce the attack. 

Phorate (2g/litre) and neem oil (direct) w ere also e ffective  treatm ents when applied 

on the in terior o f the  po lythene rain guards. D irect app lica tion  o f used engine oil, 

maroti oil, cashew  kernel o il on the  in te rio r periphery o f the  polythene were more 

effective than neem oil, turpen tine  and cas to r o il in reducing the  damage. Blue,



red and yeHow coloured rain guards were observed to  be less a ffected w h ile  c lear 

transparent ones were severely damaged.

K ey w o rd s : Bioiogtcal control; Cricket dannage; Insecticide

290. Jose, V.T. and TTiankamony, S. (2005). Menace of mooply beetles {Lyprops curticollis 

Frm.) near n jbbe r p lantations and the ir contro l. In: Preprints o f Papers. International 

Natural Rubber Conference, India 2005,6-8 Novem ber 2005, Cochin. India. {Com ps. 

N.M. Mathew, e ta i) .  Rubber Research Institute o f India, Kottayam , India, pp. 531-

533.

The mooply beetles {Lyprops curticollis Frm. Coleoptera: Lagriidae) c rea te  a  lot 

of menace to  the public residing near rubber p lantations in South India. The  grubs 

o f these beetles were found under the ground litte r active ly  feed ing upon fa llen 

semi dried silky green rubber leaves and em erging as adu lts by March. A fte r the  

onset o f rains in April, the beetles fly  enm ass tow ards houses and  agg rega te  on 

roof and wails. Insecticides such as deltam ethrin  0 .0056%  gave 99%  m orta lity  

after three days o f spraying. O ther com parab le  insectic ides w ere  cyperm ethrin  

0.025%, fenvalarate 0.02% and chlorpyriphos 0.05%  which gave 76-84%  morta lity. 

An entom ogenous fungus, Beauveria bassiana was found to  in fect and kill the  

grubs and adults. Som etim es the grubs craw l on to  the rubber trees and fa ll in to 

the latex in collection cups, spoiling  it by coagulation.

K ey w o rd s : Beetles contro l; Insecticide: Mooply beetle; Pest; R ubber p lan ta tion

291. Jose, V.T. and Thankamony, S. (2005). Borer beetle  contro l on rubber trees  using 

insecticides. Natural Rubber Research, 18(1): 63-66.

Borer beetle infestation was observed on partia lly  dried  bark o f s tand ing  rubber 

trees. Swabbing o f a m ixture o t carbaryl (0.5% ) + quina lphos (0 .25% ) on  the 

beetle infested region o f the bark three tim es a t an in terval o f o ne  w eek was 

highly effective and resulted in 99 per cent contro l when observed a fter tw o months. 

K ey w o rd s : Borer beetle; Insecticide; Pest contro l



292. Jose. V. T. and Thankamony, S. (2010). Control of bark feeding caterpillars on rubber 

w ith insectic ide com bination. In: Climate Change: Placrosym XIX, 7 -10 Decem ber 

2010, Kottayam, India, Abstracts, pp. 187-188.

Among the insect pests of rubber, the bark feeding caterp illar Aelherastis circulala 

is em erging as the  most serious pests o f mature trees in India. The caterpillars 

build galleries a ll over the trunk region w ith chewed bark, faeces and s ilk and live 

inside the  gallery. They feed in itia lly on the dead bark on a ll parts o f the  trunk and 

b ranches and latex oozes out from  the points where they feed  deeper. During 

2004 -  06 and 2006 -  07 the incidence of bark feeding caterp illar was very severe 

in Cheruvally and Kodumon estates. So fie ld experim ents were conducted in these 

esta tes using insectic ides, b iopestic ides and com bina tion  o f insectic ides. In 

C heruva lly estate, the fie ld  was laid out using insecticides and bio pesticides. 

The  in sec tic ide s  used  w ere  ch lo rpyriphos , lam dacyha lo th rin , de ltam e thrin , 

fenva larate , spray, fenva larate  dust and an entom opathogen, viz. Beauveria 

bassiana and D ipe l (Bt). S. bassiana and  D ipe l (B t) were tried  in d iffe ren t 

concentrations. But in Kodumon estate, the insecticides were used singly and in 

com binations. All the experim ents w ere laid out in com plete ly random ized design 

with su itab le  controls. Each treatm ent was replicated fou r tim es. The  spraying 

was done w ith a back pack sprayer. The effect o f treatm ent was evaluated based 

on the  pre-treatm ent and post treatm ent num ber o f ca terp illars upto a  height o f 1 

m eter. C om para tive  e fficacy  o f insec tic ides , b io p es tic ides  and insec tic ide  

com binations in contro lling  bark feeding cate rp illar was evaluated. Am ong the 

d iffe ren t insectic ides used at Cheruva lly estate, deltam ethrin  0 .0056%  showed 

86.47%  contro l o f bark feed ing cate rp illar fo llow ed by cypem ie th rin  (84.74% ) 

lam dacyhalothrin (79.69%) and fenvalarate (66.38%). The insecticide combination 

trial a t Kodum on esta te  indicated that spraying com bination o f fenva larate  0 .02%  

and carbaryl 0 .01%  indicated 94.78%  contro l o f bark feed ing ca te rp illa r followed 

by q u ina lphos  0 ,05%  and  carbary l 0 ,1% . The  resu lts  have  show n tha t the  

in sec tic ide  co m b ina tio ns  w ere  m ore  e ffe c tive  than  s in g le  in sec tic ide s  and 

bio-pesticides.



293. Mathew. J.. Abraham , T., Jose. V .T ., Mondal, G. C., Raj, S. and Sailajadevi, T. (2010). 

Prevalence o f pests and d iseases o f Hevea brasHiensis in Ind ia  - PasI and  present. 

Inlemalional Workshop on Climate Change and Rubber Cullivalion: R & D  Priorities, 
28-30 Ju ly  2010, Rubber Research Institu te  o f India, K ottayam , India, pp. 90-92.

K e y w o rd s :  Pest

294. Mondal, G.C., Sethuraj, M .R., S inha, R.R. and Potty, S.N. (1994). P ests and d iseases 

o f rubber in North East India. Indian Journal o f H ill Farming, 7 (1): 41-50.

Leaf d iseases o f rubber caused by Corynespora cassilcola and Guignardia heveae 
(leaf spot), Bipolaris heveae (b ird 's  eye spot), Colletotrichum gioeosporioides 

[Giomerella cingutala]{ieai a n th racnose), Oidium heveae  and Gloeosporium  
alborubrum [G. cingulata] (secondary leaf fa ll) were recorded in all the  p lantations 

v is ited in N ortheast India. H igh in tens ities o f Gloeosporium  and Oidium  lea f fall 

occurred in all s tages o f g row th o f rubber p lan ts in m ost o f the  locations and 

caused repeated defo lia tion  and die-back. H igh incidence o f Oidium  w as also 

obsen/ed on flow ers causing  w h ithe r and d rop  off. Abnorm a l leaf fa ll d isease 

caused by Phylophthora botryosa w as noticed in a few  p lan ta tions in T ripu ra  in 

1988. H igh in tens ity  o f pod rot caused by Phytophthora and  Gloeosporium  was 

found in m ost o f the p lantations in Assam , T ripura  and M eghalaya. Low  incidence 

o f p ink d isease (Corticium salmonicoloi), bark canke r /Phytophthora sp .) and 

brown root rot iPhelllnus noxius) were noticed in a  few  p lan ta tions o f Assam  and 

Tripura. M ild a ttack o f term ites, slugs, snails and ca te rp illa rs  w e re  a lso  obsen/ed  

in som e  p lan ta tio n s . S eve re  in fe s ta tio n s  o f s c a le  in se c ts  (Saissetia nigra 
[Parasaissetia nigra]) was found in m ost o f the  p lan ta tions in A ssam  and Tripura  

and caused severe dam age of p lants in som e o f the  cases.

