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R ubber R esearch  In stitu te  o f India

The Rubber Research Institute of India (RRII), under 
th e R u bber Board (M in is try  of C o m m erce and 
Industry, Government of India), had its inception in 
1955. YVith a very modest beginning, the RRII is now 
capable of handling most o f the problem s associated 
with natural rubber (N R) production  technology, 
primary processing and product developm ent. The 
steady grow th o f RRII in its scien tific  w orth and 
research contributions has won it the recognition as 
an International Centre of Excellence in NR research.

Location

The RRII is located on a hillock K km east of kottayam 
town in Kerala State and is easily accessible by road. 
Kottayam is connected to all major cities in the country 
by rail. There are two International Airports, one al 
Thiruvananthapuram, 160 km south and the other at 
Nedumbassery. 95 km north of RRII.

Organization

For the efficient discharge of its functions, the RRII 
has established major research divisions and research 
supporting sections a t its headquarters and regional 
research establishments at appropriate locations where 
Hevea brnsjieiisis is com mercially grown or is likely 
to be grown.
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D I R E C T O R 'S  R E V I E W

T h e year 2 018-19  saw  p rice  o f natu ral 
r u b b e r  a n d  it s  d o m e s t ic  p r o d u c t io n  
so m ew h at stabiliz ing ; h ow ever a su bstantia l 
ex ten t o f m atu re ru bber ho ld ings rem ained 
u n tap p ed  citin g  u n rem u n erative  p rice  and  
low  p ro d u ctiv ity  o f rubber. R u bber-based  
m u lti-cro p p in g  sy stem s a ssu m e p articu lar  
relevance d uring  low  price situations. Results 
fro m  sev era l fie ld  tria ls  co n d u cted  by the 
A gronom y/Soils grou p  o f RR II continu ed  to 
p ro v e the econ om ic and  eco lo g ical b enefits 
o f  in te r c r o p p in g  e v e n  a s  g r o w th  a n d  
p r o d u c t iv i ty  o f  r u b b e r  t r e e s  w e r e  n o t 
a d v e rs e ly  a ffe c te d . M ic ro c lim a te s  in s id e  
m a tu re  r u b b e r  p la n ta tio n s  w h e re  n a t iv e  
p lan ts are le ft u n w eed ed  are  m o re cong enial 
for prod u cin g  m o re latex. S im ilar results have 
b een  reported  from  o th er cou n tries as w ell. 
T h e  trad itio n a l co n ce p t o f m o n o cu ltu re  o f 
n atu ral ru bber n ee d s a seriou s rev iew  at the 
g lobal level. T h is is very im p ortan t from  a 
sm all g ro w er's  su sta in ab ility  p erspective . A s 
the m ean  h o ld in g  s ize  c on tin u es to d ecrease, 
re tu rn s  from  ru b ber m o n o cu ltu re  becom es 
sm a lle r  an d  w h e n  ru b ber p rice  is lo w  the 
situ ation  becom es un ten able . In tercrops offer 
a so u rce  o f  ad d ition al in com e. C ocoa, coffee, 
nu tm eg  and several oth er species, particularly 
s h a d e - lo v in g  c r o p s  c a n  b e  p r o f ita b ly

cultivated in m ature rubber holdings. W e have 
sh ow n for m an y  y ears th at im m atu re  rubber 
ho ld in gs can  su p p ort a variety  o f seasonal, 
a n n u a l a n d  p e r e n n ia l c ro p s  w h ic h  w ill 
p r o v id e  a d d it io n a l in c o m e  an d  p r o v id e  
n u trition  to  the g row er ho useho ld . W hether 
p lan tin g  d esign  o f rubber can  b e  d rastically  
a lte red  to  re le a se  m o re  lan d  a n d  lig h t to 
en ab le  lo n g  term  in tercrop p ing  n eed s further 
consideration. R esu lts em erg in g  from  the trial 
o n  d iffe re n t p la n tin g  sy ste m s in itia te d  at 
C heruvally  estate  in  2007 o ffer usefu l insights 
in th is regard .

T h ere  are  several sim p le , easy  to ad op t 
and  low  co st farm  in n ov atio n s m ad e b y  the 
Agronom y/Soils group that h av e n ot reached  
to a large sectio n  o f  the g row er com m unity. 
For ex am p le , latex coated  new sp ap ers and  
g u n n y b ags o r  b iod egrad ab le  p lastics  used as 
m u lch  g iv e  g o o d  co n tro l o f  w e e d s  w h ile  
co n s e rv in g  so il m o istu re , s im ila r ly  m u lti­
cro p p in g  in  m atu re  ru b be r h o ld in g s . B u t 
th e se  a re  n o t b e in g  w id e ly  p ra c tic e d  by 
g r o w e r s .  T h e r e  a r e  m a n y  m o re  
re co m m e n d a tio n s  su ch  a s  lo w  fre q u e n cy  
tapping; reg ion-specific c lon es etc. th at are no t 
se e n  w id e ly  a d o p ted  b y  g ro w ers , d esp ite  
confirm ed  research  data. It is im p o rtan t to 
e x a m in e  th e  rea so n s fo r  p o o r ad o p tio n  o f
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th ese reco m m en d atio n s th a t can in crease  
productivity, reduce cost and thus im prove 
profitability or rubber cultivation.

A pioneering study conducted by RRII 
in Kottayam  and Idu kki d istricts show ed that 
quality o f surface water was the best in rubber 
d om inated  lan d scap es than cro p s su ch  as 
cardam om  or tea. However, irrespective o f 
the land use type, bacterial contam ination was 
w id esp read  w h ich  is  a m a tter  o f s e r io u s  
concern from the stand  p oin t o f com m un ity  
h e a lth . It  is u n d e rs to o d  th a t b a c te r ia l  
contam ination o f w ater bodies o f K erala is a 
m ajor issue, apart from  o th er c o n cern s such 
as high levels o f pesticid e residues, nitrates 
efc.

R R II co n tin u e d  to  m a k e  s ig n if ic a n t  
advances in use o f geosp atial tech niq u es in 
the n atural ru bber plantation sector. D igital 
m a p p in g  an d  e s t im a t in g  a c re a g e  u n d e r  
rubber cultivation w as com pleted in the entire 
country usm g satellite-based  rem ote sen sing  
data. F o llo w -u p  stu d ie s  b ased  o n  R u b S IS  
reco m m en d atio n s  o f fe r tiliz e r  a p p lica tio n  
w ere initiated. C lim ate stu d ies continu ed  to 
b e  a p r io r ity  a rea  o f  re se a rch  d u r in g  th e  
reporting year. O u t o f  the 68  d istricts in N E 
region, 42  d istricts  w ere fou n d  reaso n ab ly  
su itable for rubber cu ltivation  based  on lon g  
tim e clim ate d ate. E arlier stu d ies had  sh ow n 
that as clim ate continu es to w arm , m o re areas 
m ay b ecom e clim atically  su itab le  for ru b ber 
cultivation in the N E reg ion  and  c lim ate stress 
m ay  seriously a ffect g row th and prod uctivity  
in the oth er rubber g ro w in g  reg io n s o f the 
country, in clu d in g  the trad ition al areas. N et 
p r im a ry  p r o d u c tiv ity  o f  r u b b e r  g r o w in g  
reg ion s w as estim ated  from  sa te llite -based  
data w hich w as the low est in Palakkad  d istrict 
com pared  to o th er ru bber gro w in g  d istricts 
o f K erala. T h is  is likely d ue to  sev ere  d rou gh t 
and  h o t co n d itio n s  p r e v a ilin g  in  P a lg h a t 
region d uring  su m m er m o nth s. Based  on life

c y c le  a n a ly s is  (3 0  y e a rs) o n e  h a  o f rubber 
plantation could seq u ester as m u ch  as 777 M T 
C O : .

T h e  B reed in g  g ro u p  con tin u ed  to make 
sig n ifican t stu d ies  d u r in g  th e  rep ortin g  year. 
T h e large n u m b er o f c lo n e  tr ia ls  a t various 
locations w h ich  a re  u n d er d ifferen t stages of 
grow th and  th e  3 0 0  o d d  ad v an ced  c lon es in 
th e  p ip e l in e  o f f e r  g o o d  p r o s p e c ts  fo r  
id en tify in g  h ig h  y ie ld ers  a s  p er th e  "sm art 
c lo n e  v is io n " o f R R II. In  a d d itio n  to  high 
y ield , ex ten t o f  in crease  in y ie ld  in response 
to  e th e p h o n  a p p lic a t io n  h a s  b e c o m e  an 
im p o r t a n t  t r a i t  in  c lo n e  d e v e lo p m e n t  
p rog ram m es. T h is  is to  e n su re  th at new  high 
yield ing clon es are am en ab le  to lo w  frequency 
tap p in g  for w h ich  stim u la n t a p p lica tio n  is a 
p re-req u isite.

T h e d ifferen t b ree d in g  strateg ies adopted 
b y  RR II h a s  w itn essed  a p arad ig m  sh ift from  
b ip a r e n ta l  m a t in g  a n d  o r te t  s e le c t io n  to 
p o lycross b ree d in g  an d  h a lf-sib  selection  over 
th e  y e a rs . P r o d u c in g  a la r g e  n u m b e r  o f 
seed lin g s th ro u g h  ca re fu l se le ctio n  from  half- 
sib s w ill m a rk ed ly  im p ro v e  th e  ch a n ces  o f 
id en tify in g  a s m a rt c lo n e . P ro m isin g  w ild 
a c c e s s io n s  c o l le c te d  f r o m  A m a z o n  an d  
ad v a n ce d  c lo n e s  b ro u g h t fro m  a lm o st all 
r u b b e r  g r o w in g  c o u n tie s  in th e  w o rld  are 
a lread y  in clu d ed  in th ese  b ree d in g  strategies. 
B u t the la rg e  s iz e  o f  th e  seed lin g  p op u lation  
w ill p o s e  an  in s u r m o u n ta b le  d iff ic u lty  in 
screen in g  th em  fo r  u se fu l tra its  u n less a fast 
and  effic ien t p ro to co l is d ev e lo p e d . M arker 
a ss is te d  s e le c tio n  o f fe r s  a c le a r  so lu tio n . 
W h ile  th e  m o lecu lar  b io lo g y  / genom e team  at 
R R II co n tin u ed  to  d e v e lo p  Q T L  an d  o th er 
m ark ers asso cia ted  w ith  h ig h  y ie ld , d isease 
to leran ce , c lim a te -res is ta n ce  etc , th e  gen etic  
e n g in e e r in g  g r o u p  o f  R R II  c o n t in u e d  to 
p ro d u c e  G M  r u b b e r  p la n ts  in c o rp o r a tin g  
se v e r a l g e n e s  o f  a g r o n o m ic  im p o rta n c e . 
S ig n ifican t ad v an ces w ere  m ad e  in th e  areas



oi poly ploidy, poly em bryony and production 
o f  g ynogenic h apioids through ovule culture 
and em bryosac culture. A nother interesting 
d evelopm ent w as production o f C orynespora 
tolerant rubber p lants from  cells "recru ited " 
after in v itro  hab itu ation  w ith  C orynespora 
to x in . P r o g r e s s  m a d e  b y  th e  M o le c u la r  
B io lo g y / B io tech n o lo g y  team  o ffe r s  g re a t 
p ro sp ects for fu tu re  g e n e tic  im p ro v em en t 
research  for h igh  yield , d isease to leran ce and 
c l im a t e - r e s i l i e n c e  u n d e r p in n in g  th e  
im p ortan ce  o f m u lti-d iscip lin ary  research.

T h e  in te r n a t io n a l c lo n e s  r e c e n t ly  
im ported  from  10 d ifferent cou n tries through 
the IR R D B  exhibited  w ide g en etic  d iversity  
(3 0 -7 0 % )  o f fe r in g  g r e a t o p p o r tu n ity  fo r  
ex p lo itin g  it for cro p  im p rov em en t research . 
T h e C irad -M ichelin  Selection s (SA LB tolerant 
clo n es d eveloped  in the M ich elin  p lan tations 
in  B a h ia ,  B r a z il  r e c e iv e d  a t  R R II  fro m  
C am b od ia  and  G h an a after lon g  qu aran tin e) 
sh o w ed  m ax im u m  d iv ers ity  ev en  as th eir 
largely  Brazilian  p arentag e had little  gen etic  
sh arin g  w ith  A siatic  c lon es w hich  clustered 
separately. M etagenom ics stu d ies in itiated in 
ru b ber so ils  o pen sev eral a venu es o f  excitin g 
sc ien tific  con cep ts and  u n know n territories 
a n d  p o s s ib ly  w ith  p o t e n t ia l  p r a c t ic a l  
ap p lication s.

P a th o lo g y  r e se a rch  rev o lv ed  a ro u n d  
stu d ie s  on  y ield  lo ss and  ch em ical control 
m easures. W ith a large repository o f excellent 
g e n e t i c  r e s o u r c e s  a v a i la b le  w ith  R R II , 
P ath olo g ists and  B reed ers sh ou ld  dream  of 
d ev elo p in g  d isease to leran t c lon es th at w ill 
r e q u ir e  m in im a l s p r a y in g  o f  c h e m ic a l  
p estic id es  w h ich  is both  e co n o m ica lly  and 
eco lo g ica lly  d esirab le . H ere ag a in  m arker 
assis ted  selection  protoco ls can  help. W ho le 
g en o m e seq u en ce d ata  o f C orynespora  isolates 
sh ou ld  b e e xploited  for further ad vancin g  the 
scien ce  and  u n d erstand in g  the m ech an ism  of 
fu n g u s-H m ’fl in teractions.

C ro p  P h y sio lo g y  g ro u p  co n tin u ed  to 
g en erate m o re  ev id en ces from  in vitro  studies 
to  in d icate in trinsic  to leran ce o f R R JI 430  to 
h ig h  te m p e ra tu re  s tre ss  and  to le ra n ce  o f 
SC A T C  88/13, R R II 2 08  and R R IM  6 00  to  low  
te m p e r a tu r e  s t r e s s .  E th e p h o n - in d u c e d  
a c t iv a t io n  o f  s u c r o s e  t r a n s p o r t e r  a n d  
glu tam ine synthetase gen es (as w ell as several 
o th e r  g e n e s  a s s o c ia te d  w ith  r u b b e r  
b io s y n th e s is )  is  a n  in te r e s t in g  r e s u lt .  
A ctiv ities o f th ese gen es could  act as proxy 
in d ic a to r s  o f  y ie ld  p o t e n t ia l  a s  w e ll as 
response to stim ulation . L atex H arvest team  
show ed m o re results to prove th e  technical 
feasib ility  o f d/7 tap p in g . F u rth er red u cing  
the tap p ing  frequ en cy  (d/10 etc.) a lso  ap p ears 
to be possible.

Rubber Technology g roup, in cludin g the 
C o n s u lta n c y  te a m  m a d e  s ig n if ic a n t  
contribu tion s th at b enefit the processin g  and 
products developing sectors. A  novel m ethod 
w as developed  to m ak e g ood  qu ality  sheet 
ru bber from  am m on ia-p reserved  latex w ith 
su itab le  p re-treatm ent. A lso  novel p rocesses 
w ere  d eveloped  to  m ak e  g ood  qu ality  low  
protein solid rubber from  latex and  m axim um  
lea ch in g  o f p ro te in s  fro m  su rg ica l g lo v es. 
S tu d ies on latex carbon -b lack  m aster  batch , 
s i l ic a  r e in fo r c e m e n t  o f  n a t u r a l  r u b b e r , 
d e v u lc a n iz a t io n  o f  u se d  r u b b e r , f in g e r  
prin tin g  o f latex, sh elf-life  o f g lov es etc. gave 
p rom ising results. A  project on evaluating any 
p ossible cytotoxicity  o f cru m b rubber pow d er 
m ad e from  end  o f life tyre w as initiated. M ore 
than 40  en trep ren eu rs received  tech nologies 
for m ak in g  variou s rubber p rod u cts su ch  as 
a d h e s iv e s , a u to m o b ile  c o m p o n e n ts ,  f ire  
re s is ta n t m ats , r u b b e r  so le s , d ip p e d  an d  
fo a m ed  g ird , tread s, tu b e  v a lv es, ru b be r 
m o u ld s etc.

E co n o m ics  research  team  su ccessfu lly  
p r e p a re d  a ro ad  m a p  fo r  a t ta in in g  s e lf -  
reliance in  natu ral rubber p rod u ction  b y  2030.



H ow ever, g iv e n  th e  p o o r  ra te  o f  re/new 
planting, it is m ore likely that self-relian ce in 
n a tu ra l r u b b e r  p r o d u c tio n  m a y  n o t be 
achieved and th is can hurt the Indian rubber 
products m anufacturing industry badly in the 
com ing years. O u r studies have sh ow n that 
bv adopting scien tific  ag ro n o m ic practices 
and  c o s t  sa v in g  re co m m e n d a tio n s , la tex  
harv'esting from  existin g m ature h o ld ings is 
still profitable even as the price o f rubber is 
low. T here is  grow ing ap p rehen sion  am ong 
rubber grow ers that rubber p lantation sector 
is  b e c o m in g  s u n s e t se c to r  a n d  th ey  are  
gradually b egin ning to lose interest in rubber 
c u lt iv a tio n .  T h is  is  an  im m e d ia te  a n d  
p r o lo n g e d  c h a l le n g e  th a t  n e e d s  to  b e  
addressed w ith top priority.

Technical advises to grow ers on selection 
o f  clones, soil fertility m an agem ent, d isesase 
m an agem en t and  stim u la tio n  and  tap p in g  
w ere continu ed . D u ring  the y ear  tech nical 
k n o w  h o w  fo r  4 2  r u b b e r  p r o d u c ts  w ere 
transferred to the en trep ren eu rs. A d v isory  
services w ere provided to  416  clien ts from  the

in dustry  sector. M o re th an  8 5 2  test reports 
w ere issu ed  based o n  testin g  o f 833  sam ples 
for m o re  th an  3402  p aram eters. In  addition 
to  th is, co n su lta n cy  s e rv ice s  th ro u g h  2385 
le t te r s s / e -m a ils  w e r e  g iv e n . P r o v id e d  
ad v isory  o n  tro u b le  sh o o tin g  o f  13 factory 
p ro ce sse s . D u r in g  th e  re p o rt in g  y e a r  the 
Q uality  C on tro l D iv ision  o f  R R II issu ed  N O C  
for the im p ort o f 5 .79  lak h  to n n es  o f natural 
rubber in 5 247  c o n s ig n m en ts  o f w h ich  m ajor 
sh a re  w as b lo ck  ru b b e r  fo llo w ed  b y  sh eet 
rubber and  sm all p ortion s o f  crep e ru bber and 
latex.

D u rin g  th e  rep o rtin g  y e a r  a lso  n o  new  

recru itm en ts w ere  m ad e  a n d  v acan cies  in the 
sc ien tis t ca d re  co n tin u ed  to  in crease . T h ree 
issu es o f R u b b er Sc ien ce  w ere  p u blish ed  w ith 
2 7  research  articles d u r in g  th e  r ep o rtin g  year. 
A  total o f 32  research  artic les, 4 2  con feren ce  
p ap ers 19  p o p u lar  a rtic les, o n e  b o o k  chap ter 
and  o n e  P h D  th esis  w e re  p u b lish ed  an d  tw o 
sc ien tific  r eco m m en d a tio n s  w ere  ap p roved .

D r. Ja m e s  Ja co b



D evelop in g  su sta in ab le  farm  practices, 
r e d u c in g  c o s t  o f  c u lt iv a tio n ,  g e n e ra t in g  
a d d it io n a l  in c o m e  a n d  im p r o v in g  
b iod iv ersity  continu ed  to  b e  the m ajor thrust 
a reas  o f research  o f the D iv ision . V arious 
ex p erim en ts  on  n u trien t m an ag em en t, soil 
and  w ater conservation , in tercrop p in g  and 
grou nd  cov er m an agem en t w ere in progress. 
E x p erim en ts  to d ev elo p  g ood  a g ricu ltu ra l 
p r a c tic e s  to  re d u ce  g e s ta tio n  p erio d  and  
e n h a n c e  y ie ld  o f  r u b b e r  w ere  co n tin u ed . 
Fo llow  u p  stu d ies o f R u bSIS  o n  lim ing  and 
fertilizer sk ip p in g  w as in itiated  a t  d ifferent 
lo c a t io n s .  S o il s a m p le  c o lle c tio n  fo r  th e  
p r o je c t  o n  fe r t i l i t y  m a p p in g  o f  r u b b e r  
g ro w in g  reg ion s o f N orth -E ast India w as in 
progress.

1 . N u trie n t M a n a g e m e n t

T h e  tr ia l in itia ted  to  ev o lv e  a fertilizer  
r e c o m m e n d a tio n  fo r  ro o t tr a in e r  ru b b e r  
p la n t s  w a s  in  p r o g r e s s .  A  f e r t ig a t io n  
e x p e r im e n t  w a s a ls o  in itia te d  to  re d u ce  
w a te r  co n su m p tio n  o f ro o t tra in e r  p lan ts.

T h e  fie ld  ex p e rim e n t starte d  d u rin g  
2 001 a t  C en tra l E x p erim en t S ta tio n  (C ES), 
C h e th a ck a l to s tu d y  th e  e ffe c t o f lon g  term  
a p p l i c a t io n  o f  in o r g a n ic  a n d  o r g a n ic  
m a n u res  on  th e  g ro w th  an d  y ie ld  o f r u b be r 
an d  o n  th e  p h y sico - ch em ica l p ro p erties  o f 
s o i l  w a s  c o n t in u e d  w it h o u t  a p p ly in g  
f e r t i l i z e r  a n d  F Y M  to  u n d e r s t a n d  th e  
resid u al effect o f th e  treatm ents. Su p erio rity  
o f  th e  tre a tm e n t 25  p er cen t fe rtilizer  + 75 
p er  c e n t FY M  in en h a n c in g  the g ro w th  o f 
ru b ber w as m ain tain ed . S ig n ifican tly  h igher

y ie ld  w as a lso  reco rd ed  in  th is trea tm en t 
co m p ared  to  all o th er  treatm en ts.

T h e  fie ld  tr ia ls  in itia ted  d u rin g  2011 
to  s t u d y  th e  e f f e c t  o f  s e c o n d a r y  a n d  
m icro n u trien ts o n  g ro w th  o f  ru b ber and  soil 
p ro p erties at th ree  location s, v iz . C heruvally, 
P a lap p ally  and  T h a m a ra ssery  es ta te s  w ere 
co n tin u ed  to  th e  m atu re  p hase. T h e  field  
trial in itia ted  to  ev a lu ate  'G e o g re e n ' org an ic  
m an u re o n  g row th o f  y ou n g  ru bber at SFC K , 
C h it h a lv e t ty  e s t a te  w a s  c o n c lu d e d . 
I n te g r a t io n  o f  G e o g r e e n  w ith  fe r t i l iz e r  
im proved  soil fertility  statu s, b u t the p ositive 
e ffe c t w as n o t reflected  o n  g ro w th  o f p lan ts.

C o n tin u e d  th e  f ie ld  e x p e r im e n t on 
target a p p lica tio n  o f w ater so lu b le  fertilizers 
in to  th e  ro o t z o n e  o f  yo u n g  ru b be r plan ts. 
G ir th  o f  p la n ts  a f te r  o n e  y e a r  w a s  n o t 
s ig n ifican tly  d ifferen t b e tw ee n  th e  stan d ard  
p r a c t i c e  a n d  w a te r  s o lu b le  f e r t i l i z e r  
treatm en ts.

T h e  s tu d y  o n  rh izo sp h ere  ch em istry  
u n d e r  v a ry in g  s o il p H  w a s  in  p ro g re s s . 
C atio n  e x ch an g e  cap acity  a n d  e x ch an g eab le  
K  w e r e  s i g n i f i c a n t l y  h i g h e r  in  th e  
rh izo sp h ere  so il co m p a re d  to b u lk  soil.

2 . S o il an d  w a te r  c o n s e rv a tio n

T h e  e x p e r i m e n t  o n  e v a lu a t io n  o f  
v ario u s b iolog ical/ vegetative h ed g es  fo r  soil 
a n d  w a te r  c o n s e rv a tio n  in itia te d  d u r in g  
2 00 9  in M u n d a k a y a m  e s ta te  w as c o n tin u ed . 
S ig n if ic a n t  d if fe r e n c e  w a s  n o t o b se rv e d  
b e tw e e n  tr e a tm e n ts  e ith e r  o n  g r o w th  o f 
r u b be r o r  q u an tity  o f  soil ero d ed .



3. In te rc ro p p in g  and  c ro p p in g
system s

E x p e rim e n t in it ia te d  to  d e v e lo p  a 
multispecies rubber based cropping system  
for Tam il N adu region w as in progress. Th e 
grow th  o f ru bber w as s ig n ifican tly  h ig h er  
in in tercropped area th an  con tro l. T h e lea f 
yield  o f D racaen a fr a g ra n s  cv. M assan gean a  
was 35-40  leav es p er p lan t p er year. Th e 
exp erim en t to  stu d y  th e  e ffe c t o f  reta in in g  
p in eap p le  a fter  th e  n o rm al in tercro p p in g  
period on p erfo rm an ce o f  ru b ber an d  soil 
prop erties w as in p ro g ress . G ro w th  and  
y ie ld  o f  r u b b e r  w as n o t in f lu e n c e d  b y  
r e ta in in g  p in e a p p le  a f t e r  th e  n o r m a l 
in tercropping period.

T h e  e x p e r im e n ts  on  in te r c r o p p in g  
perennial cro p s w ith ru bber in itiated  a t  C ES, 
C hethackal in 2001 w ere co n tin u ed  and the 
grow th  and  yield  o f  ru b be r c o n tin u ed  to b e  
n o t in flu e n ce d  b y  c u lt iv a t in g  c o f fe e  o r  
n u tm eg  a s in tercrop s. Y ield  o f  co ffee  w as 5 0  
p er cen t o f  th a t o f m o n o cu ltu re . A verage 
yield  o f  nu tm eg  w as 115 fru its  t r e e ',  w hich  
w as com p arab le  w ith  th a t o f m o n o cu ltu re . 
E xp erim ent o n  in ter p lan tin g  o f  ru b b e r  w ith  
t im b e r  tr e e s  v iz .  t e a k ,  w ild  ja c k  a n d  
m a h o g a n y  in i t ia t e d  in  2 0 0 1  a t  C E S , 
C h e th a c k a l w a s  c o n t in u e d . G r o w th  o f 
ru b ber w as n o t sig n ifica n tly  in flu en ce d  by 
row  sp acin g  and  typ e o f tim b er in tercro p s. 
N o  s ig n ifican t d ifferen ce  in  y ie ld  o f  ru b be r 
w as o b se rv e d  b e tw e e n  sp a c in g , ty p e  o f 
in tercro p s and  in teractio n s.

In itia ted  a fie ld  e x p e rim e n t a t  C E S , 
C h e th a c k a l to  fin d  o u t th e  fe a s ib il i ty  o f 
e s t a b l is h in g  v a r io u s  c r o p s  v iz .  c o f f e e  
(S e le c t io n  1 3 ) , p e p p e r ,  tu r m e r ic ,  
a m o r p h o p h a ilu s ,  c o lo c a s i a ,  c h i l l i  a n d  
H eiic on ia  a s  in te rc ro p s  in  m a tu re  r u b b e r  
p lan tation  u n d er tap p ing  and  th e  effect o f 
th e se  in te r c ro p s  o n  g r o w th  a n d  y ie ld  o f 
rubber and soil p hy sico-chem ical prop erties. 
P lan tin g  o f co ffee  w as un d ertaken .

4. G ro u n d  c o v e r  m a n a g e m e n t

A n  o b se rv a tio n a l trial to  fin d  o u t the 
feasib ility  o f  e s ta b lish in g  C. ca e r u k u m  under 
p a rtia l s h a d e  (a fte r  th e  in te rcro p  p in eap p le) 
in itia ted  d u r in g  2 0 1 5  a t  K a liy a r  e s ta te  was 
co n tin u ed . C. c a e r u k u m  e s ta b lish e d  w ell and 
su rv iv ed  in  th e  fie ld  in  su m m e r  a lso . T h e 
d ry  m a tter  p ro d u ctio n  a fte r  th re e  y e a r s  w as 
a b o u t 3 ,7 2 0  k g  h a  '.

T h e  p o t  c u l t u r e  s t u d y  a n d  f ie ld  
e x p e rim e n t w ith  d iffe re n t flo ra  v iz . g rasses, 
so ft w e e d s an d  le g u m in o u s  c o v e r  c ro p s  to 
s tu d y  th e  d iffe re n tia l e ffe c t o f  flo ra  o n  soil 
n u tr ie n t d y n a m ic s  w e r e  in  p r o g ress .

T h e  fie ld  e x p e rim e n t on  th e  e ffe c t  o f 
le g u m e  c o v e r s  a n d  n a t u r a l  f lo r a  o n  th e  
g ro w th  o f  ru b ber, so il p h y sico -ch e m ica l and 
b io lo g ica l p ro p erties , b io m a ss  a n d  n u trient 
tu r n o v e r  la id  o u t  d u r in g  2 0 1 2  a t  C E S , 
C h eth ackal w as co n tin u ed . G ro w th  o f rubber 
u n d er b o th  c o v e r  c ro p s  w a s  c o m p a ra b le  and 
th e  h ig h e s t  g r o w th  w a s  r e c o rd e d  in p lo ts 
w h e re  P u era ria  w a s es ta b lish e d . R u b b er + 
l m 2 w e e d in g  a ls o  r e c o rd e d  a c o m p a ra b le  
g ir th  to  th a t o f M u cu n a  p lo ts.

T h e  s tu d y  o n  w eed  sp re a d  o f  M ikan ia  
m ic ra n th a  K u n th  fro m  r u b b e r  p la n ta tio n s  
sh o w e d  th a t th e  in te n s ity  o f  M ik a n ia  w as 
s e v e re  w ith in  p la n ta tio n s  w ith  le a s t  h u m an  
d is tu rb a n ce  a n d  w h e re  a m p le  su n lig h t w as 
a v a ila b le . T h e  fr e q u e n cy  o f  o c c u r re n c e  o f 
th is  n o x io u s  w e e d  r e d u c e d  to  m o d e ra te  
l e v e ls  w h e n  m o v i n g  a w a y  fr o m  th e  
e p ice n te r  a rea  o u tw a rd s. T h e  s tu d y  sh ow ed  
th a t  r u b b e r  p l a n t a t i o n s  in f e s t e d  w ith  
M ik a n ia  w e re  a g o o d  s o u rc e  fo r  th e  w eed  
sp re a d  to  n e a rb y  lo ca litie s .

5. P la n t in g  te c h n iq u e s

T h e  fie ld  e x p e r im e n t in itia te d  in  2010 
to  s tu d y  th e  im p a c t  o f  m e c h a n iz e d  lan d  
p re p a ra tio n  o n  so il e r o s io n  an d  g ro w th  of



p la n ts  w as co n tin u ed . S ig n ifican tly  h igher 
ra te  o f  soil ero sio n  o b serv ed  up  to six  years 
a fte r  p la n tin g  in p lo ts  w h e re  in te r -ro w s  
w ere  tilled for cu ltiv atin g  in tercrop s w as not 
o b serv ed  d u r in g  2 0 1 8 -1 9  a lso.

T h e  e x p erim en t to ev a lu ate  d ifferen t 
p la n t in g  s y s te m s  in  2 0 0 7  a t  C h e r u v a lly  
esta te  continu ed . C an o p y  g row th continu ed  
to  b e  asy m m etrica l a n d  g irth  o f  p lan ts  in the 
c o n tro l (sq u a re  sy s te m ) w a s  c o m p a ra b le  
w ith  th at o f tw in  sy stem  o f p lan tin g . All 
o th e r  p la n t in g  s y s te m  w e r e  in fe r io r  to 
co n tro l w ith  resp ect to  girth .

6. D evelopm ent of agro-m anagem ent 
t e c h n i q u e s  f o r  r e d u c i n g  th e  
g e sta tio n  p erio d

T h e field ex p erim en t in itia ted  at CES, 
C h e t h a c k a l  d u r in g  2 0 0 8  to  e v o lv e  an  
ag ro n o m ic p ackage to reduce th e  im m atu rity  
p eriod  o f ru b ber continu ed . T h e treatm ents 
w ith  co m bin atio n s  o f tw o typ es o f p lan tin g  
m ateria l and  tw o m an ag em e n t o p tio n s w ere 
in  p rogress. G ro w th  o f d irect-seed ed  green  
b u d d e d  p la n ts  u n d e r  in te g r a te d  
m a n a g em e n t w ere sign ifican tly  su p erio r  to 
a ll o th ers. T h e  ex p erim en t to  ev alu ate  the 
field  p erfo rm an ce  o f on e- w horl, tw o -w horl 
an d  th ree -w h o rl p o ly b a g  an d  ro o t tra iner 
r u b be r p lan ts in itia ted  a t  C E S, C h eth ack a l 
d u rin g  200 8  w as co n tin u ed . T h ree-w h o rl 
p o ly b ag  p lan ts  w ere s ign ifican tly  su p erio r  to 
all o tiie r  typ es o f p la n tin g  m ateria l in term s 
o f g ro w th . Y ield  w as b e in g  record ed  from  
th e ex p erim en ta l area.

7 . R u b b e r  g ro w in g  so ils

T h e  e x p e r i m e n t  to  e s t im a t e  r o o t  
r e sp ira tio n  co m p o n en ts  o f  so il resp irad o n  
in  d i f f e r e n t  r u b b e r  b a s e d  s y s t e m s  w as 
c o n c lu d e d . In  b a n a n a -ru b b e r  sy stem  the 
co n trib u tio n  o f root resp ira tio n  tow ard s soil 
resp ira tio n  w as m o re  th an  rubber-p in eap p le

and m atu re  ru b ber sy stem s. T h e  total soil 
r e s p ir a t io n  w a s  a ls o  h ig h e r  in  r u b b e r-  
b a n a n a  s y s t e m  fo l lo w e d  b y  r u b b e r -  
p in ea p p le  and  m atu re  ru b be r sy stem s.

8. S tre s s  m a n a g e m e n t

T h e  e x p erim en t ev a lu atin g  efficacy  o f 
la te x  co a te d  n e w s  p a p e r  a s  m u lc h  w as 
co n tin u ed . R esu lts  sh o w ed  th a t low  cost 
m u lc h  m a t e r i a ls  s u c h  a s  la t e x  c o a te d  
n e w sp a p e r  an d  g u n n y  w e re  e f fe c tiv e  in 
p re v e n tin g  w eed  g ro w th  an d  co n s e rv in g  
so il m o is tu re  fo r  a p erio d  o f  s ix  to  e ig h t 
m onths. C o st o f m u lch  m aterial fo r  1 m 2 area 
w as Rs.20/- for n ew sp ap er and  Rs.55/- for 
g u n n y  (b o th  c o ate d  w ith  4 0 0  m l la tex  e ach ), 
an d  Rs.25/- for b io d eg rad ab le  p lastic , w h ich  
w as d u ra b le  for th ree  years.

9. E n v iro n m e n ta l asp e c ts  o f  ru b b e r
cu ltiv a tio n

T h e  s tu d y  o n  a s s e s s m e n t o f  w a te r  
q u a lity  in itia ted  d u r in g  2 015  in w ate rsh ed s 
d o m in ate d  by ru bber, tea an d  card am o m  in 
K ottayam  a n d  Id u kki d istric ts  o f  K era la  w as 
co n clu d ed . T h e  s tu d y  sh o w ed  th at m o st o f 
th e  q u a lity  p a ra m eters  fo r  d r in k in g  w ater 
w ere w ith in  th e  a ccep ta b le  l im its in  a ll th ree 
la n d  u se  s y s te m s . C o m p a re d  to  r u b b e r  
s y s te m , s ig n if ic a n t ly  h ig h e r  c o n t e n t s  o f  
nitrate, C a, M g, and  K  w ere observed  in w ater 
sa m p les  co lle c te d  fro m  tea  a n d  ca rd a m o m  
d o m in a te d  w a t e r s h e d s .  S i g n i f i c a n t l y  
h ig h e r  d isso lv e d  o x y g e n  co n te n t in su rfa ce  
w a te r  o f r u b b e r  w a te rsh ed  d u r in g  a ll  th e  
fo u r  s e a s o n s  in d ic a te d  b e t t e r  h e a l th  o f  
w a te r  r e s o u r c e s  in  r u b b e r  d o m in a te d  
la n d sca p e s . P e s tic id e  r e s id u e s  w e re  b e lo w  
th e  le v e l o f q u a n tif ic a tio n  in  sa m p le s  fro m  
a ll  th r e e  la n d  u s e  s y s t e m s . T h e  s tu d y  
sh o w ed  th a t b a c te r ia l co n ta m in a tio n  w as 
th e  m a jo r  w a te r  q u a lity  p r o b le m  in  th e  
s tu d y  area , re n d e r in g  the w a te r  u n su ita b le



Table Ag. i Total dissolved solids (T P S) in groundwater and surface w ater (m g l ) 

Groundw ater

Rubber(n=27) Tea(n=2Q) CardamomQv-22) R x T R x C  TxC

26.0(9-6(1) 
47.8(8-149 j

54.6(5-250)

50.7(9-180)

67.3(16-169)

87.4(7-215)

113.9(16-459) 

117.4(10-466)

164.5(30-377)

171.0(18-400)
210,0(63-4*9)

212.8(17-589)

Surface water

Rubber(n=IOl Tea(n*=9) C a rd a m o m ln ^ )

Post-mon. 2015 
Pre-mon. 2016 

Post-mon. 2016 
Pre-man. 2017

25.9(13-48)

34.4(15-68)

22.7(7-48)
57.5(12-89)

72.4(31-174)

64.0(18-95)
75.8(36-113)

104.9(53-168)

93.1(44-179)

102.4(50-162)

83.6(28-219)

106.6(76-184)

Figure's in parentheses are the range of values BIS acceptable lim it -500 mg 1.'

Table Ag. 2. Dissolved oxygen content in surface w ater from three cropping system s (m g L ') 

Season Rubber(n=lQ) Tea(n=9) Cardamom(n=12) RxT RxC

Post-mon. 2015 8.1(7.1-8.6) 5.4(4.4-73) 6.8(6.3-7.0) «

Pre-mon. 2016 7.0(6.1-75) 55(3.4-6.7) 6.0(3.1-8.8) NS NS
Post-mon. 2016 7.4(6.8-7.8) 57(4.3-6.1) 6.0(5.6-6.6) « NS
Pre-mon. 2017 7.1(6,5-79) 5.4(4.5-6.4) 6.0(4.3-7.0) « NS
Figures in parentheses are the range of values WHO specified limit 6 .0  mg L 1

for drink in g  pu rp ose in all land u se  s y stem s 
studied .

10. L e v e l  o f  a d o p t i o n  o f  a g r o -  
m a n a g e m e n t p ra ctice s

T h e p rim ary  d ata  co lle c te d  th ro u g h  
the q u estio n n aire  o n  th e  e x te n t o f a d o p tio n  
o f  variou s ag ro  m a n a g e m e n t p r a c tice s  in 
ru b ber p la n ta tio n s  o f K era la , T am il N ad u , 
K a r n a ta k a , G o a  an d  M a h a r a s h tr a  w e r e  
co m p iled . T h e re su lts  s h o w ed  th a t b a n a n a  
w as th e  w id e ly  a d o p te d  in te r c ro p  in  all 
s ta tes e sp e c ia lly  in Tam il N ad u  (94% ) an d  
G oa (100% ). In M a h a ra sh tra  a ro u n d  50  p er  
c e n t o f th e  fa r m e r s  a d o p te d  p in e a p p le  
in t e r c r o p p i n g  w h e r e  a s  in  K e r a la ,  
K arn atak a a n d  T am il N ad u , th e  p e rce n ta g e  
o f  a d o p t io n  w a s  1 1 , n in e  a n d  t h r e e ,  
resp ectively . M ore th a n  86  p er  c e n t o f  th e  
r u b b e r  g r o w e rs  in  S o u th  In d ia  a d o p te d

m a n u a l  m e t h o d  o f  w e e d  c o n t r o l  in 
im m a tu re  a n d  m a tu r e  r u b b e r  p la n ta tio n s . 
O n ly  tw o  p e r  c e n t  o f  th e  g r o w e rs  a p p lied  
h e r b ic id e s  in  r u b b e r  p la n ta t io n s  fo r  w eed  
c o n t r o l .  C o n s t r u c t i o n  o f  t e r r a c e s  fo r  
c o n s e rv in g  so il a n d  w a te r  w a s  th e  w id e ly  
a c c e p te d  c o n s e rv a tio n  p r a c t ic e  (8 5 % ) in  all 
s t a te s  a n d  c o m b in a t io n  o f  c o n s e r v a t io n  
p r a c t ic e s  fo r  c o n tr o l l in g  s o il e r o s io n  w as 
fo llo w e d  o n ly  in  K e ra la .

1 1 . S o il f e r til ity  m a p p in g  a n d  so il  
h e a lth  m o n ito r in g  o f  trad itio n al  
ru b b e r  g ro w in g  re g io n s o f  K erala , 
T am il N a d u  an d  K a rn a ta k a

In  co n tin u a tio n  to  th e  d e v e lo p m e n t o f 
th e  o n - l in e  f e r t i l i z e r  r e c o m m e n d a t i o n  
s y s te m  fo r  r u b b e r  (R u b S I S ) ,  fo l lo w -u p  
s tu d ie s  o n  v a rio u s a sp e c ts  w e r e  in itia te d  at



d iffe re n t lo ca tio n s. Tw o b lo ck  tr ia ls  each  
w e r e  in i t ia t e d  a t  M a la n k a r a  E s ta t e ,  
T h o d u p u z h a  a n d  T h e v e r v e l i l  E s ta te ,  
P eru n ad u  to stu d y  the e ffe c t o f lim in g  on 
so il p ro p erties and  p erfo rm an ce o f rubber 
d u rin g  im m atu re  a n d  m atu re  p h ases. Field 
e x p e rie m n ts  w ere  in itia ted  at fo u r location s

in K erala  and  at on e lo ca tio n  in K arnataka 
to stu d y  the effect o f sk ip p in g  o f fertilizers 
on y ield  a n d  g ro w th  o f ru b ber and  o n  so il 
pro p erties. A n o th er  fie ld  tria l w as in itiated  
a t T R & T , esta te  M u n d ak ay am  to fin d  ou t 
w h eth er a p p lica tio n  o f M g  a lo n g  w ith  lim e 
w ill im p ro v e  p erfo rm an ce  o f rubber.

F E R T IL IZ E R  A D V IS O R Y  G R O U P

T h e  m a jo r  o b je c tiv e  o f  th e  g ro u p  is to 
p r o v id e  s o i l  a n d  l e a f  a n a l y s i s  b a s e d  
fe r t i l iz e r  r e c o m m e n d a tio n  to  b o th  la rg e  
e s ta te s  a n d  sm a ll an d  m e d iu m  g ro w e rs . # 
T h e  s e r v ic e s  w e r e  p ro v id ed  th ro u g h  th e 
cen tra l so il an d  lea f te s tin g  la b o ra to ry  at 
R R I I  h e a d q u a r te r s  a n d  s e v e n  r e g io n a l  
la b o ra to r ie s . A d v ices  o n  fer tiliz er  u se  w ere 
p ro v id e d  d u r in g  the v is it o f  th e  g ro w ers  to 
th e  l a b o r a t o r y  o r  a s  c l a r i f i c a t i o n s  o n  
te le p h o n ic  e n q u ir ie s  o r  em ail q u e rie s . O f 
la t e ,  th e  m a jo r  a c t iv i ty  o f  th e  r e g io n a l  
la b o r a to r ie s  w as e s t im a tio n  o f  d ry  ru b be r 
co n te n t o f  la tex  sam p les .

• 7 3 8 1 6  la tex  sa m p le s  w e re  tested  for 
d ry  ru b b e r  co n ten t.

• O f f e r e d  s i t e - s p e c i f i c  f e r t i l i z e r  
reco m m en d a tio n  to  in d iv id u al fie ld s

fro m  la r g e  e s t a te s  o n  th e  b a s is  o f  
an a ly sis  o f  380  le a f  sa m p les  an d  712 
so il sam p les.

E le v e n  le a f  s a m p le s  a n d  2 5 4  s o il  
s a m p le s  fro m  s m a llh o ld in g s  w e re  
a n a ly z e d  a n d  o ffe r e d  s ite -s p e c if ic  
fe rtilizer  reco m m en d atio n s.

• A d v ic e s  to  s m a l lh o l d e r s  w e r e  
p ro v id ed  th ro u g h  te lep h o n e  a n d  visit 
o f  th e  farm ers  to  R R II.