K ey w o rd s : Pest: Rubber d isease; North East India

295. Nehru, C.R . (1982-83). H ighlights on the  d iseases and  pests o f rubber. Rubber 
Board Bulletin. 18(4): 5-6.



296. Nehru, C.R. (1991). Studies on the bioecology, beftaviour and control of Holotrichia 
serrata F. infesting rubber seedlings. Ph.D. Thesis, University of Kerala. Trivandrum , 

India, 265 p.

K ey  w o rd s : Holotrichia serrata-. Pest control; Rubber seedling

297. Nehru, C .R .,Jayara thnam , K. and Piliay, P.N.R. (1983). Incidence of bark feeding 

cate rp illar Aetherastis circulata M eyer on rubber {Hevea brasiliensis Mueil. Arg.). 

Indian Journal of Plant Protection, 11(1 &2); 150.

A fie ld tria l w as carried out in Kerala, India in 1983 to  evaluate  the e ffectiveness 

o f dusts conta in ing 10% BHC [HCH], 2%  parathion-m ethyl, 5%  malathion and 5%  

carbaryl app lied a t 15 kg/ha aga inst larvae o f Aetherastis circulata feed ing on the 

bark o f rubber. Parath ion-m ethyl was the  most effective treatment, reducing the 

larva l population  by 98.5% , w hile  carbaryl, HCH and m ala th ion reduced the 

population by 95,6, 7.1 and 74.3%  respectively. No fresh dam age by the pest 

was observed 30 days a fter treatm ent. On the basis of the  results, parath ion- 

m ethyl is recom m ended fo r contro l o f the pest.

K ey  w o rd s : Aetherastis circulata; Pest

298. Nehru, C.R. and  Jayarathnam , K. (1987). Evaluation o f insecticides aga inst bark 

feed ing caterp illar Aetherastis circulata (Meyr.) infesting rubber. Placmsym  VI, 1984, 

Kottayam , India. (Ed. M.R. Sethuraj). Oxford and IBH, New Delhi, India, pp. 209- 

214.

T h e  co m p ara tive  e ffica cy  o f five  insec tic ida l dusts nam ely. BHC. carbary l. 

malathion, methyl parathion and phosalone was evaluated against the bark-feeding 

caterp illar, Aetherastis circulata Meyr. infesting rubber (Hevea brasiliensis Muell. 

A rg.) A ll the  insecticida l treatm ents were s ignificantly superior to contro l a fter 

seven and 14 days o f dusting. Methyl parath ion, carbaryl and phosalone proved 

to  be most e ffective  in relative perform ance.



299. Nehru, C.R. and Jayarathnam, K. (1988). Control o f w h ile  grub (Holotrichia serrata 
F.) attacking rubber at the nursery stage in India. Indian Journal o f Natural Rubber

Research,-iO): 38-41.

In a 2-year field experinnent. seven insecticides viz. c a itio fu ra n  3G, phora te  10G. 

carbaryl 5D. HCH 10D, carbary l 4G, phosa lone  4D  and  ca rb a ry l + lindane  

(sevidol)4: 4G broadcast a t the tim e of sow ing w ere  evalua ted  fo r the ir re la tive  

effectiveness in contro lling white grub in festing rubber seed lings in the  nursery. 

Among the insecticides tested, phorate 10G followed by carbaryl + lindane (sevidol) 

4 :4G was proved to be very e ffective in m anaging the  population  o f w h ite  g rub  in 

n jbber nursery below the econom ic threshold. The  treated  p lots recorded the 

lowest grub population and highest p lan t survival.

Key w o rd s ; Holotrichia serrate-, Phorate 10G; Carbofu ran  3G ; W hite  grub

300. Nehru, C .R ., Jayarathnam , K. and K arnavar, G .K . (1991 ). A p p lic a tio n  o f an 

entomopathogenic fungus, Beauveria brongniartli (Saco.) Fe tch  fo r con tro l o f the 

adult chafer beetle, Holotrichia serrata Fabriclus (Coleoptera: Scarabaeidae). National 

Seminar on Biological Control in Plantation Crops, 27-28 June  1991, Kottayam , India, 
pp. 13.

K ey w o rd s : Beauveria brongniartli: Holotrichia serrata

301. N ehru , C .R ., Ja y a ra th n a m , K. a n d  K a rn a v a r , G .K . (1 9 9 1 ). A p p lic a t io n  o f 

entom opathogenic fungus Beauveria brongniartli lo r m anagem ent o f ch a fe r beetle  

of the white grub Holotrichia serrata in festing rubber seedlings. Indian Journal o f 
Natural Rubber Research, 4(2): 123- 125 .

The infectivity o f the entom opathogenic fungus Beauveria brongniartli to adu lt 

beetles, which are responsib le for the  abundance and d is tribu tion  o f w h ite  grubs 

(H. serrata) in rubber nurseries, is reported. Longevity  o f the  a du lt beetles o f both 

sexes infected w ith B. brongniartli was s ignificantly less than tha t o f the  unin fected 

ones. The results indicated that B. brongniartli spreads from  con tam inated  adu lts 

to healthy ones through mating contact. R e lease o f the  con tam inated  adu lts  in 

the nursery was e ffective  for b io log ica l suppression  o f H. serrata.



302, Nehru, C.R., Thankamony. S. and Jayarathnam . K. (1991). O ccurrence of rool-knot 

nem atode Meloidogyne incognita as a pest o f rubber (Hevea brasiliensis) seedlings. 
Indian Journal of Natural Rubber Research, 4(1): 77-78.

Nursery screening on the occurrence and infestation of p lant parasrtic nematodes 

was conducted and reported root-knot nem atode, Meloidogyne incognita as a 

pest o f rubber. The infested seedlings showed sym ptom s of w ilting  and dwarfing 

as well as d iscolouration and shedding of leaves. Severe a ttack causes the death 
o f seedlings.

K ey w o rd s : Meloidogyne incognita; Pest; Seedling

303. Nehru, C.R. and Jayarathnam , K. (1993). Evaluation of biological and chem ical 

con tro l s tra teg ies aga inst the  wh ite  grubs {Holotrichia serrata) in festing rubber 

seedlings. Indian Journal of Natural Rubber Research, 6 (1&2 ); 159-162.

In recent years, white  grubs have becom e a m ajor pest problem throughout the 

world and are  known to  cause severe dam age to  a  varie ty o f crops including 

rubber. The losses inflicted by th is pest are so high that now in India the  white 

grub has been declared as a national pest. W hite grubs of the  species Holotrichia 
serrata, H. njfoflava, H. fissa and Anomala varians are the serious pests o f rubber 

causing severe dam age to  seedlings in nurseries and rendering them  unfit for 

transp lanting . The m ost predom inant and senous am ong the four species is 

H. serrata. The peak period o f occurrence o f the pest in the fie ld  is from  June  to 

Decem ber, when the  grubs of d ifferent instars would cause serious dam age to 

rubber seedlings. The dam age in general is more severe when the voracious 

th ird  instant grubs are abundant in the  nursery. In endem ic areas, the estim ated 

quantum  of losses in flicted by th is m ajor pest to  nursery seedlings ranges from  

65 to  68 per cent, in a fie ld experim ent, a  com parative  evaluation o f biological 

and chem ical contro l s trategies was attem pted during 1989-90, using random ized 

block design w ith eleven treatm ents and a contro l, rep lica ted fou r times. Each 

p lo t m easured 9 .30 m^ consisting o f 100 seedlings. The spores o f Beauveria 
brongniartii and B. bassiana were broadcast and incorporated Into the  soil a t the 

rate o f 1 x 10®spores/g o f soil w ith  sheep manure. Doom dust (Bacillus popilliae) 
was b roadcast into the  soil at the rate o f 2 g per p lo t w ith sterile  soil. Isofenphos 

5G. phorate 10G, carbaryl +  lindane (sevidol) 4:4G, carboruran 3G and carbaryl



4G were applied at 25 kg/ha as granu les whereas aldrin 5D, ca rbary l 5D  and 

HCH 10D were applied at 100 kg/ha as dusts a t first instar stage o f ttie  grubs. All 

the insecticides were broadcast and incorporated into the  soil a t the tim e of sowing, 

fylean percentage survival o f the seedlings in treated p lots was recorded. G rub 

population was assessed after 4, 8, 12 and 16 w eeks from  10 p its p e r p lo t in 

30 cm “ soil between rows and the average w orked out. The  data  recorded were 

subjected to statistical analysis and the m ean percen tage  surviva l o f p lants is 

presented. The results reveal tha t all the  b io log ica l con tro l tre a tm e n ts  were 

significantly superior to  the untreated check in p ro tecting rubbe r seed lings from  

white grubs. However, in both the  years the  app lica tion o f entom opa thogen ic  

fungus vt7. Beauveria brongniartii spores @ 1 X 1 0 ®  spores/g  o f so il p roved  to  be 

the best treatm ent which gave the h ighest p lant su rviva l (92 .56  to  94.25  per cent) 

by reducing the white grub dam age and its e ffectiveness d id not d iffe r significan tly 

from the application of H  bassiana. Am ong the o ther treatm ents, the  m ost e ffective 

treatm ent was application o f B. popilliae fo llow ed by the  app lica tion  o f Isofenphos 

5G, phorate 10G and carbaryl + lindane (sevldoi) 4 :4G  all being on par in both  the 

years. The untreated contro l p lots recorded the  low est p lan t su rv iva l (7 .50 to 

9.31 per cent) and highest grub population during both the  years. N o re in festa tion 

of grubs was observed in p lots broadcast w ith en tom opathogens even a fte r six 
months.

Key w o rd s : B io logical contro l; Holotrichia serrata\ W hite  grub

304. Nehru, C.R. and Thankam ony, S. (2000). Pests in rubber p lan tations. In: Natural 

Rubber: Agromanagement and Crop Processing. (Eds. P.J. G eorge  and  C. K uruvllla  

Jacob). Rubber Research Institute o f India, Kottayam , India, pp. 347-368.

This chap ter dea ls with the  Insect pests and non-insect pests. Am ong the  insect 

pests o f rubber, white grubs, bark-feeding cate rp illa rs , te rm ites, sca le  Insects 

and m ealy bugs, leaf feeding caterpillars, certa in  o the r Insect pests, rubbe r wood- 

bonng beetles, insect pests o f cover crops and pests a ffecting  p lan ta tion  workers 

are  discussed. Am ong the  non-insect pests, both invertebra te  pests - s lugs  and 

snails, mites, nem atodes and vertebrate  pests -  rats, porcup ine  and o the rs are  
d iscussed.

Key w o rd s : Insect; Non insect pest; Nem atode: Pest; W h ite  grub



305. P illay, P.N.R. (1968). Pests of rubber in India. Pesticides A n nuanm e, pp. 8 7 .

K ey w o rd s : Pest

306. P illay, P.N.R. (1980). Non parasitic maladies. In: Handbool< of Natural Rubber 
Production in India. (Ed. P.N. Radhakrishna Pillay). Rubber Research Institute of 
India, Kottayam , India, pp. 307-312.

Non-parasitic  m aladies are those, which are not caused by any pathogen. These 

include w ind damage, sun scorch, lightning damage, fire damage, chem ical toxicity, 
se lf pruning, fasciation and woody nodules. Each of these non-parasitic malady 
is m entioned in detail in the chapter.

K ey  w o rd s : Chem ical toxicity; Sun scorch; W ind dam age

307. Rajendran, T .P . and  Jayarathnam , K. (1977). On the  occurrence  and e ffect o f 

nem atode  in festa tion in m bber plantation. Indian Journal of Nemalology, 7(1): 82-
83.

K ey w o rd s ; Nematode

308. Ram akrishnan, T.S . and Pillay, P.N.R. (1961-62). Scale insects (Salssetia nigra 
Nietn and  Pulvinaria maxima G reen). Rubber Board Bulletin, 5(4): 209-212.

S cale insects cause som e dam age to  young rubber p lants in d iffe rent d istricts of 

India. The m ost com m on species is the  b lack sca le  (Saissetia nigra): Pulvinaria 
maxima is another im portant species. Natural contro l o f these insects is brought 

about by predators, parasitic insects, and two entom ogenous fung i, Hypocrella 
reineckiana and Cephalosporium lecani. O il em ulsions have g iven satisfactory 

contro l o f ligh t infestations. A lso used are a lbolineum , d ie ldrex and parath ion 
(0.26% ).

K ey w o rd s : Cephalosporium lecani; Hypocrella reineckiana: Pulvinaria maxima; 
Saissetia nigra-. Scale insect

309. Ram akrishnan, T.S . and Pillay, P.N.R. (1962-63). Report o f the  firs t year o f tria ls  in 

increasing yie ld  from  existing p lantations o f rubber. Rubber Board Bulletin, 6(2): 79- 

87.



Results o f fertilizer application, su lphur dusting (against Oidium), and stim ula tion 

in rubber in various districts of southern India. In general the  com bined  treatm ents 

resulted in high yield responses. Thus the production o f m edium -aged p lantations 

can be substantia lly increased at a low  cost; th is w ill partly  m eet the  increased 

dem and fo r rubber in the country. W hen stim ula tion is practised , the  use o f a 

fungicide to  protect the panel and the bark is to  be recom m ended.

K ey w o rd s : Rubber plantation: Yield

310. Ramakrishnan. T.S. and Pillay, P.N.R. (1962-63). S na ils  and slugs. Ru£>bereoarc/ 

Bulletin, 6(1); 26-28.

Snails and slugs have been observed in several d is tric ts  o f Sou th  Ind ia  causing 

dam age to young rubber p lants. The fo llow ing m ethods o f con tro l a re  d iscussed: 

1) collection by handpicking and destroying which is very efficient, and 2) spreading 

poison bait. Recom m ended Is a m ixture conta in ing  one part o f m eta ldehyde , two 

parts o f rive bran, s ix  parts o f slaked lim e and six parts  o f cem ent kneaded with 

water and then m ade into small b riquettes o r balls. These  are  d is tribu ted  on the 

ground among the plants. Spraying parath ion o r d ie ldrex o ver the  parts  frequented 

by these anim als is a lso reported to  be e fficacious.

K ey w o rd s ; Slug; Snail

311. Ram akrishnan, T.S . and Pillay, P.N.R. (1963). S lugs and  snails. R u bb e r B oard  
Bulletin, 6(3&4): 134.

Foliar a fip lication o f the  m ixture o f z inc su lpha te  and  lim e so lu tion  is e ffec tive  for 

the contro l of z inc deficiency in young rubber p lants. The in festa tion  o f s lugs  and 

snails in rubber p lants can be prevented by pain ting e igh t inches o f s tem  above 

the  soil w ith d ie ldrex 18 E.C. (1 in 400) o r by dusting  10%  gam m axene in young 
shoots.

K ey  VKords: S lug; Snail

312. Ramakrishnan, T.S. and Pillay, P.N.R. (1963-64). B rown root d isease  in nurseries. 
Rubber Board Bulletin, 7 (2&3): 67-69.



Sym ptom s produced in Hevea seedlings by Fomes noxius are described. Control 

measures include the eradication of severely damaged plants followed by repeated 

drench ing o f the soil with solutions o f A retan (1 in 400) o r C eresan (1 in 160).