Table FAG. 1. D etails on so il, leaf and latex analyses 
______________ and the revenue________
Sam ple details Number Revenue (Rs.)
Soil 966 1,35,405.00
Leaf 391 1.94,346.00
DRC of latex samples 73816 43,55,144.00
Total Revenue 46,84,895.00



T h e  m a jo r  a r e a s  o f  re se a rc h  in th e  
D iv is io n  a re  a n a ly s is  o f c l im a te  c h a n g e  
process and its im pact on ru bber cultivation 
in trad itio n a l an d  n o n -tra d itio n a l ru b be r 
g r o w in g  r e g io n s  o f  In d ia . D e v e lo p in g  
in form ation  system  o n  ru b be r cu ltiv a tio n  
u sing  R S-G 1S p latform  to  id en tify  ex istin g  
areas under rubber cu ltivation  and  suitable 
new  area  w here ru b ber cu ltiv a tio n  can  b e  
extended. M eteorological data  m an agem ent 
system  in rubber grow ing regions is regularly 
updated. Ecosystem  level stu d ies in  ru bber 
plantations like species diversity, m icroclim ate 
param eters, g round w ater table, effect o f  land 
use chan ge etc. w ere a lso  un dertaken .

D u rin g  th is  r e p o r t in g  p e r io d  f ir s t  
p hase o f  m ap p in g  a n d  e stim a tio n  o f  r u b be r

a c r e a g e  in  th e  w h o le  o f  In d ia  w as 
c o m p le t e d .  A  to t a l  o f  s ix t e e n  r u b b e r  
g r o w in g  s ta te s  h a v e  b e e n  m a p p ed  using 
re m o te  s e n s in g  sa te llite  d a ta . A g ro -clim atic  
s u ita b ility  a n a ly s is  o f  N E  w a s com p leted  
using  'a re a  u n d er c u rv e ' m e th o d  an d  clim ate 
to le ra n ce  lim its  (C T L ) p a ra m e te rs . O u t of 
th e  6 8  d is tr ic ts  in  th e  N E  reg io n , a total o f 
4 2  d is tr ic ts  in  5 s ta te s  (A ssa m -1 8 , M an ip u r- 
9, M e g h a la y a -4 , M iz o r a m -7  a n d  T rip u ra-4) 
w e re  id e n tif ie d  a s  n o rm a lly  su ita b le  an d  54 
a n d  62  d is tr ic ts  in  th e  10  a n d  2 0  p er cen t 
v a ria b ility  l im its , resp ectiv e ly . T h e  im p acts 
o f  E l n in o  in d ica to rs  o n  th e  se a so n a l ra infall 
an d  te m p e ra tu re  w e r e  a n a ly z e d  in  rubber 
g r o w in g  r e g io n s .  S t u d ie s  o n  v e g e ta t io n  
d y n a m ic s  a n d  u n d e r s to r y  v e g e ta t io n  on

Fig. CCES. 1. Geo-spatial distribution and acreage of rubber plantations in India

GEOSPATtAL DISTRIBUTION OF 
RUBBER PLANTATIONS IN INDIA



m ic r o c lim a te  in r u b b e r  p la n ta t io n s  a re  
p rog ressin g .

1 . D e v e l o p i n g  r u b b e r  b a s e d  
in fo rm atio n  sy stem  u sin g  rem ote  
se n s in g  an d  G IS.

1.1. C u rren t sta tu s  o f  m a p p in g  o f ru b b e r  
p la n ta tio n s  in  In d ia

F irst p hase o f m ap p in g  and  estim ation  
o f  r u b be r acreag e in the w h o le  o f India w as 
co m p leted  d u rin g  2 018-2019. S ix teen  rubber 
g r o w in g  s ta te s  h a v e  b een  m ap p ed  u sin g

rem o te  sen sin g  sate llite  d ata . T otal e x ten t o f 
ru b ber p la n ta tio n s  (ag e 3  y ears and  ab o v e) 
e s t im a te d  in  th e  c o u n tr y  a s  p er  re m o te  
sen sin g  d ata  w as 7 ,22 ,440  ha (Fig . C C E S. 1).

2. Id e n tif ica tio n  of p o te n tia l a re a s  
fo r  ru b b e r  c u ltiv a tio n  in  N o rth -  
E a st In d ia  u s in g  s a te lli te  d a ta , 
lo n g  term  c lim a tic  d a ta  an d  so il  
fe rtility  sta tu s

U p d a tin g  a n d  m a p p in g  o f  a c re a g e  
estim a tio n  o f ru b ber p la n ta tio n s  in  Tripura

Fig. CCES. 2. Updated map of distribution of rubber plantations in Tripura



w as  com pleted  during  th e  rep o rtin g  year. 
M apping o f ru bber p lan ta tio n s in A ru n ch al 
P rad esh  w as co m p le ted . F u rth er  a cre a g e  
estim ation  o f ru b be r p lan tation  in A ssa m  
using  latest satellite  data  w as in itia ted  and  
about seven  d istric ts  w ere m ap p ed  d u rin g  
2018-2019.

2.1. Tripura

M a p p in g  o f  r u b b e r  p la n ta t io n s  in  
Tripura w as u p d ated . U sin g  s a te llite  d ata  
o f the year 2015 th e  e stim ated  ru b be r area  
in  the s ta te  w as 76 ,954  h a  (F ig . C C E S . 2). 
A rea u n d er N R w as th e  h ig h e st in  So u th  
Tripura and  Sep ah ija la  d istricts  an d  th e  least 
w as in  N o rth  T r ip u r a  d is t r ic t .  P r e s e n t  
estim ate  sh ow ed  n early  7.3 p e r  c en t o f  total 
geographical area in  T ripura is u n d er ru b ber 
cu ltivation .

D u rin g  th e  p erio d  2 0 1 0 -2 0 1 5 , a to ta l 
o f  a b o u t  2 8 ,5 8 3  h a  o f  r u b b e r  a r e a  h a s  
in creased  in  T rip u ra . E x te n t o f  e x p a n sio n  
w as th e  h ighest in S ou th  Tripura, D h ala i and 
S ep ah ija la  d istric ts  w h e re a s  a rea  u n d e r  N R  
ex p a n sio n  w as th e  le a st in  N o rth  T rip u ra  
d istrict. O th e r  d istric ts  su ch  a s  W est Tripura , 
G o m a t i ,  K h o w a i a n d  U n a k o t i  h a v e  
co n s id era b le  e x te n t o f  e x p a n sio n  o f  ru b be r 
a r e a  f r o m  2 0 1 0  to  2 0 1 5 .  P r e s e n t  s t u d y  
sh ow ed  th a t a p p ro x im a te ly  5 ,0 0 0  h a  o f  N R  
area  h a s  in cre a se d  e v e ry  y e a r  in T rip u ra  
d u r in g  2010-15 .

2.2. A ru n ach a l P rad esh

M a p p in g  a n d  e s t im a t io n  o f  N R  
a c r e a g e  in  A r u n a c h a l  P r a d e s h  w a s  
co m p le ted  d u rin g  th e  p erio d  2018-2 0 1 9 . In 
th is  sta te , N R  p la n ta tio n s  w e r e  d istrib u ted  
in  E ast K a m en g , E a st S ia n g , N a m sa i an d  
C h a n g la n g  d istric ts  (T ab le  C C E S. 1). T h ese  
d is tr ic ts  a re  b o rd e rin g  w ith  A ssa m  sta te . 
Sate llite -d eriv e d  ex ten t o f  N R  p la n ta tio n s  in 
A ru n ach a l P rad esh  (a g e  3  y ears an d  ab o v e) 
a s  o f th e  y ea r  2 01 6  w as 718  h a  (T ab le  C C E S.
1). In terp re ta tio n s  o f  sa te llite  d a ta  sh o w ed

th a t  s u b s t a n t i a l  e x t e n t s  o f  y o u n g  NR 
h o ld in g s  (a g e  3  y e a r s  o r  less ) a re  p re se n t in 
th e  state .

Table CCES. 1. S a te llite -d eriv ed  area under rubber 
(age 3 years and above) in  Arunachal 

_______________ P radesh as o f  2016

District NR area (ha)
E ast Kameng 180
East Siang 440
Namsai 78
Changlang 20
Total 718

3. N et prim ary p rod u ctivity  (NPP) 
of rub ber plan tations

M O D I S  b a s e d  n e t  p r im a r y  
p ro d u c tiv ity  (N P P ) o f  r u b b e r  p la n ta tio n s  in 
d iffe re n t a g ro -c lim a tic  r e g io n s  w ere  stu d ied . 
S a t e l l i t e  b a s e d  a n n u a l N P P  (2 0 1 4 )  w as 
d o w n lo a d e d , p r o c e s s e d  a n d  a n a ly se d  for 
r u b b e r  p la n ta tio n s  in  K e ra la , K an y ak u m ari 
d i s t r i c t  in  T a m i l  N a d u ,  K a r n a t a k a ,  
M a h a ra sh tra , G o a  a n d  T r ip u ra . D iffere n ces  
in  N P P  w ere  o b s e r v e d  in  th e  d iffe r e n t in 
a g r o -c lim a tic  c o n d itio n s . G e n e r a lly  an n u al 
N P P  o f  r u b b e r  ( 2 0 1 4 )  w a s  le s s  in  n o n - 
tr a d itio n a l a r e a s  c o m p a re d  to  tra d itio n a l 
r e g io n . In  K e ra la , h ig h  N P P  w as fo u n d  in 
S o u th e r n  a n d  N o rth e r n  d is t r ic t s  w h e re a s  
P a la k k a d  d is tr ic t sh o w e d  lo w  N PP. A b o u t 
6 5  p e r  c e n t  o f  th e  to ta l  r u b b e r  g r o w in g  
r e g io n s  in  K e ra la  sh o w e d  h ig h  N PP. R u b b er 
g r o w in g  r e g io n s  in  K a rn a ta k a  sh o w e d  low  
N P P  (18% ) e s p e c ia lly  in  C h ick m a g a lu ru  and 
S h iv a m o g a  d is tr ic ts .

4 . Id e n tifica tio n  o f a g ro -d im a tic a lly  
su ita b le  a re a s  fo r n a tu ra l ru b b e r  
c u l t i v a t i o n  in  n o n - t r a d i t i o n a l  
re g io n s  o f In d ia

A g r o -c lim a tic  su ita b ility  a n a ly s is  for 
the c u ltiv a tio n  o f  N R  in  th e  N o rth -E a st states



w a s  c o m p le te d . M ea n  m o n th ly  c lim a tic  
p a r a m e t e r s  o f  m a x im u m  te m p e r a tu r e ,  
m i n im u m  t e m p e r a t u r e ,  a m o u n t  o f  
r a i n f a l l ,  n u m b e r  o f  r a in y  d a y s  a n d  
p o t e n t ia l  e v a p o t r a n s p ir a t io n  (P Er) w as 
o b ta in e d  fo r  a p e r io d  o f  1 0 2  y e a r s  (1 9 0 1 - 
2 0 0 2 )  fro m  th e  In d ia  W ater P orta l w ebsite 
(w w w .in d ia w a te rp o rta l.o rg ) fo r  th e  N E R  
co m p ris in g  o f a total o f  68  d istricts . O rig inal 
d a ta se ts  w ere  u tilised  to  ex tra c t th e  m ean 
m o n th ly  v a lu e s  o f  r a in f a l l ,  m a x im u m , 
m in im u m  a n d  a v e r a g e  te m p e r a tu r e s ,  
v a p o u r  p r e s s u r e  a n d  p o t e n t ia l  
ev a p o tra n sp ira tio n  fro m  1901 to  2002.

M o n th ly  A rid ity  In d ex  (A ,) d e fin ed  as 
th e  ra tio  o f  an n u a l ra in fa ll an d  p o ten tia l 
e v a p o tra n s p ira t io n  (U N E S C O , 1979) w as 
c o n s id e r e d  a s  a p r im a r y  v a r i a b l e  fo r  
a sse s s in g  th e  su ita b ility  o f th e  ru b b e r  tree 
c ro p  in  an  area . H ig h er v a lu es  o f  A, > 1 
in d ic a te  le s s  a r id i ty  a n d  b e tt e r  c l im a te  
s u ita b ility  for cro p  g ro w th  w h e reas w arm  
a rid  reg io n s a re  ch aracteris tic  o f  low  rain fall 
an d  h ig h  P ^  ra te s  an d  th u s v ery  lo w  A, 
v alu es .

T h e  A r e a - U n d e r - C u r v e  (A U C ) is 
d en o ted  by th e  to ta l a rea  u n d er a cu rv e  in 
g ra p h  u n its . T h e a g ro -c lim a tic  co n d itio n s  
p rev a ilin g  in K o ttay am  an d  K an y ak u m ari 
d is t r ic t s  in  th e  t r a d it io n a l  N R  g r o w in g  
reg io n  are  g e n era lly  co n s id ere d  a s  th e  m o st 
o p tim u m . C o n sid e rin g  th ese  tw o d istric ts  
a s  th e  b en ch m ark , th e  e x te n t o f  d e v ia tio n  in 
th e  c l im a t ic  p a r a m e te r  (A ,) o f  th e  N E R  
d is tr ic ts  fro m  K o ttay am  an d  K an y ak u m ari 
w ere  d eterm in ed . T h e p ercen tage v ariation s 
in  A U C  fo r  e a c h  N E R  d is t r ic t  fro m  th e  
r e s p e c t iv e  c h o s e n  s ta n d a rd  c u r v e s  w e re  
ca lcu la te d  sep a ra te ly  from  th e  m o n th ly  A, 
v a lu e s  m e n tio n e d  a b o v e . S e le c tio n  o f  a 
d is tr ic t w as m ad e if  th e  A U C  p ro v id es a  100 
p er  c e n t m atch  w ith  th a t o f  e ith er  K o ttay am  
o r  K a n y a k u m a r i  d i s t r i c t ,  w h ic h  is  
co n s id e re d  h e re  a s  th e  n o rm al catego ry . In 
o r d e r  to  fin d  o u t h o w  th e  ag ro clim a tes  vary

f r o m  th a t o f  th e  t r a d it i o n a l l y  s u i ta b le  
reg ion s , th e  p ercen tag e A U C  v a lu es  fa lling  
w ith in  th e  10 and  20  p er cent catego ries w ere 
c o n sid ere d  in th e  study.

T h e  " c r o p  c r i te r ia "  fo r  g ro w th  an d  
yield  to leran ce  w ere co n s id ere d  in te rm s o f 
th e  C lim a te  T o leran ce  L im its (C T L ) d efin ed  
a s  th e  e x tre m e to leran ce  lim its  o f im p o rtan t 
c lim atic  p aram eters . S u ita b ility  o f d istric ts  
w a s  co n s id e re d  b a se d  o n  th e  re sp e c tiv e  
v ariability  lev e ls in e ith e r  th e  A U C  o r the 
C T L  an alysis .

In  te rm s o f  su ita b ility  b a se d  o n  th e  
A U C  a n a ly sis  i t  w as fo u n d  th at th e  n o rm al, 
10 a n d  20  p e r c e n t  v ariab ility  lim its  sh ow ed  
24 , 34  an d  4 9  d istric ts , respectively , w h ile  
th e  C T L  b a s e d  a n a l y s i s  s h o w e d  a 
c o r re sp o n d in g  28 , 3 4  a n d  5 0  d is tr ic ts , as 
su ita b le  fo r  N R  c u ltiv a tio n , resp ectively . 
O u t o f th e  6 8  d istric ts  in  th e  N E R , a total o f 
4 2  d i s t r i c t s  o v e r  5  s t a t e s  (A s s a m -1 8 ,  
M a n ip u r-9 , M eg h a la y a -4 , M iz o ra m -7  and  
T r ip u r a -4 )  w e r e  id e n t i f ie d  a s  n o r m a lly  
su itab le  a n d  5 5  and  62  d istric ts  in  th e  1 0  and 
20  p er  cen t v ariab ility  lim its , respectively . 
N o  d is t r ic t s  in  th e  s t a te s  o f  A r u n a c h a l 
P ra d e sh  a n d  S ik k im  w e r e  c h o s e n  in  th e  
n o rm al A U C  and C T L  an a ly ses . U n lik e  the 
n o rm a l A U C , n o  d is t r ic t s  in  th e  s ta te  o f 
M a n ip u r q u a lified  u n d e r  th e  n o rm a l C T L  
an a ly sis .

5 . C lim ate  re so u rce  ch aracterisatio n
o f ru b b e r  g ro w in g  areas

T h e  d is t r ib u t io n  a n d  in te n s i ty  o f  
ra in fa ll d u rin g  th e  tw o c a ta stro p h ic  flood  
e v e n ts  o f  1 9 2 4  a n d  2 0 1 8  in  K e r a la  w a s  
stu d ied . R a in fa ll d a ta  o f K era la  s ta te  d u rin g  
h e a v y  f lo o d in g  p e r io d  f r o m  8 th to  1 6 lh 
A u g u st 2018  fro m  6 0 rain  g au g e  sta tio n s w as 
d o cu m en ted  an d  p lo tted  the ra in fa ll in th e  
o u tlin e  m ap  o f  K era la  u s in g  G IS  p latform . 
It  w as o b serv ed  th a t o f  th e  tw o m en tio n ed
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years heavy flood in g  had  occu rred  d u rin g  

1924.
R aintall during  the 10-d ay  p erio d  (8 - 

17* A ugust, 2018) d ep arted  m o re th an  th ree  
tim es from  th e e x tre m e  d o w n p o u r  fro m  
m ean. Excess ra infall w as n o t co n fin e d  to 
the high ranges a lon e d u rin g  2018. M id lan d  
an d  co a s ta l r e g io n s  to o  r e c o rd e d  h e a v y  
dow n pour. M an y  ra in  g a u g e  s ta tio n s  in  
m id lan d  r e c o rd e d  a ll- t im e  h ig h  r a in fa ll  
in tensities o f m o re th an  20cm  co n s isten tly  
for m o re than a w eek. It can  b e  in terp re ted  
th at flood  w as cau sed  b y  m u lti-d ay  e x tre m e 
rainfall and  a lso  p artly  d u e  to h ig h  reserv oir 
storage.

D etails  o f  cy clo n ic  d is tu rb a n ce s  th a t 
contribu ted  to the flood  o f A u g u st 201S w ere 
c o l le c t e d .  It  w a s  o b s e r v e d  t h a t  th e  
d e p r e s s io n  fo rm e d  in  n o r th w e s t  B a y  o f  
B e n g a l on  7 -8 lh a n d  1 5 - 1 7 th A u g u s t  h a d  
ca tastro p h ic  e ffects . M o re  in te rp re ta tio n  is 
in p ro g ress in term s o f  track , in te n s ity  and  
p o sitio n  o f th e  d is tu rb a n ce  w h ic h  ca u sed  
u n u su a lly  h eav y  sh ow ers .

6. E l n in o /L a  n in a  e p is o d e s  a n d
r e g i o n a l  c l i m a t e  in  r u b b e r  
g ro w in g  re g io n s  o f In d ia

El n in o  ev en ts  fro m  19 5 1 -5 2  to  201 5 - 
16  w ere c h a ra c ter iz ed  in te rm s o f in itia tio n , 
d u ra tio n , m a tu r ity  a n d  in te n s ity . I t  w as 
o b serv ed  th at th e  S W  m o n so o n  ra in fa ll is 
n o t affected  b y  El n in o  c h a ra c te r is tic s  like 
d u ra tio n  o f the ep isod e/ even t o r  m ax im u m  
O N I (O N I w h e n  th e  e v e n t / e p is o d e  is  
m atu red ) o r  fo rm atio n , m atu rity  o r  d ecay  
o f  th e  ev en t.

S W  m o n so o n  ra in fa ll o f  th e  K e ra la  
S ta te  an d  o f  R R II, K o tta y a m  w a s fo u n d  
d ecrea sin g  w ith  in cre a s in g  O c e a n ic  N in o  
In dex (O N I). H ow ever, b oth  th e  association s 
w ere non-sign ificant. It w as observed  th at

S W  m o n so o n  rain fall o f  a sm a ll sp a tia l scale 
w as n o t in flu e n ce d  b y  O N I.

S W  m o n so o n  ra in fa ll o f  la rg e  spatial 
e x te n t w as in flu en ce d  s ig n if ic a n t ly  (pc.Ol) 
by  th e  O N I o f  Ju n e  to  S e p te m b e r . W hen 
a r e a -a v e r a g e d  s e a s o n a l r a in fa ll  s e r ie s  o f 
se v e n  h o m o g e n e o u s  z o n e s  an d  th e  w hole 
In d ia , (d e v e lo p e d  u s in g  h ig h ly  q u a lity - 
c o n tro lle d  d a ta  fro m  w e ll sp re a d  netw ork 
o f  3 1 6  ra in  g a u g e  s ta tio n s )  w as regressed  
w ith  O N I (Ju n -S e p ), S W  m o n so o n  rainfall 
w as o b se rv e d  to  b e  in flu en ce d  in versely  and 
s ig n if ic a n t ly  (p < .01 ) b y  th e  O N I o f  Ju n e  to 
S e p t e m b e r .  N E  m o n s o o n  r a in f a l l  and  
m o n so o n  to ta l (S W  + N E  m o n so o n ) ra infall 
d id  n o t h a v e  a n y  a sso c ia tio n  w ith  resp ective  
O N I.

A ll In d ia  a n n u a l T mav, S W  m o n so o n  
Tma» anc  ̂ m o n so o n  T max w e re  in flu en ced  
s ig n if ic a n t ly  b y  th e  O N I o f  th e  resp ectiv e  
s e a s o n s .  O N I  i n f l u e n c e s  a l l  th e  th re e  
te m p e ra tu re  s e r ie s  s ig n if ic a n t ly  (p<.0 1 ) and 
p o sitiv e ly . O n  a  sm a ll sp a tia l sc a le  su ch  as 
R R II, in flu e n ce  o f  O N I o n  te m p e ra tu re  tim e 
se r ie s  w as n o t s ig n if ic a n t .

7. V e g e ta tio n  d y n a m ic s  in  ru b b e r
p la n ta tio n  e c o s y s te m s

T h e  e x p e rim e n ta l p lo ts  in  fo u r ha area 
w a s  in itia te d  a t  C E S , C h e th a k k a l. T h e  plots 
a r e  ( 1 )  n o r m a l  r u b b e r  c u l t i v a t i o n ,  (2 ) 
un w 'eed ed  ru b b e r  c u lt iv a tio n , (3 ) contro lled  
w eed ed  c u lt iv a tio n . A n o th e r  o n e  h a  area 
(4 )  w a s  le f t  u n w e e d e d  w it h o u t  r u b b e r  
p la n ta tio n s . In itia l v e g e ta t io n  su rv e y  was 
c o n d u cte d  in  th e  s tu d y  a re a  u s in g  q u ad rate  
m e th o d . D o m in a n c e  o f  in v a s iv e  e x o tic  
sp e c ie s  s u c h  a s  C lid e m ia  h ir ta , C en tro sem a  
p u b e s c e n c e ,  L n n ta n a  c a m e r a ,  A lte r n a n th e r a  
b r a z i l i a n a  e t c .  n o t i c e d  in  a l l  th e  th r e e  
e x p e rim e n ta l p lo ts  w ith  ru b ber, w h ile  in the 
fo u r t h  o n e  ( w i t h o u t  r u b b e r )  s p e c ie s  
d iv e rs ity  w as h ig h . It w a s  n o tice d  th a t h igh 
g r o w th  r a te  o f  in v a s iv e  a lie n  s p e c ie s  has



a ffec ted  th e  e sta b lish m e n t and  g ro w th  o f 
ru b be r sap lin gs.

8. Impact of understory vegetation 
on m icroclim ate and yield 
components of natural rubber
M e a s u r e m e n t  o f  m i c r o c l i m a t i c  

p a r a m e t e r s  in  w e e d e d  a n d  u n w e e d e d  
ru b b e r  p la n ta t io n s  w ere  c a r r ie d  o u t  in 
p la n ta tio n s  a t P a ik a  (K ottayam  d istric t) and 
R R S  P a d iy o o r  (K a n n u r  d is t r ic t ) .

T e m p e r a t u r e  in s id e  th e  u n -w e e d e d  
p la n ta tio n  w a s  lo w e r  th a n  th e  w ee d e d  
p la n t a t i o n  b y  a n  a v e r a g e  o f  0 .5 °C  a t  
P a d iy o o r  a n d  0 .2°C  a t  P a ik a , K o tta y a m . 
R e la tiv e  H u m id ity  in sid e  th e  u n -w eed ed  
p la n ta t i o n  w a s  h ig h e r  th a n  w e e d e d  
p lan ta tio n  by an  a v erag e o f  2 .6  p er cen t at 
P ad iy o o r and  2 .4  p er c e n t at Paika. T h is  
in d ica tes  th a t r u b be r p la n ta tio n s  w ith  good  
u n d ersto ry  v e g e ta tio n  su ch  a s  in te rcro p s  
a n d  o th e r  s p e c ie s  c a n  m a in ta in  th e  
m icro clim a te  b e tter  th an  w eed ed  plot.

B O T A N Y  D I V I S I O N

C la s s ic a l  b r e e d in g  p r o c e d u r e s  
in c lu d in g  b i p a r e n t a l  h y b r id iz a t i o n ,  
p o ly c r o s s  b r e e d in g  a n d  o r te t  s e le c t io n  
p ro d u ced  g ood  resu lts  d u rin g  th e  r ep o rtin g  
year. L o n g  term  p e rfo rm a n ce s  o f  h y b rid s  
a n d  s e le c t io n s  fro m  p o ly c r o s s  b re e d in g  
w ere  u tiliz ed  fo r  a co m p arativ e  s tu d y  o f the 
tw o  m a jo r  b re e d in g  p r o ce d u re s  in ru b be r 
n a m e ly  b ip a r e n t a l  h y b r id iz a t i o n  a n d  
p o ly cro ss  b re e d in g . O rte ts  se le c ted  from  
sm a ll h o ld in g s  and  la rg e  e s ta te s  w ere  a lso  
e v a lu a te d  in  sm a ll s c a le  a n d  la r g e  sc a le  
tr ia ls . R e sp o n se  to e th e p h o n  s tim u la tio n  
in  th e  R R II 4 0 0  s e r ie s  c lo n e s  a s  w e ll as 
c lo n e s  in  th e  p ip e l in e  w a s  e v a lu a t e d .  
N in e t y  s u p e r io r  p ip e l in e  c lo n e s  w e r e  
e v a lu a te d  in  c e n tra l la rg e  sc a le  tr ia ls  and  
s a t e l l i t e  o n -fa r m  t r ia ls  s p r e a d  o v e r  4 4  
lo c a t io n s  in  tra d itio n a l a n d  n o n -tra d itio n a l 
re g io n s  for s e le c tin g  th e  b e s t c lo n e s  th o u g h  
p a r t i c i p a t o r y  c lo n e  e v a lu a t io n  w it h  
g ro w e rs . S cr e e n in g  o f  a seco n d  b a tch  o f 
c lo n e s  in  th e  p ip e l in e  fo r  a b io t ic  s t r e s s  
to le ra n c e  in n o n -tr a d itio n a l r e g io n s  w as 
i n i t ia t e d .  T w e n ty  s ix  c lo n e s  r e c e n t l y  
im p o r t e d  u n d e r  a m u l t i l a t e r a l  c lo n e

e x c h a n g e  p r o g r a m  w it h  f iv e  IR R D B  
m e m b e r  c o u n tr ie s  w e r e  m u lt ip lie d  fo r  
fu r th e r  la r g e  s c a le  e v a lu a t io n  o f  th e ir  
su ita b ility  to  th e  a g ro  c lim a tic  s itu a tio n  in  
In d ia . A  c o m p ila tio n  o f  r e su lts  fro m  10 
m u lti-lo ca tio n a l e v a lu a t io n s  o f P B  c lo n e s  
i n t r o d u c e d  f r o m  M a la y s ia  in  1 9 8 5  
in d ica ted  sco p e  fo r  r e le a se  o f  th re e  o f th ese  
c lo n e s  in  a reg io n  sp e c if ic  m a n n e r  in  th e  
tr a d it io n a l r u b b e r  g r o w in g  a r e a .  L o n g  
te r m  p e r f o r m a n c e s  o f  IR C A  c lo n e s  
in tro d u ce d  fro m  C o te  d 'Iv o ir e  in  1991 a lso  
in d ica te d  s co p e  fo r  u p  g ra d a tio n  o f  tw o  o f 
th ese  c lo n es  to  C a teg o ry  tw o o f the p lan tin g  
reco m m en d a tio n s  fo r  the trad itio n a l region .

1. E v o lv in g  h ig h  y ie ld i n g  c lo n e s  
fo r th e  tra d itio n a l a rea

1.1. Hybridization and clonal selection
H y b rid s  ev o lv ed  fro m  e a r lie r  H an d  

p o llin a tio n s  (H P s) w ere  ev a lu a ted  o v er  the 
lo n g  te r m  in 15  s m a ll s c a le  tr ia ls  w h ile  
h y b r id iz a t io n  p r o g ra m s  w e re  co n t in u e d  
d u rin g  the rep o rtin g  year.



T J X  S m all S ca le  I r ia l s  (SST)

Selection s o f  hvbrid  c lo n es  fro m  th ree  
SST s (1995 A, B and  C ) w ere ev a lu ated  fo r  
their response to s tim u la tio n . In th e  1995 A 
trial com prising  o f 3 4  ex p erim en ta l clon es, 
all the selected  h igh  y ie ld ers  sh ow ed  good 
response to  stim u la tio n  w ith  an in crea se  in 
v ield  rangin g  from  5 5 .9  to  100 .5  p er cen t 
(T ab le  B o t. 1). F o u r  c lo n e s  (89/7, 89/27, 
89/145 and  89/309) s h o w ed  m o re  th a n  100  g 
r 1 f  on s tim u la tion . O f th ese, re sp o n s e  to 
stim u lation  w as c o m p arativ e ly  m o d era te  in 
tw o top  y ie ld in g  c lo n es  (89/27 an d  89/309) 
w h ic h  sh o w e d  m o re  th a n  6 0  g  t 1 t 1 in  
u n stim u lated  con d ition s.

T h e  c om p arativ e  s tu d y  o n  resp o n se  to 
stim u lation  a m o n g  sele ctio n s w as con tin u ed  
in  the 1995 B  trial w h ich  is  c o m p rised  o f  2 6  
W xA  h y b rid s  a n d  th e ir  p aren ts . S e le c tio n s  
show ed co m p a ra b le  o r  su p e rio r  resp o n se  to 
s tim u la tio n  w ith  re fe re n ce  to  ch e ck  c lon e, 
R R II 1 05 a s  w eil as o th e r  p aren ta l c lo n e s  viz. 
R O  142, R O  8 7  an d  R R IM  6 0 0  (F ig . B o t . l ) .

In  S S T  1995 C , 17  W  x  A  h y b rid  c lo n e s  
th at resu lted  fro m  s ix  c ro ss -co m b in a tio n s

Table Bot 1. R esp on se to stim u la tio n  in selected

Clone Pre-stimulation 
yield (g  f 11"1)

Yield on 
stim ulation

( g t ‘ l>)

%
increase

89/7 54.4 100.7 84
89/27 63.6 102.7 65
89/64 23.8 45.6 89
89/79 49.5 83.6 72
89/95 51.5 82.2 56
89/124 50.7 87.9 83
89/145 54.0 107.4 101
89/243 40.1 79.7 97
89/308 55.9 99.4 78
89/309 60.8 100.1 71
89/349 50.8 89.0 77
R R I1105 39.2 75.2 93

u n d e r  th e  1 990  H P  p r o g ra m  w e re  e valu ated  
fo r  g ro w th  an d  y ie ld  p e r fo rm a n ce . T h e  trees 
in  th e  tr ia l a re  in  th e  1 5 th y e a r  o f  ta p p in g  and 
c u r r e n t ly  u n d e r  e t h e p h o n  s t im u la t io n .  
A m o n g  th e  s e le c te d  c lo n e s ,  c lo n e  90/109 
(6 3 .0  g  t*1 t 1) r e c o r d e d  th e  h ig h e s t  y ield  
fo llo w e d  b y  90/55 (6 0 .8  g t ' f )  an d  90/102 
(6 0 .3  g  t '1 t 1). M e a n w h ile , th e  h ig h e s t g irth  
w a s  re c o rd e d  in  90/55 (1 0 0 .5  cm ), fo llo w ed

9 0 /1 0  90 /1 9 3  90 /2 4 1  90 /2 7 1  RO 142 R 0 8 7  RRII 105  RRIM 600

Clones

Fig. B o t  1.Variability in response to Ethephon stimulation among WxA hybrid selections



b y  90/109 (9 3 .2  cm ), 90/129 (89 .4  cm ), 90/277 
(88 .3  cm ).

In the 1998 A SST , 16 hy b rid  c lon es 
evolved  from  1993 H P  are u n d er evaluation . 
R esp o n se to  s tim u la tio n  in 11 h igh  y ie ld in g  
c lo n e s  se le c te d  from  th e  16  c lo n e s  u n d er 
e v a lu a t io n  w a s u n d e rta k e n  b y  a p p ly in g  
th r e e  r o u n d s  o f  s t im u l a t io n  a s  p e r  
r e c o m m e n d e d  p r a c t ic e .  A ll th e  h ig h  
y ie ld e r s  sh o w e d  v e ry  g o o d  r e sp o n s e  to 
s t im u l a t io n  w ith  a n  in c r e a s e  in  y ie ld  
ra n g in g  from  3 5  to  73  p er cen t (T ab le Bot. 
2). C lo n e s  93/5, 93/263, 93/37, 93/45 w h ich  
w ere  selected  for fu rth er evalu ation  sh ow ed  
g o o d  resp o n se  to  s tim u la tio n  ran g in g  from  
4 9  to  73  p er c e n t su b sta n tia tin g  its  p oten tia l 
as p ro m is in g  clon es.

Table Bot. 2. R espon se to stim ulation  in  selected
high  yielders (mean o f  2 years)

Mean yield 
(g t-' t-1) 
(8th-12th 

year)

Pre­
stimulation 

yield 
(8 f  f )

Yield on 
stimulation 

(g f 1 0

%
increase

93/39 53.9 38.4 59.4 54
93/5 47.4 46.3 67.0 49
93/2 54.9 45.8 67.6 50
93/17 58.0 49.6 74.1 56
93/248 54.2 60.3 79.4 35
93/48 67.3 54.5 82.4 52

93/263 47.8 56.3 86.4 62
93/45 51.8 58.8 91.1 56
93/250 52.4 63.3 92.5 48

93/37 58.3 57.2 94.8 73
93/172 62.2 77.4 105.9 43
RRII 105 53.6 42.5 67.6 67

T rees in  1998 B  S S T  are  cu rren tly  in  the 
14 ,h y ear  o f tap p in g . R esp o nse to  stim u lation  
in  o n e  h ig h  y ie ld in g  clon e se lected  from  the 
fiv e  c lo n e s  u n d er ev a lu atio n  sh ow ed  very 
g ood  response to stim u lation  w ith 5 3  p er cent 
in crease  in  yield .

In a n o th e r  S S T  (1 9 9 9 ) co m p ris e d  o f 
p r o g e n i e s  f r o m  1 9 9 4  h y b r id iz a t i o n

p r o g r a m m e , th e r e  a r e  f iv e  s u p e r io r  
se le ctio n s  viz. 94/87 (R R II 105  x  R R IM  703), 
94/92 (R R II 105 x M il 3/2), 94/296 (R R II 105
x R R I I  1 1 8 )  a n d  9 4 / 5 6 7  (R R I M  6 0 0  x 
R R II 2 03), id en tified  b ased  o n  s u p erio rity  in 
g ro w th  a n d  y ie ld . A  stu d y  w as in itia ted  for 
a s s e s s in g  th e  y ie ld  r e s p o n s e  o f  a b o v e  
se le ctio n s  u n d er E th ep h o n  stim u la tio n .

In  S S T  2001 A , to p  y ie ld in g  c lo n e s  viz. 
95/413, 95/425, 95/121, 95/304 an d  95/410 
m a in ta in e d  th e ir  s u p e r io r ity  in  te r m s  o f 
g r o w th  an d  y ie ld  p e r fo rm a n c e  w ith  d ry  
ru b be r y ield  ran g in g  fro m  50 to  6 5  g  f 1 1"1 as 
c o m p a re d  to  c h e c k  c lo n e  R R II 105  (4 5 -5 5  
g  t*1 1"1, m ean  o f  th ree  tr ia ls ). A m o n g  th e  3 6  
c lo n es  u n d er fie ld  tes tin g  in  2003  tria l, tw o 
se le ctio n s  viz. 96/417 an d  96/459 m ain tain ed  
h ig h  y ie ld  p erfo rm an ce  d u rin g  14th y e a r  o f 
e v a lu a t io n . A m o n g  21 h y b r id  p ro g e n ie s  
u n d er c lo n a l n u rsery  ev a lu atio n  (2008), s ix  
se le c tio n s  (02/688, 02/638, 02/690, 02/844, 
02/ 514  a n d  0 2 / 335) r e g is te r e d  s u p e r io r  
g r o w th  a n d  y ie ld  p e r f o r m a n c e  w h e n  
co m p a re d  to  c h e c k  c lo n e  R R II 4 1 4 . T h e  
ab o v e  se le c tio n s  h a v e  b e e n  id e n tifie d  fo r  
e v a lu a t io n  u n d e r  n e x t  p h a s e  o f  F a r m e r  
P artic ip a to ry  C lo n e  E valu ation s.

T h e c lo n a l nursery* o f  h y b rid  c lo n es  
(W ick h am  x A m a z o n ia n  w ild  g erm p la sm ) 
d e r iv e d  fr o m  th e  p r o g e n i e s  o f  1 9 9 7  
h y b r id iz a tio n  p ro g ram m e w as m ain ta in ed  
w ith  id en tity  o f th e  a c c e ss io n s  a t  C e n tra l 
E x p e rim e n ta l S ta tio n  (C E S ), C h e th a c k a l. 
T h e  p o p u la t io n  is a  r e p o s ito r y  o f  W x A  
h y b rid s  se rv in g  a s  so u rce  b u sh  n u rse ry  an d  
re fe re n c e  c o lle c tio n  o f  th e  o r ig in a l W x A  
h y b r id s  w h ich  in c lu d e s  m a n y  s e le c tio n s  
u n d e r  la r g e  s c a le  e v a lu a t io n  th r o u g h  
P artic ip a to ry  C lo n e  E v a lu atio n  P ro g ra m m e 
(Table Bot. 3 ). T h e  a c ce ss io n s  w ere  assessed  
fo r  O id iu m  p o w d e r y  m ild e w  in c id e n c e  
u n d e r  u n sp ra y e d  c o n d it io n  in  th e  fie ld . 
T h e r e  w a s  n o  v a r ia t io n  fo r  th e  d is e a s e  
am o n g  th e  a c ce ss io n s  a s  a ll th e  access io n s



1.1.1. S m alt S c a le  T rials (SST)
Selection s o f  hybrid  c lo n es  from  th ree 

SSTs (1995 A, B and  C ) w ere  ev a lu ated  for
th eir resp onse to s tim u lation . In  th e  1995  A 

trial com p ris in g  o f 34  ex p erim en ta l clon es, 
all the se le cted  high y ie ld ers sh ow ed  good 
response to  stim u lation  w ith an in crease  in 
y ie ld  ran g in g  from  5 5 .9  to  100 .5  p er  cen t 
(T ab le  B o t. 1). F o u r  c lo n e s  (89/7, 89/27, 
89/145 and  89/309) sh o w ed  m o re  th an  100 g 
t'1 t : on s tim u lation . O f  th ese, resp o n se  to  
stim u la tio n  w as co m p arativ ely  m o d era te  in 
tw o to p  y ie ld in g  c lon es (89/27 and  89/309) 
w h ich  sh o w e d  m o re  th a n  60  g t '1 t ! in  
un stim u la ted  con d ition s.

T h e  com p arativ e  s tu d y  o n  resp on se to 
stim u lation  a m o ng selection s w as continu ed  
in the 1995 B  tria l w h ich  is co m p rised  o f 26  
W xA  h y b rid s  and  th e ir  p aren ts . S e lec tio n s  
sh ow ed  com p arab le  o r  su p e rio r  resp o n se  to 
s tim u la tio n  w ith  re feren ce  to  ch eck  clon e, 
R R II 105 a s w ell as o th er  p aren ta l c lo n e s  viz. 
R O  142, R O  8 7  a n d  R R IM  600  (F ig . B o t . l ) .

In  S S T  1995 C , 17  W  x  A  h y b rid  c lo n es  
th at resu lted  from  six  c ro ss-co m b in a tio n s

Table Bot 1 R esp on se to  s tim u la tio n  in selected 
high yielders (m ean o f  2 years)

Clone Pre-stim ulation Yield on %
yield (g t'11 ') stim ulation increase feff)_____

89/7 54.4 100.7 84

89/2 7 63.6 102.7 65

89/64 23.8 45.6 89

89/79 4 9 5 83.6 72

89/95 51.5 82.2 56

89/124 50.7 87.9 83

89/145 54.0 107.4 101

89/243 40.1 79.7 97

89/308 55.9 99.4 78

89/309 60.8 100.1 71

89/349 50.8 89.0 77

RRII 105 39.2 75.2 93

u n d e r  th e  199 0  H P  p r o g ra m  w e re  ev a lu ated  
fo r  g ro w th  a n d  y ie ld  p e r fo rm a n ce . T h e trees 
in  th e  tr ia l a re  in  th e  1 5 lh y e a r  o f  ta p p in g  and 
c u r r e n t ly  u n d e r  e t h e p h o n  s t im u la t io n . 
A m o n g  th e  s e le c te d  c lo n e s , c lo n e  90/109 
(6 3 .0  g  t 1 t 1)  r e c o r d e d  th e  h ig h e s t  y ield  
fo llo w ed  b y  90/55 (6 0 .8  g  f ’ H ) an d  90/102 
(6 0 .3  g  f 1 1_1). M e a n w h ile , th e  h ig h e s t girth 
w a s reco rd ed  in  90/55 (1 0 0 .5  cm ), fo llow ed



by 90/109 (93 .2  cm ), 90/129 (89 .4  cm ), 90/277 
(88 .3  cm ).

In th e  199 8  A  SST , 16  hy b rid  c lo n es  
e v o lv ed  fro m  1993 H P  are u n d er ev aluation . 
R esp o n se  to  s tim u la tio n  in 11 h igh  y ie ld in g  
c lo n e s  s e le c te d  from  th e 16 c lo n e s  u n d er 
e v a lu a t io n  w a s u n d e rta k e n  b y  a p p ly in g  
th r e e  r o u n d s  o f  s t im u l a t io n  a s  p e r  
r e c o m m e n d e d  p r a c t ic e .  A ll  th e  h ig h  
y ie ld e r s  sh o w e d  v e r y  g o o d  r e sp o n s e  to 
s t im u l a t io n  w ith  a n  in c r e a s e  in  y ie ld  
ran g in g  from  35 to  73  p er c e n t (T ab le Bot.
2). C lo n es  93/5, 93/263, 93/37, 93/45 w h ich  
w ere  s e lected  fo r  fu rth er  ev alu ation  show ed 
good  resp o n se  to s tim u la tio n  ran g in g  from
4 9  to  7 3  p er  c e n t su b sta n tia tin g  its  p oten tia l 
as  p ro m is in g  clon es.

Table Bot. 2. R espon se to stim u lation  in  selected
h igh  yielders (mean o f  2  years)

Clone Mean yield 
(g f  t-1) 
(8,h-12 'h 

year)

Pre- 
stimulation 

yield 
(g f  t-1)

Yield on 
stimulation 

(g f> f )

%
increase

93/39 53.9 38.4 59.4 54

93/5 47.4 46.3 67.0 49
93/2 54.9 45.8 67.6 50
93/17 58.0 49.6 74.1 56

93/248 54.2 60.3 79.4 35

93/48 67.3 54.5 82.4 52

93/263 47.8 56.3 86.4 62

93/45 51.8 58.8 91.1 56

93/250 52.4 63.3 92.5 48

93/37 58.3 57.2 94.8 73

93/172 62.2 77.4 105.9 43

RRII 105 53.6 42.5 67.6 67

T rees in  1998 B  S S T  are  cu rren tly  in  the 
14 lh y e a r  o f  tapp ing. R esp o n se to  stim u lation  
in o n e  h ig h  y ie ld in g  c lon e selected  from  the 
fiv e  c lo n e s  u n d er ev a lu atio n  sh ow ed  very 
good resp onse to stim u lation  w ith 53  p er  cent 
in crease  in  yield .

In  a n o th e r  S S T  (1 9 9 9 ) co m p ris e d  o f 
p r o g e n i e s  f r o m  1 9 9 4  h y b r id iz a t i o n

p r o g r a m m e ,  th e r e  a r e  f iv e  s u p e r io r  
se le ctio n s  v iz . 94/87 (R R II 105  x  R R IM  703), 
94/92 (R R II 105 x M il 3/2), 94/296 (R R II 105 
x R R I I  1 1 8 )  a n d  9 4 / 5 6 7  (R R I M  6 0 0  x 
RR II 203), id en tified  b ased  on su p erio rity  in 
gro w th  and  y ie ld . A  stu d y  w as in itia ted  for 
a s s e s s in g  th e  y ie ld  r e s p o n s e  o f  a b o v e  
se le ctio n s  u n d er E th ep h o n  stim u la tio n .