K ey w o rd s : Brown root; Nursery

313. Ram akrishnan. T.S . and Pillay, P.N.R. (1963-64). Cockchafer gn jbs. Rubber Board 
Bulletin, 7(2&3): 76-78.

The larvae of several cockchafer species a ttack the roots o f rubber and cover 

crops in India and o ther S.E. Asian countries. Nurseries and young trees in the 

fie ld  are most liab le  to be attacked. Some degree o f contro l is exercised by the 

entom ophagous fungus Metarrhizium anisopliae. C hem ical contro l is possib le by 

d rench ing the soil w ith 0.1%  DDT o r 0 .4  BHC at a rate of 30 1/100 sq.m ; 0.5%  

a ldrin  o r 0 .25%  d ieldrin  are  even better because of the ir m ore persistent action. 

U ltravio le t light has been successfu lly used in Malaya to trap the  adults.

K ey w o rd s ; Cock chafe r grub

314. Rao, K. N.. Jose, V. T.. Gupta, C. and Edathil, T. T. (2005). Term ite  m enace to 

rubber cu ltivation  in Orissa. Rubber Board Bulletirj, 28(1): 6-9.

K e y w o rd s ;  Rubber cu ltivation ; Term ite ; Orissa

315. Thankam ony, S., Nehru, C .R .and  Jayarathnam, K. (1989). Prelim inary observations 

on reaction of legum inous cover crops to root-knot nematode. Indian Journal of Natural 

Rubber Research, 2(1); 68-69.

In this short scientific report the prelim inary observations on reaction of leguminous 

cover crops to root-knot nem atode is reported. Various cover crops were screened 

fo r resistance aga inst the root-knot nem atode Meloidogyne incognita. The results 

revealed tha t Mucuna bracteata exhib ited h igh resistance.



316. Thankamony, S., Nehru, C.R. and Jayarathnam, K. (1996). Frequency o f occurrence 

and distribution of plant parasitic  nem atodes in rubber nursery soils. Indian Journal 

o f Natural Rubber Research, 9(1): 60-62.

A  system atic survey undertaken in ten rubber nurseries in Kerala  and  Tam il Nadu 

indicated that presence o f plant parasitic  nem atodes in va ry ing  num ber. M ajor 

n e m a to d e  g e n e ra  e n c o u n te re d  in c lu d e  M eloidogyne, H e lico ty lenchus. 

Hemicriconemotdes, Aphelenchus and Tylenchus. Meloidogyne spp. w as recorded 

as the  most prom inent parasitic nem atode w ith h igh frequency o f occurrence  and 

population density fo llow ed by Helicotylenchus and Hemicriconemoides spp. 

Aphelenchusspp. and Tylenchusspp. w h ich were presen t in sm a ll num ber was 

considered as m inor nem atodes.

Key w o rd s ; P lant parasitic nem atode; Rubber nursery; Soil

317. Thankamony, S., Jose, V.T. and Kothandaraman, R, (1997). E valuation o f pesticides 

for control o f root-knot nem atode infestation o f rubber (Hevea brasiHensis) seedlings. 

Indian Journal o f Natural Rubber Research, 10 (1&2 ): 97-101.

The relative e fficacy o f som e pesticides, viz. ca rbofu ran  3  G (F u radan), phorate

10 G (Thiride), a ldicarb 10 G (Tem ik) and sevido l 4 :4  G a t 6 ,1 0  and 15 kg p e r ha 

applied twfice fo r a period o f six m onths aga inst roo t-kno t nem atode , Meloidogyne 

incognita in rubber nursery were evaluated. In general, a ll the  trea ted  p lants 

recorded significant increase in p lant g row th over untreated contro l. Carbofu ran  

at 15 kg per ha recorded maxim um  p lant growth fo llow ed by p ho ra te  and  a ld icarb 

a t the  sam e dosage. Carbofuran w as a lso  found  to  decrease  the  nem atode  

infestation significantly at 15 kg per ha com pared  to  respective  d oses  o f o the r 

chem icals. Thus application o f carbofuran a t 15 kg p e r hecta re  w as found  very 

effective fo r the release o f nem atode free seedlings from  in fested rubber nurseries. 

K ey  w o rd s : Rubber seedling; Pesticide: Root knot nem atode

Kothandaram an,R . ,1998). E va lua tiono ,nem atic ida l 

uerana phaseoloides. Rubber Board Bulletin. 2 7 (3 ): 2 5 -2 8 .



P ol cu lture  and laboratory studies were conducted to evaluate the nem aticidal 

p rope rties  o f Pongamia glabra, Azadirachta indica. Mucuna bracteata and 

m ushroom  com post aga inst roo t-kno t nem atode Mehidogyne incognita on 

Pueraria phaseoloides. Among the materials tested, the incorporation of the leaves 

o f P. glabra was proved to  be e ffective in reducing the nem atode infestation in the 

host and final soil nem atode population fo llow ed by that o f A- indica, M. bracteata 

and m ushroom  compost. In in vitro study also P. glabra was more effective in 

increasing the  larval m orta lity followed by A. indica and M. bracteata. The per 

cent m orta lity increased w ith  concentration and period of exposure.

K ey w o rd s : Meloidogyne incognita; Nematicidal property: Pueraria phaseoloides; 
Planting material; Root knot nematode

319. Thankam ony, S., Kothandaram an. R., Jacob, C.K. and Jose, V.T. (2002). Density 

and frequency o f root-knot nem atode, Meloidogyne incognita in rubber plantations. 

PlacrosymXV, 2002, Mysore, India. (Eds. K.Sreedharan, P.K. V inod Kumar, Jayarama 

and Basavaraja  M. Chaluki), Central Coffee Research Institute, Karnataka, India, 

pp. 561-564.

Fie ld experim ents were conducted to  evaluate a triazole fungicide, hexaconazole, 

fo r the  m anagem ent o f powdery m ildew d isease o f rubber {Hevea brasiliensis) 

caused by Oidium heveae S teinm. The experiment was conducted on a susceptible 

c lone PB 5/51 in Cheruva lly estate. Kottayam, Kerala and a lso in a d isease- 

prone area on c lone RRIM 600 in Vaikundam estate, Kanyakum ari district, Tam il 

Nadu fo r seasons (1999 to  2002). Hexaconazole (2) dust w as evaluated as such 

and  In a lternate  schedule w ith su lphur and in com bination w ith recommended 

su lphur fung ic ide  and at three concentrations. Results indicated that application 

of hexaconazole  (2) as such and in a lternate schedule w ith su lphur was found to 

g iv e  b e tte r c o n tro l. C o m b in a tio n  o f h e x a c o n a z o le  (2 ) and  s u lp h u r and  

hexaconazole  (1) as such were observed to  reduce powdery m ildew disease. 

A lternate  use o f hexaconazole w ith sulphur is suggested to  avoid the developm ent 

o f resistant strains.



320. Thankamony, S., Kolhandaram an, R., Jacob, C.K. and Jose, V.T. (2005). E ffect of 
d ifferent inoculum levels o f Meloidogyne incognita on tfie  g row tfi and b iochem ica l 

constituents o f Pueraria phaseoloides. !n: Preprints o t Papers. International Natural 
Rubber Conference, India ZOOS, 6 -8  Novem ber 2005, C ochin, India. (C om ps. N.lvl. 

Mathew, e ta i) .  Rubber Research Institute o f India, Kottayam , India, pp. 526-531.

Pathogenicity o f Meloidogyne incognita on Pueraria phaseoloides w as tested  by 
inoculating different levels of second stage juven iles (J2) o f Meloidogyne incognita. 
Increase in the level o f inoculum resu lted in p roportiona l decrease  in p lan t growth 

and increase in root-knot d isease on P. phaseoloides. Increase in the  content o f 

total phenols, ortho-dihydroxy phenols, reducing sugars, non -reducing  sugars 

and amino nitrogen in the  infected p lant tissues w as obse rved  a t 10, 100, 1000 

and 10,000 levels o f nem atode inoculum . Low starch  con ten t w as recorded in 

nem atode inoculated plants.