In S S T  2001 A , top  y ie ld in g  c lo n es  viz. 
95/413, 95/425, 95/121, 95/304 a n d  95/410 
m a in ta in e d  th e ir  s u p e r io r ity  in  te r m s  o f 
g ro w th  a n d  y ie ld  p e r fo rm a n c e  w ith  d ry  
ru b ber y ie ld  ran g in g  fro m  5 0  to  6 5  g  t ' t 1 as 
co m p a re d  to  c h e c k  c lo n e  R R II 1 0 5  (4 5 -5 5  
g  t -1 1'1, m ean  o f  th ree  tria ls). A m o n g  th e  3 6  
c lo n es  u n d er field  tes tin g  in  2 0 0 3  tria l, tw o 
se le ctio n s  v iz . 96/417 an d  96/459 m ain ta in ed  
h igh  y ie ld  p erfo rm an ce  d u rin g  1 4 *  y e a r  o f 
e v a lu a t io n . A m o n g  21 h y b r id  p ro g e n ie s  
u n d er c lo n a l n u rse ry  ev a lu atio n  (2008), s ix  
se le c tio n s  (02/688, 02/638, 02/690, 02/844, 
02/ 514  a n d  02/ 335) r e g is te r e d  s u p e r io r  
g r o w th  a n d  y ie ld  p e r f o r m a n c e  w h e n  
co m p a re d  to  c h e c k  c lo n e  R R II 4 1 4 . T h e  
a b o v e  se le c tio n s  h a v e  b e e n  id e n tif ie d  fo r  
e v a lu a t io n  u n d e r  n e x t  p h a s e  o f  F a r m e r  
P artic ip a to ry  C lo n e  E v alu ation s.

T h e  c lo n a l n u rsery  o f  h y b r id  c lo n es  
(W ick h am  x A m a z o n ia n  w ild  g erm p lasm ) 
d e r iv e d  f r o m  th e  p r o g e n i e s  o f  1 9 9 7  
h y b r id iz a tio n  p ro g ram m e w as m a in ta in ed  
w ith  id en tity  o f th e  a c c e ss io n s  a t  C e n tra l 
E x p e rim e n ta l S ta tio n  (C E S ), C h e th a c k a l. 
T h e  p o p u la t io n  is  a r e p o s ito r y  o f  W x A  
h y b rid s  s erv in g  a s  so u rce  b u sh  n u rse ry  and  
re fe re n c e  c o lle c tio n  o f  th e  o r ig in a l W x A  
h y b r id s  w h ic h  in c lu d e s  m a n y  s e le c tio n s  
u n d e r  la r g e  s c a le  e v a lu a t io n  th r o u g h  
P artic ip a to ry  C lo n e  E v a lu atio n  P ro g ra m m e 
(T ab le  B ot. 3). T h e  a ccess io n s  w ere  assessed  
fo r  O id iu m  p o w d e r y  m ild e w  in c id e n c e  
u n d e r  u n sp ra y e d  c o n d it io n  in  th e  fie ld . 
T h e r e  w a s  n o  v a r ia t io n  fo r  th e  d is e a s e  
a m o n g  th e  a ccess io n s  a s  a ll  th e  access io n s



show ed p ow d ery  m ild ew  in fectio n  a lb e it 

varying intensity.

! able Bot. 3. Pedigree of some of the Wickham \ wild 
germ plasm  h y b r id s  in th e  c lo n a l

SI. No- Clone Parentage

1 . 97/4 RRII 105 x MT 1014

97/10 RRII 105 x MT 1027

3. 97/213 RRII 105 x MT 1005

4. 97/238 RRII 105 x MT 1021

5 97/13 RRIM 600 x M T  999

97/47 RRIM 600 x R O  380

7. 97/62 RRIM 600 x MT 1021

8. 97/98 RRIM 600 x M T 1005

9. 97/255 RRIM 600 x M T  1005

10. 97/125 RRIM 600 x M T 1014

1 1 . 97/166 RRIM 600 x AC 495

12. 97/196 RRIM 600 x M T 1027

1.1.2. Neu' generation hybrids
W ith an a im  to  d ev e lo p  h ig h -y ie ld in g  

c lon es th rou gh tran sg ressive  in tro g ress io n , 
h y b r id iz a tio n s  w e re  c a rr ie d  o u t d u r in g  
2 0 1 1 -1 4  u s in g  h i g h - y ie ld in g  W ic k h a m  
c lo n e s  (R R II 105 , R R II 4 1 4 , R R II 4 2 9  an d  
R R II 4 30 ) as fem a le  p a re n ts  an d  su p e rio r  
W ic k h a m  / A m a z o n ia n  h y b r id s  (95/ 10, 
95/34 and  95/274) a s m ale p arents. Presently, 
3 5 3  h y b r id  s e e d l in g s  fro m  1 4 7 0 3  h a n d  
p o llin a tio n s and  m o re th an  a th o u san d  half- 
s ib s o f the abov e paren ts a re  b ein g  evalu ated  
in seed lin g  n u rseries. B ased  o n  th e  test tap  
y ie ld  record ed  co n secu tiv e ly  fo r  tw o  years, 
2 05  h a lf sib s an d  63  h y b rid s  w e re  se le cted  
and  m u ltip lied  a lo n g  w ith  co n tro l c lo n es. 
T h e  p la n ts  a re  b e in g  m a in ta in e d  in ro o t 
tra iner n u rsery  at C N , K arik k atto o r  for field 
p lan tin g  d u rin g  2019.

H y b rid iza tion  p ro g ram m es in vo lv in g  
d if fe r e n t b i-p a r e n ta l c ro s s  c o m b in a t io n s  
w e re  co n t in u e d  in  2 0 1 9  in th e  B r e e d in g  
O r c h a r d  a t  R R II  F a r m , K o t ta y a m .

H y b r id iz a t io n s  w e re  d o n e  in v o lv in g  27 
c ro ss  c o m b in a tio n s  o f  se le c te d  p a re n ts  and 
a to ta l  o f  7 1 0 6  h a n d  p o l l in a t io n s  w ere  
p e r f o r m e d  in  2 0 1 9 .  F r o m  th e  e a r l ie r  
h y b r id iz a t io n s ,  a to ta l  o f  4 1 0  s e e d l in g s  
w h ich  in c lu d ed  150  h y b r id s  an d  2 6 0  half- 
s ib s , w ere  p la n te d  in  se e d l in g  n u rse ry  in 
20 1 8  fo r  fu rth er  e v a lu a tio n .

1 .2 . O rte t  s e le c t io n

C lo n a l n u rs e r y  e v a lu a t io n  o f  o rte ts  
s e le c t e d  fr o m  th e  S o u t h  A n d a m a n s ,  
e v a lu a t io n  o f  o r te t s  s e le c te d  fro m  n o n - 
t r a d i t i o n a l  r e g io n s  a n d  la r g e  s c a le  
e v a lu atio n  o f  o r te t c lo n e s  s e le cted  from  large 
e s ta te s  an d  sm a ll h o ld in g s  w e re  co n tin u ed .

1.2.1. C lo n a l  N u rsen / E v a lu a t io n

F ro m  th e  c lo n a l n u rs e r y  e v a lu a t io n  o f 
o r te ts  a n d  h y b r id s  2 0 0 7 , f iv e  c lo n e s  viz. 
R R S G  9, R R S G  4, P a r  18 , P a r  1 0  a n d  P 270 
w ith  p r o m is in g  te s t  ta p  y ie ld  a n d  g irth , 
w e r e  fo u n d  s u p e r io r  to  R R II 1 0 5  a n d  w ere 
o n  p a r  w it h  th e  m o d e r n  c h e c k  c lo n e s  
R R II 4 1 4  a n d  R R II 4 3 0  (F ig . B o t. 2 ). T h e se  
p la n ts  w e r e  se le c te d  fo r  th e  f in a l p h a s e  o f 
e v a lu a t io n  u n d e r  P a r tic ip a to r y  C lo n e  Trial 
(P C E , P h a se  6 ).

In  c lo n a l  n u r s e r y  t r i a l  ( 2 0 1 2 )  o f 
A n d a m a n  o r te ts  a t  C E S , C h e th a c k a l, o rtets  
se le c ted  fro m  th e o ld e s t  s u r v iv in g  seed lin g  
p o p u la tio n s  (so u rce  G G 1 an d  G G 2  s eed lin g s 
o f  P B I G ,  M a la y s ia )  lo c a t e d  a t  s o u th  
A n d a m a n s , w e re  a sse s se d  fo r  te s t-ta p  yield  
in  th e  5 (h y e a r  o f  p la n tin g . Y ie ld  o f th e  o rtets  
ran g ed  fro m  6 4  g  t 1 1 5L 1 (A n d -O r  103/8) to 
156  g  t 11 5 t 3 (A n d -O r  88/4) w h e n  co m p a red  
to  c h e c k  c lo n e  R R II 105 (1 3 3  g  t' 1 J 5 t ')  and 
R R I I  4 3 0  ( 2 0 3  g  f '  1 5 t ')• F o u r  o r t e t s  
p er fo rm ed  b e tte r  th an  R R II 105 .

2. Evaluation of clones

N in e  la r g e  s c a le  a n d  th re e  o n -fa rm  
e v a lu a t io n s  w e re  in  p r o g r e s s  d u r in g  the 
year.
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Fig. Bot. 2. Selection of clones for high yield and girth

2.1. L arg e sc a le  e v a lu a tio n  (L S T )

In  th e  tw o  L S T s o f  R R II 4 0 0  s e r ie s  
c lo n e s  a t  C E S  (L S T  I an d  L S T  II), s ig n ifican t 
c lo n a l v a ria tio n  fo r  y ie ld  u n d er stim u la tio n  
w as o b serv ed . W h en  evalu ated  fo r  response 
o v er  th e  16th and  17lh y ears o f tapp ing, c lon es 
R R II 4 1 7  and  RR II 4 2 9  in T rial 1 and RR II 430  
a n d  R R II 4 1 0  in  T ria l 2 w ere  s u p e rio r  to 
R R I I  1 0 5  w it h  r e s p e c t  to  y ie ld  u n d e r  
s tim u la tio n  in the renew ed  panels. RR II 105 
g av e a y ie ld  o f  66  g  t_l t' 1 in b o th  th e  trials. 
C lo n es R R II 414 , RRII 402 , R R II 403 , RR II 52, 
R R II 4 2 2  a n d  P B  3 3 0  m ain ta in ed  h ig h  y ie ld s  
ab o v e  6 6  g  f  f i n  th e  tw o y ears and  w ere 
o n  p a r  w ith  th e  ch eck . A m o n g  th e  h igh  
y ie ld in g  clon es o f  the R R II 400  series, RRII 429 
g a v e  th e  h ig h e st resp o n se  o f 28 .7  p er cent 
im p r o v e m e n t  in  y ie ld  o n  s t im u la t io n ,  
fo llo w ed  by R R II 4 1 7  w h ich  resp on d ed  w ith  
15.9 p er c en t im p ro v em en t in y ie ld . 1 h e tw o 
h ig h  y ie ld in g  c lo n e s  RR II 4 3 0  and  PB 330 
d id  n o t resp on d  w ell to  s tim u la tio n  in term s

o f p er cen t y ie ld  im p ro v em en t. R R II 105 
sh ow ed  a ro u n d  fiv e  p er  c e n t resp o n se  in 
term s o f yield im provem ent w hen stim u lated. 
C lo n e  P B  3 3 0  (0 .3 8  m 3 tr e e  ')  e x h ib ite d  
m a x im u m  b o le  v o lu m e .  A m o n g  th e  
RR II 4 0 0  series, c lo n es  R R II 417 , RR II 414 , 
RR II 407 , RR II 402  and  RR II 410  w ith  0 .16  m 3 
tree-1 sh ow ed  p ro m is in g  tim b er y ie ld .

In  th e  199 4  LST, 12  c lo n es  w ere  u n d er 
e v a lu a t io n . T h e  tr e e s  in  th e  tr ia l  w e r e  
su b jected  to  e th ep h o n  s tim u la tio n  d u rin g  
th e  year. S tim u la ted  y ie ld  an d  g irth  o f the 
c lo n es  w ere  record ed . T h e  h ig h est g irth  w as 
r e c o r d e d  in  h y b r id  8 6 / 1 2 0  ( 1 0 1 .6  cm ) 
fo llo w e d  b y  o r te t  c lo n e  O  6 5  (9 4 .3  c m ), 
R R II 51 (81.1 cm ), R R IM  712  (80 .5  cm ) and  
55/180 (80 .4  cm ). T h e  h ig h e st s tim u la tio n  
yield w as recorded in R R IM  728 (1 6 3 .0 g  t '' t !) 
fo llow ed by R R IM  7 12  (133 .0  g 1 1 f l), 86/120 
(119.0 g  f 1 1 ') and  R R IM  722  (118.0 g  tr1 1 >)■

In  L S T  1 999A , n in e  c lo n e s  w ere u n d er 
ev a lu atio n . G irth  and  y ie ld  o f  th e  c lo n e s



w ere recorded during  th e  year. T h e trees in 
th e  tr ia l  w e r e  s u b je c t e d  to  E th e p h o n  
stim ulation . T h e h ig h est s tim u la tio n  y ield  
w as record ed  in the c h eck  c lo n es  R R IM  600  
(131-5 g  t'J t'!) and RRII 105 (130 .6  g  t 1 t ). 
A m ong the te s t clon es, ortet c lon es 12 (116 .8  
g f  t 1), 4 6  (114 .6  g t 11 ') an d  ortet 4  (114 .2  g 
r  t ') record ed  h ig h er  yield s. T h e  h ig h est 
g irth  w as reco rd ed  in c lo n e  12 (7 5 .3  cm ) 
follow ed by clon e 4 (70 .5  cm ).

In  the L S T  o f  n in e  p ro m is in g  o rte ts  
selected  from  C h eru v ally  esta te , fiv e  o rtets  
sh o w e d  s ig n i f i c a n t ly  s u p e r io r  g ir th  
com pared  to  th e  check  c lon e R R II 105 (Table 
Bot. 4). S ix  o rtets  s h o w ed  d ry  ru b be r y ie ld  
c o m p a ra b le  w ith  th a t o f  th e  c h e c k  c lo n e  
RR II 105 in the B O -l panel (T ab le B ot. 4). 
A m o n g  th e  tr ia l c lo n e s  C y o  7 2  sh o w e d  
h ig h est y ie ld , bu t w as fou n d  to  b e  h ig h ly  
s u s c e p tib le  to  A L F  d is e a s e .  S ix  c lo n e s  
show ed co m p arab le  yield  w ith  ch eck  c lo n e  
in the first y ear  o f BO -2  p an e l w ith  C y o  41 
a s  th e  to p  y ie ld e r .  C y o  4 1  s h o w e d  
s ig n ifica n tly  su p e rio r  g irth  an d  v ery  low  
in cidence o f A LF d isease. S electio n s v iz . C yo 
41 ( P 126), C y o  3 5  ( P 133) and C y o  4 8  ( P 129) 
are a lso  b e in g  ev a lu ated  in th e  P C E  tria ls .

In th e  L S T  a t  C E S , o f  o r te ts  selected 
fro m  M u n d a k k a y a m  a n d  K o n e y  estates, 
a m o n g  th e  o r te ts  K 0 9  (5 3 .8  g  t 1 t 1) and 
R R II 4 3 0  (4 9 .7  g  f  t 1) ex h ib ite d  sup erior 
y ie ld  a m o n g  th e  o r te ts  w h ile  th e  control 
c lo n e  R R II 105  (6 7 .9  g  t 1 1 1) h a d  th e  highest 
y ie ld  in  th e  tr ia l. In  te r m s  o f  g irth , ortets 
M 0 2 8  (6 4 .2  cm ) a n d  M 0 4 5  (6 3 .4  cm ) were 
fo u n d  s u p e rio r  w h ile  c lo n e  R R I 1 430  w as on 
p ar  w ith  th em  (62 .1  cm ). In  co n tra s t, the 
c h e c k  c lo n e  R R II 105 a tta in e d  o n ly  56 .9  cm 
g ir th  th o u g h  it  w a s  s u p e r io r  in  y ie ld .

A m o n g  th e  P ra n g  B a z a r  (P B ) clones 
in  th e  198 9  LST, P B  2 3 5  sh o w e d  m axim um  
r e s p o n s e  ( F ig .  B o t .  3 )  to  E th e p h o n  
s t im u la tio n  c o m p a re d  to  o th e r  P B  c lo n es  as 
w ell a s  c h e ck  c lo n e  R R II 105 . C lo n e s  PB  260, 
P B  2 1 7  a n d  P B  2 8 0  a ls o  r e sp o n d e d  b e tter  to 
s t im u la tio n  th a n  R R II 105 .

2 .2 . O n -fa r m  e v a lu a t io n

T o  e v a l u a t e  th e  p e r f o r m a n c e  o f 
p ip e l in e  c lo n e s  in  th e  S o u th  K a rn a ta k a  
r e g io n , a n  o n -fa r m  tr ia l  w a s  la id  o u t at 
K F D C , K a r n a ta k a  w it h  14  h ig h -y ie ld in g  
p ip e lin e  c lo n e s  a n d  s e v e n  c o n tro l c lon es. 
T h e  s a m e  p ip e l in e  c lo n e s  a r e  a ls o  u n d er

Table Bot. 4 . G irth (cm), yield (g t t ) and ALF in cid ence in ortet clones
Clone Girth

(cm)
ALF incidence Yield (g t ' t-') 

(Mean in BO-1)
Yield (g  f t 1) 

(First year in  BO-2)
Cyo 72 59.2cd Very high 47.6a 39.5b

Cyo 30 64.6b Low 46.0a 46.7ab

Cyo 43 60.7bcd Medium 45. lab 50.9a

RRD105 57.3de Medium 40.9ab 51.1a
Cyo 41 74.3a Very low 40.5ab 51.4a
Cyo 35 65.0b High 40.0abc 44.0ab
Cyo 18 63.4bc Medium 36.9bed 50.7a
Cyo 48 77.0a Low 31.2cd 42.9ab
Cyo 68 52.8e Medium 28.2d 28.2c
Cyo 31 61,3bcd M edium 14.5e 26.1c
CV 14.18 14.5
Values fallow ed by same letters are no1 significantly different based o.n D M R T RRJI 105 is the check clone



Fig. Bot. 3. Clonal response (%) to Ethephon stimulation

e v a lu a tio n  in  P C E  P h a ses  I  (2008), IT (2010) 
an d  III (2 0 1 2 ), in  v a rio u s  o th er  lo ca tio n s. 
T h e  c lo n e s  in  th e  a b o v e  on -farm  trial w ere 
e v a lu a te d  fo r  g ro w th  p erfo rm a n ce  in  the 
fo u rth  y e a r  o f p lan tin g . S ix  p ip elin e  c lon es 
s h o w e d  b e t t e r  g r o w t h  c o m p a r e d  to  
R R II 105 . P ip e lin e  c lo n e  P  102 sh ow ed  the 
h ig h e s t g irth .

A n o n -fa rm  tr ia l w ith  12 c lo n es  viz . 
RRII 105, R RII 414, RR II 417, RRII 422, RRII 429, 
R R II 430 , P B  3 3 0 , P  021 , P  026 , P 064 , P  070  
an d  P  081 p la n te d  in  C h ith a lv e tty  esta te , 
P u n a lu r  in  2016 , w as m ain tain ed .

2.3. Investig ations on genotype x
environment interactions
In  c o n t in u a tio n  o f th e  p h y sio lo g ica l 

e v a lu a tio n  o f p ip e lin e  c lo n es, seco n d  set o f 
3 7  p ip e l in e  c lo n e s  w e re  b u d -g ra fte d  and  
ra ised  in n u rse r ie s  a t  C E S, C h eth ack a l, RRS, 
A g a rta la  an d  D ap ch ari for fie ld  p la n tin g  in 
201 9 . P h y sio lo g ica l p a ra m eters  su ch  as leaf 
m e m b ra n e  p e rm e a b ility  fo r  d ro u g h t and  
co ld  stresse d  co n d itio n s , sto m ata l density, 
ch lo ro p h y ll in d ex  w ere stu d ied  in a selected  
s e t  o f  on e-y ear-o ld  p la n ts  o f  p ip elin e  clon es. 
In  te rm s o f  m e m b ran e  p erm eab ility  u n d er

d ro u g h t stress , c lo n es  P 200 , P  180 , P 173 
w ere  fo u n d  to le r a n t  w h ile  c lo n e s  P 196 , 
P  112, P 202 , P  096 , P  065  an d  P 048  w ere 
found su scep tib le . U n d er co ld  s tress , c lo n es  
P 196 , P 1 1 2 , P 1 7 3  w e re  fo u n d  h ig h ly  
to le ra n t w h ile  P  1 7 4 , P  181 , P  0 7 1 , P 0 8 0 , 
P 2 00  an d  P  0 73  w e re  fo u n d  s u scep tib le . In  
te rm s  o f  c h lo ro p h y ll in d e x , c lo n e s , P  180 , 
P  173, P  048 , P  181 and  P 201 w ere  fou n d  
to leran t. In  term s o f sto m ata l d ensity , c lon es 
P  096 , P  073 , P  180 , P  0 8 0 , P  200 , P  071 and  
P  0 4 7  w ere fou n d  to leran t a lo n g  w ith  ch eck  
c lo n e  R R IM  600.

3. Polycross progeny evaluation
In  th e  o b serv atio n a l tria l o f  p o ly clo n a l 

seed lin g s  (N ettan a  seed  g a rd en  o rig in ) and  
ch eck  c lo n e  R R II 105 , p o ly clo n a l seed lin g s  
show ed su p erio r  g irth  and  y ield . E ig h ty  five 
p o ly clo n a l se e d lin g s  p erfo rm ed  b e tte r  th an  
c lon e RR II 105 . W h ile  18 seed lin g s  h ad  m o re 
th an  100 g  t 11 ', 5 6  p ro g en ies  h a d  m o re  than 
5 0  g  t 1 t ' s h o w in g  b e tte r  p o s s ib i l i ty  fo r  
se le ctio n .

In  o rd e r  to  id en tify  p re -p o te n cy  in  PB  
c lo n e s  to  d e v e lo p  h ig h  y ie ld in g  c lo n e s



th rou gh h alf-sib  ev alu ation  an d  s e le c t io n  
3 37  half-sib  seed lin gs from  high y ie ld in g  1 
c lo n e s  w ere  e v a lu a te d  fo r  y ie ld  b y  te s t 
tapping. Th e y ield u n d er test tap p in g  in  the 
3"» year sh ow ed  th at 4 0  seed lin g s y ield ed  
m ore than 20  g  10 t ! o f w h ich  five seed lin g s  
had m ore th an  50 g  10 t T h e  p rom isin g  
h a l f - s ib s  w ill  b e  s e le c te d  fo r  fu r th e r  
evaluation. W hen the co rrela tio n  b etw ee n  
g ir th  a n d  tes t ta p  y ie ld  w a s  a n a ly s e d , 
correlation s o f  0 .6  and  0.3 w ere o b serv ed  in 
p opu lation  and  top  y ie ld in g  40  seed lin g s, 
re sp e c tiv e ly  Y ie ld  a n d  g ir th  w ith in  th e  
selected  seed lin g s w ere n o t co rrela ted .

F o r ty  o n e  s e le c t io n s  fr o m  th e  
p o lycross p ro g en y  p op u lation  a t  K ottayam  
w ere bud g rafted . 1868 bu d d in g s w ere d on e 
in all, and  the b u d d in g  su ccess  w as 8 6  p er  
cent. A root-tra in er n u rsery  o f 1622  p lan ts 
w as r a is e d  a t  C e n t r a l  N u r s e r y  (C N ),  
K a r ik k a t to o r  a n d  th e  n u r s e r y  i s  b e in g  
m a in ta in e d . A ll th e  s e le c t io n s  f r o m  
N agrakata  and  D ap ch ari w ere  cu tb a ck  for 
bud w ood g en eration .

4 . G e n e tic  s tu d ie s

4.1. G e n e t ic  p a r a m e te rs

In th e  g e n e tic  a n a ly s is  ex p e rim e n t at 
C E S , C h e th a c k a l, p a r e n ts  a n d  p ro g en ies  
w e r e  a s s e s s e d  f o r  g r o w t h  a n d  y ie ld  
p a r a m e t e r s .  A m o n g  f u l l - s i b  fa m i lie s ,  
R R II 1 0 5  x R R II 1 1 8  a c h ie v e d  m ax im u m  
y ield  w ith  m o re  th a n  6 5  g  f  f  in  th e  16u’ 
y e a r  o f  ta p p in g  (F ig . B ot. 4 ). C lo n e  R R II 33 
m ain ta in ed  its lo w est y ie ld  tren d  o f  le ss  than 

20  g f  f .

5 . P a r t i c i p a t o r y  e v a l u a t i o n  of  
r u b b e r  c lo n e s  in  th e  p ip e lin e

5 .1 . S o u r c e  B u s h  N u r s e r ie s  o f  p ip e l in e  
c lo n e s

A t th e  C E S ,C h e th a c k a l, 2 8 2  p ipeline 
c lo n e s  w e r e  m a in ta in e d  in  1 7  so u rc e  bush  
n u rse r ie s .

5.2. P C E  tr ia ls  u n d e r  m a tu r e  p h a s e

A to ta l o f  s ix  C e n tra l L a rg e  S c a le  Trials 
a t C E S ,C h e th a c k a l a n d  R R II  F a r m s  a n d  39 
s a t e l l i t e  O n  F a r m  T r ia ls  a r e  in  p r o g re s s



u n d er five p h ases  o f F arm er P articip a to ry  o u t  y ield ed  th e  h ig h est y ie ld in g  ch eck  c lon e 
C lo n e  E v a lu atio n . RR II 430 .

5.2.3. P hase  1 (2008)
In  th e  C e n t r a l  la r g e  S c a le  T r ia ls ,  

th e re  w a s  s ig n if ic a n t c lo n a l v a ria tio n  for 
y ie ld  in  th e  seco n d  y e a r  o f ta p p in g . A ll 
th e  th re e  c h e c k  c lo n e s  w e re  c o m p a ra b le  in 
y ie ld  in L S T  1, w h ile  R R II 105  w as in fe rio r  
to  R R II 4 1 4  in L S T  2. C lo n e  R R II 4 1 4  w as 
th e  h i g h e s t  y ie l d in g  c h e c k  c lo n e  a n d  
sh o w e d  s u p e rio r  su m m e r  y ie ld  in both  the 
tr ia ls . A m o n g  th e  p ip e lin e  c lo n e s , P 021 ,
P  0 6 7  a n d  P  0 7 4  in  L S T  1 a n d  P 0 4 4 , P 0 6 6  
an d  P 0 26  in  L S T  2  w ere th e  h ig h est y ie ld ers 
w it h  > 6 0  g  t '1 t '1 b u t  w e r e  s t a t i s t i c a l ly  
c o m p a r a b le  w ith  R R II  4 1 4  w h ic h  g a v e  
y ie ld s  o f 5 9 .9 6  a n d  6 6 .9 5  g  t 1 t 1 in L S T  1 
an d  2, resp ectiv e ly .

A  p o o le d  a n a l y s i s  o f  c lo n a l 
p e r fo rm a n c e s  in  th e  firs t y e a r  o f tap p in g  
a cro ss  th e  L S T s a n d  sev era l O FT s w as d one. 
T h e  m e a n  y ie ld  o f  th e  f ir s t  b a tc h  o f  11 
p ip e lin e  c lo n e s  a n d  th ree  c h eck  c lon es in the 
first y ea r  o f  ta p p in g  w as 3 6 .54  g  t 1 1'1 a cro ss 
se v e n  lo ca tio n s . T h e  c lo n a l p e r fo rm a n ce  
w a s b e s t  in  C a l ic u t  E s ta te  fo llo w e d  b y  
T h u r a v a iy a r  E s ta t e ,  K a n y a k u m a r i  a n d  
M o o p ly  E sta te , T h rissu r. T h e ch eck  clon e 
R R I I  4 3 0  w a s  th e  h i g h e s t  y ie l d e r  in  
A d irap p ally , fo llo w ed  by P  067  and  P 015. 
In  C a lic u t ,  c lo n e  P  0 8 8  w a s th e  h ig h e s t 
y ie ld e r  fo llo w ed  b y  R R II 430  an d  P 015 . In 
M o o p ly  E sta te , p ip e lin e  c lon e P  068  alon g 
w ith  R R II 105 reg iste red  the h ig h est y ie ld s 
fo llo w e d  b y  P  0 7 4 . In  M a n ik k a l E s ta te , 
M u n d a k k a y a m , c lo n e  P 0 6 7  w as the h ig h est 
y ie ld e r  fo llo w ed  by P 060  an d  R R II 430 . In 
V ith u ra , c lo n e  P 0 15  w as th e  h ig h e st y ie ld er  
fo llo w e d  b y  R R II 4 3 0  a n d  P 067 . In the 
C e n tra l L a rg e  S ca le  tr ia l a t C E S  (L ST 1) c lon e 
P  0 1 5  w as th e  h ig h est y ie ld er  fo llo w ed  by 
R R II 105 a n d  R R II 430 . In  K an y ak u m ari tw o 
o f th e  p ip e lin e  c lo n e s  viz . P  0 1 0  an d  P  061

T h e  p erfo rm an ce  o f th e  seco n d  batch  
o f 11 p ip elin e  c lo n es  a n d  th ree  c h eck s  in the 
first y ear  o f tap p in g  w as com p ared  in  six 
location s. T h e  m e an  y ie ld  in th e  first year 
w as 3 7 .16  g  t  ! f ‘ a cro ss lo ca tio n s  and  c lo n es. 
T h e  m ean y ield  w as h ig h e st in  th e  P u nalu r 
reg ion , in  Sh a lia ca ry  esta te  fo llo w ed  b y  Be 
Be Estate. In th e  first m o n th  o f tap p in g  in 
K an jirap p ally , P 0 26  w as th e  h ig h est y ie ld er  
fo llo w ed  b y  P 0 7 2 . In  S h a lia c a ry  e s ta te , 
R R II 430  w as the h ig h est y ie ld er  fo llow ed 
b y  p ip e l in e  c lo n e s  P 0 6 6  a n d  P 0 2 6 . In 
K oo tickal esta te , p ip elin e  c lo n e  P 066  w as 
the h ig h est y ie ld er fo llow ed by R R II 430  and 
P  026 . In  P erin th a lm an n a , P  026  w as the 
h ig h est y ie ld e r  fo llo w ed  by P  015 , In  B e  Be 
es ta te , R R II 4 3 0  w a s  th e  h ig h e s t y ie ld e r  
fo llo w ed  b y  P 0 2 6  and  P  0 6 6 . In  th e  C en tra l 
L S T  2, R R II 414  w as th e  h ig h e st y ie ld er  
fo llo w ed  b y  P  0 1 5  an d  P 087 . R R II 4 3 0  w as 
th e  h ig h e s t y ie ld e r  in tw o  o u t o f  th e  six  
lo cation s.

W h e n  a v e r a g e d  a c r o s s  th e  s e v e n  
lo ca t io n s  w h e re  th e  B a tc h  1 c lo n e s  w e re  
p lan ted , RR II 4 30  reco rd ed  th e  h ig h est y ield  
in th e  firs t y ear  o f  tap p in g  c lo se ly  fo llo w ed  
by p ip e lin e  c lo n es  P  0 6 7  (h a lf s ib  p ro g en y  
of p aren t c lo n e  PB 2 15) a n d  P 0 1 5  (p aren tag e 
R R II 203  x PB  5/51). In  te rm s o f  m e a n  yield  
in th e  f ir s t  y e a r  a c ro s s  th e  s ix  lo c a t io n s  
w h e re  th e  B a tch  2  c lo n e s  w ere  tested , the 
p ip elin e  c lo n es  P  0 2 6  (P B  242  x R R II 105) 
w as th e  b e s t  p er fo rm er  fo llo w ed  by P  066  
(h a lf s ib  p ro g en y  o f p aren t c lo n e  P B  28/83). 
T h e s e  tw o  c lo n e s  o u t y ie ld e d  th e  c h e c k  
c lo n es  R R II 4 1 4  an d  R R II 430 . C lo n e  P  015  
a lso  p erfo rm ed  w ell in te rm s o f  in itia l y ield  
in  th ese  lo ca tio n s.

U n d e r  th e  P h a s e  1 tr ia ls , b a se d  o n  
in itia l y ie ld  in fa rm e r  p a r tic ip a to ry  tr ia ls  in 
v ariou s locations, tw o hybrid  c lo n es  evolved  
th ro u g h  b i-p a re n ta l m a tin g  v iz . P  0 1 5  an d



P 0 2 6  a lon g  w ith  tw o c lo n e s  ev o lv ed  b j  
p o ly cro ss  b ree d in g  v iz .  P 0 6 6  an d  P  0 6 7  
exhibited high yield , com p arab le  to th e  high 
y ield ing check c lon es R RII 4 30  and  RR II 414.

5.3. P C E  tr ia ls  u n d er im m atu re  P h a se s  2 

to  5

5.3.1 P h a s e  2 (2010)
G ir th ,  ta p p a b i l i ty  a n d  s e c o n d a r y  

o b serv atio n s lik e  d ise a s e  in c id e n c e  w ere  
record ed  from  the C en tra l L S T  an d  e ig h t 
O FT s. In  th e  LST, th ere  w a s  s ig n if ic a n t 
c lo n a l v a ria tio n  a m o n g  th e  14 p ip e l in e  
c lo n e s  and  th re e  c h e c k s . C h e c k  c lo n e s  
R R II 4 1 4  a n d  R R II 4 3 0  w e r e  th e  m o s t 
vigorous. P ip elin e  c lon es P  044 , P 0 8 0  and 
P 0 7 0  w e re  c o m p a r a b le  w ith  th e  c h e c k  
clon es in term s o f girth.

A m o n g  th e  O F T s, S h a lia c a r y  e s ta te  
was the m o st favou rab le  location  fo r  gro w th  
o f  th e  c lo n es, fo llo w ed  b y  C a lic u t esta te . 
M ean g irth  acro ss  lo ca tio n s w as th e  b e s t  in 
clon es RR II 430  and R R II 414 . A m o n g  the 
p ip e lin e  c lo n e s  P  044 , fo llo w e d  b y  O  054 , 
P  0 70  and  P  0 6 4  reg istered  h ig h  m e an  g irth  
of m o re  th an  50  cm  in  the sev en th  year.

In term s o f tap p ability , B e th an y  and 
V aniam para esta tes  w ere  th e  b e s t lo ca tio n s  
r e g is te r in g  7 3  p e r  c e n t  ta p p a b le  tr e e s ,  
followed by Shaliacary estate w ith 71.1 per cent 
tap p able  trees w h ile  th e  m e a n  ta p p a b ility  
acro ss lo ca tio n s 6Vi y ears a fter  p la n tin g  w as 
60  p er cent. A m o n g  th e  c lo n es , th e  ch eck  
clon es RR II 4 1 4  and  R R II 4 3 0  reg iste red  th e  
h ig h est ta p p a b ility  o f  8 8  an d  8 7  p er  cen t, 
respectively .

Q o n e s  u n d er O F T  in P u d u k k ad  Estate 
w ere u n d er tap p in g . A m o n g  th e  p ip e lin e  
c lo n e s , P 44  a n d  P  6 4  m a in ta in e d  th e ir  
su p erio r  g ro w th  and  y ie ld  tren d .

5.3.2. P h a s e  3  (2012)

In  the 2012 L S T  a t  C E S, C h eth a ck a l, 
am o n g  th e  p ip e lin e  c lo n es , P 110  (3 2  cm )

sh o w e d  g o o d  g r o w th  p e r fo r m a n c e  a fter 
R R II 4 3 0  an d  R R II 4 1 7  (3 4  cm ). P  101, P 102 
an d  P 104  p e rfo rm ed  b e tte r  in  te rm s  o f  girth 
th an  R R II 105  (2 8  cm ). In  th e  2 0 1 2  O F T  at 
C h e m o n i E s ta te ,  T h r is s u r ,  p ip e l in e  c lon e 
P  110  w ith  4 4  cm  m e a n  g ir th  m a in ta in e d  its 
s u p e r io r  g r o w th  tr e n d  o n ly  m a tc h e d  by 
ch e ck  c lo n e  R R II 4 1 7  w ith  th e  sa m e  girth, 
six  y e a rs  a fter  p la n tin g . T h re e  m o re  p ipeline 
clo n es  ( P 142, P 104  a n d  P 1 0 1 ) s h o w ed  better 
g ro w th  th a n  th e  p o p u la r  c h e c k  R R II 105 (38 
c m ) .  In  P h a s e  3  K u m b a z h a  e s t a te  
(P a th a n a m th itta ) , c lo n e s  P  1 1 0  a n d  P  104 
sh o w ed  h ig h  v ig o u r  (50 -51  cm ) c o m p a ra b le  
to  R R II 4 3 0  (5 2 cm ) an d  R R II 4 1 7  (4 9  cm ) in 
th e  7"1 y e a r  o f  p la n tin g . L e a f  r e te n tio n  u nder 
A L F  w a s h ig h  in  P  1 1 4  a n d  P  142 . In  the 
tr ia l a t  C h e ru v a lly  e s ta te , a m o n g  p ip elin e  
c lo n e s ,  m a x im u m  g ir th  w a s  r e c o rd e d  in 
P  1 1 0  (3 8  c m ) ,  fo l lo w e d  b y  P  101  (3 7  cm ) 
P 1 0 4  (3 6  c m )  a n d  P  1 4 2  ( 3 4  c m ) ,  an d  
m in im u m  g ir th  w a s  r e c o rd e d  in  P  1 5 8  (26 
c m ). A t  C a l ic u t  E s ta te ,  K o z h ik o d e , tw o 
p ip e lin e  c lo n e s  sh o w e d  b e tte r  g ro w th  th an  
R R II 1 0 5  in  th e  s ix th  y e a r  a f te r  p la n tin g . 
P  1 1 0  sh o w e d  b e tt e r  g ir th  th a n  R R II 430 . 
M o st o f  th e  e x p e r im e n ta l c lo n e s  w e r e  b e tter  
th a n  R R II 1 0 5  in  te r m s  o f  d is e a s e  to leran ce . 
A t K F D C , N e tta n a , g r o w th  p a r a m e te rs  and  
d ise a s e  in c id e n ce s  w e re  re c o rd e d . B a sed  on 
th ree  y e a rs ' g ir th  d a ta , c lo n e  P 1 2 6  (3 4 .9  cm ) 
w a s fo u n d  s u p e r io r  w h ich  w a s  fo llo w e d  by 
R R II 4 1 7  (2 9 .8  cm ), P 129  (2 6 .5  cm ), P B  330 
(2 5 .8  c m )  a n d  R R I I  4 3 0  (2 4 .8  c m )  w h ile  
R R I I  1 0 5  e x h ib i te d  2 3 .7  c m . P  1 2 6  an d  
R R I I  4 1 7  c o n t i n u e d  to  b e  s u p e r io r  
th ro u g h o u t th e  th re e  y e a r  p e r io d .

5.3.3. P h a s e  4  (2014)

T w e n ty  th re e  p ip e l in e  c lo n e s  a lo n g  
w ith  fo u r  ch e ck  c lo n e s  a r e  b e in g  ev a lu ated  
in  C e n t r a l  L a r g e  S c a le  T r ia l  (C L S T )  a t 
K o t ta y a m  a n d  tw o  o n - f a r m  t r i a l s  a t 
C h e m o n i E s ta te  (T h r is s u r  D t ,  K e ra la ) and



K ailiyadu E state (P a lak k ad  D t., K erala). T h e  
p ip e lin es  in c lu d e fo u r W ickh am  x  W ickh am  
h y b rid s, 13  W ick h am  x A m azo n ian  h ybrid s, 
fo u r  s e le c tio n s  fro m  p o ly cro ss  p ro g e n ie s  
and  tw o  o rte t se le ctio n s. T h e  ab ov e p ip elin e  
c lo n e s  w e r e  e v a lu a t e d  fo r  th e ir  in it ia l  
g ro w th  and  fie ld  to leran ce  to  a b n o rm al leaf 
fa ll (A L F ) ca u se d  b y  P h y top h th ora , fou rth  
y e a r  a fter  p lan tin g . T h ere  w as sig n ifican t 
d iffe re n ce  in  g ir th  am o n g  the ex p erim en tal 
c lo n e s  in  te r m s  o f  g r o w th  a n d  a d a p tiv e  
tra its . A m o n g  th e  p ip elin e  c lon es, ten clones 
p e r fo rm e d  a b o v e  p o p u la tio n  m e a n  w ith  
P 129  (C y O  4 8 ; C h eru v ally  O rtet) a n d  PB  330 
(P B  5/51 x  P B  32/36) sh o w in g  m ax im u m  
g ir th  (3 2  c m ) b e tt e r  th a n  R R II 1 0 5  an d  
c o m p a r a b le  w ith  c h e c k  c lo n e  R R II 4 3 0 . 
O th e r  ch eck  c lo n e s  R R II 4 1 4  and  R R II 417  
had  h ig h  g irth . A m o n g  W xA  h ybrid s, P 177 
(R R IM  600  x  R O  3 80) and  P  1 7 l'(R R IM  6 00 x 
M T  1021) sh o w ed  b etter  g irth  (31 cm ).

In  t h e  O F T  a t  C h e m o n i ,  P 1 2 9  
(C h e r u v a lly  o r te t )  an d  P 174  (W x A h y b rid ) 
w e re  fo u n d  to  p e r fo rm  b e tte r  a fte r  ch eck  
c lo n e s  R R II 4 1 4 , R R II 4 1 7  a n d  R R II 105 . 
In te r e s tin g ly , th e  s a m e  c lo n e  p e r fo rm e d  
w ell in  th e  L a rg e  S c a le  T ria l a t  K o ttay am . 
A m o n g  W x A  h y b r id s , P 174 (R R IM  6 0 0  x 
M T  1014) s h o w ed  b e tte r  p erfo rm a n ce  w h en  
c o m p a re d  to  R R II 4 3 0 . A t S h o ra n u r  a lso , 
P  1 2 9  p e r f o r m e d  w e l l .  A m o n g  W x A  
h y b r id s , P  171 (R R IM  6 0 0  x M T  1021) w as 
fo u n d  b e tte r . T h e  in itia l p e r fo rm a n ce  o f 
p ip e lin e  c lo n e s  a t  th re e  d iffe r e n t lo ca tio n s  
( tw o  O F T s  a n d  o n e  L S T )  in d ic a t e d  
e m e rg e n c e  o f  lo ca t io n  p re fe re n ce s  am o n g  
th e  c lo n e s . R e g a rd in g  A LF in c id en ce , th ere  
w as s ig n if ic a n t d iffe re n c e  in  le a f re ten tio n  
a m o n g  th e  p ip e lin e  c lo n e s  in b o th  th e  L S T  
a n d  O F T s. W h ile  th ere  w as in d ica tio n  for 
e n v i r o n m e n t a l  i n f lu e n c e  o n  d is e a s e  
in c id e n c e  a m o n g  th e  p ip e lin e  c lo n es , the 
d ise a s e  to le ra n c e  tra it o f  w ild  g erm p la sm

accessio n  R O  142 an d  o th e r  W x A  h y b rid s  
observed  d u rin g  sm a ll sca le  ev a lu atio n  w as 
fu rth er e stab lish ed  in  th e  L S T  and O FTs.

In B eth an y  e sta te , K an y ak u m ari, RR II 
414  (49 .5cm ) h ad  h ig h est g irth  in th e  5 *  y ear 
o f p la n tin g  P  126 , P  171 an d  P 172  w ere  
fou n d  su p erio r  in  te rm s o f g irth  (37cm ). At 
T h ir u a m p a d y  E s ta t e ,  K o z h ik o d e , fo u r  
p ip e l in e  c lo n e s  s h o w e d  b e t t e r  g r o w th  
com p ared  to  R R II 105 and  R R II 414 . A m o n g 
th e  p ip elin e  c lo n es, C h eru v ally  o rte ts  P  126 
an d  P 133 a lo n g  w ith  a hy b rid  P 168 an d  a 
h a lf sib  P 071  sh o w ed  m ax im u m  g row th . 
M o st o f th e  e x p e rim e n ta l c lo n e s  sh o w ed  
go o d  le v e l o f  d is e a s e  to le ra n c e . A t th e  
M an ik a l esta te , g irth  a tta in ed  b y  th e  c lo n es  
d u rin g  th e  y ear  is sh o w n  in th e  d escen d in g  
o r d e r  w ith  th e  h i g h e s t  g ir th  in  P  1 2 9  
fo llo w ed  b y  P 133 , P  71, P  120, P  168 , P 174, 
P  126 , P  171 , P 1 8 0 , P I  7 3 , P 4 8 , P  8 9 , P  73 , 
P  177 , P 172, P  93  an d  P  121 . A m o n g  th e  
check  c lo n es, th e  h ig h est g irth  w a s record ed  
in  R R II 414 .

5.3.4. P h a s e  5  (2016)

U n d er P C E  P h a se  V, v acan cy  fillin g  
w a s  c a r r ie d  o u t  a n d  th e  t r ia l s  w a s  
m ain tain ed  fo r  fu rth er  ev a lu a tio n . In the 
O F T  a t  C h e r u p it ta k a v u  E s ta te , P u n a lu r , 
early  g ro w th  p erfo rm an ce o f  p ip elin e  c lon es 
and  ch eck  c lo n es  w as assessed  in  th e  th ird  
y e a r  o f  p la n t in g .  A t  S t a te  fa r m in g  
co rp o ra tio n , P u n alu r, g ro w th  o f  th ree  year 
old  p lan ts  w as g ood  e x ce p t for th e  p lan ts  
su p p lied  ag a in st f ire  d am ag e a ffected  p lo ts.

5 .3.5. P h a s e  6 (2019)

M u ltip lica tio n  o f  p la n tin g  m a te ria ls  
for P h a se  6  o f  P C E  tr ia l w as in itia ted . T h e 
p ip e lin e  c lo n e s  se le cted  fo r  th e  n e w  p h a se  
in c lu d e d  h a l f  s ib s ,  o r te t s  a n d  h y b r id s  
se lected  from  c lon al n u rseries. C h e ck  c lon es 
fo r  e a c h  r e g io n  w a s  s e le c te d  b a s e d  o n  
R eg io n  S p ecific  C lo n e A d v iso ry  (2017), w ith



R R II 4 3 0  a s  th e  c o m m o n  c h e c k .  F iv e  
locations w ere selected  in clu d in g  o n e  L S T  
in C E S . C h e t h a c k a l  a n d  fo u r  O F T s  a t  
K a n y a k u m a ri ,  P u n a lu r ,  P a d iy o o r  a n d  

N ettana.

6. Breeding for other s p e c i f ic
objectives
Breed ing  p ro g ram m es tor a b io tic  as 

w ell as b io tic  stresses w ere e m p h a sised  in 
the y ear u n d er report.

6.1. B reed in g  fo r  d ro u g h t to le ra n ce

In S S T  1999 A , a n a ly s is  o f  a v e ra g e  
y ie ld  o v er n in e v ea rs  sh o w ed  m a x im u m  
vield  in 94/50 (70  g  f  t ■) fo llo w ed  by 94/23 
and 94/44 (69  g  f ! f )  an d  94/101 (6 4  g f 1 i ')• 
T h e c lo n es  w ere a sse s se d  fo r  re sp o n s e  to 
s t im u la t io n .  M a x im u m  y ie l d  a f te r  
stimulation w as recorded in 94/50 (108 g  t '1 f ' )  

fo llow ed by 94/44 (108  g  f  f ) .

In  an  a t te m p t to  d e v e lo p  d r o u g h t  
to leran t c lo n es fo r  th e  n o n -tra d itio n a l area, 
th e  d r o u g h t  to l e r a n c e  c a p a c i t y  o f  th e  
se le c te d  p r o g e n ie s , d e v e lo p e d  th r o u g h  
h y b rid iza tio n  betw een  h ig h  y ie ld in g  c lo n e  
(R R II 105 ; fem a le  p a re n t) a n d  a d r o u g h t 
to leran t c lo n e  (PB  2 80 ; m a le  p a ren t) a n d  the 
recip ro cal cro ssin g  (PB  2 80  x RR II 105), w ere  
e v a lu a ted  in a c lo n a l n u rse ry  tr ia l in  th e  
d ro u g h t p ro n e  area  (R R S, D ap ch ari). F o rty  
ex p erim en tal c lo n es  a lo n g  w ith  n in e  c o n tro l 
c lon es w ere p lan ted  in  th e  tr ia l. N in eteen  
c lon es sh ow ed  su p erio r  g ir th  th a n  th e  m o st 
v igorous ch eck  c lo n e  R R II 208 . T h ree  hybrid  
c lo n e s  (96/114, 96/69 an d  96/66) ex h ib ite d  
test tap  yield  co n s isten tly  su p erio r  to  d ie  top  
m o st y ie ld in g  c h eck  c lo n e  R R IM  6 00 . C lo n e  
96/69 w h ich  sh ow ed  su p e rio r  y ie ld  had  the 
h ig h est g irth  a s  w ell.

G ro w th  a n d  y ie ld  p e r fo r m a n c e  o f 
s e le c tio n s  w as m o n ito re d  fo r  13 y e a r s  o f

ta p p in g  a m o n g  15 h y b r id s  a n d  ch eck  clones 
in  1998 A S S T  a t C E S . S e le c tio n s , w h ich  are 
a lso  u n d e r  e v a lu a t io n  in  P h a se  5 o f PC E viz. 
93/214 (69  g  f  t ')  a n d  93/216 (5 7  g  f  f  ), 
m a in ta in e d  su p e r io r  y ie ld  tren d  com pared 
to R R II 105  (4 5  g  t '1 t ' ) .  In  o r d e r  to  develop 
c lo n es  to leran t to  d ro u g h t, 1 7  p ip e lin e  clones 
w e r e  la id  o u t  in  a la r g e  s c a le  tr ia l  at 
D ap ch ari d u r in g  th e  y e a r  a lo n g  w ith  3  check 
c lo n e s  in  R a n d o m iz e d  B lo c k  D esig n  with 
th re e  re p lic a tio n s  a n d  16 tr e e s  p e r  plot.

6.2 . B r e e d in g  fo r  d is e a s e  to le ra n c e

U n d e r  d is e a s e  r e s is ta n c e  b ree d in g  
p ro g ra m m e, th e  su p e rio r ity  o f  to p  selections 
w a s  fu r th e r  a s c e r ta in e d  th r o u g h  second 
ro u n d  o f  te s t  ta p p in g  ca rr ie d  o u t fo u r years 
a fte r  p la n tin g  in  th e  n u rse ry . T o p  hybrid 
s e le c tio n  fro m  R R II 4 1 4  x  F x  5 1 6  h ad  very 
h ig h  y ie ld  o f  3 4 3  g  t '11 5 f '  an d  to p  selection 
fro m  h a lf -s ib s  o f  F x  5 1 6  h a d  3 0 2  g  t 1 15t 
In te r s p e c if ic  h y b r id iz a t io n  w a s  ca rr ie d  out 
a m o n g  h ig h  y ie ld in g  R R II c lo n e s  o f  H evea 
b r a s il ie n s is  (R R II  4 3 0 , R R II 4 1 4 , R R II 105) 
a n d  o th e r  H e v e a  s p p . v iz . H . s p ru c ea n a  and
H . c a m a rg o an a  a s  w e ll  a s  R O  3 8 0  (a  putative 
g e n e tic  v a r ia n t  o f  H . s p r u c e a n a ) in  o rd er  to 
fo r tify  th e  h ig h  y ie ld in g  R R II  c lo n e s  with 
d is e a s e  to le ra n c e . A fte r  e s ta b l is h m e n t in 

n u r s e r y  e v a lu a t io n  t r a i l s ,  th e  p u ta tiv e  
h y b r i d s  f r o m  th e  a b o v e  i n t e r s p e c i f i c  
h y b r id iz a tio n  p r o g ra m m e  w e r e  evaluated  
fo r  n u r s e r y  te s t - ta p  y ie ld .  T h e  tes t-ta p  
y ie ld  o f  h y b r id s  r a n g e d  fro m  1 g  t ’1 1 5 t 1 to
5 4  g  f  1 5 f .  F o u r  fu ll -s ib s  h a d  m o re  than 
5 0  g  t 1 1 5 1'1 w h i le  s e v e n  p r o g e n ie s  had 
m o r e  th a n  4 0  g  t 1 1 5 t ' .  P r e l im in a r y  
o b s e r v a t io n  o n  d is e a s e  in c id e n c e s  o f the 
p r o g e n ie s  in d ic a te d  p u ta t iv e  to le ra n c e  ol 
m an y  o f th e  p r o g e n ie s  a g a in s t s h o o t ro t and 
o th e r  le a f  s p o r t  d is e a s e s  a s  in d ic a te d  by 
a b s e n c e  o f  a p p a r e n t  d is e a s e  sy m p to m s 

u n d e r  fie ld  co n d itio n s .



7. A n a to m ica l in v e stig a tio n s
7 .1 . W o u n d  c a llu s  as e x p la n t fo r  tis su e

cu ltu re

D u rin g  th e  h a rd e n in g  p ro cess , root 
tra in e r  p la n ts  d ev e lo p  ca llu s  tissu e at the 
r o o t ap ex  th ro u g h  a ir  p ru n in g . T h e callu s 
h as im m en se  p o ten tia l for ro o t a rch itectu re  
m o d ifica tio n . S tru ctu ra l o rg an isa tio n  and 
m e ta b o lic  s ta tu s  o f th is starv ed  tissu e m ay 
h a v e  a m p le  sco p e  to  b e  u sed  as ex p lan t in 
tissu e cu l tu re experim en ts. C allu s developed 
o n  rooted  cu ttin g s  o f selected  clo n es w ere 
u sed  as ex p la n t in tissu e regeneration . Th e 
tissu e cu ltu re  p ro cess  is underw ay.

7 .2 . P e t io la r  a n ato m y  fo r  id e n tifica tio n  o f
H e v e a  c lo n e s

A  s e t o f  p e tio le  a n ato m ica l tra its  viz., 
sh a p e  o f  th e  v a scu la r  b u n d les in the abaxial 
an d  a d a x ia l s id e , in ter-v ascu lar  continu ity , 
m ed u llary  b u n d les, in tru sion  o f cortica l cells 
in to  th e  p ith , sh a p e  o f p ith  etc . w ere used 
fo r  id e n tif ic a t io n  o f  s ix  H ev ea  c lo n e s  viz . 
R R II 4 1 4 ,  R R II  4 1 7 , R R II 4 2 2 , R R II 430 , 
R R II 105 and  R R IC  100. A m o n g these, shape 
o f  v a s c u la r  b u n d le s ,  f e a tu r e s  o f  in te r -  
v a scu la r  c o n tin u ity  and  in tru sio n  o f cortical 
ce lls , p r o p o r tio n  o f v a sc u la tu re  an d  p ith  
a r e a  in  th e  s t e le  a r e  o b s e r v e d  to  b e  
rea so n a b ly  s ta b le  a n ato m ica l tra its  for c lon e 
id e n t i f ic a t io n .  R R II 4 1 4  s h o w s  a c lo se  
a ffin ity  to  th e  fem a le  p a ren t R R II 105 , and 
R R II 4 3 0  s h o w s  m o re  r e se m b la n ce  to  its 
m ale  p aren t R R IC  100. T h e  o th er  tw o c lon es 
v iz . R R II 4 1 7  an d  R R II 422  are  in term ed iate  
w ith  resp ect to  th ese  tra its . S tru ctu ra l traits 
sh ow ed  m o re  resem blan ce  b etw een R R II 414 
an d  R R II 422 . A m o n g  the s ix  c lon es studied , 
R R II 4 3 0  sh o w ed  b o th  m o rp h o lo g ica l and 
a n a to m ica l id e n tity  w ith  R R IC  100 . It is 
o b v io u s  th a t co m p a re d  to m o rp h o lo g ica l 
tra its , an a to m ica l ch a ra cteris tics  rep resent 
th e  e n v iro n m e n ta l a d a p ta tio n  o f c lon es and 
h en ce , a re  m o re  s ta b le  and  re liab le  ad ju n cts 
fo r  id en tifica tio n  o f m o d ern  H evea  c lon es.

8. S tu d ie s  o n  p ro p a g a tio n

8.1. D ro u g h t to leran t ro o tsto ck s

A s tu d y  aim ed  at d ev e lo p in g  d ro u g h t 
to leran t ro o tsto ck s fo r  th e  n o n -trad itio n a l 
area  by ev a lu a tin g  th e  d ro u g h t to leran ce  
c a p a c i t y  o f  th e  s e e d l in g s  f r o m  n o n -  
tr a d itio n a l a r e a s  c o m p a re d  to  s e e d l in g s  
from  trad ition al a reas  w as carried  o u t in a 
n u rsery  trial at R R S, D ap ch ari. S e e d s w ere 
co lle cted  from  th ree  d ro u g h t p ro n e  n o n - 
tra d itio n a l ru b be r g ro w in g  a re a s  n am ely  
M ah arash tra  (R R S, D a p ch a r i), O rissa  (R R S, 
D hen kanal) and  K arn atak a (H B SS , N ettana) 
and  from  trad itio n a l a reas  n am ely  K erala  
(C ES, C h eth ack a l) an d  Tam il N ad u  (H B SS, 
Paraliar). A ssorted  seed s as w ell a s  seed s 
from  p o ly clo n a l seed  g ard en s and  d ro u g h t 
t o le r a n t  c lo n e  R R IM  6 0 0  a n d  d r o u g h t  
su scep tib le  c lo n e  R R II 105  w ere  co lle cted  
from  each  o f ab ov e lo ca tio n s. Seed s w ere 
a lso  co lle cted  from  d ro u g h t to leran t clon e 
RR II 203 located at O rissa. T h e seedlings w ere 
m a in ta in e d  u n d e r  r a in -fe d  c o n d it io n  at 
D ap chari. B u d -graftin g  o f th ose  seed lin g s 
w h ic h  s u r v iv e d  d r o u g h t  c o n d i t io n  a t  
D a p ch a ri w as c a rr ie d  o u t u s in g  d ro u g h t 
su scep tib le  c lo n e  R R II 105 a s  scio n . B ud - 
grafting o f the u nselected  seed lings at Central 
Nursery, K arikkattoor w as also  d on e using 
R R II 1 0 5  a s  s c io n . F ie ld  p la n t in g  a n d  
m aintenance o f both d roughts su rv ived  and 
co n tro l p lan ts  bu d d ed  w ith  R R II 105  w as 
carried  o u t fo r  ev a lu a tio n  o f  th e  d ro u g h t 
survived stock as again st the unselected stock.

8.2. M o d ifie d  root tra in e r  p la n ts  (M R T P ) 
fo r  d is e a s e  c o n tro l th ro u g h  cro w n  
b u d d in g

M o d if ie d  r o o t t r a in e r  p la n ts  w e re  
raised  in  the n u rsery  a s  p er th e  s tan d ard ised  
m e th o d o lo g y . C ro w n  b u d d in g  o n  th irty  
M R T P  w as carried  o u t in  th e  nu rsery . Ten 
M R T P  w it h  c r o w n  b u d  s u c c e s s  w a s  
tran sp lan te d  in  th e  field .



9. International Clone Exchange
R e p l e n is h m e n t  o f  d o m e s t ic a t e d  

g erm p la sm  w ith  c lo n es  fro m  o th er  ru b be r 
g r o w in g  c o u n t r ie s  v ia  b i la t e r a l  a n d  
m u lt i la te r a l  e x c h a n g e s  w as s u c c e s s fu lly  
ach iev e d . A  to ta l o f  4 4  h igh  y ie ld in g  and 
d isea se  res is tan t c lo n es  w ere  im p o rted  from  
10 c o u n tr ie s .  Im p o r t a r r a n g e m e n ts  a re  
b e in g  d o n e  fo r  tw o N ig erian  ru b be r c lo n es.

9.1. B ila te ra l c lo n e  ex ch an g e

In  th e  SB N  a t C E S, n o  m a jo r  d isease  
in c id e n c e s  o r  p la n t q u a ra n tin e  p a th o g en s 
w e r e  o b s e r v e d  in  c lo n e s  im p o rte d  fro m  
V ie tn a m  (e ig h t  c lo n e s )  a n d  C h in a  ( f iv e  
clo n es).

9 .2 . M u ltila te ra l C lo n e  E xch an g e

T e n  C M S  S A L B - r e s i s t a n t  c lo n e s  
im p o rted  fro m  G h an a  and  C a m b o d ia  w ere 
m o n ito re d  fo r  m a jo r  d is e a s e s  in c lu d in g  
p la n t q u a ra n tin e  p ath o g en s. T h ree  c lon es 
(U S M 1, P h ilip p in e s ; R R ISL  203  and  R R ISL  
2 1 9 , Sr i L a n k a ) w ere  a lso  im p o rted . T h e  
a b o v e  c lo n e s  w ere b u d -g ra fted  and  p o ly b ag  
n u rs e r y  w as e s ta b lish e d  at C E S. C lo n e s  
im p o rte d  fro m  o th e r  c o u n tr ie s  in c lu d in g  
th ose  from  V ietn am  (8), C hin a (5), C am bod ia  
(5), T h a ilan d  (5), Indonesia (3) and  Sri L ankan 
(3) w ere  a lso  m ain tain ed  in  the S B N s a t C ES. 
In th e  S B N s o f  th e  im p o rted  c lo n e s  fro m  
T h a ila n d , In d o n esia  an d  Sri L an k a , d isease  
in c id e n c e  d u r in g  th e  y ea r  w as reco rd ed . 
C olleto trichu m  and  O idiu m  leaf d iseases w ere 
r e co rd e d  in  v ary in g  in te n s itie s , sh o o t ro t 
w as a lso  n o ted . Sri L ankan c lo n es  R R ISL  
211 and  R R IS L  219  reco rd ed  zero  level to 
v ery  low  level in c id en ce  o f  d iseases.

T w e n ty  s ix  c lo n e s  in tro d u ce d  fro m  
C h in a , V ietnam , C am b o d ia , In d o n esia  and  
T h ailan d  w as m u ltip lied  fo r  lay in g  o u t large 
sca le  ev a lu atio n s  in  2019.

9.3. In te rn a tio n a l H e v e a  c lo n e  m u seu m

T h e  in t e r n a t i o n a l  H e v e a  c lo n e  
m u seum , con sistin g  o f h ig h -y ie ld in g  as w ell

a s  S A L B -r e s is ta n t  c lo n e s  im p o rte d  from  
v a r io u s  c o u n tr ie s ,  w a s  m a in ta in e d  w ith 
id en tity  at R R II M ain  C a m p u s  a t  K ottayam .

10 . A r b o r e ta  o f  H e v e a  c lo n e s  and  
fo re s t  s p e c ie s

T h e  a rb o re tu m  o f H ev ea  co n s is tin g  of
5 5  c lo n e s  a s  d e m o n stra tio n -c u m -re s e a rc h  
p lo t w as m a in ta in e d  a t  RRII M a in  C am pu s, 
K o tta y a m . T h e  a r b o r e tu m  o f  6 3  assorted  
fo r e s t  p la n t  s p e c ie s  a lo n g  w ith  H ev ea ,  
p la n te d  in 2 0 1 4 , w a s  m a in ta in e d  a t  RRII 
M ain  C am p u s.

11 . M u l t i l o c a t i o n a l  e v a l u a t i o n  of 
P ra n g  B e s a r  C lo n e s

A  rep o rt o n  th e  lo n g  term  p erform ance 
o f  fo u r  P B  c lo n e s  viz . P B  3 1 2 , P B  314 , PB  280 
an d  PB  2 5 5  in  L S T s a n d  O F T s  a c ro s s  the 
t r a d it i o n a l  r u b b e r  g r o w in g  r e g io n  w as 
ta b le d  fo r  a p p r o v a l to  r e le a s e  th e  b e s t  
am o n g  d ie  P B  c lo n e s  in  te r m s  o f  g ro w th  and 
y ie l d .  D a t a  f r o m  th e  f o l l o w i n g  f ie ld  
e v a lu a t io n s  in  K e r a la ,  T a m il  N a d u  and  
K a rn a ta k a  w e re  c o lla te d :

• L a rg e  S c a le  E v a lu a t io n  - 1 989 , RRII 
F arm , K o tta y a m , K e ra la

• L a rg e  S c a le  E v a lu a t io n  -1 9 8 9 ,  C en tra l 
E x p e r im e n t  S t a t i o n ,  C h e t h a c k a l ,  
K era la

• L a r g e  S c a le  E v a lu a t io n  - 1 9 9 4 , 
K e e rip a r i, K a n y a k u m a ri, T a m il N adu

• L a r g e  S c a le  E v a lu a t io n  - 198 9 , H ev ea  
B r e e d in g  S u b - S t a t i o n ,  N e t t a n a ,  
K a rn a ta k a

• L a r g e  S c a l e  E v a lu a t io n  - 1 9 9 6 , 
R eg io n a l R e se a rch  S ta tio n , Padiyoor, 
K an n u r, K era la

• S m a ll S c a le  E v a lu a t io n  - 1 991 , H evea 
B r e e d in g  S u b - S t a t i o n ,  N e t t a n a ,  
K a rn a ta k a

• O n -F a r m  E v a lu a t io n  - 1 9 8 8 , K o n ey  
E sta te , H M L  L td ., K o n n i, K era la



Table Bot. 5. g lo b a lm e a n g r th and yields in  station tria l ,  and on farm trial
Clone

PB 255 
PB 280 
PB 312 
PB 314 
RRII 105

___________ Girth at opening (cm)
Station Trials On Farm Trials

54.2 

55.0 
55.7 
54.5
54.2

53.4
47.3
45.7
49.7 
48 3

_____  _______  Rubber yield (  kg ha:' year1)
Mean Station Trials On Farm Trials Mean

2579 2029 2304

3123 2162 2643
2812 1763 2288
2782 2047 2415
2180____________ 1917 2049

53.8
51.1 
50.7
52.1

• O n -F arm  E valu ation  -1 9 8 8 , M alankara 
E sta te , T h o d u p u zh a , Kerala

• O n - F a r m  E v a lu a t io n  -  1 9 9 2 ,
S h a lia k a ry  E sta te , Pu nalur, K erala

• O n -F a r m  E v a lu a tio n  - 1994, M o u n t 
H o reb  E sta te , S a sth am k o tta , K erala 

T h e  g ro w th  and  y ield  o f c lon es PB 280,
PB 255  an d  P B  3 1 4  w ere  su p erio r  to th a t o f 
R R II 105  o v e r  lo n g  term  in variou s location s 
in th e  tra d itio n a l reg io n  (Table B ot.6). T h ese 
c lo n e s  a re  h ig h ly  su s ce p tib le  to ab n orm al 
le a f  fa ll a n d  p o w d e r y  m ild e w  bu t h av e 
s h o w n  t o le r a n c e  to  C o r y n e s p o r a ,  p in k  
d isea se  a n d  ta p p in g  p an e l d ry n ess. C lon es 
P B  280  an d  P B  2 5 5  are  p ro m is in g  in tim ber 
y ie ld  too.

12 . M u lt i lo c a t io n a l  e v a lu a tio n  o f  
IR C A  c lo n e s

L o n g  term  p erfo rm a n ce  o f five IR C A  
c lo n e s  viz . IR C A  18, IR C A  109, IR C A  111, 
IR C A  130  a n d  IR C A  2 3 0  in tro d u ced  from  
C o te  d e  Iv o ire  in  1991 w ere  e valu ated  and  a 
rep o rt w as su b m itted  fo r  u p g rad atio n  o f the 
b e s t tw o  c lo n e s . T h e  fo llo w in g  w ere  the 
fie ld  tr ia ls  fro m  w h ich  data  w as co llated :

• L a rg e  S c a le  E v alu ation , 1992, C entral 
E x p e r im e n t  S t a t io n ,  C h e t h a c k a l ,  
K era la

• L a r g e  S c a le  E v a lu a t io n ,  1 9 9 4 , 
K a n y a k u m a ri, Tam il N adu

• L arg e S c a le  E v aluation , 1996, R egional 
R e se a rch  S ta tio n , P ad iyoor, K erala

• O n  F a r m  E v a lu a t io n ,  2 0 1 0 ,  H M L

M a la n k a r a  E s ta t e ,  T h o d u p u z h a ,  
K erala

• O n  F a rm  E v a lu a t io n , 2 0 1 0 , H M L  
M o o p ly  Estate , T h rissu r, K erala

• O n  F a r m  E v a lu a t io n ,  2 0 1 0 ,  B C  
C h eru v ally  Estate, Erum ely, K erala

• O n  F a rm  E v a lu a tio n , 2 0 1 0 , C a lic u t 
E state, K o zh ik o d e, K erala

fable Bot. 6. G irth and long term yield across three

Clone Girth at opening 
(cm)

Mean yield over 
8-10 vears (g f  t ')

IRCA 18 51.2 48.2
IRCA 109 49.5 51.5
IRCA 111 53.4 57.0
IRCA 130 52 2 72.9
IRCA 230 5Z5 4S.6
RRII 105 48.7 59.0

C lon es IR C A  130 and  IR C A  111 w ere  
th e  b est in term s o f  g ro w th  and  y ie ld  in  th e  
trad itio n a l reg ion . In itia l o b serv a tio n s  on  
gro w th  in O F T s a lso  sh o w  th ese  c lo n e s  to 
be on par w ith  R R II 105.

13 . N ew  P ro je ct

A  p r o je c t  o n  A lte rn a tiv e  so u rc e s  o f 
na tu ra l ru b ber: S tu d ies  o n  th e  fea sib ility  o f 
cu ltiv a tio n  o f  g u a y u le  ru b be r (P arth en iu m  
a rg en ta tu m )  as an  a ltern a tiv e  so u rce  o f  N R  
in  arid/sem i-arid  a re a s  and  m arg in a l lan d s 
o f  In d ia ' h a s  b e e n  in itia te d . S e e d s  o f  18 
v arieties o f  G u a y u le  from  U SA  a re  aw aited .



T h e  g e n e tic  reso u rces  o f  H evea  b e in g  
con serv ed  a t  RR II belon g  to th ree  g en e p ools 
- th e  d o m estica ted  g en e p o o l w ith  c lo n es  
d e r iv e d  f r o m  th e  o r ig in a l  W ic k h a m  
c o l le c t io n  o f  1 8 7 6 , th e  w ild  g e r m p la s m  
b e lo n g in g  to  th e  1981 IR R D B  c o llection , and  
th e  co lle ctio n  o f  o th er  H ev ea  sp ecies. A p art 
from  th e  c on serv ation  o f  th ese resources, the 
m a n a g e m e n t  o f  th e  w ild  g e r m p la s m  
c o l le c t io n  -  i t s  a g r o n o m ic  e v a lu a t io n ,  
sc r e e n in g  fo r  d ise a s e s , d ro u g h t a n d  co ld  
s t r e s s  r e s is ta n c e , t im b e r  la te x  tr a its  an d  
u tilization  in cro p  im p rov em en t, is th e  focus 
o f  the D iv ision .

1. In tro d u c tio n , c o n s e rv a tio n  an d
d o cu m e n ta tio n

1 .1 . D o m e s t ic a te d  g e n e p o o l (W ic k h a m
co lle c tio n ) fro m  se co n d a ry  cen ters

1 8 3  W ic k h a m  c lo n e s  a r e  b e in g  
co n serv ed  in  a b u d w o o d  n u rsery  (th e  c lo n e  
m u s e u m ) a t  R R II , K o tta y a m , a n d  th re e  
a r b o r e ta  (G e rm p la s m  G a r d e n s )  a t  C E S , 
C h eth a ck a l. T h e  c lo n e s  in  th e  b u d  w ood  
n u r s e r y  a r e  b e in g  a s s e s s e d  f o r  th e ir  
to leran ce  lev e ls  to  th e  p rim ary  lea f d iseases. 
T h e  arb o re ta  serv e th e  p rim ary  p u rp o se  o f 
co n serv atio n  an d  s c ie n tif ic  data  co lle ctio n  
as a n d  w h en  n ecessary , an d  a re  a so u rc e  o f 
c lo n a l flo w ers fo r  b ree d in g  w h en  req u ired .

F iv e  IR C A  d o ries  in tro d u ced  fro m  the 
C o te  d ' Iv o ire  in 199 2  a re  b e in g  co n s e rv e d  
an d  e v a lu a ted  in  G e rm p la sm  G a rd e n  92. 
A m o n g  th e  fiv e  c lo n es, IR C A  130  a n d  IR C A  
111 reco rd ed  th e  h ig h e s t g ir th  (8 6 .3  an d  
85 .4  cm  resp e c tiv e ly ) as co m p a re d  to  th e  
co n tro l c lo n e  R R II 105 (7 1 .7  c m ). IR C A  130 
w as s u p e rio r  to  a ll o th e r  c lo n e s  fo r  y ie ld  
(69 .4  g  t l f ‘ ). In th e  G e rm p la sm  G a rd e n  9 4  
co m p ris in g  2 0  W ick h am  c lo n e s , R R IM  6 0 9

w a s  th e  h ig h e s t  y ie l d e r  ( 1 0 0 .9  g  t 1 f ) ,  
fo llo w e d  b y  R R IC  1 0 0  (7 1 .5  g  t 1 1 1) and 
RR II 23  (64.9 g  L1 f 1)/ co m p ared  to 54 .7  g  t ’ 11 
fo r  th e  p o p u la r  c lo n e  R R II 105 . R R II 2 3  also 
co n tin u e d  to  b e  th e  m o s t v ig o r o u s  clone 
(1 1 1 .2 c m ).  F o u r  o th e r  c lo n e s  h a d  girth 
m o re  th an  1 00  c m , co m p a re d  to  th e  R R II 105 
(8 0 .7 cm ). R R II 2 3  w a s  u se d  a s  a p a ren t in 
th is y e a r 's  W x A h y b r id iz a tio n  program m es.

1.2. 1981  IR R D B  w ild  g e r m p la s m

T h is  g e n e  p o o l, o r ig in a lly  in troduced  
d u r in g  1984-1990 , is  b e in g  c o n s e rv e d  in field 
g e n e  b a n k s  in  th e  fo r m  o f  b u d w o o d  
n u rse r ie s  a n d  a rb o re ta .

1.2.2 C o n s e r v a t io n  n u rs e r ie s

3 5 7 6  a c c e s s i o n s  h a v e  b e e n  re ­
es ta b lis h e d  in  c o m p a c t n e w  co n serv a tio n - 
c u m -s o u r c e  b u s h  n u r s e r ie s  (S B N s )  from  
2 0 0 3  to  2 0 0 8 ,  w h i le  th e  o ld e r  n u rse r ie s  
co n t in u e  to  se r v e  a s  a  s o u r c e  o f  f lo w e r s  for 
h y b r id iz a tio n  p r o g ra m m e s . T h is  y ear , six 
w ild  a c c e s s io n s  (M T  4 3 , M T  1 8 5 , A C  2004, 
M T  2 2 1 7 , R O  2 8 7 1  a n d  M T  4 7 8 8 )  w e r e  used 
in  a W x A  h y b r id iz a t io n  p r o g ra m m e  with 
e lite  W ic k h a m  c lo n e s . T e n  w ild  access io n s  
w ith  a h ig h  n u m b er  o f  la tex  v essel row s were 
id en tified  fro m  701 w ild  a c c e ss io n s  in SBN 
2005: th ese  w ill b e  in c lu d ed  in  th e  breeding 
p o o l fo r  y ie ld  im p r o v e m e n t .  T h e  large 
n u m b e r  o f  p o t e n t ia l ly  u s e fu l  a c c e ss io n s  
id e n tifie d  d u r in g  th e  c h a r a c te r iz a tio n  and 
p re lim in ary  ev a lu a tio n  in th e  ju v e n ile  stage 
fo r  y ie ld , y ie ld  co n trib u tin g  tra its  lik e  latex 
vesse ls , d isea se  a n d  d ro u g h t to le ra n ce  traits, 
are  b e in g  p u t in to  F u rth e r  E v a lu atio n  Trials. 
S im u lt a n e o u s ly ,  t h e s e  a r e  a ls o  b e in g  
esta b lish ed  in  se p a ra te  b u d w o o d  n u rseries 
( th e  G e r m p la s m  W o r k in g  C o lle c t io n )  in 
o r d e r  to  e n s u re  b e tte r  c a re  a n d  a ccess ib ility
S o  far, 1 1 9  p o te n tia l w ild  a c c e s s io n s  have



b e e n  e s ta b l is h e d  in  th e  G W C , to  w h ich  
p o te n tia lly  u se fu l a cce ss io n s  w ill b e  ad d ed  
as and  w h e n  id en tified .

2.2.2. H ev ea tu m

A s e p a r a t e  H e v e a  a r b o r e tu m  (o r  
H e v e a tu m ), c o m p ris in g  a ll th e  a v a ila b le  
g e n e tic  re so u r c e s , is b e in g  esta b lish ed  in 
p h a ses  at T ek sra g re  farm , T ura, M egh alaya, 
w ith  th e  p rim ary  in ten tio n  o f en su rin g  an 
in su ra n ce  co lle c tio n , as w ell a s  facilita tin g  
free  c ro ss  p o llin a tio n  an d  g e n e tic  m ixin g  
b e tw ee n  th e  d iffe re n t g e n e  p ools. S o  far, a 
to ta l o f 4 6 6  w ild  and  W ickh am  accessio n s 
h a v e  b e e n  e s t a b l i s h e d  h e r e ,  a n d  128  
m u ltip lie d  fo r  th e  n e x t p h a s e . A n o th e r  
a r b o r e t u m  c o m p r is in g  1 2 0  a c c e s s io n s  
e sta b lish e d  earlie r , is  b e in g  m ain tain ed  at 
C e n tra l E x p e rim e n t S ta tio n , C h eth ackal.

1 .3 . O th e r  H e v e a  s p e c ie s

T h is  g e n e  p o o l is b e in g  con serv ed  as 
an  a rb o re tu m  esta b lish ed  in 200 6  a t  C E S. It 
co n s e rv e s  six  access io n s  o f five o th er sp ecies 
a v a i la b le  a t  R R I I  (H . b e n ih a m ia n a ,  H. 
sp ru cean a , H . n itid a , H . cam arg oan a  an d  tw o 
a c ce ss io n s  o f  H . pau c iflo ra ),  a lo n g  w ith  five 
na tu ra l p u ta tiv e  in te rsp e c ific  h y b rid s, tw o
H . b r a s i l i e n s i s  c lo n e s ,  a n d  F X  5 1 6  (a n  
in te r s p e c if ic  c ro s s  b e tw e e n  H. bras ilien s is  
an d  H . b en th am ian a ).

2. C h a ra cte riz a tio n  an d  p relim in ary  
ev a lu a tio n

T h e  last th ree  tr ia ls  in th e  P relim in ary  
E v a lu atio n  Trial fo rm at w ere p lan ted  a t R RS, 
P a d iy o o r  in  2 0 0 0  (A & B ) an d  200 2 . N in e 
re la tiv e ly  h ig h  y ie ld in g  se le ctio n s from  h ere 
A C  3 131 , A C  552 , R O  2136, R O  1313, A C  567, 
A C  1964, R O  3 41 , M T  435 1  an d  R O  210, and 
v ig o r o u s  a c c e s s i o n s  f o r  t im b e r  t r a i t s  
M T  4 2 1 9 , A C  414 0 , M T  387 , A C  6 4 7  and  R O  
2 8 8 3  are  b e in g  c o n serv ed  as m a le  p aren ts 
fo r  fu tu re  W x A  h y b r id iz a tio n  p rogram m es.

3. F u rth e r ev a lu a tio n  an d  se lection

D etailed  ev alu ation  o f se le ctio n s  from  
prelim in ary  ev alu ation s are  carried  o u t in 
clon al n u rseries (C N s) fo r  access io n s  w'ith 
50-80 p er  cen t o f  th e  test tap  y ield  o f  th e  
contro ls, w h ile  th ose  w ith  m o re  th an  80  p er 
cen t y ield  a re  evalu ated  in  fie ld  tr ia ls  (FETs) 
a t  n o rm al sp acin g.

3.1. Clonal nursery evaluation

O f th e  th ree w ild  a ccessio n s (A C  2 199, 
M T 1056, A C 2027) w ith  g ood  g ro w th  and  
test tap  yield  h ig h er  th an  R R II 105 id en tified  
from  a c lo n a l n u rse ry  p la n ted  in  2 0 1 0  a t 
C e n tr a l  E x p e r im e n t  S t a t io n ,  a c c e s s io n  
A C  2 0 2 7  w as m u ltip lie d  a n d  ra ised  in  a 
p o ly b a g  n u r s e r y  a t  H B S S , N e tt a n a  fo r  
p lan tin g  th e  n ex t F E T  in  2019.

3.2. Further evaluation trials

A ll access io n s  w ith  m o re th an  8 0  per 
c e n t o f th e  co n tro l y ie ld  o n  p r e lim in a r y  
ev alu ation , a s  w ell as th ose  w ith  p oten tia l 
seco n d ary  tra its , w ere  su b jected  to  d eta iled  
ev a lu atio n  in FE T s in  statis tica lly  la id  ou t 
tria ls  a t no rm al sp acin g . T h ere  a re  cu rren tly  
six  FETs co m p ris in g  117  accessio n s.

T h e  F E T  2 0 0 3  c o m p r is in g  2 2  w ild  
a c c e s s io n s  an d  th re e  c o n tro l c lo n e s  w as 
ev a lu ated  fo r  g ro w th  and  y ie ld  tra its . R O  
2 629  r eco rd ed  th e  h ig h est g irth  fo llo w ed  by 
M T  223 3  a n d  A C  6 2 6  co m p ared  to th e  c h eck  
clon e RR II 105, w h ile  th e  a ccess io n  R 0  2629, 
A C  414 9  and  A C  716  reco rd ed  th e  h ig h est 
y ield .

A m o n g  th e  2 2  w ild  a c c e ss io n s  in  F E T  
2 0 0 5 ,  M T  4 3 ,  M T  4 7 8 8 ,  A C  2 0 0 4  a n d  
M T  1 0 7 7  h ad  th e  h ig h e s t y ie ld s  in  th e  4th 
year o f tap p ing  (24.1 - 1 6 .4  g  t"’ t ‘), com p ared  
to th e  ch e ck  c lo n e s  R R II 105 , P B  2 6 0  and  
R R IM  6 0 0  ( 2 2 .5 ,  1 7 .5  a n d  1 5 .3  g  t 1 f  
resp ectively ). A L F  w a s h ig h  th is  year. T h e 
seco n d  rou n d  o f  v isu a l a s s e s s m e n t o f  A LF



sh ow ed  an a lm o st s im ila r  trend  a s  last year, 
th ou gh  w ith  grea ter  severity. T h e  th ree high 
y ie ld ers  M T  4 3 , A C  200 4  and  M T  1077 also  
had  th e  least in c id en ce , w h ile  M T  4 7 8 8  had 
the m axim u m  d isea se  in c id en ce  a m o n g  the 
22  accessio n s.

A m o n g  th e  im m a tu re  tr ia ls , in  FE T
2008, R O  2 846  (69 .6  cm ), A C  176 (67 .5  cm ) 
and  M T  2 00  (66 .2  cm ), reco rd ed  th e  h ig h est 
g ir th  in th e  e le v e n th  y e a r  o f  g r o w th  as 
co m p ared  to  th e  ch eck  c lo n e  R R II 105 (57 .3  
cm ). A m o n g  th e  13 access io n s  ev a lu ated  in 
F E T  2 010 a t  C E S, C h eth ack a l, th ere  w ere s ix  
a c c e s s io n s  w ith  g ir th  h ig h e r  th a n  c lo n e  
R R II105  and  tw o access io n s  w ith  g irth  on 
p ar w ith  c lo n es  R R II 4 3 0  an d  R R II 414 . In 
a n o th er  F E T  2013 a t  C E S, a s e t  o f 2 2  se lected  
w ild  a c c e ss io n s  a lo n g  w ith  th re e  co n tro l 
c lo n es  are  in th e  fifth  y ear  o f g ro w th . Th e 
w ild access io n  A C  167  (33 .4  cm ) fo llo w ed  
by A C  5 2 8 0  (29 .8  c m ) and  R O  2 78 4  (27 .3  cm ) 
record ed  the h ig h est g irth , co m p a red  to  th e  
ch eck  c lo n e  R R II 105 (24.1 cm ).

3 3 .  O n -fa rm  tr ia ls

S e lec tio n s  fro m  FE T s are  su b jected  to 
m u lti location  ev a lu atio n  in  O n -F a rm  Tria ls 
for co n firm atio n  o f y ield  p o ten tia l. T h e  first 
O F T  w as establish ed  in 2 01 0  a t five lo ca tio n s 
v iz .  B .C . C h e r u v a lly  e s t a te  in  E r u m e ly , 
M alan k ara  esta te  in T h o d u p u z h a , M o o p ly  
estate in T rissur, C a licu t e sta te  in K o z h ik o d e  
a n d  B e th a n y  e s ta te  in  K a n y a k u m a ri fo r  
e v a lu a t in g  th e  p e r fo rm a n c e  o f  th e  th re e  
se le cted  IR C A  c lo n e s '(IR C A  130, IR C A  111, 
IR C A  109) and  o n e  w ild  a cce ss io n  (A C  1 66). 
T h e  t r e e s  w e r e  o p e n e d  fo r  t a p p in g  in 
M o o p ly  an d  M alan k ara  esta tes.

A t M o o p ly  esta te , T rissu r, a m o n g  th e  
fo u r  te s t  c lo n e s , w ild  a c c e s s io n  A C  1 6 6  
r e c o r d e d  th e  h i g h e s t  g i r t h  ( 5 5 .1  c m )  
fo llo w ed  by IR C A  130 (48 .8  c m ). A m o n g  the 
c h e c k  c lo n e s ,  R R I I  4 3 0  (5 9 .3  c m )  w a s

su p e rio r  to  R R II 4 1 4  a n d  R R II 105 . Among 
th e  te s t c lo n e s , m a tu re  y ie ld  w as h ig h est in 
IR C A  130 (58 .6  g  t 1 f ), w h ile  th e  yield  of 
w ild  access io n  A C  166 w a s o n  p ar  w ith  R R jj 
105  (3 8 .9  a n d  3 5 .7  g  f  f , r e sp e c tiv e ly )  in the 
f ir s t  y e a r  o f  ta p p in g . A m o n g  th e  check 
c lo n es , R R II 4 3 0  r e co rd e d  h ig h e s t y ield  of 
72  g  f t T a p p a b i l i t y  p e r  c e n t w as highest 
for IR C A  111 (78 .6 ).

A t M a la n k a ra  e s ta te ,  c lo n e  IR C A  130 
r e c o r d e d  th e  h i g h e s t  g i r t h  ( 5 0 .6  cm ) 
fo llo w e d  b y  IR C A  111 . A m o n g  th e check 
c lo n e s , R R II 4 1 4  (6 2 .9  c m )  w a s  su p e r io r  to 
R R II 4 3 0  a n d  R R II 105 . IR C A  1 3 0  record ed  
h ig h e s t  ta p a b il ity  p e r  c e n t  (8 7 .2 ) . A m ong 
th e  te s t  c lo n e s , h ig h e s t  m a tu r e  y ie ld  was 
re c o rd e d  b y  IR C A  1 3 0  (2 5 .9  g  f f ) a n d  the 
p e r fo rm a n c e  o f  w ild  a c c e s s io n  A C  166  was 
p o o r  in  th i s  e s t a t e .  A m o n g  th e  ch eck  
c lo n e s , R R II 4 3 0  r e c o rd e d  th e  h ig h e s t yield 
(51 .1  g  f t 1).

h i both  B C  C h eru v a lly  esta te  (Erum ely) 
a n d  C a lic u t  e s ta te  (C a lic u t ) ,  A C  1 6 6  and 
IR C A  1 3 0  r e c o r d e d  th e  h ig h e s t  g ir th  as 
co m p a re d  to  th e  c h e c k  c lo n e  R R II 105.

A t B e th a n y  esta te , U llim a la , m axim um  
g ro w th  w a s  r e co rd e d  fo r  c lo n e s  IR C A  109 
(5 0 .7  cm ) an d  IR C A  111 (4 8 .6  c m ). T h e  m ean 
g ir th  o f  th e  c h e c k  c lo n e s  w a s  5 1 .5  cm , 
5 3 .0  c m  a n d  5 1 .5  c m , r e s p e c t i v e l y  for 
R R I I  1 0 5 ,  R R II  4 1 4  a n d  R R I I  4 3 0 .  T h e 
ta p p a b ility  fo r  th e  tr ia l p lo ts  ra n g ed  from 
9 0  (IR C A  1 30) to  9 7 .9  p e r  c e n t (IR C A  109). 
T h is  tr ia l w a s  d a m a g e d  in th e  c y c lo n e  O ckhi, 
an d  h ad  to  b e  w o u n d  up .

4 . S c r e e n in g  fo r  s t r e s s  to le ra n c e

4.1 . S c r e e n in g  fo r  b io t i c  s t r e s s  to lera n ce

A s e t  o f  41  s h o r t  lis te d  w ild  H evea  
a c ce ss io n s  a lo n g  w ith  tw o  co n tro l c lo n es  are 
u n d e r  e v a lu a t io n  fo r  c o n firm a tio n  o f  field 
to leran ce  to  C ory n esp ora  d ise a s e  in a  'h otsp ot' 
tria l a t U lick a l n u rsery , Iritty, K an oor.



4 .2 . A b io tic  s tre ss  res is ta n ce

4.2.1. D rou g h t to le ra n c e

In th e  c lo n a l n u rsery  o f 4 0  p o ten tia l 
h a lf-s ib s  o f  n in e  c lo n e s  a t  R R S , D ap chari, 
2 0  h a lf-s ib  p ro g e n ie s  from  e ig h t p re-p o ten t 
c lo n e s  w e re  s e le c te d  o n  th e  b a sis  o f test tap 
y ie ld  a n d  g r o w th  u n d e r  d ro u g h t s tre ss . 
T h e s e  s e le c tio n s  w ere  m u ltip lied  at R RS, 
D ap ch ari an d  a p o ly b a g  n u rsery  w as raised 
fo r  a  b u d  w o o d  n u rsery  o f th ese  se le ctio n s , 
w h ich  w ill b e  a d v a n ced  to  a  la rg e  scale  trial 
a t  R R S , D a p ch a r i for d e v e lo p in g  d ro u g h t 
to le ra n t c lo n e s . In th e  c lo n a l n u rsery  at 
R R S, P a d iy o o r  w ith  31 p o ten tia l h a lf-sib s 
o f  e ig h t c lo n e s , s ix  h a lf-s ib s  fro m  th ree  p re ­
p o te n t c lo n e s  w e re  se le cted  o n  th e  b a sis  o f 
te s t  ta p  y ie ld  a n d  g ro w th  u n d er d ro u g h t 
s tre ss . T h e se  se le c tio n s  w ill b e  ad v an ced  
to  LST.