Key w o rd s : Meloidogyne incognita: Pueraria phaseoloides

321. Thankamony, S., Kothandaraman, R., Jacob, C.K., Joseph, K. and  Jose, V.T. (2005). 

Interaction between endom ycorrh izal fungus Glomus fasciculatum  and  root-knot 

nem atode , Meloidogyne incognita on Pueraria phaseoloides. Natura l Rubber 
f?esearc/i. 18(2): 183-187.

In te ra c tive  re la tio n s h ip  o f the  v e s ic u la r a rb u s c u ia r m y c o rrh iz a e . Glomus 
phaseoloides was studied. M ycorrh iza l assoc ia tion  enhanced  tota l b iom ass as 

well as fresh root weight o f p lants w hile  the nem atode  in fection  reduced  them. 

Mycorrhizal colonization percentage and spore coun t w a s m ore  w hen VAM  was 

inoculated alone or p rio r to  nem atode inocu la tion. The  rep roduction  fac to r of 

M. incognita decrease in presence o f mycorrhizae. The inoculation o f VAM  induced 
tolerance in P. phaseoloides to M. incognita.

Key w o rd s : Meloidogyne incognita; Pueraria phaseoloides; V es icu la r A rubuscular 
M ycorrhizae

322. Thankamony, S., Kothandaraman, R., Jacob, C.K., Joseph, K. and Jose, V.T . (2009). 

Interaction of root knot nem atode, Meloidogyne incognita and Bradyrhizobium  sp. 

Pueraria phaseoloides. Natural Rubber Research, 22{-t&Z): 127 - 1 3 2 .

The e ffect o f in teraction  o f roo t-kno t nem atode , Meloidogyne incognita  and 

Bradyrhizobium  sp. on g row th, nodula tlon  and n itrogen  co n te n t in Pueraria

on



phaseoloides, a cover crop grown in rubber plantations, was studied in a pot -  

cu lture  experim ent by inoculating d ifferent inoculum levels of M. incognita and 

Bradyrhizobium. S ignificant reduction in nodulation due to nem atode infestation 

was observed. Maximum gall form ation was recorded in p lants inoculated with 

nem atode alone. Simultaneous inoculation of Bradyrhizobium and nem atode or 

nem atode inoculation a fte r 10 days o f bacterial inoculation reduced tfie  adverse 

e ffect o f nem atode. P lant growth was increased by 5 to  13 per cent over control. 

N itrogen content in the  root and shoot o f P. phaseoloides was considerably 

reduced by nem atode inoculation a t d ifferent inoculum  levels. However, pre­

inocu la tion o f Bradyrhizobium  could increase nitrogen content o f the plants.

K e y  w o rd s ;  Bradyrhizobium', In te raction ; Meloidogyne incognita; Pueraria 
phaseoloides

323. Thankam ony, S. and Jose. V. T. (2010). Sun/ey for entom opathogenic nem atodes 

in rubber growing areas of Kerala. In. Climate Change: Placrosym XIX, 7-10 December 

2010, Kottayam , India, Abstracts, pp.186-187.

In s e c t p a ra s it ic  rh a b d it id  n e m a to d e s  o f th e  g e n e ra  Steinernem a  and  

Heterorhabditids possess trem endous potential as b iological contro l agents for a 

range of insect pests o f agricultural importance. Because of these useful attributes, 

num erous surveys were conducted worldw ide and nem atodes were recovered 

from  num erous habitats. The objective o f the present study was a lso to investigate 

the  occurrence o f entom opathogenic nem atodes in rubber growing soils and to 

obta in  locally adopted iso la tes fo r developing bio contro l program m es against 

pests of rubber, Hevea brasiliensis. A total o f 345 soil sam ples were collected 

from  ten districts, viz. Trivandrum , Koliam , Pathanamthitta. Kottayam, Ernakulam, 

Thrissur, Palakkad, Kozhikode, Malappuram and Idukki to  find out the natural 

occurrence  o f entom opathogenic nem atodes in rubber grow ing soils. The survey 

indicated the  presence of entom opathogenic nem atodes in rubber grow ing soils. 

O ut o f 345 com posite  sam ples exam ined. 73 sam ples (21 %) yie lded EPN, among 

these 61 soil sam ples (18% ) co llected from Trivandrum , Kottayam, Thrissur, 

Palakkad, Kozh ikode and M alappuram regions y ielded both Heterorhabditids and 

Steinernema spp. Twelve soil samples (3%) collected from Koliam, Pathanamthitta,



EmakiMm  and Id iA k i regKXis showed the p resence of Heterorhabditidspp. atone. 

Bioassays were carried out by soft baiting techn ique  using fifth instar la rvae  o f 

greate r wax rrroth, Gaileria meftonella under labora tory cond itions (Bedd ing  and 

Akhurst, 1975). M orta lity o f the larvae w as observed  a t 24h  in ten /a l fo r ten days. 

The dead larvae were washed with 4%  sodium  hypochtorrte so lu tion , fo llow ed  by 

distHfed water and p la c « j on white trap in BOD incubator a t 30® C  to  c o H ^ t infective 

juveniles (ijis). The genus identification w as carried  o u t based  on the  c o lo u r o f the 

cadavers. The galleria  larvae in fested w ith Steinernema spp. becam e flacc id  and 

the ir co lour changed from  w hite  to  ye llow  brown, in case  o f Heierorhabditids, the 

c d o u r changed from  white  to brownish red o r b rick  red. Laborato ry  and  fie ld 

evaluation of EPN against baric feeding cate rp illar, A. circulata Infesting  rubber 

p lants were also conducted. The resu lts o f the labora tory  s tud y  show ed 84%  

mortality o f 2’̂  instar larvae o f A. circulata w hen it w as inocu la ted  w ith  EPN @ 

360 ijfs/5 larvae w ithin 24  hours fo llow ed by 88%  and  92%  m o rta lity  o f 3^  ̂and 4>̂  

instar larvae respectively. 100% m orta lity w as recorded at 48 h o f exposure. The 

m ultiplication rate was found to reduce a t low est as w ell a s  h ighes t inocu lum s 

levels. No significant effect was noticed on the fie ld  app lica tion  o f EPN against 

bark feeding caterpillar, A. circulata.

Key w o rd s : Entom opathogenic nem atode; Soil survey



PLANT PROTECTION EQUIPMENT

324. Edathil, T.T. (1980). Plant protection equipments. In: Handbook of Natural Rubber 
Production in India. (Ed. P.N. Radhakrishna Pillay). Rubber Research Institute of 
India. Koltayam , India, pp. 327-333.

As various diseases and pests ravage rubber p lants, it is necessary to  use many 

p lan t pro tection equipm ents for the ir contro l. Those used in rubber p lantations 

include sprayers, dusters, togging equipm ents and pressure injectors. A detailed 

description on the d iffe rent h igh volum e sprayers such as: rocker sprayer, knap­

sack sprayer and DSP (double suction pump) sprayer, low volum e sprayers, such 

as m ini m icron sprayer, micron sprayer and aerial spraying is mentioned in this 

chapter. S im ilariy, deta ils on the hand operated duster and pov»er-driven duster 
are  provided regarding p lunger type duster, crank

K ey  w o rd s : Duster: Fogging equipment; Pressure injector; Sprayer

325. Idicula, S.P. (2006). E qu ipm entforC orynespora  leaf disease control. In: Corynespora 
leaf disease of Hevea brasiliensis: Strategies for Management. (Ed. C. Kuruvtlla 

Jacob). R ubber Research Institute o f India, Kottayam, India, pp. 158-168.

The success o f d isease contro l using chem icals depends much on its delivery to 

the  targets. Th is chap ter deals v»ith the  d ifferent types o f equ ipm ents used for 

Corynespora leaf d isease contro l. The sprayers (m anually operated sprayers and 

power operated sprayers), dusters (manually-operated dusters and power operated 

duste rs) as w ell as fogging machines used in rubber p lantations a re  d iscussed in 

deta il w ith iilustratlons.

K ey w o rd s : Corynespora leaf fa ll; Fogging equipment; Plant protection equipment

326. Idicula, S.P. and Jose, V.T. (2000). P lant protection equ ipm ent and chem icals. In: 
Natural Rubber: Agromanagement and Crop Processing. (Eds. P.J. George and 

C. Kuruv illa  Jacob). Rubber Research Institute o f India, Kottayam, India, pp. 347- 

368.

Th is  chap ter dea ls w ith the  d iffe rent plant protection equipm ent nam ely sprayers 

-  (m anually-operated sprayers and power-operated sprayers), dusters (manually-



operated dusters and power-operated dusters), fogg ing  equ ipm ent, pressure 

injectors and etectric fencing. The d iffe rent chem ica ls  used for p lan t pro tection 

are also discussed. In the section on fung ic ides, its c lass ifica tion , form ulations, 

adjuvants, com m only-used fung ic ides and ca rrie rs  fo r fung ic ides a re  d iscussed. 

R egard ing  pestic ides, the  co m m o n ly -u sed  in se c tic id e s , m o llu s c ic id e s  and 

rodenticides are discussed.

K ey w o rd s : Duster: Fungicide: Pesticide; R ubber p lan ta tion : S praying

327. Jacob. C.K.. Prem. E.E. and Idicula, S.P. (2004). Im provem ent in the  e fficacy  of 

micron sprayer used for spraying in rubber p lantations. Proceedings o f ICAR National 

Symposium on Input Use Efficiency in Agriculture: Issues and Strategies. 25-27 

Novem ber 2004. Kerala A gricultura l University, T richur, India, pp. 33-34,

K ey w o rd s : A bno rm a l leaf fa ll; C o pp e r fu n g ic id e ; M ic ron  sp ra y e r; R ubber 
plantation

328. Jose. V.T. and Vijayan, K. (2006). M ain tenance of p lan t p ro tection  equ ipm ent. In: 

A Laboratory Mar)ual for International Training on Strategies for Management of 

Corynespora Leaf Fall Disease of Hevea brasiiiensis. (Eds. C. K uruv illa  Jacob, 

P. Snnivas and C. Bindu Roy). Rubber R esearch Institu te  o f Ind ia , K o ttayam  India 
pp. 50-58.

P lant protection equipment, if given proper ca re  and m a in tenance  m ay o ffe r a 

very long service life. Som e of the im portan t aspects  o f ca re  and  upkeep for 

d iffe rent types of p lant pro tection equ ipm ent are  d iscussed  in th is  chap ter.

K ey w o rd s : Maintenance; P lant p ro tection equ ipm ent

329. T h a n k a m m a ^L .,R a ie n d ra n ,T .P .a n d  Mani, J.P . (1979 ,. A  p ressure  m ach ine  for

«  ru ber trees. In: Entomology. Microbiology. Nematology. Plan, P a tM ogy  

(Ed Plantation Crops: Piacrosym  II, 1979, O otacam und , India.
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A pressure m achine suitable fo r injecting aqueous chem ical solutions into rubber 

trees has been assem bled and the method of injection standardized. This method 

o f adm inistering chem icals into trees is more acceptable than o ther methods like 

spraying o r soil application, as only a m inim um amount of chem ical is required, 

th e  in je c te d  flu id  is p icked  up by tra nsp ira tio n  stream  and sys tem atica lly  

transloca ted  throughout the plant and is confined within the treated tree itself. 

More over entry  o f p rescribed dosage is assured and treatm ent schedule can be 

fo llow ed regard less o f w ind and rain. Th is method, besides being econom ically 

advantageous, avo ids the  environm enta l pollution hazards inherent in other 

m ethods o f app lication. It is useful fo r injecting large vo lum es of relatively dilute 
so lutions.

Key words: Plant protection equipment; Pressure injector



MICROBIOLOGY

330. Joseph, K,, Kothandaraman, R. and Mathew. J. (1988). A c tinom yce tes population  

o f rubber growing soils and its antagonistic activ ity aga inst Phytophthora meadii 

fMcRae). Indian Journal of Natural Rubber Research, 1(1); 27-30.

The population o f bacteria, fungi and actinom yce tes in fifteen  rubbe r grow ing 

soils was estimated. The occurrence o f actinomycetes antagonistic to Phytophthora 
meadii (Me Rae) and the extent o f inhib itory activ ity w ere  stud ied. In general, the 

population o f bacteria was more than tha t o f both fung i and  ac tinom yce tes  and 

they varied w idely in d iffe rent soil sam ples. All soil sam ples. Irrespective  o f the 

pH and m icrobial population, harboured actinom yce tes a n tagon is tic  to  P. meadii 

and majority o f these isolates had inhibition zones upto  15 m m  w hen tested  by 

cross streak assay. In spite of the  presence o f such large n um ber o f actinom ycetes 

antagonistic to P. meadii various d iseases caused by th is pa thogen  reoccurred 
every year.

K ey w o rd s : Actinom ycete; Antagonism ; Phytophthora meadii

331, Joseph, K., Kothandaraman, R „ M athew, J. and Jayarathnam , K. (1 991 ). A soil 

actinom ycete antagonist to Corticium salmonicolor. The  pa th og en  ca us in g  pink 

d isease o f rubber. National Seminar on Biological Control In Plantation Crops, 27-28 
June 1991, Kottayam, India, pp.23.

A ctinom ycetes from the rh izosphere soils o f five  c lones o f ru b be r w e re  tested 

aga inst Cortlcl.m  salmonicolor. O ne iso la te  p ro du ced  an in h ib ition  zone  of 

40 mm on the agar medium  and caused lys is  on the  m yce lium  upto  a d is tance  of 

20 mm from  the inoculation point, in 72 h. T rea tm en t o f s te rile  Hevea tw ig s  w ith 

the actinom ycete also prevented g row th o f C. salmonicolor T h e  a ctinom yce te  

survived in the bark o f rubber trees fo r 1 m onth u nd er fie ld  co nd itio ns . The 

app ication o f actinom ycete broth cu lture  to  in fected trees sh ow ed  p rom ise  for 
contro lling p ink disease.

K eyw ords:A otinom ycete ; B iological control; C o m ™ 5 ./m o ™ c o /o r ,  P inkd isease



332. Joseph, K „  Kothardaram an, R.. Malhew , J. and Jayarathnam, K. (1991). A soil 

actinom yce te  antagonistic to  Conicium sa/m onfco/orcausing p ink d isease of rubber. 
Indian Journal of Natural Rubber Research. 4(2): 125-130.

A ctinom ycetes from  ttie  rtiizosphere soils o f five clones of rubber were tested 

aga ins t Corticium salmonicolor O ne isolate produced an inhibition zone of 

40  m m  on the agar medium and caused lysis on ttie  mycelium upto a distance of 

20  m m  from  the  inoculation point, in 72 h. Treatm ent o f sterile Hevea twigs with 

the  actinom ycete also prevented growth o f C. salmonicolor. The actinomycete 

sun/ived  in the  bark of rubber trees for 1 month under fie ld conditions. The 

app lica tion  o f actinom ycete broth culture to infected trees showed promise for 
contro lling  p ink disease.

K e y w o rd s : Actinomycete; Biological control; Cortraum sa/mon/co/or; Pink disease

333. Joseph, K., M athew, J. and Kothandaraman, R. (1994). In vitro studies on the 

an tagon is tic  e ffect o f Streptomyces lydicus against Phytophthora meadii. IRRDB 
Symposium on Diseases ofHevea, 21 -22 Novem ber 1994, Cochin, India, pp. 74-77.

An actinom yce te  identified as Streptomyces lydicus was tested for inhibition of 

Phytophthora meadii in agar medium  and sterile  soil. The actinomycete inhibited 

g row th  o f P. meadii in various agar media and reduced the infective propagules 

in soil. F ilte r sterilized cu ltura l filtra te  and crude extract of antagonistic pnnciple 

a lso showed inhibition o f P. m ead//and  the test bacteria Bacillus subtilis.