In  th e  fu r th e r  f ie ld  e v a lu a t io n  o f  
s e le c te d  H ev ea  c lo n e s  at R R S, D ap ch ari in 
c o lla b o r a t io n  w ith  B o ta n y  D iv is io n , th e  
g r o w t h  d u r in g  th e  s u m m e r  a n d  p e a k  
p e r io d s  o f  g r o w th  in th e  3 4  se le c ted  H evea  
c lo n e s  p la n te d  in  2 0 0 7  co m p ris in g  2 3  w ild  
a c c e s s io n s , f iv e  H P  c lo n e s  an d  s ix  ch eck  
c lo n e s  v iz . R R II 4 3 0 , R R II 4 1 4 , R R II 105, 
R R IM  600 , R R II 2 0 8  a n d  T jir  1 w as a ssessed . 
O u t o f  3 4  c lo n e s  in  th is  tr ia l, 9  sh ow ed  g irth  
s u p e r i o r  to  d r o u g h t  t o l e r a n t  c lo n e  
R R IM  6 0 0 . H ig h e s t g ir th  w as reco rd ed  by 
a c c e s s io n  M T  4 8 5 6  (5 3 .7  cm ) fo llo w ed  by 
M T  161 9  (5 2 .4  cm ). O u t o f  5  hy b rid  c lo n es  
e v a lu a te d , h y b r id  93/105 reco rd ed  h ig h est 
g ir th . A m o n g  th e  ch e ck  clo n es , R R II 430  
r e c o r d e d  th e  h ig h e s t  g ir th  o f  5 4 .3  cm . 
A m o n g  th e  w ild  a ccess io n s , h ig h e st m atu re 
y ie ld  w as reco rd ed  by M T  4 788  (22 .6  g  t"11 1) 
fo llo w ed  b y  M T  4 8 5 6  (14 .4  g f  t 1). A m o n g  
th e  h y b r id  c lo n e s , 93/105 reco rd ed  h ig h e st 
m a tu re  y ie ld  o f  2 5 .2  g  t'11 ' and  the ch eck  
c lo n e  R R II  4 3 0  r e c o r d e d  h ig h e s t  y ie ld

am o n g  all (50.1 g  t 11 ‘) p ro v in g  its d ro u g h t 
to le ra n c e .  A ro u n d  2 0 0  O P  s e e d s  w e r e  
co lle cted  from  th is  fie ld  tr ia l an d  ra ised  a 
s e e d lin g  n u rsery . T h e  g ro w th  an d  y ie ld  
p e r fo rm a n c e  o f  th e se  s e e d l in g s  w ill b e  
s t u d ie d  fo r  s e le c t in g  p o t e n t i a l  
reco m b in an ts o f w ild  and  W ick h am  clo n es.

4.2.2. C o ld  to lera n c e

S ix ty  fou r w ild  H ev ea  a c c e ss io n s  are  
u n d e r  e v a lu a t io n  fo r  co ld  s t r e s s  in  tw o  
t r ia ls  a t  R e g io n a l  E x p e r im e n t  S t a t io n ,  
N agrakata , W est B en g a l. H ig h est g irth  w as 
reco rd ed  in R O  2 902 , M T  923  an d  M T  510 5  
as com p ared  to  th e  c h eck  c lo n e s  SC A T C  93/ 
1 1 4  a n d  R R IM  6 0 0  in  T r ia l  1 , w h i le  
access io n  R O  2 727 , M T  915  a n d  R O  3 1 9 7  
record ed  th e  h ig h est g irth  co m p a red  to  th a t 
o f  th e  co n tro ls H a ik e n  1 an d  R R IM  6 0 0  in 
Trial 2 . T h e a ccess io n  A C  465 3 , A C  3 5 1 4  
a n d  M T  9 1 5  r e c o rd e d  th e  h ig h e s t  y ie ld  
am o n g  all th e  w ild  g en o ty p es.

5. Screening for tim ber characteristics

5 .1 . F ie ld  screen in g

T w en ty five g en oty p es w ere  evaluated  
for an n u al g irth  to  id en tify  p o ten tia l tim b er 
c lo n es  in  ev a lu atio n  tria l a t  R R S , Padiyoor. 
T h e  a ccess io n  M T  941 , M T  103 2  a n d  A C  6 50  
record ed  th e  h ig h est g irth  as co m p a red  to 
the co n tro l clon e R R II 118, w h ich  in d ica ted  
its tim b er p otentia l.

6. U tilisa tio n  o f H ev ea  g e rm p la s m

6.1. H an d  p o ll in a t io n  p ro g ra m m es

S ix  p ro m is in g  h y b r id s  fro m  th e  2009 
h a n d  p o l l in a t io n  p r o g r a m m e  a t  C E S , 
C h eth ackal, in vo lv in g  th ree  w ild  access io n s  
an d  six  cu ltiv a ted  W ick h am  c lo n e s , w ere  
u n d er m u ltip lica tio n  fo r  fu rth er  ev a lu atio n . 
A t R R S, P ad iy o o r, 2 9  s e e d lin g  p ro g e n ie s  
d e r iv e d  fro m  tw o  c ro ss  c o m b in a tio n s  in



2009, alo n g  w ith  25 O P  seed lin gs o f RRII 105, 
w ere  ev a lu ated  in  a seed lin g  nu rsery . Ten 
h y b r id  p r o g e n i e s  f r o m  tw o  p a r e n ta l  
c o m b i n a t io n s  a n d  s e v e n  O P  s e e d l in g  
p ro g en ies  w ere  se lected  and  m u ltip lied  and  
a p o ly b a g  n u rs e r y  w a s  ra ise d  a t  H B S S , 
N ettan a  for co n d u ctin g  a C lo n a l N u rsery  
ev a lu atio n  at H B SS, N ettan a. A  bud w ood 
n u rsery  o f  th ese  se le ctio n s  is m ain ta in ed  at 
RR II cam p u s.

F rom  th e 110  p ro g en ies  o f th e  200 9  
an d  10  in te rsp e c ific  H P s, six  w ere selected  
fo r  fu r th e r  ev a lu a t io n  an d  m u tip lie d . At 
R R II, fro m  the 104 h y b rid s o f th e  2013 W xA  
H P  in v o lv in g  tw o c ro ss  co m b in a tio n s  and 
o n e  in tersp ecific  co m bin atio n  (H . brasiliensis  
x  H. ben tham ian a), 11 w ere  se le cted  o n  the 
b a s is  o f  tw o  ro u n d s  o f  te s t  ta p p in g  an d  
m u ltip lie d  fo r  fu r th e r  ev a lu a tio n . In  H P  
2 0 1 4 ,  ju v e n i le  e v a lu a t io n  in  th e  1 0 4  
p r o g e n ie s  o f  th e  th r e e  s u r v iv in g  W x A  
c o m b i n a t io n s  a n d  o n e  i n t e r s p e c i f i c  
co m b in a tio n , 17  a ccess io n s  w ere  m u ltip lied  
fo r  fu rth er  ev alu ation .

In  the 201 6  HP, o f the 100 W xA  h y b rid s 
p la n ted  in th e  seed lin g  nu rsery, o f th e  75  
s u r v iv in g  h y b r id s  f r o m  3  W x A  c r o s s  
co m b in a tio n s , p ro g en ies  o f  th e  c ro ss  w ith  
th e  O id iu m  to leran t p aren t R O  2871 sh ow ed  
th e  h ig h e st v ig o u r an d  su rv iv al p ercen tag e. 
H ow ever, th e  h ig h est in c id en ce o f  A L F  w as 
a ls o  o b serv ed  in  th is  c o m b in a tio n  (66% ),

w h ile  th e  least in th e  c o m b in a tio n  R R II 105 
x R O  4 5 9 9  (50% ).

In  th e  2 0 1 9  HP, 102 6  c ro ss  o f  6  wild 
and  2 W ick h am  p a r e n ts  w ere  ca rr ie d  out, 
w ith  in itia l fru it se t o f  5 9  (5 .7 % ).

6.2. O p e n  p o ll in a te d  p r o g e n y  ev a lu a tio n

G r o w t h  o f  th e  s u r v iv in g  2 8 2  O P  
s e e d l in g s  c o l le c t e d  f r o m  th e  fu r th e r  
e v a lu a tio n  tr ia ls  F E T s 2 0 0 3  a n d  2 0 0 5 , w hich 
co m p rised  p r e lim in a ry  s e le c tio n s  fro m  the 
w ild  g e r m p la s m , in te r s p e r s e d  w ith  h igh  
y ie l d in g  W ic k h a m  c o n t r o l  c l o n e s  w as 
m o n ito red . 137  se e d lin g s  h a v e  reach ed  the 
g ir th  o f  m o re  th a n  7 cm , an d  w ill b e  tapp ed  
n ex t year.

6.3. P l ie n o ty p in g  o f  m a p p in g  p o p u la tio n  
fo r  Q T L  id e n tif ic a t io n

Q T L s  w e r e  id e n tifie d  fo r  th re e  m ajor 
d i s e a s e s  f r o m  th is  p o p u la t io n  (r e s u lt s  
r e p o r t e d  in  s e c t i o n  u n d e r  P a t h o lo g y  
D iv is io n ).

7 . O th e r  s tu d ie s

7 .2 . S t u d ie s  o n  A l t e r n a t iv e  S o u r c e s  o f 
N a tu ra l R u b b e r  y ie ld in g  p la n ts

C e a r a  r u b b e r  ( M a n ih o t  g la z i o v i i )  - 
S ev en  g erm p la sm  a c c e ss io n s  fro m  P alakkad  
R e g io n  a n d  fo u r  p la n ts  m u ltip lie d  th rou gh 
stem  cu ttin g  co lle c ted  fro m  V aik o m  region 
a re  b e in g  co n s e rv e d  a t  R R II.



C r o p  im p r o v e m e n t  th r o u g h  
b io te ch n o lo g ica l in terve n tio n s is the p rim e  
o b jectiv e  o f  research  in th e  B io tech n o lo g y  
D iv ision . G en etic  tran sfo rm atio n  in ru bber 
w a s  f in e  tu n e d  fo r  d e v e lo p i n g  H e v e a  
tran sg e n ic  p lan ts in teg rated  w ith  g e n e s  o f 
ag ro n o m ic  im p o rtan ce . E xp erim en ts w ere 
d o n e  f o r  in c o r p o r a t i o n  o f  g e n e s  w ith  
d e s ir a b le  tr a its  fo r  im p a rt in g  e n h a n c e d  
b io t i c  a n d  a b io t i c  s t r e s s  to le r a n c e ,  
im p r o v in g  la t e x  y ie ld  a n d  g r o w th . 
P erfectin g  th e  sy stem  fo r  d ev e lo p m e n t o f 
an tib io tic  m ark er  free tran sg e n ic  p lan ts  w as 
a ls o  a tte m p te d . R e s e a r c h  p r o g ra m m e s  
a im e d  to  c o m p le m e n t  c o n v e n t io n a l  
b ree d in g  w ere a lso  carried  o u t. O th e r  th an  
th e s e ,  d e v e lo p m e n t  a n d  p e r f e c t io n  o f  
p ro to co ls  fo r  th e  p ro p ag atio n  o f  e lite  H evea  
c lon es fro m  d ifferen t exp lants, d ev elop m en t 
o f p lo id y  v arian ts , in  v itro  ap p ro ach es  for 
d is e a s e  t o l e r a n c e  a n d  c lo n in g  a n d  
c h a r a c te r iz a t io n  o f  g e n e s  a r e  a Jso  b e in g  
en v isa g ed .

1. D e v e l o p m e n t  o f  t r a n s g e n i c  
p la n ts

1.1 . G e n e t ic  t r a n s fo r m a t io n  fo r  s t r e s s  
to leran ce

1.1.1 M u lt ip le  g en e  in teg ra t io n  b y  r e p e a te d  
tr a n s fo r m a t io n

R e p e a t e d  t r a n s f o r m a t io n  w a s 
p erform ed  by in fectin g  h m g r l  tran sg en ic cell 
lin e s  w ith  A g ro b a c te r iu m  s t ra in  E H A  101 
h a r b o r in g  M n S O D  g e n e  c o n s tru c t. N ew  
p u ta tiv e ly  tra n sg e n ic  ce lls  e m erg in g  from  
th e in fected  tissu es  w ere  p ro lifera ted  in the 
a n t i b i o t i c  m e d iu m . F r e q u e n c y  o f  
tra n sfo rm a tio n  w as 15 p er cen t. G U S  a ssay  
w as p er fo rm ed  in the tra n sg e n ic  ce ll lines. 
G U S  p o sitiv e  tra n sg e n ic  c e ll lin es w ere su b  
cu ltu red  in th e  e m b ry o  in d u ctio n  m ed iu m

fo r in d u c in g  s o m a tic  e m b r y o s . S o m a tic  
e m b r y o g e n e s is  w a s  a c h ie v e d  in  tw o  
tr a n s g e n ic  c e ll  lin e s . P C R  a n a ly s is  w as 
p erfo rm ed  w ith  D N A  ex tra c ted  from  the 
tw o ce ll lin es u sin g  h m g r l  and  SO D  p rim ers 
to m o n ito r  th e  p re se n ce  o f th e  tran sg en e. 
Positiv e  a m p lifica tio n  o f h m g r l  and  H bS O D  
t r a n s g e n e  w a s  o b s e r v e d  in  th e  tw o  
tra n sg e n ic  ce ll lin es.

1 .2 . G e n e t ic  m o d ific a tio n  w ith  H M G R 1
g e n e  fo r  im p ro v ed  la te x  y ie ld

1.2.1. G en e in teg ra t io n  s tu d ies

G en e  in teg ra tio n  w as s tu d ied  in the 
a c c lim a t iz e d  h m g r l  p o s i t iv e  t r a n s g e n ic  
p la n ts ,  o f  z y g o t ic  o r ig in ,  b y  S o u th e r n  
h y b rid ization . G en o m ic  D N A  w as extracted  
fr o m  th e  h m g r l  t r a n s g e n ic  p la n ts  a n d  
d ig e s te d  w ith  tw o  r e s t r ic t io n  e n z y m e s  
n a m e ly  H i n d l l l  a n d  X b a l ;  th e  d ig e s te d  
p ro d u cts  w ere sep ara ted  in  an  a g aro se  gel 
an d  h y b r id iz e d  w ith  d ig o x ig e n in  lab e led  
h m g r l  p r o b e .  G e n e  in t e g r a t io n  w a s  
c o n firm ed  in th e  P C R  p o sitiv e  p la n ts  and  
th e  c o p y  n u m b e r  o f  th e  t r a n s g e n e  w a s  
d iffe re n t am o n g  th e  tra n sg e n ic  p lan ts. T h e 
la te x  y ie ld  w a s r e co rd e d  in  th e  se le c te d  
tra n sg e n ic  p la n ts  w h e re  b e tte r  y ie ld  w as 
o b serv ed  co m p ared  to  co n tro l. E xp ressio n  
s t u d ie s  in  th e s e  p la n ts  sh o w e d  h ig h e r  
tran scrip t level o f  th e  h m g r  1 tran sg e n e . T h e 
d ata  w ere  co m p iled  an d  p u b lish ed .

1.2.2. D e v e lo p m e n t  o f  H M G R 1 t r a n s g e n ic  
p la n t s  fr o n t  c lo n a l  ex p la n ts  

G en o m ic  D N A  w as ex tracted  fro m  th e
tr a n s g e n ic  c e ll l in e s  o b ta in e d  fro m  th e  
in fected  ca llu s  o f  d o n e  R R II 105. P C R  w as 
carried  o u t u sin g  p ro m o ter  sp e c if ic  p rim ers 
to  d e te rm in e  th e  p resen ce  o f  th e  tra n sg e n e  
in th e  cell lin es. P o s itiv e  a m p lifica tio n  w as 
o b s e r v e d  in  th e  t r a n s g e n ic  c e l l  l in e s .



H M G R l  in teg rated  em bry o s  and  p lan tlets  
w e r e  d e v e lo p e d  in  v itr o  fro m  th e  c lo n a l 
e x p la n t s  o f  H e v e a .  T h e  p la n t le t s  w ere  
tran sferred  to sm all p o lv bags fo r  hardening.

1.3. G en etic  tran sfo rm ation  w ith O sm o t in  
g e n e

1.3.1 M o l e c u la r  r e c o n f i r m a t i o n  o f  g e n e  
in t e g r a t io n  a n d  th e  i d e n t i f i c a t io n  o f  
in teg ra t io n  p a tte rn

M o le cu lar  ch a racteriza tio n  o f a lread y  
d ev e lo p e d  tra n sg e n ic  p lan ts  w ere  carried  
o u t .  D N A  w a s  is o l a t e d  fr o m  a ll  th e  
tr a n s g e n ic s  a n d  th e ir  r e s p e c tiv e  co n tro l 
p lan ts. P C R  w as d o n e  w ith  g e n e  s p e c ific  a s 
w ell a s n p t I I  p rim ers and  a ll th e  p lan ts  w ere 
te s te d  P C R  p o sitiv e . D N A  w as d ig ested  
w ith  H in d  III and Xba  e n zy m es and Sou thern  
h y b r id iz a tio n  w as d o n e  w ith  d ig  la b e lin g  
sy stem . P o s itiv e  sig n a ls  w ere  o b ta in ed  in 
a ll th e  tran sg en ic  p lan ts  tested .

1.3.2. E v a lu a t io n  f o r  c o ld  to le ra n c e  

T r a n sg e n ic  an d  co n tro l c a llu s  w ere
su b jected  to  co ld  tre a tm e n t from  1-25  d ays 
a t  th ree  d ifferen t tem p era tu res  (4°C  to  -20'’C  
and  -30°C) and  g ro w th  w as assessed  a fter  
su b cu ltu re . It w as o b serv ed  th a t tra n sg e n ic  
ca lli  show 'ed b e tte r  g ro w th  a n d  su rv iv a l 
a fte r  cold  tre a tm e n t co m p a red  to  co n tro l. 
T h e  s e lected  lin es w ere  m u ltip lied  an d  k ep t 
fo r  em bry o  in d u ctio n .

1.3.3. E x p er im en ts  o n  p la n t  h a rd en in g  

S in ce  h a rd en in g  is a  m a jo r  h u rd le  in
p la n t  t is s u e  cu ltu re>  e x p e r im e n t s  w e re  
carried  ou t for im p ro v in g  h ard en in g . It w as 
o b s e r v e d  th a t  s e le c t io n  o f  p la n ts  is  a n  
im p o rta n t c r ite r ia  fo r  h a r d e n in g . P la n ts  
w e r e  t r a n s fe r r e d  fo r  a c c l im a t iz a t io n  at 
d if fe r e n t s ta g e s  o f  d e v e lo p m e n t s u c h  a s  
p lan ts p rio r  to lea f e m erg en ce , p la n ts  w ith  
m e d iu m  m atu red  le a v e s  an d  p la n ts  w ith  
m atu red  leav es. G erm in ated  e m b ry o s  ju s t

a fter th e  sh o o t em e rg e n ce  a n d  b efo re  the leaf 
e m e rg e n c e  w a s  fo u n d  to  p e r fo rm  better 
com p ared  to o th e r s . T h e  n u trien t absorption 
o f  t is su e  c u ltu r e  p la n ts  w a s fo u n d  to-be 
im p a ir e d  a f t e r  tw o  to  t h r e e  w e e k s  o f 
h a rd en in g . F o liar  sp ra y  o f  n u tr ie n t solution 
w as fo u n d  to  b e  e ffe c tiv e  fo r  im p ro v in g  the 
h a rd e n in g  p ro c e ss  to  s o m e  e x te n t . Plants 
w e re  tr a n s fe rr e d  to  p o ly b a g s  fille d  with 
v e rm ico m p o st a n d  so il. A ro u n d  5 0  som atic 
p la n ts  a n d  te n  t r a n s g e n ic  p la n ts  w ere 
tra n sfe rre d  fo r  h a r d e n in g . O u t  o f  w h ich  ten 
s o m a t ic  p l a n t s  w e r e  h a r d e n e d  and  
e s t a b l is h e d  in  th e  f ie ld .  O u t  o f  th e  10 
tra n sg e n ic  p la n ts  re g e n e r a te d , th re  plants 
co u ld  o v e rco m e  th e  in itia l h a r d e n in g  phase 
and  su rv iv e d  u n til  th re e  m o n th s . H ow ever 
th ey  fa iled  to  d e v e lo p  fu r th er. H ard en in g  
e x p e rim e n ts  a re  b e in g  co n tin u e d .

1.4. D e v e l o p m e n t  o f  t r a n s g e n ic s  
in te g r a te d  w ith  1 P T  g e n e  f o r  T P D  
to le ra n c e

T r a n s f o r m a t io n  e x p e r i m e n t s  w ere 
c a r r ie d  o u t  w it h  e m b r y o g e n i c  c a llu s  
in d u ced  in  le a f  e x p la n ts  o f  c lo n e  R R II 105, 
a s  th e  ta r g e t t is su e , d u r in g  th e  rep o rtin g  
p e r i o d .  S e v e r a l  t r a n s g e n i c  lin e s  
in c o r p o r a t e d  w it h  i p t  g e n e  c o u ld  be 
o b ta in ed . F ro m  a m o n g  th em , te n  tran sg en ic 
ca llu s  lin e s  te s te d  to  b e  G U S  p o s itiv e  w ere 
p ro life ra ted . T h e  p ro life ra te d  ca llu s  w as sub 
c u lt u r e d  in  e m b r y o  in d u c t io n  m e d iu m  
fo rtified  w ith  s tre ss  in d u c in g  c o m p o u n d s as 
w ell a s  p h y to h o rm o n e s . S o m a tic  em bryo  
in d u ctio n  an d  tra n sg e n ic  p la n t regen eratio n  
w as a ls o  a tte m p te d  fr o m  th e  p ro life ra te d  
tra n sg e n ic  c a llu s  o f  c lo n e  R R II 105  obtain ed  
fro m  e a r lie r  e x p e rim e n ts . E m b ry o  in d u ction  
w ith  g o o d  f r e q u e n c y  w a s  o b ta in e d  from  
sev en  lin es . T ra n sg e n ic  em b ry o s  g erm in ated  
in  v i t r o  a n d  f u l l  p l a n t  r e g e n e r a t io n  
o b ta in e d . H a rd e n in g  o f  th e  p la n ts  is  b eing  
a tte m p te d .



1.5. D ev e lo p m e n t o f  b io tic/ ab iotic  stress  
to le ra n t p la n ts  w ith  H SP 31 g en e

G en etic  tra n sfo rm a tio n  ex p erim en ts  
w e r e  c a r r ie d  o u t w ith  th e  H S P 3 1  g e n e  
co n stru c t to  in co rp o ra te  H SP31 g e n e  in to  
H ev ea  fo r  im p a rt in g  a b io tic/ b io tic  s t re s s  
to leran ce . A grob acter iu m  m ed ia ted  g e n e tic  
t r a n s f o r m a t io n  w a s  c a r r ie d  o u t  u s in g  
p r o life r a te d  e m b r y o g e n ic  c a lli  o f  H ev ea  
c lo n es  R R II 105 a n d  R R II 4 1 4  u sin g  th e  gen e 
co n stru c t in pB IN  vecto r  in A grobacter iu m  
stra in  LB A 4404. V ery h igh  tran sfo rm atio n  
e ffic ien cy  (ab o v e 5 0% ) w as ob ta in ed . S in ce 
th e  co n s tru c t d o es n o t h a v e  a q u a lita tiv e  
m ark er  all the p ro life ra tin g  tra n sg e n ic  l in es 
o b ta in e d  w e r e  m a in ta in e d  b y  r e g u la r  
su b cu ltu re  an d  so m a tic  em bry o  in d u ction  
w as a tte m p te d . S o m a tic  e m b r y o g e n e s is  
from  the tran sg e n ic  ca llu s  o f c lo n e  R R II 105 
and  RRII 4 1 4  could  b e  o btain ed  fro m  several 
tra n sg e n ic  lin es. T h e  em bry o s in d u ced  in 
c lo n e  R R II 1 0 5  co u ld  g e r m in a te  an d  fu ll 
p la n t  r e g e n e r a t io n  o b ta in e d  in  v it r o .  
A tte m p ts  fo r  h a rd e n in g  o f  th e  p la n ts  a re  
b e in g  carried  out.

1 .6 . D e v e lo p m e n t o f  a n t ib io t ic  m a rk er- 
f ree  tra n sg e n ics

N e w  tr a n s f o r m a t io n  e x p e r im e n t s  
w ere  p erfo rm ed  for v alid atin g  the P N S  gen e 
c o n s tru c t in H ev ea , u s in g  z y g o tic  e m b ry o  
d eriv ed  ca llu s  a s  th e  ex p lan t. R esu lts  are 
a w aited .

A p r o je c t  p r o p o s a l  e n t i t l e d  
"D e v e lo p m e n t o f  m a rk er  free  tra n sg e n ics  
fo r  e n h a n c in g  s t r e s s  to le r a n c e  in  H ev ea  
b r a s i l i e n s i s "  w a s  s u b m itt e d  to  D S T  fo r  
ex te rn a l fu n d in g .

1 .7 . G e n e  id e n tif ic a t io n  fo r  d e v e lo p m e n t 
o f  c lim a te  re s ilie n t tra n sg e n ic  p la n ts

P re lim in a ry  a tte m p ts  w ere  m a d e  to 
id en tify  g e n e s  im p artin g  to leran ce  to both

abiotic/biotic stresses in H evea. G en es  w hich 
w ere o v er  ex p ressed  u n d er d ro u g h t, cold 
and  d isease  co n d itio n s  w ere se lected  from  
the tran scrip to m e d ata . It w as o bserved  that 
th e  tran scrip ts o f  sm all h ea t sh o ck  p rotein s 
(s H S P S ), n a m e ly  15 .7 , 17 ,5  a n d  18 .2  and  
tra n s la tio n a lly  co n tro lle d  tu m o r  p ro te in s  
( TC T P )  g e n e s  w ere  activ a ted  u n d er abiotic/ 
b io t i c  s t r e s s  c o n d i t io n s .  P r im e r s  w e r e  
d e s ig n e d  f o r  th e  a m p l i f i c a t i o n  o f  th e  
resp ectiv e  g en es fro m  H ev ea  brasilien sis .

G en o m ic  D N  A  o f  d o n e  R R IM  600  w as 
used  for the P C R  a m p lifica tio n  o f the sH S P S  
(1 5 .7 ,1 7 .5  and  18 .2) an d  T C T P  g en es. T h e 
PC R  p ro d u ct w as gel p u rified , c lo n ed  in to  
p G E M  T  v ecto r  an d  seq u en ced . P lasm id s 
w ere iso lated  from  th e reco m b in an t co lon ies 
an d  sen t fo r  seq u en cin g . T h e s eq u en ce  data  
w as co m p a red  and  a fter  ed itin g  th e  vector 
seq u en ces  it w as o b serv ed  th at sH S P  15.7 
w ith  761 b p  had  o n e  in tro n  an d  tw o exon s, 
the o th e r  tw o fo rm s n am ely  H sp  17 .5  w ith  a 
len g th  o f  4 7 4  bp  and  H sp  18 .2  o f  len g th  423  
bp  w ere  in tro n  less. It w as o b serv ed  th at 
th e  T C T P  g en e o f  len g th  8 3 5  b p  h ad  th ree  
in tro n s  and  fo u r  e x o n s.

A p r o je c t  p r o p o s a l  e n t i t l e d  
"D e v e lo p m e n t o f  H ev ea  tra n sg e n ic  p la n ts  
in te g r a te d  w it h  th e  t r a n s l a t io n a l ly  
co n tro lled  tu m o u r p ro te in  (T C T P ) tow ard s 
im p ro v ed  v eg eta tiv e  g ro w th  an d  to leran ce  
to  tap p in g  p an e l d ry n ess  sy n d ro m e " w as 
s u b m it t e d  to  S E R B , D S T  fo r  e x t e r n a l  
fu n d in g .

2. P r o p a g a t i o n  o f  e l i t e  H e v e a
clo n e s

2 .1 . S o m a tic  e m b r y o g e n e s is  a n d  p la n t
r e g e n e ra tio n  fro m  im m a tu re  a n th e r

P l a n t le ts  d e r iv e d  fr o m  im m a tu r e  
a n t h e r  o f  H e v e a  c lo n e  R R I I  4 1 4  w e r e  
h ard en e d  and  acc lim a tiz ed . T h ese  p lan ts



w ere field  p lan ted  a lo n g  w ith  control plants. 
E x p e r im e n ts  o n  in d u c tio n  o f  c a llu s  an d  
e m b r y o g e n e s is  w e re  rep ea ted  d u r in g  th e  
c u r re n t year. A fte r  su r fa c e  s te r il iz a tio n , 
im m a tu re  a n th er  w as in ocu lated  on  callu s 
in d u ctio n  m e d iu m . C a llu s  in d u ced  w as g ot 
p ro life ra ted  o n  th e  sam e m e d iu m  an d  the 
cu ltu re s  w ere  k e p t for em b ry o g en ic  ca llu s 
in d u ctio n ,

2.1.1. S eq u en c e  a n a ly s i s  o f  H b S E R K  g e n e  in
Hei>ea

S o m a tic  E m b r y o g e n e s is  R e c e p to r -  
L ik e  K in a se  (S E R K ) is th e  on ly  o n e  g en e 
th a t is in v o lv ed  in  th e  tra n sitio n  o f s o m a tic  
c e l ls  to  a n  e m b r y o g e n ic  s ta te , w h ic h  is  
ca p a b le  o f  d iffe r e n t ia tin g  in to  an  e m b ry o  
at la te r  s ta g e  o f  d e v e lo p m e n t. T h e  S E R K  
g e n e  id e n tif ie d  in  H ev ea  w a s  4 0 8  b p  in 
le n g th . C o m p a r a t iv e  a n a ly s is  o f  S E R K  
cD N A  se q u e n c e s  w ith  g e n o m ic  se q u e n ce  
sh o w e d  th e  p re se n ce  o f  2  ex o n s  sep a ra ted  
b y  o n e  2 0 4  bp  in tro n . In  s il ic o  tra n sla tio n  
o f  H b S E R K  g e n e  b a se d  on  th e  p re d ic te d  
O R F  y ie ld e d  a 1 3 6  a m in o  a c id  p r o te in . 
C o m p a riso n  w ith  S E R K  se q u e n ce  in  N C B I 
d a ta  b a n k  r e v e a le d  it s  s im ila r i ty  w ith  
A r a b id o p s is  th a lia n a , M ed ic a g o  tru n c a tu la ,  
C ocos n u c ifer la  an d  A ra u c a r ia  an g u s to fo lia .  
H b S E R K  sh o w ed  7 8  p er  c e n t s im ila r ity  to 
th a t o f  A tS E R K l  n u c le o tid e  se q u e n c e  level 
an d  9 9 %  a t a m in o  a c id  le v e l to  A tS E R K l.  
T h is  h ig h  s im ila r ity  b e tw ee n  H b S E R K  and  
A tS E R K l  a t  a m in o  ac id  lev e l in d ica te s  th a t 
th e se  tw o  g e n e s  a re  o r th o lo g s . M u ltip le  
s e q u e n c e  a n a ly s is  o f  H b S E R K  p r o te in s  
d isp la y e d  th e  p re se n ce  o f  Ser/T hr p ro te in  
k in a s e  in  s u b d o m a in  V I. In  th e  k in a s e  
d o m a in  o f  H b S E R K ,  th e  2 9  a m in o  a c id  
re s id u e  a c tiv a tio n  lo o p  (A -Io o p ) is  p re se n t 
in su b d o m a in s  V II a n d  V III w h ich  is  100 
p e r  c e n t id en tity  to  A tS E R K l.  S im ila rly , as 
in  A tS E R K l,  H b S E R K  A -lo o p  a ls o  co n ta in s  
4  th r e o n in e  r e s id u e s  a n d  o n e  ty r o s in e

re s id u e . T h e  u n ro o te d  p h y lo g e n e t ic  tree 
c o n s t r u c t e d  u s i n g  H b S E R K  a n d  o th e r  
r e p o r t e d  S E R K  g e n e s  in d i c a t e d  th a t 
H b S E R K  w a s  t i g h t l y  c l u s t e r e d  w ith  
A tS E R K l  a n d  M tS E R K h

2.2. S o m a t ic  e m b r y o g e n e s is  f r o m  le a f
e x p la n ts

C u lt u r e s  w e r e  in i t ia t e d  w it h  le a f  
ex p lan ts o f c lo n es  R R II 105  a n d  R R II 4 1 4  and 
p lan t reg en era tio n  a ttem p ted . E m bryogen ic 
ca llu s  in itia tio n  an d  so m a tic  em b ry o g en esis  
c o u ld  b e  o b ta in e d  in  p r e s e n c e  o f  s tre ss  
in d u c in g  c o m p o u n d s  s u ch  a s  p o ly  e th y len e  
g ly co l and  p h y ta g e l in  th e  e m b r y o  in d u ction  
m e d iu m . T h e  e m b r y o g e n ic  c a l lu s  w as 
p r o l i f e r a te d  a n d  s u b  c u l t u r e d  in  fre sh  
m e d iu m  ev ery  5 0  d a y s  fo r  fu r th e r  em bryo  
in d u ction . T h e  p ro life ra ted  c a llu s  w as also 
u s e d  a s  t a r g e t  t i s s u e  in  g e n e t ic  
tran sfo rm atio n  e x p e rim e n ts . S e v e ra l p lants 
w ere  re g e n e ra te d  in  v itro  a n d  ex p erim en ts  
ca rr ie d  o u t  fo r  h a r d e n in g . P la n ts  co u ld  
s u r v iv e  th e  in itia l p h a s e  o f  h a r d e n in g  in 
s o i l r i t e  w it h  c o n t r o l le d  h u m id i t y  an d  
w a te r in g  o n c e  in  th r e e  d a y s  w it h  1 /10 th 
H o ag lan d  so lu tio n .

2 .3 . S e l f - r o o t e d  c l o n e s  b y  e x  v i t r o
a d v e n t it io u s  r o o tin g

S h o o t s  f r o m  b u d  g r a f t e d  p la n ts  
m a in ta in e d  in  p o ly b a g s  in th e  g la s s  ho u se 
w ere  e x p e rim e n te d  fo r  e x  v itr o  ro o tin g . The 
m a tu r e  s h o o ts  a f te r  h o r m o n e  p u ls e  w ere 
tra n s fe rr e d  to  s o ilr ite  a n d  r o o te d  ex  v itro  
u n d e r  h u m id it y  c o n t r o l .  C lo n a l  p la n ts  
re ju v en ated  th rou g h  so m a tic  em bry o g en esis  
w ere  e s ta b lish e d  a s  s to c k  p la n ts  in  nursery. 
B u d  g r a fte d  p la n ts  w e r e  g e n e r a te d  from  
g reen  b u d s c o lle cted  fro m  th ese  s to ck  p lants. 
S h o o ts  from  th ese  p la n ts  a re  a ls o  b e in g  tried 
fo r  ex  v itro  ro o tin g . S u ita b le  c o n d itio n s  and 
p o ttin g  m e d iu m  n e c e s s a ry  fo r  ro o tin g  has 
to  b e  o p t im iz e d  a f t e r  n e c e s s a r y  
e x p e rim e n ta tio n .



3. D e v e lo p m e n t o f  h o m o z y g o u s  
h a p lo id  p la n ts

3.1 . D e v e lo p m e n t o f g y n o g en ic  h a p lo id s  
th ro u g h  em bry o  sac  cu ltu re

M atu re  fem a le  flo w ers w ere  co llected  
f r o m  d i f f e r e n t  c l o n e s  v iz .  R R I I  1 0 5 ,  
R R II 4 1 4 , R R II 4 2 2 , R R II 4 2 9  an d  R R II 430. 
E m b ry o  s a c s  w ere  iso la ted  an d  cu ltu red  
o v e r  a fe w  m e d ia  co m b in a tio n s  id en tified  
su ita b le  fo r  c a llu s  in d u ctio n  from  p rev io u s 
s t u d ie s .  C a l lu s  in d u c t io n  c o u ld  b e  
o b ta in e d  from  th e cu ltu red  e m b ry o  s a cs  in 
a ll th e  a b o v e  c lo n e s , th o u g h  th e  freq u en cy  
o f  c a l lu s  in d u c t io n  v a r ie d  a m o n g  th e  
c lo n e s . T h e se  ca lli h a v e  b een  su b cu ltu red  
in  ca llu s  p ro life r a tio n  m e d iu m . H ap lo id  
e m b r y o s  o b ta in e d  fro m  p re v io u s cu ltu res  
b e lo n g in g  to  c lo n e s  R R II 105 an d  R R II 414  
w e re  s u b  c u ltu red  fo r  fu rth er  d ev e lo p m en t 
in  m a tu r a tio n  an d  g e rm in a tio n  m e d ia . A 
few  o f  th e  e m b ry o s  g erm in a ted  and  are  in 
th e  p la n t re g e n e ra tio n  p hase.

3 .2 . G y n o g e n ic  h a p lo id s  th ro u g h  o v u le
cu ltu re

M a tu re  fem a le  flo w er b u d s o f  H evea  
bras ilien s is  c lo n e  R R II 1 05 a n d  R R II 4 2 2  w ere 
u se d  fo r  c u ltu r e  in it ia t io n . U n fe r tiliz e d  
o v u le s  w ere d isse cted  an d  cu ltu red  in  sem i­
so lid  m ed iu m  su p p lem en ted  w ith  2,4-D , BA 
an d  G A 3. C u ltu re d  o v u le s  w ere su b jected  
to  t e m p e r a t u r e  s h o c k  fo r  fo u r  w e e k s . 
E m b r y o  s a c s  w e r e  is o l a t e d  fr o m  th e  
en la rg ed  o v u le s  an d  cu ltu red  in th e  sam e 
m e d ia  c o m b in a t io n .  C a llu s  in d u c t io n  
e f f ic ie n cy  w as 4 p er  c e n t a n d  th e  frequ en cy  
o f  p r o l i f e r a t io n  w a s  2 p e r  c e n t .  T h e  
p ro life ra te d  calli b ecam e em b ry o g en ic  and  
p ro e m b ry o g e n ic  m a sses  a p p eared  a fter  tw'o 
m o n th s  o f  c u ltu re  in th e  e m b ry o  in d u ction  
m e d iu m . S o m a tic  em bry o s in d u ctio n  w'as 
o b serv ed  in th e  cu ltu re s  ra ised  from  both 
th e  c lo n e s  n a m ely  R R II 105  and  R R II 422.

4. Itt vitro  approaches to com plem ent
conventional breeding program m es

4.1. Induction of Polyem bryony

4.1.1. S to c k  - s c io n  in te ra c t io n  s tu d ie s  

S t u d ie s  o n  s to c k  s c io n  in te r a c t io n
u s in g  u n ifo r m  s e e d l in g s  a n d  th e ir  
b u d g ra fted  co u n te rp a rts  w ere  co n tin u ed . 
A n a ttem p t w as m ad e  to id en tify  th e  im p act 
o f d iv erg en t ro o t sto ck  on th e  ep ig e n o m e o f 
s c io n  in  g r a f te d  r u b b e r  p la n t s  in  
c o l la b o r a t io n  w ith  G e n o m e  A n a ly s is  
d iv ision . O w n  rooted  seed lin g s  a lo n g  w ith  
its fiv e  bu d -g ra fted  p lan ts  w ere  used  fo r  a 
c o m p a ra t iv e  a n a ly s is  u s in g  g e n e t ic  and  
ep ig e n e tic  m o lecu la r  m a rk ers . T h e  p lan ts 
w ere u n ifo rm ly  m ain ta in ed  and  th e ir  D N A  
w as su b jected  to  M S A P  an a ly sis  u sin g  th e  
s ta n d a r d  p r o to c o l .  P o ly m o r p h ic  D N A  
m e th y la tio n  b an d s co rresp o n d in g  to  C G  as 
w e ll a s  th e  p la n t-s p e c if ic  C H G  ty p e s  o f  
m e th y la tio n  w ere  ob serv ed . To u n d erstan d  
th e  f u n c t io n a l  r e le v a n c e  o f  th e  fo u r  
p ro m in en t loci sh o w in g  v aria tio n s  in  D N A  
m e th y la tio n  p a tte rn s , th e  co r re s p o n d in g  
M S A P  b a n d s from  the b u d -g ra fted  p lan ts  
w e re  is o la te d  a n d  s e q u e n c e d . D e ta ile d  
seq u en ce  an a ly sis  rev ea led  th a t th e  reg io n  
o f in terest lies  in  th e  p ro m o ter  reg io n  o f  a 
L e u c in e - r i c h  R e p e a t  R e c e p t o r  K i n a s e  
(L R R -R K )  g e n e .  C lo n in g  o f  s e le c t e d  
p o ly m o r p h ic  r e g io n s  a n d  b is u l f i t e  
s e q u e n c in g  c o n f i r m e d  th e  p r e s e n c e  o f  
m e th y la tio n  in th e  p r o m o te r  an d  co d in g  
reg io n  o f im p o rta n t g en es in c lu d in g  a n  LRR 
recep to r  k in ase  gen e . T h e  en tire  L R R -R K  
g e n e  fro m  H ev ea  w ith  p ro m o te r  r e g io n  w as 
a ls o  e x tra c te d  fro m  H . b r a s i l ie n s is  c lo n e  
RR II 105 w h o le -g en o m e seq u en ce  d ata .

A ltog eth er, th e  re su lts  fro m  th e  s tu d y  
c lea rly  in d ica te  th a t h e te ro g ra fts  in  ru b be r 
are  ep ig e n etica lly  d iv erg en t d esp ite  sh arin g  
th e  sam e sc io n  m ateria l. T h e v a ria tio n  in 
D N A  m e th y la tio n  p a ttern s  o b serv ed  in the



bu d -g ra fted  Hevea p lan ts can  be s p ecifica lly  
a t t r ib u t e d  to  s t o c k - s c i o n  in te r a c t io n ,  
b eca u se  m ax im u m  u n ifo rm ity  a m o n g  them  
w a s  m a in ta in e d  in  te r m s  o f  g r o w in g  
e n v i r o n m e n t  ( te m p e r a tu r e ,  r e la t iv e  
h u m id it y ,  a n d  l ig h t  in t e n s i t y ) ,  s o il  
p ro p erties, n u trien t, and  w ater availability . 
T h e  s tu d y  a ssu m e s  im p o rta n ce  in H evea, 
b eca u se  accu m u la tio n  an d  m ain ten an ce  o f  
e p ig e n e tic  ch an g es in fu n ction al g en es and 
p r o m o te r s  d u r in g  s u b s e q u e n t  c y c le s  o f  
v e g e ta t iv e  p r o p a g a tio n  m a y  c o n tr ib u te  
to w a rd s in tra c lo n a i v ariab ility  ev en tu a lly  
le a d in g  to  a lte red  p h en o ty p es. T h e s tu d y  
s u g g e s ts  th a t D N A  m e th y la tio n  ch a n g e s  
m a y  a c c u m u la t e  in  p la n ts  th r o u g h  
s u c c e s s iv e  v e g e ta t iv e  p ro p a g a tio n  c y c le s  
(b u d d in g ) an d  th e  cu m u la tiv e  e ffe c t  m ay  
a lte r  d e sira b le  p h e n o ty p ic  ch a ra c te rs  like  
y ie ld  w h ich  m ay  a ffe c t th e  p ro d u ctiv ity  o f 
h ig h  y ie ld in g  ru b be r c lo n es  in th e  fu tu re . 
F u rth erm o re , th e  p resen t s tu d y  p aves the 
w ay  fo r  b e tte r  u n d erstan d in g  o f  th e  s to c k -  
sc io n  in teractio n  p ro cess  in ru b be r and  it is 
a n t ic ip a te d  th a t u n ra v e llin g  th e  m y stery  
b eh in d  th is  co m p lica ted  p ro cess m ay  lead 
to  a so lu tio n  fo r  th e  in tra c lo n a i v aria tio n  
a m o n g  p o p u la r  ru b be r c lo n es. D ata  w ere 
c o m p ile d  a n d  a r e s e a r c h  a r t i c l e  w a s  
p u b lish ed .

4.1.2. D ev e lo p m en t  o f  u n ifo rm  se ed lin g s

A fie ld  p la n t in g  w ith  o w n  r o o te d  
u n ifo r m  p la n t le ts  a n d  th e ir  b u d g r a fte d  
c o u n te r p a rts  w as e s ta b lish e d  fo r  fu r th e r  
m o le c u la r  s tu d ie s . F o r  sc a lin g  up  o f  the 
ex istin g  p ath w ay  a n d  d ev e lo p m en t o f  m o re  
e m b r y o g e n ic  ca lli lin e s , im m a tu re  o p en  
p o llin a ted  fru its  w ere in o cu la te d  in a lread y  

reported  m edia for d ev elo p in g  e m bry o g en ic
lin es. Po lyem bryon ic ov u les w ere id en tified  
a n d  c u lt u r e d  f o r  p r o l i f e r a t io n .  Y ie ld  
reco rd in g  w as in itiated  in the poly em b ry o n y  
d eriv ed  p lan ts  p lan ted  in fie ld  d u r in g  2 009

5. D e v e lo p m e n t o f  p o ly p lo id s

E m b r y o g e n ic  c a l lu s  d e r iv e d  from 
c lo n es  RR II 105 an d  R R II 4 1 4  w ere  treated 
w ith  co lch ic in e  by c u ltu r in g  o v e r  m edium  
s u p p le m e n te d  w ith  d i f f e r e n t  le v e ls  of 
co lch ic in e . H o w ev er it  w a s o b serv ed  that 
the cu ltu re s  d id  n o t resp o n d  p o s itiv e ly  and 
em erg en ce  o f  n ew  c a llu s  fro m  th e  colchicine 
t r e a te d  c a l lu s  d id  n o t  o c c u r .  T h e 
e x p e rim e n ts  w e re  rep e a te d  w ith  colch icine 
p u rch a se d  fro m  tw o  d if f e r e n t  su p p liers . 
R esu lts  o f  th ese  e x p e r im e n ts  a r e  aw aited .

6. I n - v i t r o  s c r e e n i n g  o f  r u b b e r  

c l o n e s  a g a i n s t  C o ry n e sp o ra  
p a th o g e n

6 .1 . In  v i t r o  to le r a n c e  o f  c a l lu s  ag a in st
c a s s i ic o lin  to x in

Im m a tu re  in flo re sce n ce  o f  e ig h t clones 
o f  H e v e a  b e l o n g i n g  t o  t o l e r a n t  and  
su s c e p tib le  g r o u p s  u n d e r  s tu d y  w e re  used 
as  th e  in itia l e x p la n ts  fo r  ca llu s  in d u ction . 
F re sh , p r o life r a te d  ca lli  w e r e  e x p o se d  to 
ca ss iico lin  by tr a n s fe rr in g  to  p ro life ra tio n  
m e d iu m  a d d itio n a lly  s u p p le m e n te d  w ith 
d iffe re n t v o lu m e s  o f  f ilte r  s te r il iz e d  cru de 
to x in  ( 0 .5 ,  1 .0 ,  2 .0  a n d  3 .0  m l/ 1 0 0  ml 
m e d iu m ). C a lli  in o c u la te d  o n  to x in  free 
p ro life ra tio n  m e d iu m  w e re  u se d  a s  control. 
T h e  c u ltu r e s  w e re  in c u b a te d  u n d e r  dark 
co n d itio n s  a t 25±2°C . A fte r  th re e  w eek s in 
c u ltu r e , th e  e f fe c t  o f  to x in  w a s  a sse s se d  
t h r o u g h  v is u a l  e v a l u a t i o n  o f  v a r io u s  
p a ra m e te rs  su ch  a s  p e r c e n ta g e  o f  n ecrosis , 
co lo u r  an d  m o rp h o lo g ic a l c h a n g e s  o f  the 
ca llu s .

It  h a s  b e e n  o b s e r v e d  th a t in  th e  toxin 
en r ich e d  m e d iu m , p e r c e n t su r v iv a l o f  calli 
fro m  d iffe r e n t c lo n e s  u n d e r  s tu d y  sh ow ed  
m ark ed  d iffe re n ce . M o r e o v e r  th e  resp on se 
w as w ell in a c c o r d a n c e  w ith  th e  fin d in g s  o f 
the d eta ch ed  lea f tech n iq u e . O v e ra ll g row th  
a n d  s u r v iv a l  o f  i n t a c t  c a l l u s  c o u ld  be



o b serv ed  o n ly  in the to leran t g rou p . C lon es 
GT 1 and  FX  516  w ere  found to b e  the m ost 
t o le r a n t ,  b e in g  u n a f fe c te d  e v e n  a t th e  
h ig h e st level o f tox in  tried (3 .0  m l). C lon es 
R R II 4 1 4  and  R R II 4 3 0  sh ow ed  to leran ce  up  
to 2 .0  m l o f tox in . R eg ard in g  th e  su scep tib le  
c lo n es , e v en  th e  low est level o f tox in  (0  5 m l) 
w as le th al to PB 2 1 7  and  PB  2 60  w h ile  in the 
case  o f R R II 105 and RR II 203, b row n in g  and 
n ecro sis  o f th e  calli w as o b serv ed  w ith  1ml 
tox in  on w ard s.

6 .2 . In  v i t r o  s c r e e n in g  fo r  C o r y n e s p o r a  
to le ra n ce  u s in g  c a ss iico lin  

R R II 105, the m o st p op u lar and  w idely  
cu ltiv a te d  c lo n e , w h ich  at th e  sa m e tim e 
s u s ce p tib le  to  C L FD , w as selected  for this 
e x p e r i m e n t .  E m b r y o g e n ic  c a l l i  w e re

c u lt u r e d  o v e r  m e d iu m  fo r t i f i e d  w ith  
d ifferen t levels o f cass iico lin  tox in . A fter  six 
w eek s in  cu ltu re , th e  tox in  in sen sitiv e  calli 
w e re  s e le c te d , p r o life r a te d  in to x in  free  
m e d iu m , and  ag a in  ex p o sed  to  cassiico lin  
toxin for tw o m o nth s. Toleran t calli obtained  
a f te r  tw o  c y c le s  o f  s u c h  s e le c t io n  w ere  
tran sferred  to tox in  free  m ed ia  for fu rth er 
d ev e lo p m en t in c lu d in g  e m b ry o  in d u ctio n  
a n d  m a tu r a tio n . U p o n  tr a n s fe r r in g  th e  
m atu re  em bry o s  to  g erm in a tio n  a n d  p la n t 
reg en era tio n  m ed ia , a few  o f  th e  em brv os 
r e g e n e r a te d  in to  p la n t ie t s .  A n  in i t ia l  
su rv iv al rate  o f  2 0  p er cen t w as ob ta in ed  
w h e n  th e  r e g e n e r a t e d  p la n t ie t s  w e r e  
su b jected  to  h a rd en in g . T h o se  su rv iv in g  
p lan ts a re  in the n ex t s tag e o f acclim atisation  
in b ig  p oly  bags.

G E N O M E  A N A L Y S IS  L A B O R A T O R Y

O n -g o in g  r e s e a rc h  p r o je c ts  in th e  
G e n o m e  A n aly sis  L ab o ra to ry  are  grou p ed  
u n d er fo u r  m a jo r  area s  o f research  v iz . (1) 
d ev e lo p m en t, op tim izatio n  and  valid ation  
o f  m o le c u la r  to o ls  fo r  th e  a sse s sm e n t o f 
g e n e t i c  d iv e r s i t y  a n d  e v o lu t io n a r y  
re la tio n sh ip s  in  ru b ber and  g e n e tic  lin kage 
m a p p in g  ( 2 ) d e v e lo p m e n t  o f  g e n e t ic  
m a r k e r s  f o r  b io t i c  a n d  a b io t i c  s t r e s s  
to le r a n c e  a n d  u n d e r s ta n d in g  th e  s t r e s s  
a d ap ta tio n  p ro cesses th rou gh transcrip tom e 
a n a ly s is  (3) c lo n in g  and  ch a racteriza tio n  o f 
a g r o n o m ic a lly  im p o r ta n t  g e n e s  a n d  (4 ) 
r u b b e r  g e n o m e  s e q u e n c in g  an d  d e -n o v o  
a s s e m b ly .  B e s id e s  th e  a b o v e  r e s e a r c h  
p ro g ra m s a co lla b o ra tiv e  p ro ject has been 
in itia ted  w ith  C SIR -N E E R 1 on co n v ersion  o f 
tr o p ic a l fo r e s ts  to  r u b b e r  p la n ta tio n s  in 
K e r a la  a n d  i t s  im p a c t  o n  th e  s o il

en v iro n m en t an d  d ifferen t eco -resto ra tio n
stra teg ies.

1. D e v e lo p m e n t, o p tim iz a tio n  an d  
valid ation  o f m o lecu lar to o ls for 
the assessm en t of gen etic diversity  
in rubber, clonal identification  and  
g en om e m ap p in g

1.1. G e n e t ic  a sse s sm e n t o f  in te r n a tio n a l 
r u b b e r  c lo n e s  rece iv ed  th ro u g h  c lo n e  
ex ch a n g e  p ro g ram  o f  IR R D B

R R II cou ld  su cce s sfu lly  es ta b lish  best 
4 0  c lo n es  from  a lm o st a ll ru b be r g ro w in g  
co u n tries: In d o n esia , C a m b o d ia , T h a ilan d , 
P h ilip p in es, V ietn am , S r i L an k a , M yan m ar, 
G h a n a  an d  C o te  D 'Iv o ir e  th ro u g h  c lo n e  
ex ch an g e  p ro g ram . It is  n e ce ssa ry  to  d o  the 
g e n e tic  a sse s sm e n t o f  th e se  c lo n e s  a lo n g



w ith  th e  h ig h  y ie ld in g  c lo n e s  e x is tin g  in 
R R II, e s p e c ia lly  th e  400  se r ie s  c lo n e s  and  
RRII 105 u sin g  m o lecu lar  m ark ers. T h is w ill 
h elp  in u n d erstan d in g  th e  e x te n t o f  g en etic  
d iv e r s i ty  e x is t in g  a m o n g  th e s e  c lo n e s  
com p ared  to R R II c lo n es  and a lso  to  d ev elop  
c lo n e  s p ecific  S S R  p ro files  for th eir identity.

S o  far 23  SS R  m ark ers w ere used  in 
th e  c h a r a c te r iz a t io n  o f  3 4  in te r n a t io n a l 
clo n es  a lo n g  w ith  5  p o p u lar  c lo n es. In total 
1 0 7  a l l e l e s  w e r e  g e n e r a t e d .  G e n e t ic  
re la tio n sh ip  estab lish ed  am o n g  th ese c lon es 
r e v e a le d  t h a t  th e  c lo n e s  w e r e  h ig h ly  
d iv e rg e d  (g e n e tic  d iv e r s ity  ra n g ed  fro m  
30%  to 70% ). A m o n g th ese  3 4  c lo n es  seven  
c lo n e s  b e lo n g  to  C ira d -M ich e lin  S e lectio n  
(C M S ) receiv ed  from  C am b o d ia  (5  clon es), 
G h a n a  (2  c lo n e s )  s h o w e d  m a x im u m  
d iv ers ity  (>60% ). T w elve  c lo n es  co u ld  be 
id e n tif ie d  b a se d  o n  u n iq u e  f in g e rp r in ts  
g e n e ra te d  b y  S S R  m a rk e rs . T w o c lo n e s , 
U SM 1 from  P h ilip p in es a n d  IR C A  331 from  
C o te  d 'Iv o ire  w ere  fou n d  to  b e  g en etica lly  
id e n tic a l, a lth o u g h  th ey  w e re  fro m  tw o 
d iffe re n t co u n tries. P ed ig ree  o f  th e  c lo n es  
w as r e fle c te d  in  c lu s te r in g  p a tte rn s . F o r  
ex am p le , tw o o f  th e  V ietn am  clo n es  R R IV l 
an d  R R IV 5 w ere  c lu stered  to g e th e r  d u e  to 
th e ir  co m m o n  p aren tag e  (R R IC  110 x R R IC  
117). C lu ster  an a ly sis  c learly  sep a ra ted  the 
c lo n es  o f  In d ian  orig in . S N P  g en o ty p in g  ,„  
thebe c lo n es  w as a iso  p erfo rm ed  bv H R M  
a n a ly s is  u s in g  an  S N P  fro m  M V K  » e n e  
(M V K 2628A / G ). A ll th e  c lo n e s  w ere  c learly  
gro u p ed  in to  th ree  g e n o ty p es  (A A , C < , or 
A G ) a lo n g  w ith  re feren ce  clon es.

o rg a n ism s  fro m  m a jo r  d o m a in s  o f  l jfe, We 
s u b je c t e d  to  p h y l o g e n e t i c  a n a ly s is  *  
u n d e rsta n d  th e  e v o lu tio n , d iv e rs ity  as well 
a s  re la tio n sh ip  o f  C P T s  p r e v a ilin g  a moniI 
h v m g  o r g a n is m s . S im u lta n e o u s ly , D N a 
b ased  p h y lo g e n e tic  a n a ly s is  o f  all the Hevea 
C P T s  w e r e  p e r f o r m e d  to  c la s s i f y  them 
b a s e d  o n  t h e i r  s e q u e n c e  s t r u c tu r e  
s im ila r ity .

, 'z f s X i nnu, t : i idepoiymorphisms
1 2 .1 . C i s - p r e n y  I t r a n s f e r a s e  (C P T )  g e n e  

i s o f o r m s  a s s o c i a t e d  w i t h  r u b b e r  
b io s y n th e s is

P ro te in  se q u e n ce s  o f  C P T  g e n e  from

o t Z r  S t ™ 1*  and  o r lh o l° S s  o f  C P T  from  
o th e r  p la n ts  s p e c ie s  a n d  r e p r e s e n ta t iv e

P h y l o g e n e t i c  a n a l y s i s  o f  CPT  
se q u e n ce s  re v ea led  th a t H e v e a  C P T s  formed 
a s e p a r a te  c lu s te r  f r o m  th e  o th e r  plant 
s p e c ie s  in d ic a tin g  th e ir  u n iq u e n e s s . DNA 

b a se d  p h y lo g e n e t ic  a n a ly s is  in d ica te d  the 
p r e s e n c e  o f  th re e  d if fe r e n t  fo r m s  o f  CPTs 
E rro r  in  th e  e x is tin g  n o m e n c la tu r e  o f  CPTs 
a s  c ls -1, r is -2,  c is -6  e tc .  w a s  a ls o  identified  
b a se d  o n  s e q u e n c e  h o m o lo g y  stu d ie s . The 
u n iq u e  n a tu r e  o f  C P T  g e n e  in  H ev ea  and 
th e  d if fe r e n c e s  b e tw e e n  v a r io u s  C P I  ■ 
i s o f o r m s  w a s  e s t i m a t e d .  E x te n s iv e  
se q u e n c e  a n a ly s is  w ith  r e fe r e n c e  to  CPT  
g e n e s  fro m  w h o le  g e n o m e , tran scrip to m e 
a n d  n u c le o t id e  d a t a b a s e s  r e v e a le d  that 
v a ria n ts/ iso fo rm s o f  th is  g e n e  a re  existin g 
in  H evea , w h ic h  m a y  h a v e  a fu n c tio n a l nile 
in  th e  s y n t h e s i s  o f  e x t r a - l o n g  ch a in  
b a c k b o n e  o f  n a tu r a l ru b b e r. T h e  r e s t  o f the 
s e q u e n c e s  d e s ig n a te d  a s  C P T  iso fo rm s  
w e re  m o s tly  d e h y d  r o d o lic h y l d ip h o sp h ate  
s y n th a se s  a s s o c ia te d  w ith  th e  sy n th e s is  of 
sh o rte r  c h a in  is o p re n o id s .

1.2.2. R u b b e r  e lo n g a t io n  f a c t o r  (R E F ) g en e  

P h y lo g e n e t ic  tr e e  w a s  c o n s tru c te d  
u s in g  th e  a m in o  a c id  s e q u e n c e s  o f  R E F  and/ 
o r  S R P P  fr o m  r e l a t e  p l a n t  s p e c ie s  to 
e s t im a te  th e  u n iq u e  n a tu r e  o f  R E F  in Hevea. 
T h e  u n iq u e n e s s  o f  H e v e a  R E F  c la s s  of 
p r o te in s  w a s  p r o v e d  b y  th e  p h y lo g n e t ic  
a n a ly s is . T h e  a n a ly s is  a ls o  r e v e a le d  that 
K E F  s h a r e  a p p r o x i m a t e l y  5 0  p e r  cen t 
h o m o lo g y  w it h  a n o t h e r  la t e x  r e la te d  
p ro te in  c a lle d  sm a ll r u b b e r  p a r t ic le  p rotein



(S R P P ) .  D u rin g  the? a n a ly s is ,  o n iv  o n e  
H ev ea  p ro te in  (A C 0 9 6 0 9 6 ) n am ed  a s S R P P  
w a s  c lu s te r e d  a lo n g  w ith  th e  p r o te in s  
d e s ig n a te d  a s  R E F  in  o th e r  p la n t sp ecies, 
rhe o th e r  H ev ea  R E F  se q u e n c e s  in c lu d in g  
th e  liv e  se q u e n c e s  from  th e  p re se n t study 
fo r m e d  a s i n g l e  s e p a r a t e  c lu s t e r  
d e m o n stra tin g  th e ir  u n iq u en ess .

1.2.3. I d e n t i f i c a t i o n  o f  n o v e l  p o ly m o r p h ic  
SMI’s  f o r  s eg r e g a t io n  a n a ly s i s  it, n ew  
in te r s p e c i f ic  p rog en y  p o p u la t io n  

A  m a p p in g  p o p u la tio n  d eri ved from  
an  in te rsp e c ific  c ro ss  b e tw e e n # , brasilien sis  
c lo n e  R R I I  1 0 5  (h ig h  y ie ld e r  w ith  lo w  
d i s e a s e  r e s i s t a n c e  p o t e n t i a l )  a n d
H . b e n t h a m ia n a  F 4 5 4 2  ( lo w  y ie l d e r  w ith  
h ig h  lev el o f  d ise a s e  r e s is ta n ce ) w as used 
fo r  th e  c o n s tru c tio n  o f  h igh  d e n s ity  g en etic  
l in k a g e  m a p s  o f  H . b r a s i l i e n s i s  a n d
H. b en th a m ia n a .  P C R  p ro d u ct seq u en cin g  
o f  th e  e n t ir e  g e n o m ic  re g io n  o f  H M G R , 
G G D P S  an d  R E F  fro m  H. b en th am ian a  w as 
d o n e  to  id e n tify  n o v e l p o ly m o rp h ic  SN P s 
in  th is  m a p p in g  p o p u la t io n . S e q u e n c e  
a n a ly s is  rev ea led  th e  p resen ce  o f 21 SN Ps. 
I n t e r e s t i n g l y  a l l  th e  21  S N P s  w e r e  
h o m o z y g o u s in  th e  c lo n e  R R II 105 w h ereas 
on ly  sev en  ou t o f  21 w ere h o m o zy g o u s in
H . b en th a m ia n a .  E ig h te e n  o u t o f 21 w ere 
n o v e l  S N P s  w h e r e a s  th r e e  S N P s  
(H M G R 9 2 4 A / T , H M C R I 6 6 6 C/T a n d  
H M C R 1693G / T ) id e n tifie d  w ere  rep orted  
e a r lie r  fro m  o th e r  c lo n es.

S e q u e n c e  a n a ly s is  o f  G G D P S  g e n e  
rev ea led  th e  p resen ce  o f 14 SN P s. O u t o f 
th e  14 SN P s , fo u r w ere  novel S N P s w hich 
w e r e  n o t  r e p o r t e d  e a r l ie r .  F o u r te e n  
p o ly m o rp h ic  S N P s w ere  a lso  id en tified  in 
th e  R E F  g e n e  o u t o f  w h ich  8  w ere  no vel 
S N P s  w h ic h  w e r e  n o t  r e p o rte d  e a r lie r . 
In te re stin g ly  all th e  fo u rtee n  S N P s  in R E F  
g e n e  w e r e  h o m o z y g o u s  in  R R II  105  
w h e re a s  o n ly  fo u r  S N P s w ere  h o m ozy g ou s 
in  F 4542.

1.2.4. C om parative an alysis  o f  S N P  number 
an d  fr e q u en c y  in  th e  e ig h t  ru bber  
biosynthesis genes

C o m p a r a t iv e  a n a ly s is  o f  th e  S N P  
nu m b er and  freq u en cy  in th e  e ig h t rubber 
b io s y n t h e s is  g e n e s  w a s  p e r fo r m e d  to  
u n d e rs ta n d  th e  le v e l o f  c o n s e rv a tio n  o f 
ru b be r b io sy n th e s is  g e n e s  in H evea . T h e  
results revealed  th at th e  up stream  gen es like 
H M G S, H M G R . M V K  a n d  PM V K  a re  h ig h ly  
c o n s e rv e d  w h e re a s  th e  g e n e s  w h ich  are  
fu n ctio n a lly  m o re s p ecific  to H ev ea  like R E F  
and  C P T  w ere  th e  le a s t  co n s e rv e d  g e n e s  
w ith  very h ig h  S N P  freq u en cy  rates. R E F  
h a d  th e  h ig h e s t  n u m b e r  o f  S N P s  (3 2 ) , 
h ig h e s t  S N P  fre q u e n c y  (1/53) a s  w e ll as 
h ig h est n u m b er o f n o n -sy n o n y m o u s SN P s 
(1 5 ) . T h e  r u b b e r  b io s y n th e s is  in it ia t o r  
m o lecu le  s y n th es iz in g  g en es  lik e  F D P S  and 
G G D P S  w e r e  m o d e r a t e ly  c o n s e r v e d .  
In te r e s tin g ly  F D P S  a ls o  h ad  th e  h ig h e s t 
n u m b er o f  S N P s fro m  n o n -co d in g  reg ion s .

2 . C h a r a c t e r i z a t i o n  o f  s t r e s s -  
to le ra n t c lo n e s  o f H e v e a  u s in g  
m o l e c u l a r  m a r k e r s  a n d  
u n d e rs ta n d in g  g e n e  re g u la tio n  
u n d e r  a b io tic  stre sse s

2.1. N A C  d o m a in  c o n ta in in g  s e q u e n c e  
a n a ly s is

N A C  tr a n s c r ip t io n  fa c to r s  a r e  th e  
la r g e s t  fa m ilie s  o f  p la n t tr a n s c r ip t io n a l  
regu lators in vo lved  in esse n tia l b io lo g ica l 
p ro cesses in d ev elo p m en t, s tre ss  resp o n ses  
and  n u trien t d istrib u tio n  in p lan ts. N A C  
p ro te in s  co n s ist o f  a co n serv ed  N -term in a l 
reg io n  (N A C  d o m ain ) w ith  D N A -b in d in g  
an d  o lig o m eriz a tio n  a b ilities, an d  a d iv erse  
C -te r m in a l re g io n  w h ic h  fu n c t io n s  a s  a 
tran scrip tio n  reg u la to ry  d o m ain .

P r e v io u s ly  w e  r e p o rte d  s u c c e s s fu l 
c lon in g  o f N A C  cD N A  from  both  su scep tib le  
(R R II 105) and  to leran t (R R IM  6 00) ru b be r



c lo n es  to  ab io tic  stresses. T h ree  d im en sio n al 
s t r u c t u r e  o f  H e v e a  N A C  w as p r e d ic te d  
th r o u g h  h o m o lo g y  m o d e l in g .  W h i le  
c o m p a rin g  w ith  A rab id op sis  N A C  p rotein , 
H ev ea  N A C  sh o w e d  th e  p r e s e n c e  o f  fiv e  
D N A  b in d in g  res id u es  in stead  o f  six . T h e 
A A  m o tif  'Y W K A T G T D ' p r e s e n t b o th  in 
A ra b id o p sis  an d  H ev ea  is  th e  m a jo r  D N A  
in te ra c tio n  reg io n  h a v in g  sp e c if ic  ro le  in 
reco g n itio n  o f  D N A  seq u en ces . F o u r  n o n - 
sy n o n y m o u s S N P s id en tified  in  th e  co d in g  
se q u e n ce s  o f  R R II 105 and  R R IM  6 0 0  cou ld  
n o t b rin g  a n y  c h a n g e  in th ese  D N A  b in d in g  
m o tifs.

2 .2 . C o n stru c tio n  o f  p la n t t ra n sfo rm a tio n
c a sse t te

T h e  T -D N A  b in a r y  v e c to r  
pCA M BLA 1301 o n ta in in g  3 5S :N A C tf:p o ly A  
c a sse t te  w as co n s tru c te d  w ith  th e  N A C tf 
cD N A  from  both  R R II 105 and  R R IM  6 00  and 
m o b iliz e d  in to  A g ro b a c te r iu m  tu m e fa c ien s  
s tra in  L B A  4 4 0 4  fo r  p lan t tran sfo rm atio n . 
Positive co lon ies o f A grobacterium  w ith  N A C  
co n stru cts from  b o th  R R II 105 and  R R IM  600 
w ere iden tified  th rou gh PC R  am p lification  
w ith  N A C  g e n e -s p e c i f ic  p r im e r s .  T w o 
se le cted  co lo n ies w ere grow n  and used in 
tran sfo rm ation  o f to b acco  leaf d isc.

2 .3 . C h a r a c te r is a tio n  o f  N A C  p ro m o te r
se q u e n ce

T o  d e v e lo p  s t r o n g  in d u c ib le  
p ro m o ters  to d riv e  a b io tic  s tress-in d u cib le  
tran sg en e ex p ress io n  in rubber, a p ro m o ter  
s e q u e n c e  a lo n g  w ith  p a r t ia l  c o d in g  
se q u e n ce  o f  N A C -t f  g e n e  (2 8 2 0  b p ) w as 
a m p li f ie d  a n d  c lo n e d  f r o m  g e n o m ic  
seq u en ce o f b oth  th e  c lo n es  R R II 105 and 
R R IM  6 0 0  to  id e n tify  c/s- a c t in g  s t r e s s  
r e s p o n s e  e le m e n t s  c o n t r o l l in g  th e  
ex p ression  o f th e  d o w n stream  N A C -t f g e n e  
un d er ab io tic  s tress. T ran scrip tio n  s ta rt s ite  
(TSS) at 165 b p  u p stream  o f ATG start cod on 
w as id en tified , w hich g a v e  an id ea  o f the

e x a c t s iz e  o f th e  p r o m o te r  seq u en ce  (2621 
bp ) clo n ed . S e q u e n ce  a n a ly s is  revealed a 
sig n ifica n t fea tu re  -  a s tre tch  o f trinucleotide 
(A T T ) - r e p e a ts  k n o w n  a s  s h o r t  tan dem  
r e p e a t s  (S T R s )  a t  th e  u p s tr e a m  o f  the 
p ro m o ter  seq u en ce . A lle l ic  v a ria tio n s  based 
o n  r e p e a t  le n g th  p o ly m o r p h is m s  w ere 
o b serv ed  in b o th  th e  c lo n e s . In  R R IM  600 
tw o  a lle le s  c o n ta in in g  (A T T )lh an d  (ATT) 
rep eats w ere  id en tified . In  R R II 105 a lso  two 
a l le le s  w e r e  id e n t i f ie d  b a s e d  o n  repeat 
le n g th  v a r ia tio n  i.e .,  (A T T )|? a n d  (ATT), 
A m o n g  th e se  th re e  a lle le s , o n e  (A T T ) was 
fo u n d  to  b e  c o m m o n  a n d  o th e r  a lle les  were 
d i f f e r e n t .  G e n e t i c  v a r i a t io n s  in  gene 
p r o m o t e r s  p la y  k e y  r o le s  in  the 
d e t e r m in a t i o n  o f  g e n e  e x p r e s s io n  and 
p h e n o ty p es, an d  tra n sa c tiv a tio n  regulation 
o f  n earb y  g e n e s  d u e  to  p o ly m o rp h ic  short 
ta n d e m  r e p e a t s  ( S T R s )  in  p ro m o te r  
s e q u e n c e s  h a s  a l r e a d y  b e e n  re p o rte d . 
T h e r e f o r e ,  p r e s u m a b l y  a l l e l i c  p o ly ­
m o rp h is m s  o b s e r v e d  b e tw e e n  R R IM  600 
[ ( A T T ) J  a n d  R R II 1 0 5  [ ( A T T J J  in N A C -tf 
p ro m o te r  se q u e n c e  h a v e  a r e g u la to ry  role 
o n  d i f f e r e n t i a l  e x p r e s s i o n  o f  N A C -tf. 
A lth o u g h  e v id e n c e  to  s u p p o r t  S T R s  as 
f u n c t io n a l  e l e m e n t s  c o n t i n u e s  to 
a c c u m u la te ,  l i t t le  in fo r m a t io n  is  know n 
a b o u t h o w  th ey  o p e ra te .

2.4. M e t h y l a t i o n  d y n a m i c s  o f  H e v e a  
b r a s i l i e n s i s  g e n o m e  

I d e n t i f y i n g  s t r e s s  in d u c e d  DNA 
m e th y la tio n  p a ttern  in  th e  p r o m o te r  region 
o f  s e le c t e d  r u b b e r  b i o s y n t h e s i s  g en es 
(H M G R , H M G S , F D P S  a n d  R E F )  in  cold 
s u s c e p t i b l e  ( R R I I  1 0 5 ,  R R I C  1 0 0 )  and 
to le ra n t (R R IM  6 0 0 )  c lo n e s  w e re  continued.

A  p artia l p ro m o te r  r e g io n  o f R E F  gene 
w a s  a m p l i f ie d  f r o m  2 4  D N A  sa m p le s  
d e r iv e d  fr o m  R R I I  1 0 5 ,  R R I M  6 0 0  and 
R R IC  100 b e fo re  im p a rtin g  th e  s tress , during 
se co n d  w e e k s  u n d e r  s t r e s s  a n d  a fte r  one 
m o n th  p o s t s tre ss . C lo n in g  o f  b isu lf ite  PCR



p ro d u cts  o f th is g e n e  from  16 p lan ts  w as 
co m p le ted  and p lasm id  D N A  w as iso lated  
fro m  m u lt ip le  c o lo n ie s  fo r  se q u e n c in g . 
S im u lt a n e o u s ly ,  c lo n in g  o f  b is u l f i te  
c o n v e r t e d  H M G S  g e n e  p r o m o t e r  w as 
co m p le ted  from  all th e  24  plan ts. A  total o f 
77  p lasm id  sa m p les  h av in g  b isu lfite  treated 
partial p ro m o ter  reg ion  o f H M G R  g en e w ere 
se q u e n ce d . N in e  p lasm id s h av in g  partia l 
p ro m o te r  reg io n  o f  H M G S  g en e from  the 
ab o v e  th ree  c lo n e s  w ere a lso  seq u en ced  to 
id e n tify  m e th y la tio n  p a tte rn s  a sso c ia te d  
w ith  c o ld  s t r e s s  in  th e  a b o v e  c lo n e s .  
Se q u e n ce  A n aly sis  is  in progress.

2 .5 . D N A  m e th y la tio n  a n a ly s is  o f  p o ly - 
e m b ry o n y  d eriv ed  p lan ts  g ra fted  on 
d if fe r e n t  ro o tsto ck s

M S A P  e x p e r i m e n t s  to  a s s e s s  th e  
im p a c t  o f  g r a f t in g  o n  p o ly -e m b r y o n y  
d eriv ed  b u d -g ra fted  p lan ts w as continu ed . 
E x p erim en ts  w ere  carried  o u t in th ree  sets 
o f  10  y e a r  o ld  o w n  rooted  p lan ts and  th eir 
tw o  y e a r  old  g rafted  p lan ts in the field . P re­
am p lifica tio n  w as carried  o u t u sing  selective 
p r im e rs  an d  su ccessfu l am p lifica tio n  w as 
co n firm ed  b y  ru n n in g  o n  gel. S ix  d ifferen t 
p r im e r  c o m b in a t io n s  w e r e  s e le c te d  fo r  
se le ctiv e  a m p lifica tion . In itially tw o sam p les 
e a c h  fr o m  M s p l d ig e s t  s e t  a n d  H p a ll  
d ig e s t iv e  s e t  w as u sed  fo r  th e  reactio n  to 
c h e c k  th e  e ff ic ie n c y  o f  n ew  p rim ers . T h e 
e x p e rim e n t is in p rogress.

3. Cloning and characterization of 
agronomically important genes

3 .1 . V a l id a t in g  th e  r o le  o f  C A Id 5 H  in  
m o d e l  p la n t  t o b a c c o  b y  th e  
d e v e lo p m e n t o f  tra n sg e n ics  u sin g  the 
s e n s e  a n d  a n t i s e n s e  c o n s tr u c t  o f  
C A Id 5 H

3.1.1. P la n t  tr a n s fo r m a t io n  a n d  reg en era tion  

N ic o tia n a  tab acu m  w as tran sfo rm ed  by
p C A M B IA  1 3 0 1 -s e n s e  a n d  a n t is e n s e

H b C A ld 5H l co n stru c ts  u sin g  the leaf-d isk  
m e th o d . U n tra n sfo rm e d  to b a c c o  p la n ts  
serv ed  a s  c o n tro ls. H y g ro m y cin  (50  m g  L 1) 
w as used as a  se le ctiv e  a g en t d u rin g  in v itro  
reg en era tio n . D iffere n tia tio n  o f s h o o ts  w as 
a ch ie v e d  o n  M S m e d iu m  su p p le m e n te d  
w ith  1 m g L 1 6-b e n z y la m in o p u rin e  (B A ) 
and 0.1 m g L  1 n a p th a le n ea ce tica c id  (N A A ). 
R ootin g  w as ob ta in ed  o n  M S b asal m ed iu m  
d evoid  o f g ro w th  reg u la to rs. C ep h o tax im e 
and C a rb e n id lin  w ere  used  at 250  m g L  1 
e ach  d u rin g  in v itro  reg en era tio n  to  rem ove 
excess b acterial g ro w th . Transform ed  p lants 
w ere g ro w n  in v itro  for 6  w eek s u n d er a 
lig h t-d a r k  r e g im e  o f  16  h  (2 0 -3 0  m E  m -2 

27_C)/8 h (27_C ) an d  then tran sferred  
to so il and  g ro w n  to  m a tu rity  in  th e  green  
h o u se.

3 .1.2. M o le c u la r  c h a r a c te r iz a t io n  o f
transgenics

From  th e su rv iv in g  ex p lan ts, several 
G U S p ositive tran sfo rm an ts w ere recovered . 
T e n  in d e p e n d e n t  t r a n s f o r m a n t s  w e r e  
regenerated  w ith  H bC A ld5H  sen se  co n stru ct 
w h ile  2 5  in d ep en d en t tran sfo rm an ts  w ere 
r e g e n e r a te d  w ith  H b C A ld 5 H  a n t is e n s e  
c o n s tr u c t. O f  th e se , th re e  in d e p e n d e n t 
tr a n s fo rm a n ts  (3 -m o n th s -o ld )  fro m  e a ch  
H bC A ldS H  se n se  and  a n tisen se  co n s tru c ts  
(C A S -A  an d  C A S -B ) w ere  s e le c te d  a lo n g  
w ith  u n tran sfo rm ed  c o n tro ls  an d  an a ly sed  
b y  P C R  a n d  S o u t h e r n  b lo t t in g .  T h e  
H bC A ldS H  g en e sp ecific  p rim ers w ere  used 
for P C R  co n firm a tio n  o f tra n sg e n ic  tob acco  
p lan ts w ith  H b C A ld5H  sen se  an d  an tisen se  
tr a n s g e n e s .  A ll p o s i t iv e  t r a n s fo r m a n ts  
sh o w ed  b a n d s  o f  154 2  b p  fo r  H b C A ld 5 H  
sen se , 8 42b p  fo r  C A S -A  an d  4 8 4 b p  fo r  C A S- 
B tran sg en es. T h e  s a m e w ere  n o t n o ticed  in 
u n tran sfo rm ed  co n tro ls . T h e  m ark er  gen es, 
G U S  an d  h p t II (h y g r o m y c in )  w e re  a lso  
a m p lified  from  tra n sg e n ic  lin es  u sin g  g en e 
s p e d fic  p rim er fo r  th ese  g en es.



3.1.3. G en e ex p re s s io n  a n a ly s is  a n d  C A ldSH  
a c t iv ity  in  tra n sg en ic  t o b a c c o  

Q u a n t i f i c a t i o n  o f  t r a n s g e n e
e x p ress io n  and  C A ld SH  en z y m e assay  w ere 
p e r fo r m e d  o n  3 - 4  m o n th s  o ld ,  th r e e  
in d e p e n d e n t lin es  ea ch  o f  C A ld S H  se n se , 
an ti se n se  (C A S-A  and C A S -B ) a lo n g  w ith  
u n tra n sfo rm ed  c o n tro ls  a cc lim a tiz ed  in the 
g reen  h o u se. R T -P C R  sh ow ed  less  tran scrip t 
lev e ls  in a n tisen se  lin es co m p ared  to  sen se  
lin es  in  th e  le a f  tissu e. T h is  in d ica te s  th e  u p  
an d  d o w n -re g u la tio n  o f  C A ld 5 H  g e n e  in 
tra n sg e n ic  lin es. A ll th e  th ree  lin es each  o f 
C A S -A  a n d  C A S-B  tra n sg e n ic  l in es  sh ow ed  
d if fe r e n t a m o u n ts  o f  re d u c tio n  le v e ls  in  
C A ld 5 H  e x p re ss io n  co m p a re d  to  c o n tro l. 
T h e  red u ctio n  level w as m o re  a p p a re n t in 
C A S -B  (473b p ) co m p a red  to C A S -A  (842b p ) 
su g g estin g  th a t sm a ller  an tisen se  R N A  m ay 
b e  m o re  e ffectiv e  in g e n e  silen cin g . O n  the 
o th er  han d, a  variation  in  d egree  o f silencin g  
w as a lso  e v id e n t in in d iv id u al lin es  g iv in g  
r is e  to  d i f fe r e n t  le v e ls  o f  C A ld 5 H  g e n e  
e x p r e s s io n  b e tw e e n  t r a n s g e n ic  l in e s  
gen era ted  u sin g  sa m e con stru ct.

3 .1 .4 . M o r p h o lo g y  o f  C A ld S H  s e n s e  a n d  
a n t i  s en se  tran sg en ic  t o b a c c o  lin es  

T h e  p r im a ry  tra n s fo rm a n ts  d id  n o t
s h o w  m u c h  v a r ia t io n  d u r in g  in  v i t r o  
d ev e lo p m en t. H ow ev er, a fte r  tra n s fe r  to 
green  h o u se, the tran sg e n ic  p lan ts  sh o w ed  
d istin ct variation s in m orphology. T h e C A S- 
B  lin e s  sh o w e d  d w a r f is m  c o m p a re d  to  
co n tro l, sen se  and  C A S-A  lin es. T h e sen se  
p lan ts show ed an in crease  in  leaf s iz e  w h ile  
it w as red u ced  s ig n if ic a n t ly  in a n t ise n se  
p lan ts com p ared  to  th at o f co n tro l p lan ts. 
T h e  le a v e s  w e r e  s tu n te d , w r in k le d  an d  
c u r le d  in  C A S -B  l in e s  a n d  p a le r  
pho tosyn thetic tissu e w as ev id en t com pared  
to c ontrol and  sen se  p lan ts. T h e sen se  p lan ts  
sh o w e d  r o b u s t  l e a f  g r o w th  a n d  
d ev elop m en t com p ared  to a n tisen se  lines.

3.1.5. A n a to m y  a n d  lig n i f ic a t io n  p a ttern  in n,e
l e a f  t is s u e

T h e  tr a n sv e r se  s e c t io n s  fro m  the leaf 
m id  r ib  tissu e  o f  co n tro l a n d  tran sg e n ic  lines 
s ta in e d  w ith  to lu id in e  b lu e  re v ea led  the 
l ig n i f ie d  v a s c u l a r  t i s s u e  c o n s is t s  of 
p r o to x y le m  a n d  m e t a x y l e m  e le m e n ts . 
A lt h o u g h  s e n s e  p l a n t s  s h o w e d  m ore 
n u m b er o f  x y le m  e le m e n ts  in  rad ia l rows 
th e ir  c e l l  w a ll w e r e  t h in n e r  a n d  often 
d efo rm ed  co m p a re d  to  th a t o f  con tro l and 
an tise n se  lin es . W e isn e r  r e a c tio n  revealed 
th e  r e la tiv e ly  th ick e r , lig n if ie d  secondary 
w a lls  in  th e  p r im a r y  x y le m  e le m e n ts  of 
a n t ise n se  p la n ts  (b o th  C A S -A  an d  CAS-B 
lin es), h o w ev er, th e  se n s e  lin e  sh o w ed  thin 
ce ll w a lls  w ith  le ss  lig n in . M a u le 's  reaction 
o f  th e s e  t is s u e  s h o w e d  th e  p r e s e n c e  of 
g u a ia cy l u n its  in  th e  th ic k e r  se co n d a ry  cell 
w a lls  o f  p r o to  a n d  m e ta x y le m  e lem en ts of 
c o n tro l a n d  a n t is e n s e  lin e s .  T h e  thinner 
se co n d a ry  w a lls  o f  p r im a r y  x y  lem  elem ents 
in th e  se n se  p la n ts  a ls o  sh o w e d  p resen ce  of 
g u a iacy l lig n in . T h e s e  re s u lts  s u g g e s t that 
th e  a m o u n t  o f  g u a ia c y l  l ig n in  u n its  are 
red u ced  b y  d e c r e a s in g  th e  se co n d a ry  wall 
p ro p o rtio n  o f p r im a ry  x y le m  e le m e n ts  in the 
v a s c u l a r  t i s s u e  o f  l e a f  t i s s u e  d u r in g  
o v e r e x p r e s s io n  o f  C A Id 5 H  g e n e . O n  the 
o th e r  h a n d , th e  in c re a s e  in  n u m b e r  o f radial 
e x te n t o f  x y le m  e le m e n ts  in  th e  s e n se  plants 
s u g g e s t th e  x y lo g e n e s is  a n d  v a sc u la r  tissue 
d ifferen tia tio n  co u ld  b e  en h a n ce d  w ith  more 
n u m b er o f  ce lls  w'ith le ss  s e c o n d a ry  ce ll wall 
vo lu m e. T h e  p r im a ry  fu n c tio n s  o f  lea f tissue 
(p h o to sy n th e s is  a n d  tr a n s p o r t  o f  prim ary 
m e t a b o l i t e s )  a r e  p e r f o r m e d  be 
c h lo r e n c h y m a to u s  a n d  s ie v e  c e lls  w hile 
m e ch a n ica l a n d  c o n d u c tiv e  fu n c tio n s  are of 
s e c o n d a r y  i m p o r t a n c e .  T h e r e f o r e ,  the 
e n h a n c e d  m e r i s t a m a t i c  a c t i v i t y  and 
v a s c u la r  t is s u e  d i f f e r e n t ia t io n  c o u ld  be 
b e tte r  fo r  g ro w th  a n d  d e v e lo p m e n t and  leaf 
t i s s u e  in  r e la t io n  w i t h  t h e i r  s p e c if ic  
fu n c tio n a l d y n a m ic s  c o m p a re d  to  stem  and



r o o t  t i s s u e s .  O n  th e  o th e r  h a n d , it  is 
im p o rta n t to  ex a m in e  the effect o f  C A ldSH  
o v e r e x p r e s s io n  o n  s e c o n d a ry  g ro w th  in 
stem  tissu e w h ere  m echanical ad  condu ctive 
fu n ctio n s  are  o f priority.