K ey  w o rd s ; Antagonism : Phytophthora meadii; Streptomyces lydicus

334. K o thandaram an , R. (1974). Role o f so il bacteria  on sporangia l p roduction of 

Phytophthora meadii. IRRDB Scientific Symposium, Part 1,26-28 Septem ber 1974, 

Cochin, India.

F rom  so il e xtract, co lon ies o f soil bacteria , which were observed to  induce 

sporang ia l production  in P. meadii were isolated. One of these isolates was 

identified  as Pseudomonassp. Sporangia! production by P. meadiiin unsterilised. 

s team  sterilized  and filte r sterilized soil extract, in lima bean agar, steam steritized 

tender shoo t b its and surface sterilized fru its of rubber, was assessed in the 

p resence  and absence  of Pseudomonas sp. High rate o f sporangial production 

was obse rved  when P. meadii was inoculated in unsterilised soil extract. In stem



slerilized and filte r sterilized soil extract no sporangia l production  was noticed by 

P. meadil but abundant sporangial production was noticed in those  m edia  in the 

presence o f Pseudomonas sp. In lim a bean agar, su rface  s te rilized  fru its  and 

steam sterilized shoot b its sporangia l p roduc tion  was enh an ce d /in d uce d  by 

Pseudomonas sp. The possib le  ro le fo r soil bacteria , Pseudomonas sp. in the 

build up o f prinnary Inoculum potentia l required fo r the  deve lopm en t and  spread  of 

Abnormal leaf fall d isease o f rubber w as a lso d iscussed.

K ey w o rd s : Phytophthora meadii. Soil bacteria

335. Kothandaraman, R. (1975). Abundant asexual sporula tlon o f Phytophthora spp. on 

pods o f Phaseolus vulgaris. Rubber Board Bulletin. 12(4):135.

An alternate method of producing large quantity  o f sporangia  from  Phytophthora 
IS necessary for a rtific ia l inocu la tion  s tud ie s  w ith  the  p a th og en . T h is  p ap er 

describes a m ethodology for p roducing abundant sporu la tion  o f the  pa thogen by 

artificial Inoculation with culture bits on tender Phaseolus vulgaris. It w as estim ated 

that about 20 m illion sporangia  were p roduced  on an average  s ized  bean.

Key words.- Phytophthora-, Phaseolus vulgaris

336.
K othandaram an, R., Joseph , K „  M a thew , J . a nd  R a ja la k s h m y , V .K  (1 9 91 ) 

Act,nom yceto population in the rh izosphere o f Hevea and its inh ib ito ry  e ffec t on 

Phellmusnoxius. M ia n  Journal o f Natural Rubber Research. 4 (2 ): 150 - 15 2 .

dia and from o ther n jbb e r grow ing countries. A p re lim ina ry  s tudy w as carried 

I b T r  h iz T s p h f ' a T ° '  ac tinom yce tes  p resen , in

a c t " t ” e studied «00. The an tagonis tic

not be corre lated w ith the 010™!*^"^^*^ popula tion  o f the  a n tagon is ts  could  

susceptibility o f these rinn  h in form ation  is a va ilab le  on

under sterile L n t o n s  "  ^
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p-1, 3-glucanase 119, 121, 192, 205, 206 

Abnormal leaf fall 2, 7, 23, 24, 28, 33, 35, 37, 

41. 42, 45, 48, 53, 54, 56 60. 62. 63, 
65, 66. 67, 68, 82. 83, 103.112. 114, 

132, 135, 136, 137, 138, 151, 159,
160, 161, 175, 177, 196, 201, 205, 
208, 327

Abscission 187

Actinomycete 330, 331, 332, 336 

Aerial spraying 132 

Aeiherastis circulata 285, 292, 297, 298 

Africa 22 ,51 ,104  

Agroclimatology 33 

Agrometeorology 67 

Altemaria altemala 172,174 

Amino acids 194 

Anacardium occidentale 197 

Andamans 25 

Anionic peroxidase 117 

Antagonism 18, 86. 87, 124. 128. 207, 224, 

330, 333, 336 

Antifungal activity 126,203 

Assam 106,266 

Bacillus spp. 224 

Bacillus subtilis 186 

Bacterial endosymbionts 17, 127 

Bark feeding caterpillar 288, 298 

Bark necrosis 222 

Bark rot 48 ,213 ,234 ,236

Bark scaling 248 

Bai1< sloughing 248 

Beauveria brongniartii 300, 301 

Beetles control 290 

Bibliography 70, 246. 247 

Biochemical change 71 

Biochemical parameter 115

Biological control 8,84,85,207,224,264,289,
303, 331, 332 

Bio-pesticide control 292 

Biotic etiology 249 

Bixa Orellana 195 

Black root 267, 271 

Black stripe 218.222.222.226,234 

Bordeaux mixture 45, 46. 237. 286 

Borer beetle 291 

Bradyrhizotwum 322 

Brown bast 253,254,258 

Brown root 264, 265. 267, 271, 273, 312, 336 

Budwood nursery 146 

Burr formation 248 

Carbofuran3G 299 

Cart)on 116 

Cassicolin 79 

Causal relationship 80 

cDNA 192

Cephalosporium lecani 308 

Chemical control 92,218



Chemical toxicity 271,306

Chitinase 118.130

Cinnamyl alcohol dehydrogenase 194

Climate change 9,145.178

Clonal resistance 103.104

Ctonal susceptibility 100. 103, 134,134, 154.
229

Clonal variation 69

Cione 63,82,103,106.110.155.258

Clone evaluation 114

Cloning 91

Cock chafer grub 313

Cold terriperature 242

Cdfarrot 239,272

Colletotrichum 78. 98, 142, 143. 153, 183 

Colletotrichum acutatum 9 0 ,1 1 5 ,1 1 6 ,1 7 1 ,1 go 

Colletotrichum gloeosporioides 74, 90, 116 
171,188 

Common pathogens 249 

Controlled upward tapping 244 

Copper fungicide 33. 42, 62, 65, 327 

Conlcium salmonicolor 17.147,148,209 ,211 
214, 219, 228, 229, 231 237. 331 
332

Corymspora 38, 40, 72, 84, 92, 104, 172, 174 

Corynespora cassiicola 9, 17, 19, 20, 70, 71,

73. 75, 76, 77, 79. 80, 81, 94, 96, 98,

9 9 ,1 0 1 ,1 0 2 ,1 1 3 ,1 2 0 ,1 2 1 , 122, 
124. 125, 126, 128. 129. 130, 149,
154, 162, 168, 181, 186, 193. 194 
204

Corynespora leaf fall 47,50,51. 52. 64. 85,94

95, 101. 102. 127, 129, 139. 141, 
145, 173, 176. 184, 185, 186. 191, 
325

Cracking 248 

Cricket damage 289 

Crop loss 6 3 .66 .107 ,208  

Crop loss See also Yield loss 

Crop protection 1,13 

Crown budding 136, 138 

Cryptosona bistrialis 282, 287 

Cultural practices 40, 85 

Culture maintenance 180 

Culture media 80 

Curvularia 146 

Defoliation 14 

Digital image library 10 

Diplodia 233

Discounted cash flow analysis 208 

Disease control 3. 4. 5, 7, 26. 27. 31, 32, 34 , 

35,42, 43. 45. 47. 50, 56. 57. 58. 59, 

60. 61, 62. 65. 73. 74. 75. 78, 89, 95. 

96.106.108,135.137.139,140.150. 