4. Metagenomics and microbe 
id en tifica tion  in rubber 
ecosystems
S in c e  r u b b e r  is a m o n o cu ltu re  tree 

c r o p  w id e ly  c u l t iv a te d  in  la r g e  a r e a s  
rep la c in g  th e  n a tu ra l v e g eta tio n s in clu d in g  
fo re sts , th e re  are  re p o rts  th a t th e  n atu ral 
ec o sy s te m  a s  w ell a s  so il h e a lth  is  b ein g  
d e p le te d  d u e  to  th e  la c k  o f  d iv e r s ity  in 
v e g e ta t io n  e x is tin g  in  ru b be r p lan ta tio n s. 
F o r  p r o v id in g  a d d itio n a l in c o m e  to  th e  
fa r m e r s  a n d  in c r e a s in g  b io d iv e r s i ty  in  
r u b b e r  p l a n t a t i o n s ,  R u b b e r  B o a r d  is 
p r o m o t in g  in t e r  c r o p p in g  in  r u b b e r  
p la n ta tio n s  w ith  d iv erse  c ro p s like , b anan a, 
p in eap p le , v ariou s v egetab les, coffee, cocoa, 
etc . B u t so  fa r  n o  s tu d y  h as b een  u n d ertaken  
to  id e n tify  th e  im p a ct o f  th ese  c ro p p in g  
p a ttern s  on  th e  m icro b ia l d iv ersity  th riv in g  
in th e  ru b b e r  so ils  and  th eir co n tribu tio n  to 
th e  g r o w th  a n d  h e a lth  o f  r u b b e r  p lan ts . 
S in c e  th e  d iv e r s ity  an d  p re d o m in a n ce  o f 
rh iz o sp h e re  m icro b ia l p o p u la tio n  dep en d  
o n  a n u m b e r  o f a b io tic  an d  b io tic  facto rs 
p rev a ilin g  in  th at p articu lar ecolo g ical n iche, 
th e  m e ta g e n o m e  a n a ly s is  o f  so il sa m p les  
fro m  d iv erse  locations/ p ractices (in tercrop , 
c o v e r  c r o p , n a t iv e  fo r e s ts )  w ill p r o v id e  
in f o r m a t io n  o n  th e  b e n e f i c ia l  m i c r o ­
o rg a n ism s  p rev a ilin g  in  ru b b e r  so il. T h e 
in fo rm atio n  from  su ch  a s tu d y  w ill a lso  help 
u s  to  id e n tify  th e  m a n a g e m e n t p r a c tic e  
w h ic h  s u p p o r ts  a h e a lth y  p o p u la tio n  o f 
b e n e fic ia l so il m icro o rg an ism s. T h e stu d y  
w i l l  a l s o  th r o w  l ig h t  o n  h o w  th e  
a n th ro p o g e n ic  a lte ra tio n  o f  forests , th rou gh 
lo g g in g  o r  re p la ce m e n t o f native  fo rest by 
p la n ta tio n  (w h ich  g en era lly  u ses in troduced

sp ecie s) a ffec ts  the e co sy s tem  stru ctu re  and 
fu n ctio n in g  o f nativ e  fo rests  o f  K erala  and  
ho w  th e m ix  o f  sp e c ie s  a ffe c ts  eco sy s tem  
fu n ction ing  in ru b ber p lan tations. T h erefore  
a co llab o ra tiv e  p ro ject on m e tag en o m ics  o f 
so il m icro b es  fro m  ru b b e r  g ro w in g  areas  
w ith  d ifferen t c ro p p in g  sy stem s h a s  been  
in itia ted  in co llab o ra tio n  w ith  C S IR -N E E R I, 
N ag p u r w ith  th e  fo llo w in g  m a jo r  o b jective s 
1) To in v e stig a te  th e  sp atia l tu rn o v er o f soil 
m e io fa u n a l c o m m u n itie s  a t  th e  r e g io n a l 
level, in resp o n se  to  en v iro n m en ta l c h an g es 
in tr o d u c e d  b y  th e  p r a c t ic e s  o f  r u b b e r  
m o n o c u l tu r e ,  r u b b e r  w ith  in t e r c r o p s  
(cocoa), w ith  na tu ra l flora  an d  co v er  cro p  
in  c o m p a r is o n  to  n a t iv e  fo r e s ts .  2 ) To 
co n firm  th e  p o sitiv e  im p a ct o f  p lan ta tio n  
m an ag em e n t p ra ctices  su ch  a s  w eed s cro p  
and  co v er  cro p  in  the s o il 's  p h y sico ch em ica l 
an d  b io lo g ic a l p r o p e r tie s  le a d in g  to  th e  
r e s to r a tio n  o f  b io d iv e r s ity  b a ck  in to  th e  
lan d scap e. 3) To s tu d y  th e  so il m icro b ia l 
d iv e r s i t y  p r e v a i l in g  u n d e r  d i f f e r e n t  
m an ag em e n t p ractices an d  to  q u a n tify  the 
b e n e f i c ia l  b a c te r ia l  s p e c ie s  u n d e r  e a c h  
system .

Soil sa m p les  w ere co lle cted  b ased  o n  
a n ested  d esig n  from  20  s ites  from  a p lo t. In 
total 130  soil sa m p les  w ere co lle cted  from  
ru b ber g ro w n  u n d er d iffe re n t m a n a g em e n t 
p ractices like, o n ly  rubber, ru b ber an d  w eed , 
rubber and  cov er cro p , r u b be r and  In ter crop  
(co co a) and  n ativ e  fo rest. Total D N A  w as 
iso la te d  fro m  so il s a m p le s . T o  g e n e ra te  
am p lico n s for seq u en cin g  an d  to  ch e ck  th e  
q u a l i ty  o f  th e  is o la te d  D N A  f o r  N G S , 
n e m a to d e  s p e c i f i c  p r im e r s  (N e m F  a n d  
18S r2b ) w e re  u sed  in a p re -a m p lif ic a tio n  
s te p  fo llo w ed  b y  a m p lif ic a tio n  w ith  N F1 
a n d  1 8 S r2 B  in  a sem i n e s te d  p r o c e d u r e . 
A m p licon s o f a p p ro x im a te ly  4 0 0  a n d  4 20b p  
w a s  o b ta in e d  f r o m  th e  tw o  p r im e r  
co m bin atio n s  sh o w in g  th a t th e  D N A  is o f 
g ood  quality. C SIR -N E E R I h av e o u tsou rced  
all 130 sa m p les  fo r  g e ttin g  seq u en ced  u sin g



b o th  b acteria  and  arch aea  sp e c ific  lib raries 
a t  p resent.

5. D e v e l o p m e n t  o f  g e n e t i c a l l y  
m o d if ie d  r u b b e r  p la n t s  w ith  
a g ro n o m ic a lly  d e sira b le  tra its

5 .1 . M o le c u la r  c h a r a c t e r i s a t i o n  o f  
tra n sg e n ic  lin e s  d ev e lo p e d

5.1.7. S o u th ern  h y b r id is a t io n  o f  tr a n s g e n ic  
p la n ts

So u th ern  h y b rid iza tio n  o f  tra n sg e n ic  
p lan ts in tegrated  w ith  M nSO D , O sm otin  and 
H M G R  g en es w as carried  out. For So u th ern  
a n a ly sis  o f  PC R  p o sitiv e  tra n sg e n ic  p lan ts, 
D N A  sa m p les  w ere restricted  w ith  X b a l  and 
H in d ll  e n z y m e s . In  th e  c a se  o f  O sm otin  
in teg rated  tran sg e n ics, b lo ttin g  o f  X b a l  and  
H in d ll  d ig est D N A  sa m p les  from  fiv e  lin es 
revealed  th at a ll o f th em  ca rry  tw o c o p ies o f 
th e  O sm otin  gen e. B lo ttin g  w as p erfo rm ed  
to  v a lid a te  th e  in teg ra tio n  o f  H M G R  g en e 
in the 2 2  tran sg e n ic  lines. For H in d iII  d igest, 
th re e  g e n o ty p e s  w ere  p r e s e n t a m o n g  18 
t r a n s g e n ic  l in e s .  In  X b a l  d ig e s t  tw o

g e n o ty p e s  w e r e  se e n  a m o n g  2 2  transgenic 
lin es. B lo ttin g  o f  X b a l  d ig e s t  D N A  samples 
f r o m  th e  tw o  M n S O D  t r a n s g e n ic  lines 
d ev e lo p e d  in d ica te  th a t b o th  a re  o f the same 
g e n o ty p e

6. G e n o m e  s e q u e n c i n g  a n d  de- 
n o v o  a s s e m b ly  o f  ru b b e r  (Hevea 
b r a s il ie n s is ) g e n o m e

6.1. T r a n s c r ip to m e  s e q u e n c in g

6.1.1. T ra n sc r ip to m e  a n n o t a t io n  

T r a n s c r ip t  s e q u e n c e s  fro m  various
c o n d i t io n s  a n d  t i s s u e s  w e r e  an n otated  
a g a in s t Ricinus com m unis  p r o te in  data set 
u sin g  h o m o lo g y  s ea rch . B L A S T  resu lts  were 
sc re e n e d  b a se d  o n  a lig n m e n t len g th  >= 50 
and  p ercen ta g e  id en tity  > = 5 0  u s in g  in-house 
P E R L  scr ip t. T h e  filte re d  B L A S T  result is 
g iv en  b e lo w  in T a b le  G e n . l .

6.1 .2 . D i f f e r e n t i a l  G e n e  E x p r e s s io n  (D G E )  

S creen in g

C D - H i t  c l u s t e r i n g ,  t r a n s c r ip t  
q u a n t i f i c a t i o n  a n d  D i f f e r e n t i a l  G ene

Table Gen. 1 . BLA ST result for transcriptom e assem blies 
Sam ple

COL_105_CO:
COLJOSJTP:
COL260_CO:
COL260_TP:

PHY-6OO-CO:
PHY-600-TP:

PHY-FX-CO:
PHY-FX-TP;

RRI.-BA-l:
N:

Total transcripts

Control

Colleiotrichum  challenged 
Control

Colletotrkhum  challenged 

Control (susceptible)

Phytophthora challenged 

Control (tolerant)

Phytophthora challenged 
Young bark 

Young bark

Bark sam ple from TPD plant 

(20. 50 and 80% TPD  samples pooled together) 

Latex from high yielding germplasm accession 
Latex from low yielding germplasm accession 
Latex from low yielding clone

Annotated 
(Ricinus communis)

75704 46267
59235 42167
59888 41503
57947 41704
31860 18740
23816 14503
33985 26336
26089 16801
45446 38501
17216 12685

10265 9120
21600 17106
23628 14323
13712 12249



G E N O M E  A N A L Y SIS  L A B O R A T O R Y

I able Gen. 2. Differentia] gene expression result for YA. YB and YC samples
Sam ple ~  -------------------— *—;------------  ------------------------------—-------

Clustered Up-regulated Down-

YA: Latex from high yielding germplasm accession vs 
YB: Latex Irom low yielding germplasm accession 
YA: Latex from high yielding germplasm accession vs 
YC: I.atex from low yielding clone "-------

E x p ressio n  (D G E ) a n a ly sis  w ere  carried  out 
for Y A: L atex from  h igh  y ie ld in g  g erm plasm  
a c c e s s io n , Y B : L a te x  fro m  low  y ie ld in g  
g erm p la sm  a ccess io n  and  Y C : L atex  from  
low  y ie ld in g  c lo n e  sam p les. D ifferen tia lly  
reg u la ted  tra n scrip ts  w ere  screened  u sing  
in -h o u se  P E R L  s cr ip ts  (T ab le G en . 2).

6 .2 . C o m p u ta tio n a l c la s s if ic a tio n  o f  cis-
P r e n y ltr a n s fe r a se s  (C PTs)

R e c l a s s i f i c a t i o n  o f  c is -  
P ren y l tra n sfe ra se s  (C PTs) w as carried  ou t 
u sin g  c o m p u ta tio n a l ap p ro ach es . A total o f 
se v e n  C P T g e n e  fam ily  m e m b ers  and  1 C P T  
l ik e  s e q u e n c e  (C P T 1 , C P T 2 , C P T 3, C P T 4, 
C P T 5, C P T 6, C P T 7  and  C P TL) w ere reported  
in th e  w h o le  g e n o m e  a ssem b ly  o f R R IM  6 00 
(L au  e t  a l., 2 016). E xten siv e  com p u ta tio n a l 
a n a ly sis  o n  th ese  seq u en ces  revealed  highly  
c o n serv ed  se q u e n ce  p attern  am o n g  C P T l, 
C P T 2  a n d  C P T 3, w h e rea s  CPT4, C PT5, C PT6, 
C P T 7  a n d  C P T L  w e r e  n o t s h o w in g  
c o n s e rv e d  p a tte rn s  w ith  C P T l, C PT2  and 
C P T 3 .  F u r t h e r  th e  C P T 2  a n d  C P T 3  
s e q u e n c e s  w ere  fo u n d  id en tica l b ased  on 
U n tr a n s la te d  R e g io n  (U T R ) a lig n m e n ts . 
T h u s, o n ly  tw o m a jo r  C PTs (C P T l  and C PT2/ 
C P T 3 )  w e r e  d e te c t e d  in  R R IM  6 0 0  
c o n tra d icto ry  to  w h a t rep orted  b y  Lau e t  al. 
(2016). T o  reco n firm  the id en tity  o f  C P T s  in 
H ev ea  b ased  o n  p rev io u s fin d in g s, a to ta l o f 
2 9  C P T  s e q u e n c e s  w e r e  r e tr ie v e d  fro m  
N C B I 's  G e n B a n k  a n d  s u b je c t e d  to  
co m p u ta tio n a l analysis. Based  o n  the results 
fro m  B L A S T  a n a ly s is , m u ltip le  se q u e n ce  
a l ig n m e n t s  o f  p r o te in ,  n u c le o t id e  a n d  
u n tra n s la te d  reg io n s , o p en  read in g  fram e

transcripts __________________ regulated

38455 1297 1645

~ 26810 564 431

a n a ly s is ,  g e n e  p r e d ic t io n  a n a ly s is  a n d  
seq u en ce  len g th  v aria tio n s , w e id en tified  
th ree  m ajor C P T s in  H evea  brasilien sis  and  
d esign ated  th em  as R u b C P T l, R ubC P T 2  and  
R ubC PT3.

7. A d v iso ry  w o rk

E stab lish in g  th e  c lo n a l id en tity  o f a 
ru b b e r  tre e  s h o w in g  v e r y  g o o d  g r o w th  
ch aracteristics b u t v ery  low  la tex  y ield  from  
K a rn a ta k a -c la im e d  to  b e  R R II 4 0 0  s e r ie s  
clone.

T h e  clon al id en tity  o f th e  ru b be r tree 
w a s  v e r i f ie d  u s in g  m o le c u la r  g e n e t i c  
m a r k e r s  l ik e  R A P D  a n d  S S R s .  M a r k e r  
p ro filin g  w as d on e a lo n g  w ith  th e  p aren ts 
o f  R R II 4 0 0  s e r ie s  c lo n e s  (R R I I  1 0 5  & 
R R IC  100), p o p u lar  R R II 4 0 0  series  c lo n es  
(R R II 414, RR II 417 , R R II 4 2 2 , R R II 429  and 
RRII 430) and G T 1. Parents o f 400  series clones 
w ere  in clu d ed  to  a n a ly se  th e  seg reg a tio n  
p a ttern  o f  a lle les  w h e rea s  G T1 c lo n e  w as 
included as it is  a lso  w idely  cu ltivated  in the 
rubber g row in g  b elt o f K arnataka.

C o m p a r a tiv e  a n a ly s is  o f  th e  a l le l ic  
co m b in a tio n  o f  th e  p a r e n ts  o f  4 0 0  s e r ie s  
clon es, five s tan d ard  4 0 0  s e r ie s  c lo n e s  and  
test sam p le  co n firm ed  th at th e  p lan t b e in g  
tested is a 4 00  series d o n e  itself. Seg reg ation  
p attern  o f th e  p aren ta l a lle les  in  the fiv e  4 00  
se r ie s  c lo n e s  fu r th e r  c o n firm e d  th a t th e  
su sp ected  d o n e  is R R II 414 . T h e  test p lan t 
sh o w e d  p e r fe c t  m a tc h  w ith  th e  a l le l ic  
co m b in a tio n  o f  R R II 414  a lo n e  fo r  a ll the 
m ark ers tested .



46 RRII AN N UAL REPORT 2018-2019

P L A N T  P A T H O L O G Y  D I V I S I O N

P lan t P a th olo gy  D iv isio n  is  p rim a rily  
co n ce n tra tin g  on stu d ies  o n  eco n o m ic  an d  
e c o - f r ie n d ly  m a n a g e m e n t  o f  p e s ts  a n d  
d ise a s e s -  E v a lu a t io n  o f  n e w  c lo n e s  fo r  
d ise a s e  to le ra n ce , id e n tif ic a t io n  o f  g e n e s  
in vo lved  in d isea se  to leran ce , id en tifica tio n  
o f  q u a n t i t a t i v e  t r a i t  lo c i  fo r  d is e a s e  
to leran ce , u n d erstan d in g  b io tic  e tio lo g y  o f 
tap p in g  panel d ry n ess etc. w ere  the focu s 
area  o f  research . In a d d itio n  to research , th e  
D iv isio n  a lso  tak es u p  tes tin g  o f  sp ra y in g  
eq u ip m en t, p lan t p ro tectio n  ch e m ica ls  and  
a n a ly s is  o f  w a te r  s a m p le s  fo r  b a c te r ia l  
c o n t a m in a t io n .  T r a in in g  o n  d is e a s e  
m a n a g e m e n t, m a in te n a n c e  o f  s p r a y in g  
e q u ip m e n t a n d  a p ic u ltu r e  a r e  th e  o th e r  
activ ities  u n d ertak en  b y  th e  D iv isio n .

A d v is o r y  w o r k  o n  d is e a s e  
m a n a g e m e n t is  a ls o  u n d e rta k e n  th ro u g h  
field  v isits , te lep h o n ic  ad visory, W h atsA p p  
and O n lin e  R u b b er C lin ic . A b o u t 1 21 7  cases  
w ere a tten d ed  th ro u g h  W h a tsA p p  a n d  341 
w ater sa m p le s  wje r e  a n a ly se d  d u r in g  th e  
rep o rtin g  year.

1. L e a f  d is e a se s

1.1. A b n o rm a l le a f  fa l l  d ise a s e

1.1.1. D is e a s e  su rvey

A b n o rm al le a f fall su rv e y  w as carried  
ou t d u rin g  201 8  d ise a s e  se a so n  in  K era la  
and So u th  K arn atak a . D u rin g  th e  survey, it 
w as o b serv ed  th at a b o u t 7 0 -8 0  p er  c e n t le a f 
fa ll w as r e c o rd e d  in  a l l  th e  c lo n e s  a n d  
r e g io n s .  N o  d i f f e r e n c e  w a s  o b s e r v e d  
betw een  the c lo n es  R R II 105, RR II 4 1 4  and  
R R II 4 3 0 ,  A ll th e  c lo n e s  w e r e  e q u a l ly  
affected . In K an y ak u m ari reg io n  reco rd ed  
o n ly  2 0  p er  c en t le a f  fa ll. A ll o th e r  lo ca tio n s  
fro m  T h ir u v a n a th a p u r a m  to  K a s a r g o d  
record ed  lea f fa ll ran g in g  fro m  70 to  100  per
c e n f

T h e  im p a c t o f  a b n o r m a l lea f fall 0n 
g ro w th  a n d  y ie ld  o f  fo u r  m o d e rn  c lones vh  
R R II 4 14 , R R JI 4 2 2 , R R II 4 2 9  a n d  PB 2 6 0 g ai* 
v ary in g  r esu lts . T h e  s e v e r ity  o f A LF disease 
in  g e n e ra l d u r in g  2 0 1 8  w as h ig h . Among 
th e  c lo n es , le a f  fa ll o f  4 0 -5 0  p e r  c e n t recorded 
in  u n p ro te c te d  b lo c k s  o f  R R II 414 , RRIJ 422 
R R II 4 2 9  an d  P B  260 . T h e  g ir th  o f the trees 
in  th e  s p r a y e d  b lo c k s  c o n t in u e d  to be 
s ig n if ic a n t ly  h ig h e r  in  c lo n e s  o f  R R IJ 429 
R R II 4 1 4  a n d  P B  2 6 0 . T h e  g ir th  and  girth 
in c r e m e n t  ( 2 0 1 8 )  b e tw e e n  s p r a y e d  and 
u n s p ra y e d  c lo n e s  a r e  p r e s e n te d  in Table 
P ath . 1.

Table Path. 1. Comparison of growth under sprayed 
_____________and unsprayed conditions
Clone Girth (2018) 

(cm)
Girth increment 

(cm)
RRII 414

Sprayed 71.6 “ 4 .0 * '
Unsprayed 67.9 3.0
RRII 429

Sprayed 71.4 ** 5 .1“
Unsprayed 69.2 4.0
RRII 422

Sprayed 68.3 » 3.9*®
Unsprayed 68.0 4.3
PB 260

Sprayed 73.7 * 6.2**
Unsprayed 71.8 5.1

T h e  y ie l d  v a r i a t i o n  w a s  n o ticed  
a m o n g  th e  c lo n e s  d u e  to  A L F . T h e  A LF was 
m o re  in  th e  c lo n e  R R II  4 2 9  (2 5 .3 % ). The 
c lo n e s  P B  2 6 0 ,  R R I I  4 2 2  a n d  R R II 414 
r e g is te r e d  y ie ld  d r o p  2 4 .5 ,  1 3 .7  an d  9.3, 
r e s p e c tiv e ly . T h e  ta p p in g  p a n e l dryness 
(T P D ) w a s h ig h e r  in  PB  2 6 0  fo llo w e d  by 
R R II 4 1 4  an d  th e  lo w e s t in  R R II 422 . The 
c r o w n  b u d d e d  t r e e s  in  C E S  C h eth a ck a l 
reco rd ed  h ig h e r  y ie ld  th a n  c o n tro l PB 260-



1.2. C o ry n esp o ra  d isea se

N u r s e r y  e v a lu a t io n  o f  b io -a g e n ts  
(en d o p h y tic  b acteria) and  in tegrated  control 
ag a in st C o ry n esp o ra  lea f fall d isease  o n  the 
c lo n e  R R II 105 w as carried  ou t at U lickal 
n u rse r y . T h e  e n d o p h y tic  b a c te r ia  w ere  
a p p l i e d  in  b r o t h  ( l x l 0 7 m L )  a n d  
e n c a p s u la t e d  f o r m u l a t io n  w ith  
ca rb en d a z im  (500  m g ). T h e  resu lts  sh ow ed  
th a t th e  in te g ra te d  co n tro l (carb en d az im  
0 .0 2 5 %  + A n ta g o n istic  en d o p h y tic  bacteria 
in  b ro th  ( l x l 0 6/mL)) a n d  e n cap su lated  form  
(F ig . P a th .l)  w ere  e ffectiv e  and  o n  p ar  w ith 
reco m m en d ed  fu n g ic id e  (Table Path. 3).

Table Path.2. E ffe c t  o f  trea tm en ts  or 
incidence

i d isease

Treatm ents Disease
incidence

T l - Bio(broth) + Carbendazim (Alternate) 0.34
T2 - Bio (tablet) + Carbendazim (Together) 0.31
T3 - Control 1.55
T4 - Carbendazim 031
T5 - Bio (Talc) + Carbendazim  (Together) 0.03
T6 - Bio (tablet) + Carbendazim (Alternate) 0.41
CD(P=0.05) 0.21

Control

E v a lu a t io n  o f  n e w  fu n g ic id e s ,  
P y r o c lo s t r o b in  m e tr ia m , P e n c y c u r o n ,  
Isoprothiolne and  in tegrated  treatm en t w ere 
carried ou t at tw o ho t sp o t locations a t Sou th  
K arnataka d u rin g  20 1 8 -1 9  d isease  seaso n . 
T h e  n ew  m o lecu le  P y ro clo s tro b in  m etriam  
and in tegrated  trea tm en ts are  on p a r  w ith  
r e c o m m e n d e d  fu n g ic id e  C a r b e n d a z im  
(Table Path. 3).

Table Path. 3. Effect o f fungicides o.
Corynespora disease

n the control of

Treatments Disease
incidence

T l - Bio (tablet) + Carbendazim (Together) 0.72
T2 -  Pyraclostrobin metriam 0.79
T3 - Carbendazim 1.03
T4 - Pencycuron 2.17
T5 - Isoprothiolne 2.03
T6 - Control 4.21
CD (P=0.05) 0.40

1 .2 .1 . W h o le  g e n o m e  s e q u e n c e  o f  v i r u le n t  
C o ry n esp o ra  i s o la t e s  

T h e  s t r a in  H V  w h e re  sh o w e d  th e  
presen ce o f C as 2  g en e  and  h igh  v iru len ce in

Integrated Treatment

Fig. Path.l. Corynespora disease severity between control plants and integrated treatment



the fie ld  (Sh era d i-K a rn a ta k a ) w as se lected  
tor th e  su b se q u e n t ex p erim en ts  and  gen om e 
se q u e n c in g . T h e g e n o m e  o f  th is  In d ia n  
iso la te  o f  C. ca ss iico la  w as seq u en ced  u sing  
lllu m in a  H iseq . A  total n u m b er  o f  13654 
g e n e s  w ere p red icted  bv th e  rep eat m asked  
assem b ly  u sin g  G en e  M ark er  -  ES Fu n gal 
V 2. T h e  p red icted  g e n e s  w ere an n ota ted  by 
B L A S T  search in g  o f  p red icted  m R N A  (b last 
X ) s e q u e n c e s  a g a in s t N C B I n r  d a ta b a se ; 
12251 w ere id en tified  in nr B last X  un iqu e 
hits, the organ ism  w ise d istrib u tion  3 7  pier 
c e n t b e lo n g e d  to  th e  p le o s p o ra le s . T h e  
sp ecific  fu n ction s o f the p red icted  g en es in 
th e  m o le c u la r ,  p h y lo g e n e t ic ,  a n d  
ev o lu tio n ary  basis w ere carried  ou t u sing  the 
d atab ase  o f C lu ster 's  o f  O rth o lo g o u s G rou p s 
o f  p rotein s (C O G s), K E G G  O rth o lo g y  (K O ) 
an d  G en e  O n to lo g y  (G O ). A m o n g  th e  5142  
C O G  functional category annotated  gen es 5.8 
p er  c e n t o f g e n e s  a re  in vo lved  in d efen se  
m e ch a n ism s. E ffecto r  P v  2 .0  w as u sed  to 
p re d ic t e ffe c to r  p ro te in s  in  th e  an n o ta ted  
p r o te o m e . T h e  a lg o r ith m  is  a m a c h in e  
le a r n in g  c la s s i f i e r  fo r  fu n g a l e f fe c to r  
prediction. E ffector P 2 .0  achieves an  accuracy 
o f 8 9  per cent w hen com pared  to 82  p er cen t 
by its pred ecessor E ffector P 1.0. A  total o f 
1035 effecto r protein s w ere identified. A m o ng 
th e m  fo u r  w e r e  C h it in a s e s ,  2 5  w e re  
G lu ca n a ses  an d  2 0  w ere  P ectin ase s.

1.3. P o w d ery  M ild e w  d ise a s e

T h e  e ff ic ie n c y  o f  tw o  b a c te r ia l b io - 
co n tro l a g e n ts  a lo n g  w ith  re co m m e n d e d  
f u n g ic id e  ( w e t t a b ie  s u l p h u r ) ,  a n e w  
fu n g ic id e  tr if lo x y s tr o b in  + te b u co n a z o le  
(N a h v o ) an d  in te g ra te d  tr e a tm e n ts  w ere  
tested  in p o ly  bag  p lan ts . T rea tm en ts  w ere 
im posed  at e ig h t d a y s  in terval an d  d isease  
in ten s ity  w as assessed  on 0 -5  sca le  b efo re  
each  trea tm en ts. T h e  in teg ra ted  trea tm en t 
o f  R H  3 4  w ith  s t r i f l o x y s t r o b i n  + 
teb u co n azo le  (N ativ o ) w as m o st e ffectiv e  
A b o u t o0 -70  p er c e n t co n tro l o f  th e  d isea se  
w as o b ta in ed  w h en  co m p a red  w ith  co n tro l

1.4. T h re a d  b l ig h t  d is e a s e

A su rv ey  o n  th e  in c id e n ce  an d  severity 
o f th rea d  b lig h t d ise a s e  w as u n d ertak en  in 
T h o d u p u z h a  an d  K o th a m a n a la m  area . The 
in c id e n ce  and  se v e r ity  a t  T h o d u p u z h a  and 
K o th a m a n g a la m  a re a  w e re  10 -7 5  p er  cent 
and 10  p e r  cen t, resp ectiv e ly . Iso lated  the 
fu n g u s  a n d  id e n tif ie d  u s in g  IT S  sp ecific  
p r im e rs  a s  P ellic u la r ia  f i la m e n to s a .

2. T a p p in g  P a n e l D r y n e s s  (T P D )

T h e  n e s te d  P C R  p r im e r  com bin atio n  
a n d  s h o r t  p r im e r s  s y n th e s iz e d  fro m  the 
e x is t in g  P L O  fo r  p h y to p la s m a  d ete ctio n  
y ie ld e d  a m p lif ic a tio n  in  T P D / P artia l TPD  
and certa in  h ea lth y  s a m p le  (F ig . Path. 2). All 
th e  s e q u e n c e  d a ta  f r o m  th e  a m p lif ie d  
p ro d u ct g a v e  h o m o lo g y  to  P h y  top lsam a like 
o r g a n is m  o n  o p t io n a l p h y to p la s m a  b last 
a n a ly s is . T h e  h e a lth y  p la n ts  th a t show ed 
p h y to p la s m a  a m p l i f i c a t i o n s  a r e  u n d e r  
o b se rv a tio n .

M  1  2 4  5  6  7

Fig. Path. 2. P h y to p lasm a  am p lific a tio n  from  TPD/ 
H ealthy/ Partial TPD  p lan ts  w ith short 
primer;, M -m arker, 1 , 4 ,  7  (Healthy), 2 ,3 ,6  
(TPD), 5  (Partial TPD)

3. Q T L  M a r k e r  D e v e lo p m e n t for  
D is e a s e  T o le ra n c e

3 .1 . L e a f  d is e a s e s

3.1.1. A b n o r m a l  l e a f  f a l l  d i s e a s e

Flie m a jo r  g e n e s  in vo lv ed  in th e  H evea- 
P h y to p h th o ra  in te ra c tio n  w e re  s tu d ie d  and



a d e f e n c e  s i g n a l l i n g  n e t w o r k  w a s 
p red icted . T h e  d ifferen tia l g en e exp ression  
a n a ly s is  id e n tif ie d  u p re g u la te d  g e n e s  in 
t r e a te d  r e s i s t a n t  c lo n e  F X  5 1 6 .  G e n e  
e n r ic h m e n t  a n a ly s is  in d ic a te d  th a t th e  
p ath o g en  tr ig g e rs  h o s t D N A  dou ble-stran d  
b r e a k s  a n d  r e d u c e s  p la n t  d e fe n c e  
r e s p o n s e s .  T h e  b io lo g i c a l  in te r a c t io n  
n e t w o r k  c r e a t e d  u s i n g  g e n e s  h ig h ly  
e x p r e s s e d  in  c h a l le n g e d  r e s is ta n t c lo n e  
r e v e a le d  in v o lv e m e n t  o f  p r o te in s  lik e  
t r a n s c r ip t io n  in itia t io n  fa cto r  IIB-1 fam ily  
p ro tein , leu c in e -r ich  rep eat tran sm em bran e 
p r o t e i n  k i n a s e ,  D N A J h e a t  s h o c k  N - 
t e r m i n a l  d o m a i n - c o n t a i n i n g  fa m ily  
p r o te in ,  S E C l - f a m i l y  t r a n s p o r t  fa m ily  
p ro te in  e tc .  w h ic h  h a v e  b een  rep o rted  to 
p la y  sp e c if ic  r o le s  in  b io tic  stress  responses. 
M e m b e rs  o f  th e  c o m p le x  g e n e  fam ily  o f 
W R K Y  t r a n s c r ip t io n  fa c to r s  h a v e  b een  
im p l ic a t e d  in  th e  r e g u la t io n  o f  
tr a n s c r ip t io n a l r e p ro g ra m m in g  associated  
w ith  p la n t im m u n e  resp o n ses . In  ord er  to 
v a lid a te  th e  tr a n scr ip to m ic  d ata  an a ly sis  11 
d i f f e r e n t i a l l y  e x p r e s s e d  g e n e s  w e re  
s e l e c t e d  f o r  q R T - P C R  a n a l y s i s .  T h e  
u p r e g u la t io n  o f  th e s e  g e n e s  in  re s is ta n t 
c lo n e  c o m p a re d  to s u scep tib le  c lon e in qRT- 
P C R  a n a ly s is  su p p o rte d  th e  tran scrip to m ic  
d ata .

W ick h am  c lo n es  in  the C lon e M useum  
o f  R R II w e r e  a s s e s s e d  fo r  th e ir  le v e l o f 
to leran ce  to P h y top h th ora  u sing  z oosp ores on 
le a f  d isc  b io assay . O n e  round o f screen in g  
fo r  P h y to p h th o ra  to leran ce  is co m p leted  and 
th e  seco n d  ro u n d  is b e in g  carried  ou t w ith 
fresh  iso la te .

3 . 1.2. C o r y n e s p o r a  l e a f  d is e a s e

O n e  h u n d r e d  a n d  s ix ty  e ig h t  
W ick h am  c lo n e s  a re  m aintained  in the C lone 
M u s e u m  o f  R R I I .  T h e s e  c lo n e s  w e re  
a s s e s s e d  fo r  th e ir  le v e l  o f  to le r a n c e  to

Corynespora using toxin in ocu lation  m ethod 
th ro u g h  in v itro  a s s a y . B a s e d  o n  th e  
resistance o bserved, c lones w ere categorised  
in to  five g ro u p s n am ely  h ig h ly  res is tan t, 

resistan t, m o d erate ly  resistan t, su scep tib le  
an d  h ig h ly  s u s c e p tib le .  T w o  r o u n d s  o f 
screen in g  have been com p leted  an d  th ose  
c lo n es  b e lo n g in g  to  h ig h ly  re s is ta n t and  
resistant catego ries have been  sh ortlisted  for 
co n firm atio n  th rou g h  o n e  m o re  rou n d  o f 
screenin g .

3.2.3. P ow d eri/ m ild ew  d is e a s e  

W ick h am  c lo n e s  m a in ta in e d  in  the
C lon e M u seu m  o f RR II w ere assessed  for 
th eir level o f to leran ce  to O idiu m , w h ich  is 

an  o b l ig a t e  p a r a s i te  d u e  to  w h ic h  it s  
screen in g  could  b e  cond u cted  on ly  d irectly  
in the field . C lon es w ere v isu a lly  scored  
based on the severity  o f sy m p to m s observed  
and p ercen tag e  o f d ise a s e  se v e r ity  in d e x  

w a s  c a lc u la te d .  S c o r in g  fo r  d is e a s e  
in c id e n c e  w a s  c a r r ie d  o u t  th r ic e  a t  a n  
in terv a l o f 15 d a y s  d u r in g  Ja n u a ry  and  
February, the season in  w h ich  d isease  occu rs 
in field  fo llo w in g  refo liation . O n e rou n d  of 
screenin g  has been  co m p leted  an d  w ill be 
reconfirm ed d u rin g  th e  n ex t seaso n .

3.1.4. C o lle to tr ic h u m  l e a f  d is e a s e  

W ick h am  c lo n e s  w e re  a sse s se d  fo r
th e ir  le v e l o f  to le ra n c e  to  C o lle to tr ic h u m  
u s in g  to x in  in o c u la t io n  m e th o d . T w o  
rou nd s o f screen in g  fo r  C olleto tr ichu m  h as 
b een  co m p le ted  an d  c lo n e s  b e lo n g in g  to 
highly  resistan t and  resistan t c a teg o ries  are 
sh o rtlis te d  fo r  co n firm a tio n  th ro u g h  o n e  
m ore round o f screen in g . C lo n es sh o w in g  

high lev els o f  resistan ce  and  h ig h  level o f 
s u s c e p t ib i l i ty  w ill  b e  g e n o ty p e d  fo r  
id e n t ify in g  p u ta t iv e  m a r k e r s  l in k e d  to 
resistan ce  loci.



5. C o n stru ction  o f g e n e tic  lin k age  
m ap , m ap p in g  o f quantitative trait 
lo ci an d  d e v e lo p m e n t o f  h ig h  
th r o u g h p u t m a r k e r s  fo r  e a r ly  
detection  o f leaf diseases of rubber

T h e  m ap p in g  p op u lation  used in the 
stu d y  w as derived from  an in terspecific cross 
betw een H evea b rasiliensis  (clone RR II 105) as 
the m aternal p aren t and  H. b entham iana  (clone 
F 45 4 2 )a s  the paternal parent. A n interspecific 
cross w as chosen in order to ensure m axim um  
g e n e t ic  d iv e rs ity  b e tw e e n  th e  p a r e n ts  to 
gen erate the m axim u m  polym orp hism  in the 
progeny. D isease response o f the p arents and 
p r o g e n y  to  th re e  m a jo r  p a th o g e n s :  
Phytophthora m eadii, C orynespora cassiicola  and 
C olletotrichum  acu tatu m  w ere carried  o u t in 
c o n t r o l le d  la b o r a to r y  c o n d i t io n . T h e
H. bentham iana  p aren t is resistan t (in grou p  R) 
and  the H. brasiliensis  parent is su scep tib le  (in 
g r o u p  S ) to  P h y to p h th o ra .  A m o n g  th e  F, 
p ro g en y  th a t w ere assessed  for res is ta n ce  
again st Phytophthora, 5 .9 p er cen t w ere found

to  be h ig h ly  resistan t a n d  10.6 p er cen t highly 

su scep tib le (Fig. P ath.3 ). Corynespora cassiicola 
and C olletotrichum  acu tatu m  tox in s were also 
tes ted  o n  le a v e s  o f  p a r e n ts  a n d  m ap p jn<. 
p o p u la tio n . T h e  H . b ra s il ien s is  p a ren t was 

c la s s e d  a s  h ig h ly  s u s c e p t ib le  to  both 
p ath ogen s (rated  a s  5 ) a n d  th e  H. benthamiana 
p aren t w as h ig h ly  res is tan t to b oth  pathogens 
(rated as 1). O f  th e  F I  p ro g en y  tested with 
the C oryn espora cassiicola  toxin  extract, 10.5 per 
cen t w ere h ig h ly  resistan t an d  21.1 per cent 
highly  su sceptib le. A m o n g  th e  p rogeny tested 
w ith  tine C olleto trichu m  a cu tatu m  toxin , 9.2 per 
cen t w ere  h ig h ly  res is tan t an d  10.5 per cent 
h ig h ly  su scep tib le .

T h e  in i t ia l  G B S  l in k a g e  m a p  was 
c o n s tr u c te d  u s in g  D A r T s e q . C o n sisten t 
w ith  th e  k n o w n  h a p l o id  c h r o m o s o m e  
n u m b e r  o f  H ev ea  (n = 18), e a c h  lin k a g e  map 
c o n s is te d  o f  1 8  l in k a g e  g r o u p s . Linkage 
m a p s w ere  a ss ig n e d  a n d  o r ie n ta te d  based 
on th e  r u b b e r  d r a ft  g e n o m e  asse m b ly  for 
H ev ea . U s in g  th e s e  m a p s  Q T L  m ark ers for

I  
£ 2.0

1.0

0.5

0.0

Phytophthora disease severity
Fig.Path. 3. Phytophthora disease severity assessed with fiS ,

indicated as highly resistant (HR) resistant fR> ,poPu.latlon Rvc resistance categories an*
susceptible (HS). Disease sevpriH ^ - I ?  v resistant (M R), susceptible (S) and highly
brasiliensis) are indicated by green and red  ^  SUSCepdb'e  ("



a ll th ese  th ree  d iseases w ere id en tified  u sing 
'q t l ' so ftw a re  in R p ack ag e. V alidation  o f 
Q T L  m a rk e rs  and  fin e  m a p p in g  o f the Q T L  
re g io n s  fo r  d ise a s e  res is tan ce  w as carried  
o u t u s in g  K A S P  m a rk e r  tech n ology . For
H. b en th am ian a ,  Q T L s fo r  Phytophthora  w ere 
d e te c te d  in  o n e  re g io n  o f  LG  1 and  tw o 
reg io n s  o f  L G  8 , o f th e  8 5  F, p ro g en y  that 
w e re  a sse s se d  fo r  P h y top h th ora  on ly  10 had 
the H. b en tham ian a-Y ike  g en o ty p es in all Q TL 
reg io n s  a n d  o f  th e se  10, fo u r had resistan ce 
le v e l  h i g h e r  th a n  H . b e n th a m ia n a  (F ig . 
P a th .4 ). T h e  g e n o ty p es  at tw o m ark ers in 
L G  1 a n d  f o u r  m a r k e r s  in  L G  8 w ere  
s u ff ic ie n t  to  d is t in g u is h  h ig h ly  re s is ta n t 
p ro g en y  fo r  P h y top h th ora  from  the rest.

F o r  C ory n esp ora  Q T L  d etected  in LG  1 
of H. ben tham ian a , 12 had  H . bentham iana-like 
g e n o ty p e s  th re e  p ro g en y  h ad  lo w er w ilting  
ra tes  in  th e ir  le a v e s  th an  th e  resistan t p arent
H . b e n t h a m ia n a  ( F ig .  P a th . 5 a ) .  F o r  
C o lle to tr ic h u m  Q T L  d e te cte d  in LG  18 o f
H. b en th a m ia n a ,  e ig h t h ad  H. b en tham ian a-

like g enotypes. Fou r progeny sh ow ed  low er 
w ilting rates in their leaves than th e  resistant 
paren t H. ben tham ian a  (F ig . Path. 5b). For 
the th ree d iseases ex am in ed , tw o progen ies 
(9_26 and 9_76) seem ed  to  carry  all th ree  
re s is ta n c e  g e n e s  an d  co u ld  b e  u se fu l in 
pyram id ing  the resistance.

W e id e n t i f ie d  e ig h te e n  p r o g e n y  
sh ow in g  g rea ter  resistan ce  to  P hytophthora  
th a n  th a t in th e  r e s i s t a n t  p a r e n t
H. bentham iana  and also  h ave d etected  so m e 
progen ies w ith  at least s im ilar  res is tan ce  to 
resistant p arent for C orynespora cassiicola  and 
C olletotrichum  acu tatu m , w hich  can b e  used 
in m aking fu ture cro sses.

G en etic  a n a ly sis  to  id en tify  g en es o r 
Q T L  m arkers th at co n fe r  d isease  res is tan ce  
w as carried  o u t. C lo ses t and/or fla n k in g  
D A rTSeq G B S tags th at w ere m ap ped to  the 
Q T L  r e g io n s  w e r e  B L A S T N  s e a r c h e d  
a g a in st the N C B I n u c le o tid e  d a ta b a se  and 
s ig n if ic a n t  h i ts  w ith  s e q u e n c e  id e n tity  
h ig h er  th an  9 0  p er cen t w ere  se le c ted . T h e

E
—  o.a

o.o

Highly
resistance

t

«

A  9- 26 
•  9 _ 3 9

S  9 _ 7 7  
9 _ 7 6

H. benthamiana like H. brasiliensis like

Fig;Path. 4 .Phytophthora disease resistance o f progeny based on KASP marker results. Size of lesion caused by the 
resistant parent (H. benthamiana) is marked with a spotted line m black. The progeny with resistant 
trait (H. benthamiana like) were separated from the others (H. brasiliensis like) using two markers in 
LG1 and four markers in LG8
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Fig.Path.5. Corynespora (a) and Colkctotrichum  (b) disease resistance of progeny based on KASP m arker resulls 
Level o f resistance measured as rate o f  w ilting in the leaf caused by the resistant parent (/-/. benlhnm mn) 
is marked with a spotted in black. The progeny w ith resistant to  Corynespora  and Collcctotrichiwi IH 
Ivnttumiiana like) were separated from the others (/-/. brasiliensis like)

C D S  s e q u e n c e s  w e re  th e n  a n n o ta te d  by 
B L A S T X  a g a in s t  th e  r e f e r e n c e  p r o te in  
d a ta b a s e  a n d  th e  p u ta tiv e  fu n c tio n s  o f  the 
p r o t e in s  w e r e  i d e n t i f i e d  u s i n g  P fa m  
d a ta b a s e . P a th o g e n e s is -r e la te d  p r o te in s  
c o d in g  se q u e n c e s  (L R R , N B -A R C , P k in a se  
an d  Pkin ase_Ser/ T ry  ty p e  p ro te in s )  w ere  
id e n tif ie d  in  th e  c a n d id a te  Q T L  re g io n s .

T h e  p r o d u c t i o n  o f  P R  p r o t e i n s  in  the 
in v a s io n  o f  a p a th o g e n  a tta c k  is  a p rim ary 
m e c h a n is m  t h a t  in d u c e s  s e l f - d e f e n c e  
s y s t e m s  in  p la n ts .  T h e  c a n d id a t e  gene 
s e q u e n c e s  id e n tif ie d  in  th is  s tu d y  co u ld  be 
u s e fu l  in  d e s i g n i n g  p r i m e r s  for 
re se q u e n c in g  o f  th e s e  g e n e s  a n d  u se fu l in 
P R  g e n e  iso la tio n .

P L A N T  P H Y S I O L O G Y  D I V I S I O N

T h e  m a jo r  a r e a s  o f  r e s e a rc h  in th e  
P la n t P h y sio lo g y  D iv is io n  a re  s tu d ie s  on 
p h y s io lo g y  o f  g r o w th  a n d  y ie ld ,  
e n v i r o n m e n t  a n d  s t r e s s  p h y s io lo g y , 
se c o n d a ry  m e ta b o lite s , g e n e  e x p re s s io n  
a n a ly sis  in re latio n  to la tex  flow  and ru b ber 
b io s y n th e s is  a n d  e c o lo g ic a l  im p a c t  o n  
ru b ber cu ltivation .