212. 214, 215, 217, 221, 223, 230, 

238, 263. 266, 273, 275, 280 

Disease development 173 

Disease incidence 97 

Disease intensity assessment 141 

Disease management 2 , 6, 8, 15. 38, 40 , 53 ,

84, 104, 129. 189, 191



Disease resistance 16

Disease screening 36

Disease survey 93

Disease symptoms 52

D is lance  D ia g no stic  and Iden tifica tion  
System (DDIS) 10

DNA barcoding 179

DNA fingerprinting 122,168

Dodder 276.277

Dosage 56

Dry rot 43, 221, 222, 226, 272 

Dust 99

Dust formulation 140 

Dust fungicide 29 

Duster 324, 326 

£  coli 206

Endophytic bacteria 18, 124, 126.128,186

Endophytic microorganisms 6

Entomopathogenic nematode 323

Enzymes 72, 204

Etiological agent 257

Etiology 255

Extension method 2

Fasciation 271

Fenvalerate 285

Fire damage 271

Fogging equipment 26, 324 , 325

Forward occurrence 240

Fungal palhogens 182

Fungicide 3 0 ,3 4 ,3 6 ,3 6 ,4 3 ,4 4 ,5 6 ,5 9 ,6 1 ,
74. 75, 77, 78, 86, 87, 88, 95, 96. 99,

101, 102, 129. 177. 191, 203, 230.

211.219.221,235,258, 269. 326 

Fungicide evaluation 213 

Gel electrophoresis 255 

Gene expression 173 

Gene resistance 9 i 

Genetic tjasis 259 

Genetic control 189 

Genetic diversity 181 

Genetic transformation 205 

Genetic variability 168 

Germplasm 16 

Gloeosporium 93

Gloeosporium attx)njbrvm 21,90.165

Glomerella 93,183

Glomerella cingutata 90,164,165

Hailstorm 271

Heartwood extract 203

Helicobasidium compactum 266, 270

Helminthosporium heveae 19

HertDicide 102

Hexaconazole 99, 140

High volume spraying 41

Higher elevation 100

Holotrichia serrata 296, 299, 300, 301. 303



Host defense 194 

Host pattiogen interaction 72 

Human toxicity 213 

Hypocrella reineckiana 308 

Hypormces squamo$us{F] 275 

Incidence 245 

India 51, 104 

Indonesia 51,104

Induced systemic resistance 84, 129,190

Infestation index 275

Injection wound 236

Insect 5. 24, 279. 304

Insecticide 285, 289. 290, 291

Insecticide c«xnbinations 292

Interaction 322

isozyme 20,120

ITS-RFLP 171

Jatropha curcas L. 167

Kanyakumari 28

Karnataka 94. 97, 98.100,185

Laboratory manual 64

Latex yield 208

Leaf blight 105

Leaf disease 26,35.58.61,63.70,78, 93,97.
100, 134. 146, 181, 182, 193 

Leaf disease control 142 

Leal fall 98,99,154 

Leaf puncture bioassay 73

Leaf spot 19, 98, 149, 150, 153. 162. 174

Leaf-wilt bioassay 73

Leguminous cover crop 315

Lightning damage 271

Limb breakage 232

Lipase activity 193

LMW-RNA 252, 256

Maintenance 328

Malaysia 51,104

Marasmius 232

Mariaella dussumieri 287

Meghalaya 21 .2 09 .26 0 ,2 6 6

Meloidogyne incognita 302.318,319.320,321, 
322

Meteorofogical parameter 185 

Methyl parathion 285 

Micron sprayer 327 

Microorganism 5 

Mineral oil 12 

Minor disease 7 

Mite 281

Molecular characterization 182 

Molecular marker 170 

Molecular plant pathology 118 

Molecular phylogeny 179 

Molecular variation 168 

Molluscicide 287 

Mooply beetle 290



Mouldy rot 222, 235

Nectar stage 148

Nemalicidal property 318

Nematode 304, 307

Nigeria 51

Nitrogen 116

Non insect pest 281, 304

Non parasitic maiady 271

North East India 105,110. 112, 243. 294

Nursery 92 ,188 ,266,312

Nutrition 254

O/d/um disease 106

Oidiumheveas 9 ,2 6 ,5 8 ,6 9 ,1 0 8 ,1 0 9 , 110.

155, 156, 163, 167, 196, 261 

Oospore germination 198 

Orissa 314 

Ortet selection 103 

Ortets 36

Oxidative enzymes 116 

Panel change 240 

Panel disease 225 

Patch canker 48, 222, 223, 230 

Pathogen 241 

Pathogenesis 118 

Pathogenesis related protein 119 

Pathogenicity 7 6 ,77 ,268  

Pathological basis 259 

PCR 125

Pellicularia filamenlosa 158 

Pellicularia salmonicolor 228. 231 

Periconia heveae 105 

Perk curt 95

Pest 279, 286, 290, 293. 294. 295, 297, 302,
304, 305

Pest control 280,281,282,284,285. 288, 
291,296 

Pesticide 317, 326 

Pests and diseases 10 

Phaseolus vulgaris 335 

Phellinus noxius 263, 265,269, 336 

Phenylalanine ammonia lyase 194 

PhoratelOG 299 

Phyllosphere microfiora 71 

Phylogenetic relationship 171 

Phytolexins 118

Phytophthora 9, 26, 31, 33, 39,44, 48, 53.54.

56,57,58,60, 61.63, 68,83, 87,114,

119, 123, 133, 134, 144, 169. 170,

175, 177, 178, 179, 187, 192, 199,

200, 202, 203, 208, 213, 218, 223,

236, 261.335 

Phytophthora botryose 25 

Phytophthora diagnosis 49 

Phytophthora leaf fall 91 

Phytophthora meadii 17. 18. 37, 117, 126, 

128, 151, 152, 196. 205. 206, 207,

330, 333, 334 

Phytc^thora ntcotianae 23,197



PhytophihorapaJmivora 157,159,160,161,165, 
196, 198, 230.234 

Phytotoxin 81

Pink disease 7. 209. 210, 211, 212, 214, 215,

217, 219, 220, 222, 226, 227, 228, 
229,231.237. 238, 331.332 

Plant growlh promoting rtiizobacferia 84 

Plant parasitic nematode 316, 319 

Plant protection 15

Plant protection equipment 325, 328, 329

Plantation crops 8

Planting material 318

Plasticity retention index 213

Plugging Index 54

Polymerase chain reaction 91

Poria vincta 268, 269

Powdeo' mildew 7. 27, 29, 30, 32, 34, 35, 36,

5 5 .5 9 ,6 9 ,8 2 .8 9 ,1 0 7 ,1 0 8 ,1 0 9 ,1 1 0 , 
< 1 1 .1 4 0 ,1 4 3 ,1 5 5 ,1 5 6 ,1 6 3  

PR protein detection 117 

PR proteins 204 

Pressure injection 249 

Pressure injector ,324, 329 

Prophylactic spraying 66 

Propiconazoie 142 

Proteins 194

Pueraria phaseoloktes 318, 320, 321. 322 

Pulvinaria maxima 308 

Purple root 260.262,266,270,271 

Pythlum sclerotelchum 239

Pythium vexans 230 

Quarantine regulation 3 

Quinalphos 285 

Rainfall 112 

RAPD 125, 172. 181 

rDNA spacers 171 

rDNA-RFLP 123, 125 

Red root 267 

Repellent 286 

RFLP 172

Root disease 263. 268, 271

Root grub 281,283

Root knot nematode 3 1 5 ,3 1 7 ,3 1 8

R-PAGE 256

RRII 105 68 , 107

RR1M600 111

RT-PCR 192,252

Rubber clinic 10

Rubber clones 79

Rubber cultivation 314

Rubber disease 3, 4 , 11, 13, 57 , 59 , jq o  253 
294. 295

Rubber nursery 283, 284 , 301, 316 

Rubber plantation 6 , 61, 78. 88, 170, 220 , 262 , 

263, 274, 276, 277, 278, 279, 290 
309. 326. 327

Rubber plantation Industry 1 
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