1. E n v i r o n m e n t a l  a n d  S t r e s s  
P h y sio lo g y

1.1. E ffe c t o f  h ig h  tem p era tu re  s tre ss  on 
y o u n g  p la n ts  o f  H e v e a

A stu d y  w as carried  o u t to assess  the 
p h o to ch em ica l e ffic ien cy  o f y o u n g  p lan ts  o f

H ev ea  u n d e r  h ig h  te m p e r a tu r e  s tre ss . Four 
H e v e a  c lo n e s  v iz . ,  R R I I  4 3 0 ,  R R I I  105 , 
R R II 4 1 4  and  T jir  1 w e r e  su b je c te d  to  high 
tem p era tu re  s tre ss  (4 5  °C ) in  v itro  a n d  in vivo  
to  d e te rm in e  th e  p h y s io lo g ic a l resp o n ses. 
T h e  p h o to c h e m ic a l e f f ic ie n c y  in  te rm s o f 
effe c tiv e  q u a n tu m  y ie ld  o f  p h o to sy ste m  II 
(x  P S  II )  u n d e r  l ig h t  a d a p te d  c o n d itio n s  
d ec lin ed  m a rk e d ly  in  te m p e r a tu r e  stressed  
le a v e s  a t  tw o , f o u r  a n d  s ix  h o u r s  a fter  
t r e a tm e n t  c o m p a r e d  to  c o n t r o l  a m b ie n t 
t e m p e r a t u r e  w h e r e  th e  d e c l i n e  w as 
m in im u m  ev e n  a fte r  6  h o u rs . T h e  e lectron  
tr a n s p o r t  r a te s  a c r o s s  P S I  a n d  P S I l  also  
d e c lin e d  in  le a f  d is c s  e x p o s e d  to  h igh  
te m p e r a tu r e  in d ic a t in g  th a t te m p e ra tu re
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BRRD430 1RRD10S DRRII414 BTjir 1

Fig. Phy. 1. Effective quantum yield « « II) in leaf discs of different clones subjected to high tanwrature *w s 
up to six hours in vitro. (C -  control, HT -  high temperature)

s tre ss  a ffe c t  th e  p h o to ch e m ica l e fficien cy  of 
r u b be r c lo n es . M ax im u m  potential quantum  
y ield  (Fv/Fm ) d id  n o t s h o w  m u ch variation  
in th e  c lo n e s  tes ted . U n lik e  Fv/Fm, x PS II 
red u ced  s ig n if ic a n t ly  a fter  e x p o su re  to high 
tem p era tu re  s tress  in all th e  clon es, how ever, 
R R II 4 3 0  m a in ta in ed  b e tte r  x  P S  II than other 
c lo n e s  (F ig . P h y .l) .

1.2 . S tu d ie s  o n  a d a p tiv e  m e ch a n is m s in
H e v e a  fo r  d ro u g h t an d  co ld  s tresse s

T h re e  e x p e r im e n ts  w ere  carried  out 
u s i n g  p o ly b a g  p la n t s  r a is e d  a t  R R II 
e x p e r i m e n t a l  fa r m  c o m p r is e d  o f  n in e  
d i f f e r e n t  c lo n e s  h a v in g  d i f f e r e n t ia l  
resp o n ses to  d ro u g h t a n d  cold  s tresses. Leaf 
p ig m e n t c o m p o s itio n  an d  ra te  o f  d eclin e  
v a r ie d  in  a c c o r d a n c e  w ith  e x te n s io n  o f 
s tress. H o w ev er, th e  red u ctio n  in p igm ents

level w as lesser in SC A T C  88/13, R R IM  600 
and RR II 208 . L ip id  p ero xid atio n  ra te  also  
sh o w e d  a lm o s t  th e  s a m e  t r e n d .  
A ccu m u la tio n  o f  a n th o cy an in  p ig m en t in 
lea f w as h igh  in all the c lo n es  u n d er low  
tem p era tu re  stress . C h lo ro p h y ll s ta b il ity  
in dex w as b e tter  in c lo n es , SC A T C  88/13, 
RRII 208 and  R R IM  600 th an  o th er  c lo n es  
studied  w h en  ex p osed  to  low  tem p era tu re  
s t r e s s .  M a r k e d  c lo n a l  v a r i a t io n  w a s  
o b serv ed  in ce ll v ia b ility  ra te  u n d e r  low  
tem p eratu re cond ition .

T h e  p r o p o r t io n  o f  x a n th o p h y l l  
p ig m e n t s  s ig n i f i c a n t ly  a l t e r e d  in  th e  
tr e a tm e n t  c o m p a r e d  to  c o n t r o l .  I t  w a s  
n o tice d  th a t in c re a se  in z e a x a n th in  and  
a n th e ra x a n th in  w as co m p a ra b le  in c lo n e  
RRIM  600  and  RR II 422  u p o n  ex p o su re  to 
cold  stress cond ition s, a -caro ten e  a n d  lu te in



a r e  th e  tw o  p r e d o m in a n t  p ig m e n t s  o f  
caro ten o id s , e stim ated  in all th e  c lo n es. Th e 
r a tio  o f  3 -c a r o te n e  to  to ta l x a n th o p h y ll 
p ig m e n ts  a n d  to ta l c a ro te n o id s  w a s  th e  
s a m e  in  a l l  th e  c lo n e s .  T h e  le v e l o f  a - 
c a ro ten e  w as ex tre m ely  low. U n d er d rou gh t 
s t r e s s  c o n d i t io n  a ls o  s a m e  p a t t e r n  o f  
m e ta b o lic  activ ity  w as observ ed .

D u rin g  w ater d e fic it  c o n d itio n , le a f 
sh ed d in g  an d  d ry in g  o f p lan ts w as observed  
in so m e o f  the c lo n es  stu d ied . U p o n  stress  
r e c o v e r y  fr o m  w a te r  d e f i c i t  a f a s t  
d e v e lo p m e n t o f  n e w  w h irl w as o b serv ed  
esp ec ia lly  in R R II 430 , R R IM  600, R R II 429  
and  R R II 208 . U n d er lo w  tem p era tu re  and 
d ro u g h t co n d itio n s , c lo n e s  su ch  a s  R R IM  
6 0 0  an d  R R II 208  sh ow ed  re la tiv e ly  stable  
m e ta b o lic  a c tiv ity  w h e rea s  c lo n es, R R II 4 30  
an d  SC A T C  88/13 w ere  on  p ar  w ith  each  
o th e r  u n d e r  both  the stress  co n d itio n s.

C o ld  in d u c e d  b u d  d o r m a n c y  w as 
n o ticed  in all the c lon es an d  re -g ro w th  w as 
n o ticed  a t  a s lo w  ra te  an d  th u s varied  w ith  
c lo n e s  d u r in g  r e c o v e r y  u n d e r  t r o p ic a l  
co n d itio n s. R e-g ro w th  a fter  d ro u g h t stress  
w as co m p a ra t iv e ly  fa s te r  th a n  re g ro w th  
a f te r  c o ld  s t r e s s .  A n a ly s e s  o f  s a m p le s  
c o lle c te d  a f te r  e x p o se d  to  d ro u g h t/ co ld  
stress  in the con tro lled  g ro w th  c h am b er and 
f ie ld  fo r  a n t io x id a n t  s y s t e m , a d a p t iv e  
m e ch an ism s and resp o n ses  are  in p ro g ress.

1.3. S tu d ie s  o n  d r o u g h t e f fe c ts  o n  H evea  
in  r e la t io n  to  o x id a t iv e  s t re s s  and 
a n t io x id a n t r e s p o n s e s

X a n th o p h y ll  c y c le  a c t iv i ty  show ed 
s ig n i f i c a n t  v a r i a t io n  a m o n g  th e  c lon es 
d u r in g  d ro u g h t. X a n th o p h y ll p ig m en t poo) 
s iz e  w as h igher in R R IM  600  and  RRII 430 (tWo 

clones with fairly good d ro u g h t tolerance) than 
o th er clones. T h e ratio  o f  zeaxantliin  to total 
caro ten e , total x a n th o p h y ll  p ig m e n ts  and 
to ta l c h lo ro p h y ll w a s  fo u n d  h ig h  during 
d r o u g h t co n d itio n . It w a s co n firm e d  that 
R R IM  600  a n d  R R II 4 3 0  h a v e  a h ig h e r  ratio 
o f  x a n t h o p h y l l  c y c l e  p ig m e n t  to  total 
c a r o t e n e  a n d  to t a l  c h l o r o p h y l l  u n d er 
d ro u g h t c o n d itio n . A n a ly s is  o f  biochem ical 
p a r a m e t e r s  p a r t i c u l a r l y  x a n th o p h y ll  
p ig m e n ts , o x id a t iv e  s t r e s s  r e s p o n s e s  and 
a n t io x id a n ts  a re  in p ro g re s s .

1 .4 . P h y s io lo g ic a l  a d a p ta t io n  o f  selected  
o r te t s  u n d e r  v a r y in g  a g r o -c lim a tic  
c o n d it io n s  in  In d ia

A  m u lt i - lo c a t io n  t r ia l  w ith  six teen  
o rte ts  a n d  se v e n  c h e c k  c lo n e s  w a s p lanted  at 
th ree  d iffe re n t lo c a t io n s  in  2 0 1 2 , an d  CES, 
C h eth a ck a l b e in g  o n e  o f  th e  lo ca tio n s. The 
y o u n g  p la n ts  w e re  a llo w e d  to  g ro w  in a 
closed  p lan tin g  d esig n . D u rin g  th is reporting 
p eriod  th e  a lte rn a tiv e  p la n ts  w e re  rem oved 
to a llo w  n o rm al s p a c in g  fo r  th e  p la n t growth.

F‘s'Phy'21L T p E ^ .........



P lan t g ir th  a t  5 0  cm  h e ig h t from  the bud 
u n ion  and  y ie ld  reco rd in g  by test tapping 
w a s  b e in g  d o n e  e v e r y  F e b -M a r c h  and  
Sep tem b er, sin ce  2015. M ean  g irth  o f ortets 
d u rin g  M arch  2 019  ranged  from  23.9cm  for 
ortet N G K  6 9  to  41 cm  for R RSA  98  w hich was 
on p ar w ith  th at o f  c h eck  c lo n e  RRI [ 4 30 .

M ean  yield  o f  th ree y ears test tapp ing 
(ten  ta p p in g s  /season) w as accou n ted  from 
th e y ie ld  d ata  o f  p e a k  y ie ld in g  period s. The 
h ig h e s t y ie ld  w as record ed  con sisten tly  in 
clo n e  R R II 4 3 0  fo llo w ed  by clon e RR II 417 
a m o n g  th e  e lite  c lo n es  w h e rea s  o rtets R RSA  
9 8  f o l lo w e d  b y  R R S A  5 8 5  a n d  D A P 1 
reco rd ed  h ig h e r  y ie ld  and  N G K  69 and  D A P 
3 4  r e co rd e d  th e  lo w e s t y ield  (Table P h y  1).

2. P ro d u c tio n  P h y sio lo g y  (G row th
a n d  Y ie ld )

2 .1 .  P r o d u c t i v i t y  e n h a n c e m e n t  o f  N R
th r o u g h  H D P  a n d  g r o w t h  r e g u la t io n
b y  a p p l i c a t i o n  o f P B Z

G irth  d a ta  w as c o lle cted  and  analysed 
fo r  th ree  d e n s itie s  a n d  tw o typ es o f p lanting 
m a t e r ia ls  v iz .  p o ly b a g  a n d  r o o t tra in e r  
p lan ts . T h e  d a ta  in d ica te d  a v ariation  in 
g ir th  b e tw e e n  p o ly  b a g  a n d  ro o t tra in e r  
p la n ts  in  o n e  tre a tm e n t v iz .  P B Z @ 0.25g  cm
1 an d  s p a c in g  5m . S tem  g ir th  w as lesser in 
ro o t tra in e r  p la n ts  in  th is  trea tm en t w hereas 
a ll o th e r  tre a tm e n ts  w ere o n  par w ith  each  
other.

2 .2 . In te r c ro p p in g  w ith  tree  c ro p s in  r u b be r

T h e  g r o w t h  a n d  y ie ld  o f  tr e e  
i n t e r c r o p s  p la n te d  w ith  r u b b e r  w a s  
m o n ito red  b y  m e a su r in g  th e  an n u al trunk 
g ir th  an d  cu p  lu m p  y ie ld  taken  fortnightly. 
T h e  m e a n  g ir th  o f ru b b e r  trees w as 70 .5  cm  
for co n tro l ( ru b b e r  a lo n e ) and  70 .5  cm  and 
7 0 .3  cm  f o r  r u b b e r  w ith  th r e e  ro w s  o f 
M a h o g a n y  a n d  r u b b e r  w ith  o n e  row  o f 
M a h o g a n y  tre e s , resp ectiv e ly , a lo n g  w ith

on e row  o f P a th im u gam  trees. T h e  g row  th 
d ata  in d icated  th at tree in tercro p  d id  n o t 
a ffec t the g irth  o f  ru b ber p lan ts . T h e trees 
w ere co n tin u o u sly  tap p ed  fo r  seven  y ears 
un d er S/2 d3 system  o f tap p in g  an d  from  
A p ril 2 0 1 7  o n w a rd s th e  ta p p in g  sy stem  
w as chan ged  to low  freq u en cy  ta p p in g  i.e. 
S/2 d 7  a n d  m o n th ly  s t im u l a t io n  w a s  
p ro v id ed  at 2 .5  p er cen t e th e p h o n  s in ce  
Sep tem b er 201 7  on w ard s. O n  th e  c o n tra ry  
to gro w th  o f ru b ber p lan ts , y ie ld  in p u re  
stan d  o f rubber and  ru b ber in tercro p p e d  
w ith  tr e e  s p e c ie s  e x h ib ite d  s ig n if ic a n t

Table Phy. 1. G irth and yield  o f ortets and check 
_____________ clones at CES, Chethackal_____________
Ortets/Ciones Girth (cm) Yield (g)

2019 Mean yield of three years 
__________________ (1 0 f  year1)

29.8 ±1.6 99.0 ±8.8

29-5 ±1.1 88.4 ± 6 3

373 ±1.9 130 ± 112

39.0 ±1.7 206 ±13.6

35.8 ±1.3 145 ± 17.5

36.0 ±1.4 107.6 ±12.5

41.6 ±1.0 211.0 ± 17.7
295  ±1.3 11&2±8.9

31.3 ±1.2 47.0 ±4.9

31.4 ±1.3 104 ±7.2

31.7 ± 0.8 96.7 ±8.5

41 ± 1.2 139.0 ± 6 5

33.0 ±1.4 83.5 ± 112

32±2-3 128 ±9.8

30.5 ± 2 3  68.6 ±5.4
29.4 ±1.16 53.4 ±4.5

23.9 ± 1 2  43.6 ± 5.1

26.6 ±1.0 66.4 ±5.8

27 ±1.1 56.3 ±3,9
30.3 ±1.0 83.0 ± 65

265 ±0.9 60.7 ±8.1
28.2 ±1.0 732 ±7.5

26.4 ± 12 693 ± 4.5

RRII 105 

RRIM 600 

RRII 414 

RRII 417 

RRII 422 

RRII 429 

RRH 430 

DAP 1 

DAP 34 

DAP 35 

DAP 36 

RRSA 98 

RRSA 315 

RRSA 585 

NGK 1 

NGK 47 

NGK 69 

GH 1 

GH 3 

GH 9 

RRST 24 

RRST 37 

RRST 39



stim ulation s (M ay, Sep  and  Nov) in 
different clones under S/2 d3 tapping 
system________________ _______________

C lo ^ s La (ex yield (Mav-Dec)
Control Stimulated % yield 

increase
RRII 105 235 ± 12.9 317 ±26.0 34.89

PB 217 226 ± 13.8 301 ± 10.6 33.18

PB 260 165 ± 21.6 175± 11.8 6.0

RRIM 600 146 ± 4.2 152 ± 8 .3 4.0
T jir l 66 ± 8 7 75 + 2.6 13.6

RRII 33 42 ± 5.0 48 ±4.2 13.4
RRII 38 75 ± 3.8 80 ± 2.2 6.66

v a ria tio n  w ith  9 8 .6 , 8 5 .0  an d  91 .0  g  t 1 L' for 
control, w ith th ree row s o f  M ah og an y  and 
on e row  o f M ah ogany  trees, respectively. T h e 
r e s u l t  in d ic a te d  t h a t  t r e e  in te r c r o p s  
sig n ifican tly  in flu en ce  the ru b ber y ie ld  but 
n o t th e  tru n k  g irth . A m o n g  the in tercrop s, 
th e  Path im u gom  stand  w as verv  p o o r w ith 
m a n y  tr e e s  d r y in g  a n d  e x h ib i te d  p o o r  
gro w th  d u e to sh ad in g  b y the m atu re ru b ber 
trees, w h ile  M ah ogany  trees (59 .3cm ) w ere 
fo u n d  g ro w in g  b e tte r  a s  in tercro p  in  tree  
in ter-crop  trial a t C E S , C h eth ack a l.

2.3. E ffe c t o f  s t im u la t io n  on latex 
re g e n e ra tio n  m e c h a n is m  in  H ev ea  
b r a s i l ie n s is

S ta tis t ic a l a n a ly s is  o f  th re e  y e a rs  data 

o n  y ie l d  a n d  b i o c h e m i c a l  p a r a m e te r s  

r e la te d  to la tex  r e g e n e r a t io n  w as carried 
o u t  to  s t u d y  t h e  lo n g  te r m  e f f e c t  of 

s t im u l a t io n  in  h ig h ,  m e d iu m  a n d  low 

y ie ld in g  c lo n e s . T h e  d a ta  in d ic a te d  that 

s u c c e s s iv e  s t im u l a t io n s  h a d  s ig n if ic a n t 

e f fe c t  o n  s u c r o s e  c o n te n t a n d  m etabolism  
in c lo n e s  R R II 105  a n d  P B  2 1 7  u n d e r  S/2 d3 

s y s te m  o f  ta p p in g  (T a b le  P h y . 2 , 3  &4). 

M e ta b o lic  a c t iv i t ie s  o f  c lo n e  P B  2 6 0  was 

h ig h  w ith  h ig h  r a te  o f  e n z y m e  a ctiv ities 
a n d  lo w  s u c r o s e  c o n te n t  b u t  th e re  w as no 

s ig n if ic a n t  y ie ld  in c re a s e  a f te r  s tim u la tio n . 

T P D  i n c i d e n c e  w a s  a l s o  h i g h  in  c lo n e  
PB  260 .

E x p re ss io n  a n a ly s is  o f  g e n e s  involved 

in  la te x  re g e n e r a tio n  (s u c r o s e  tran sp orters 

a n d  g lu t a m i n e  s y n t h e t a s e )  s h o w e d  up 

r e g u la t io n  a f te r  e t h y le n e  s t im u la t io n  in 
c lo n e s , R R II 105  a n d  P B  2 1 7  co m p a re d  to 

o th e r  c lo n e s  w h ic h  is  r e f le c te d  in  yield  
in cre a se  (T a b le  Ph y. 5)

— ------- - ____ different c lo n ^ u n d erS / ^ ^ ^ y ste m 'o ^ U ip p in e^  pr° duction in contro1 and stim ulated  trees of

RRII 105 

PB 217 

PB 260 

RRIM 600 

T jir l  

RRII 33 

RRII 38

Sucrose (mM) Pi (mM) ATP (pM)

13.56 b 5.82 d 23.36 «* 29.43 *
C

247.93 b

S

11.01 • 1 9 -3 6 * 2 3 .8 0 b 230.29 • 258.40 b
2 .7 2 ' 21.37 ^ 20.59 o1 219.10 cd
6.1 0 d 17.58 c 2 i.3t*ibui 1 93 .1 3 c

10.48' 13.67 ( 2 0 .7 6 td 180.98 '
7 3 8 ’ 8 .9 9 * 11.60'* 1 2 3 .13 '

1 0 .0 4 - 12.04 1 1 1 .0 6 1 132.33 1 139 .70 '



Table Phy. 4. S tatus o f biochem ical parameters rp fe w  • j  .•
control and oxidative si

Clones Thiol
(mM)

c  s

Glutathione 
reductase (units) 

C  s

S/2 d3 system of tapp

SOD
(units)

ing

Proline
(mM)

RRII 105 

PB 217 

PB 260

0.205

0.267

0.214

0243

0.304

0.21

0.479 ' 

0.405 *  

0.511 *

0 5 8 4 "  

0 .508"  

0.576 *

1.65“

1.6 6 “

1 .4 8 *

2.11 • 

1.72 * 

2.03 J

0.542

0.492

0.648

0555

0.177 0.166 0 .422 i 0 .519b 1.27'• 1.49 «*»
Tjir 1 0.183 0.492 * 0J566* 1.40 - 1.66 *

0.109 0.123 0.382 0 .4 0 9 * 1.07" 1.17 #
0.175 0.192 0.375 1 0.387 * 1 .1 5 * 1.25 w

NS NS _ NS NS

Values fa llow ed  by common letters are not significantly different

2.4. M o le c u la r  a n d  b io ch e m ica l b a sis  o f 
e th y le n e  in d u c e d  la tex  p ro d u ctio n  in  
H e v e a  b r a s i l i e n s i s -^ th y le n e  receptors 
a n d  s ig n a l tra n sd u ctio n  m e ch an ism

E x p re s s io n  p a tte rn  o f  g e n e s  (E T R 1, 
E T R 2 , E IN 2 , E IN 3  a n d  E R F ) in vo lv ed  in 
e th y len e s ig n a l tran sd u ctio n  w as studied  in 
d ifferen t c lo n e s  (R R II 105, P B  217, RRIM  600, 
T jir  1, R R II 3 3  an d  R R II 38 ) b efo re  and after 
s tim u lation . T h e  data  in dicated  that m ultiple 
e th y len e re ce p to rs  w ere  up  regu lated  after 
stim u lation  in  h ig h  y ie ld in g  clon es com pared 
to low  y ie ld ers . U p -reg u la tio n  o f th ese genes 
ev id en tly  re la ted  to  y ie ld  increase.

2.5. L o c a t i o n  s p e c i f i c -  s t im u l a n t  
a p p l i c a t io n  a n d  e th y le n e  in d u ce d  
s tre ss  r e sp o n s e  in  th e  ta p p in g  pane l 
o f  H e v e a  c lo n e s

B ased  o n  th e  re su lts  o f th e  e ffects  o f 
e th e p h o n  a p p lic a tio n  a t  d iffe re n t locations 
o n  t a p p in g  p a n e l  a n d  w it h  d i f fe r e n t  
c o n c e n tr a t io n s  ( c lo n e  R R II 1 0 5 ), a n ew  
e x p e r im e n t  w a s  in it ia te d  w ith  R R II 400  
series c lo n e s  (R R II 4 1 4 , R R II 417 , R R II 422, 
RRII 4 2 9  a n d  R R II 4 30 ) an d  R R IM  6 00  a t  C ES 
C h eth ack a l to  s tu d y  tine stim u la tio n  induced

b io c h e m ic a l c h a n g e s  in  la te x  a n d  b a r k  
sam ples. Tree girth data  w as co lle cted  and 
the trees w ere open ed  fo r  tapp ing.

3. S eco n d ary  m e ta b o lite s

3.1. W ater re la tio n  o f la tex  w ith  re fe re n ce  
to th e  co n ten t o f in o sito ls  an d  su g ars 
in  th e  latex d u rin g  d rou gh t

A  field  trial on  o sm o ly te  co n te n t o f 
la tic ife ro u s sy stem  and w a te r  re la tio n  o f 
latex in H evea  is m aintained  at R R II. P lan ts 
w ith un iform  g irth  are u n d er se le ctio n  for 
record in g  test tap  y ield  and w ater re la tio n s 
in  the latex.

4 . E c o lo g ic a l  im p a c t  o f  r u b b e r  
cu ltiv ation

T h e  g r e e n h o u s e  g a s  e m is s io n  
potentia l o f ru bber p lan tation  and  activ ities 
in the field was co lla ted . V arious s o u rce s  o f 
C O , em issio n  in ru b ber p lan tin g  and  farm  
m an agem ent practices startin g  from  n u rsery  
practices, land clearance, fie Id establish m en t 
to p roduction  o f  fresh  latex w ere e v alu ated . 
In  r u b b e r  p la n ta t io n s  p r im a r y  fa rm



Table Phy. 5. R e la tiv e  q u a n tif ic a t io n  o f  S u cro se  
tran sp o rters  (S U T  1 & S U T  2) and 
G lu tam ine syn th etase (G S) genes in 
e th y len e  stim u la ted  sam ples o f  six 
c lo n e s  com p ared  to  u n stim u la te d  

___________  control

Clones SUT 1 SU T 2 GS

RRII 105 3.93 ± 0.013 4.04 ± 0.097 2.34 ±0.24

PB 217 3.25 t  0.09 4.22 ± 0.307 2,8 ±0.29

RRIM 600 0.691 ± 0.035 2.87 ±0.291 2.5 ±0.32

Tjir 1 1.75 ± 0 .175 1.24 ± 0.226 1.3 ±0.09

RRII 33 0.949 ± 0.029 0.52 ± 0.056 0.92 ±0.16

RRII 38 0.499 ± 0.055 0-55 ± 0.213 0.82 ± 0.11
L'nstim ulated

control 1.0 1.0 1.0

m a n a g e m e n t  p r a c t i c e s  e m i t  C O , 
s ig n if ic a n t ly .  F e r t i l iz e r  a p p lic a t io n  an d  
f u n g ic id e s  s p r a y  a r e  th e  m a jo r  s o u r c e s  o f  
e m i s s i o n  f r o m  r u b b e r  p l a n t a t i o n s .  
M e c h a n i z a t i o n  o f  fa r m  m a n a g e m e n t  
p r a c t ic e s  a ls o  e m its  c o n s id e r a b le  le v e l o f  
C O , th ro u g h  th e  u se  o f  c a rb o n  in te n s iv e  
fo ss i l  fu e ls . T o ta l e m is s io n  d u e  to  v a rio u s  
f a r m  a c t i v i t i e s  w a s  e s t i m a t e d  to  b e  
a r o u n d  2 6 .9  M T  C O , h a -1 in  a li fe -c y c le  
a n a l y s is  (T a b le  Ph y. 6 ). M e a n tim e  th e  
c a rb o n  s e q u e s tr a t io n  p o te n tia l o f  m a tu r e

Table Phy. 6. P o ten tia l em is s io n  from  p lantation  
_ _ _ ________ activities in  a life -cycle analysis
Farm Activities m t c o ,  

equivalent ha’1
for life time

Seed bed & nursery preparations 0.08
Tillage and planting operation 3.61

Burning debris 0.29
Fertilizer 12.75
Plant protection measures

(Pesticides and Weedicides) 4.99

Transportation o f farm inputs 1.51
Crop harvesting 3.63
Total emission 26.86

r u b b e r  p la n ta t io n  w a s  w o r k e d  o u t .  A  30 
y e a r  o ld  r u b b e r  p la n ta t io n  c a n  s e q u e s te rs  
a n d  s t o r e  u p  to  2 2 0  T  c a r b o n  h a  1 in the 
b io m a s s  o f  t r e e s  w h ic h  is  e q u iv a le n t  to 
8 0 6  M T  o f  C 0 2. T h u s  it  c a n  b e  s e e n  that 
N R  p l a n t a t i o n s  a r e  a n e t  s in k  o f 
a tm o s p h e r ic  C O ,.  T h e  n e t  s e q u e s tr a t io n  
o f  N R  h o l d i n g s  b a s e d  o n  l i f e  c y c le  
(30  y e a rs) a n a ly s is  c o m e s  to  a ro u n d  777  M T 
o f  C 0 2 h a 1. F u r t h e r  a c c o u n t i n g  o f 
e m is s io n  fr o m  p r im a r y  la t e x  p r o c e ss in g  
u n it  is  p r o g r e s s in g .

LATEX H ARVEST TECH N O LO G Y D IV ISIO N

T h e D ivision w as actively involved  in 
th e  research  an d  a d v iso ry  se r v ic e s  o n  all 
applied  asp ects o f c rop  harvesting. T h e very 
low  and un certa in  rubber p rice , and  acu te  
s h o rta g e  o f  a v a ila b ili ty  o f  sk ille d  ta p p er 
w arran t d ev elop m en t, p o p u la riz a tio n  and  
a d o p tio n  o f  m e a s u r e s  to  r e d u c e  c o s t  o f  
p r o d u c t io n  o f  e a c h  k ilo g r a m  o f  r u b b e r  
produced . T h e program m e o n  p opu larising  
lo w  fr e q u e n c y  w e e k ly  ta p p in g  in  sm a ll

h o ld in g s w as con tin u ed . T h e  sh a re  o f old  and 
sen ile  trees h as in creased  con s id erab ly  in the 
recen t p ast an d  is o n e  o f  th e  m a jo r  reasons for 
p rod u ctiv ity  d eclin e  y e a r  a fter  year. A n all- 
o u t effo rt o f im p lem e n tin g  p ro p er C ontrolled 
U p w ard  T ap p in g  (C U T ) can  b e  an  effective 
to o l to a d d re ss  th is  issu e . H e n ce  focussed 
research  o n  low  frequ en cy  c o n tro lled  upward 
tap p ing  (L FC U T ) w as an o th er  area  o f  research 
activ ity  o f the d iv ision .



In the farm  m e ch an ization  program m e, 
one m o d el o f a m e ch a n ised  tap p ing  tool was 
evaluated . O th e r  a c tiv itie s  inclu d ed  testing 
and ev a lu a tio n  o f  p ro d u cts  an d  tra in in g  on 
crop h a rv estin g .

1. L o w  F r e q u e n c y  T a p p in g

T h e  D iv is io n  co n tin u ed  experim en ts, 
on fa r m  t r i a l s  a n d  a d v is o r y  o n  L ow  
frequ en cy  T a p p in g . T w o R B D  ex p erim en ts 
on d lO  fre q u e n c y  o f  ta p p in g  (B O -1 an d  BO - 
2 pan e l) w a s  in itia te d  d u rin g  th e  year.

1.1. P o p u la r is in g  w e e k ly  ta p p in g

T h e  p r o g r a m m e  o n  p o p u la r i s in g  
w eek ly  ta p p in g  in  v a r io u s  lo c a t io n s  w as 
m o n itored  a n d  c o n tin u e d . M a jo r ity  o f  the 
g ro w ers w h o  h a v e  jo in e d  th e  p rog ram m e 
are co n tin u in g  w e e k ly  ta p p in g  w ith  good 
resu lts (T ab le  L H T  1-3).

Table LH T 1. Y ield  perform ance of clone R R II 105
un d er w eek ly  tapping

Location Plots Mean yield 
(g f t 1)

Marthandam 1 100
Kanjirappally 3 124
Koottickal 4 83

Thodupuzha 6 72
Mannarkkad 3 77
Thalaserry 3 229

Kothamangalam 1 91
Thrissur 1 100
Changanaserry 3 76

Muvattupuzha 1 83
Pala 1 212
Ernakulam 1 100
Mean 112

1-2. Low  f r e q u e n c y  (d lO ) ta p p in g  system  
in  c lo n e  R R I I  105

1.2.1. L a r g e  s c a l e  t r i a l  o n  d lO  fr e q u e n c y  o f  
t a p p in g  in  c lo n e  R R I I  105 

T h e  la r g e  sc a le  o n  fa rm  trial o n  dlO

Table LHT 2. Yield
under

59

performance of clone RRII 414 
weekly tappine

Location Plots Mean yield

Ihodupuzha 5
Kanjirappally 12
Koottikkal 7
Meenadam
Thalaserrv 2
Mannarkkad 1
Muvattupuzha 2
Pala 2 122
Mean 82

Table LHT 3. Yield performance o f clone R R II 430
under weekly tapping

Location Plots Mean yield 
( g f t - 1)

Thodupuzha 5 82
Mannarkkad 2 78
Palakkad 7 91
Muvattupuzha 2 82
Mean 83

frequency o f tapp ing in itiated  in 1987 field 
d u r in g  2 0 1 4 -1 5  a t  K a n th im a th y  E s ta te , 
K u laskharam , Tam il N adu in  c lon e R R II 105 
w as continu ed  in the S *  year o f BI-1 panel. 
O nce in 20  days stim u lation  w as im posed  
in 10 tapp ing blocks (450 trees each). M ean 
dry rubber yield  o f 1478 kg h a '1 co u ld  be 
obtained  u n d er dlO  frequ en cy  o f tap p in g  
(Table LHT. 4 ) H eavy rain fall an d  c lim atic  
constra ints leadin g to lo ss o f tap p in g  d ays 
had  a ffected  th e  p erfo rm an ce  d u rin g  the 
year 2018-19.

1.2.2. E x p lo ra to ry  tr ia l  on  LFT  (dlO) in c lo n e
R R II 105

T h is  e x p lo r a to r y  t r ia l  o n  d lO  
freq u en cy  o f tap p in g  w as in itia ted  from  
A pril 2004 at C ES, C hethackal in  field  1987. 
T h e trees w ere tapped u n d er d 7  frequency- 
o f tapp ing w ith  m onth ly  stim u lation  in  B O -



Table LHT. 4 Yield perform ance o f  clone R R Ii 105 to Table LHT. 5. M o n th ly  y ie ld  re s p o n s e  o f  l 0 w
dlO fre q u e n c y  o f  ta p p in g  at Frequency Tapping (S/2 dlO) in clone
K an thim ath y estate , K u lasekh aram , __  RRII 105
Tam il Nadu (M ean o f  10 blocks) M onths Yield Yield No. of DRc

Month kg b lo c k 1 Kg tap ' g 1 ! I ! (kg 400 trees'1) (kg tap’) taps (%)
A p r '18 94.3 31.4 73.1 A prTS 236.7 78.9 3 44.3

May 7 0 3 37.9 88.0 May 215.7 71.9 3 42.6

June 78.2 38.7 90.1 June 173.6 57.9 3 37.1

July 181.6 63.8 148.8 July 177.5 59.2 3 40.0

Aug 126.3 51.9 120.9
Aug 141.7 47.2 3 33.8
Sep 159.0 53.0 3 36.2Sep 119.4 42.0 97.8
Oct 187.8 62.6 3 43.0

Oct 159.9 59.6 138.8
Nov 174.6 58.2 3 373

Nov 174.5 65.2 151.8
Dec 144.9 48.3 3 41.4

Dec 162.7 58.8 136.8 Jan'19 134,2 44.7 3 44.2
Ja n '19 149.9 50.0 116.6 Feb 164.2 54.7 3 41.7
Feb 75.9 32.0 74.6 M ar 149.6 49.9 3 39.6
Mar 84.8 32.3 74.2 Total 2059.5 52.7 36 40.1
Total 1478 (mean) (mean)
Mean 123 47 109 Kg tree1 5.1

2 p a n e l fo r  tw o  y e a r s  d u r in g  2 0 0 2 -2 0 0 4 . 

F r o m  A p r il  2 0 0 4  o n w a r d s  th e  ta p p in g  

fre q u e n cy  w a s  c h an g ed  to  d lO  freq u en cy  o f 

tap p in g  w ith  o n ce  in 2 0  d ay 's  stim u la tio n . 
T h e  e x p lo r a to r y  tr ia l a t  C E S  u n d e r  d lO  

fre q u e n cy  o f tap p in g  w ith  o n ce  in  20  d ay 's  

s t im u la tio n  c o n tin u e d  to  g iv e  p r o m is in g  

y ie ld  e v e n  in  B I-1  p a n e l d u r in g  2 0 1 8 -1 9  

(T ab le LH T. 2). C on tro lled  U pw ard T apping  

(C U T )  (S/3 d lO ) w as p r a c t ic e d  fo r  f iv e

m o n th s  a n d  r e s t  o f  th e  m o n th s  tre e s  w ere 
tap p ed  in  th e  b a sa l p a n e l ta p p in g  (S/2 dlO). 
Y ie ld  o f  2 0 5 9  k g  4 0 0  tr e e s '1 w a s ob tain ed  
d u r in g  2 0 1 8 -1 9 . It w a s  5 .1  k g  tr e e ' y e a r 1 and
5 2 .7  k g  ta p 1.

1.2.3, L a r g e  s c a l e  e x p e r i m e n t  o n  L o w  
F req u en c y  T a p p in g  (dlO ) in  c lo n e  R R II  
105 (P a n e l B O -1 )

T h is  la rg e  sc a le  R B D  e x p e rim e n t on 
d lO  f r e q u e n c y  o f  ta p p in g  fr o m  o p en in g

lobleL H T.o . Yield ro p o n se  o l  Law Frequency Tapping (S/2 dlO) in d o n e R R II in s  R n .n
Treatment

Yield

(B f  t 1)_______ (kg f )
T1 - S/2 d6 ET.2.5% Once in 14 days .

__  135 .9ab  7.3 c
T2- S/2 d6 ET 5% 12/y (m)

T3- S/2 dlO ET.2.5% Once in 20 days

T4- S/2 d 10 ET. 5% Once in 20 days '

T5- S/2 d 10 ET.2.5%, 5 % Once in 20 days n q q  , . . .
TO kaiSat-LL L-" - — — -------  — _______________________________________________________________ __ __________________ izy .y ab  4.3 d
Values followed by common letters are not significantly different ---------------------------



on w ard s (P a n e l B O -1 ) in  fie ld  2009 w as laid 
ou t at K a n th im a th y  E sta te , K u lasekh aram , 
Tam il N ad u  tre e s  d u r in g  2 017-18  in  clone 
RR II 105 . T h e  e x p e r im e n t c o m p rised  o f five 
tr e a tm e n ts  a n d  2 0  p lo ts  (1 6 0  tre e s) and  
d ifferen t le v e ls  o f  s t im u la tio n  co m p ris in g  o f 
d 6 a n d  d lO  fr e q u e n c y  o f  ta p p in g . D ry 
r u b b e r  y ie ld  w a s  o b se r v e d  to  b e  h ig h er  
u n d er w e e k ly  ta p p in g  c o m p a re d  to  dlO 
freq u en cy  o f  (T a b le  LH T. 6 ).

1.2.4. l a r g e  s c a l e  ex p er im en t on  Low
Frequency Tapping (dlO) in clone RRII
105 (P anel BO-2)

L a r g e  s c a l e  e x p e r i m e n t  o n  L ow  
F req u e n cy  T a p p in g  (d lO ) in  c lo n e  R R II 105 
at C E S , C h e th a c k a l  in it ia te d  d u r in g  Ju ly  
2 017  in fie ld  2 0 0 2  w a s  co n tin u ed . S ix  b locks 
o f R R II 105 w 'ere s ta tis t ic a lly  R B D ) laid out 
and  im p o se d  y ie ld  s tim u la tio n  u n d er L F T  
s y s t e m s .  T h e r e  w e r e  s ix  tr e a tm e n t s  
co m p ris in g  d 7  (w ith  m o n th ly  stim u lation  as 
control) an d  d  lO fre q u e n c ie s  o f  tap p ing  w ith 
d i f f e r e n t  l e v e l s  o f  s t im u l a t io n .  T h e  
e x p e r im e n ta l d e s ig n  w a s R B D  w ith  fou r 
re p lica tio n s  (8 0  tr e e s  p er  p lo t). Y ie ld  under 
w eekly  ta p p in g  w ith  m o n th ly  stim u lation  
(E T .2 .5 % ) w a s  c o m p a r a b le  to  th a t o f dlO 
freq u en cy  o f  ta p p in g  w ith  o n ce  in  20  days 
s tim u la tio n  (E T .5 % ). Y ie ld  o f  1936  kg 400 
trees '’ w a s  o b ta in e d  u n d e r  d lO  freq u en cy  of 
tap p in g  w 'ith o n c e  in  2 0  d a y s  stim u la tio n

(ET. 5% ) in the BO -2 (2) panel (Table LHT.
)• U n d e r  d lO  fr e q u e n c y , m o n th ly  

s t im u la tio n  sh o w ed  s ig n if ic a n t ly  lo w er 
yield than other treatm ents. M ean d rc under 
dlO  frequ en cy  w ith  m o nth ly  stim u la tio n  
(2.5% ) w as sign ificantly  h igher th an  w eekly  
tapp ing.

12. D em o n stra tio n  tria l o n  L F T  (d7 ) in 
clon e R R II 105

Tw o m o re b lo ck s  o f d em o n stra tio n  
p lo ts on w eekly  tap p ing  w ere in itia ted  at 
C entral E xp erim ent Station  (C E S) in  clon e 
RRII 105 d uring  2016 in tw o tap p ing  b lock s 
in f ie ld  2 0 0 0 . D u rin g  2 0 1 8 -1 9 ,  tw e lv e  
rou nd s o f y ield  stim u la tio n  w ere im p osed  
a t m o n th ly  in te r v a l  w ith  2 .5  p e r  c e n t 
eth ep h o n . M issing  o f tap p in g  d ay s  d u rin g  
A pril in both the b lock s and  led  to  low er 
y ie ld . T apping  pane l o f  tw o b lo ck s  w as 
chan ged  to  BI-1 d u rin g  2018-19 . Y ield  o f 
both  b lo ck s  gave su s ta in ab le  y ield  o f  1876 
(b lo ck  1) and  1794 kg 400 trees-1 (b lo ck  2), 
respectively  d uring  2 018-19  (Table LH T. 8 ). 
It w as 4 .7  and  4 .5  kg tre e "1 r e sp e c tiv e ly  
d u rin g  tw elve m o nth s o f tap p in g . M ean 
dry ru bber c on ten t o f  both  b lo ck s  w as 3 9 .7  
p er cent. T h e av erage y ield  o f  b oth  b lo ck s  
w as 4 .6  k g  L1 y e a r 1.

A t C E S , C h e t h a c k a l ,  a n o th e r  
d e m o n stra tio n  tr ia l in f ie ld  9 3 C  u n d e r

Treatment Yield 

(kg 400 trees1)

DRC
(%)

T l- S/2 d7 ET 2.5%  12/y 2049 a 38.2 c

12- S/2 dlO ET. .5% once in 10 davs 1683 b 37.9 c

T3- S/2 dlO ET 2.5%  O nce in 20 days 1676 b 40.0 b

T4- S/2 dlO ET 2 .5 %  once in 20 days 1913 ab 37.7 c

T5-S/2 d lO E T  2.5%  12/y 1370 c 41.7 a

T6 -  S/2 dlO E T .5%  12/y 1698 b 39.7 b

Values fo llow ed  by a comm on alphabet are not significantly different by DMRT



Tabic ! f IT. 4 Yield performance of clone RRII 105 to 
dlO frequ ency  ot lapping at 
Kanlhim athy estate, Kulasekharam , 
Tamil Nadu (Mean of 10 blocks)

Month kg block kg tap 1 g C r 1

A pr'18 94.3 31.4 73.1

May 70.3 37.9 88.0

June 78.2 38.7 90.1

July 181.6 63.8 148.8

Aug 126.3 51.9 120.9

Sep 119.4 42.0 97.8

Oct 159.9 59.6 138.8

Nov 1745 65.2 151.8

Dec 162.7 58.8 136.8

Jan’19 149.9 50.0 116.6

Feb 75.9 32.0 74.6

Mar 84.8 32.3 74.2

Total 1478

Mean 123 47 109

Table LHT. 5. M on th ly  y ie ld  re s p o n s e  o f  Low 
Frequency Tapping (S/2 dlO) in clone
RRH 105

Months Yield Yield No. of DRC
(kn 400 trees ') (kg tap') taps (%)

Apr' 18 236.7 78.9 3 44.3

May 215.7 71.9 3 42.6

June 173.6 57.9 3 37.1

July 177.5 59.2 3 40.0

Aug 141.7 47.2 3 33.8

Sep 159.0 53.0 3 36.2

Oct 187.8 62.6 3 43.0

Nov 174.6 58.2 3 37.3

Dec 144.9 48.3 3 41.4

Jan'19 134.2 44.7 3 44.2

Feb 164.2 54.7 3 41.7

Mar 149.6 49.9 3 39.6

Total 2059.5 52.7 36 40.1

(mean) (mean)

Kg tree1 5.1

2 panel fo r  tw o  y ears d u rin g  2002-2004. 
F ro m  A p ril 2 0 0 4  o n w a rd s  th e  ta p p in g  
frequen cy was changed  to dlO frequ en cy  of 
tapp ing w ith  on ce in 20  day's stim ulation . 
T h e e x p lo ra to ry  tr ia l a t  C E S  u n d er dlO  
frequen cy o f tapping w ith  on ce in 20  day's 
s t im u la tio n  continu ed  to  g ive p ro m isin g  
y ie ld  even  in  BI-1 p an e l d u r in g  2 018-19  
(Table LFTT. 2). Controlled Upward Tapping 
(C U T ) (S/3 d lO ) w as p ra c tic e d  fo r  fiv e

Table LHT. 6. Yield response of Low Frequency Tappii 
Treatment

T l- S/2 d6 ET.2.5% Once in 14 days ~

T2- S/2 d6 ET 5% 12/v (m)

T3- S/2 dlO ET.2.5%, Once in 20 days 

T4- S/2 dlO ET. 5% Once in 20 days 

T5- S/2 dlO ET.2.5%, 5 % Once in 20 days

iy  common m m  a „  nol difr7M

m o nth s and  rest o f  th e  m o n th s  tre e s  w ere 
tapp ed in the b asal pane l ta p p in g  (S/2 dlO ). 
Y ield  o f 2059  k g  4 0 0  t r e e s 1 w as o b ta in e d  
d u rin g  2018-19 . It w as 5.1 k g  t r e e 1 y e a r 1 and
52 .7  kg ta p 1.

7.2.3. L a r g e  s c a l e  e x p e r i m e n t  o n  L o iv  
F req u en cy  T ap p in g  (dlO) in  c lo n e  R R II  
105 (P an el B O -1)

T h is  la rg e  sca le  R B D  e x p e r im e n t on 
d lO  fre q u e n c y  o f  ta p p in g  fro m  o p e n in g

g (S/2 dlO) in  clone RRH 105 (Panel BO-1)

__________ Yield
( g f r 1) (k g f)
135.9 ab 7.3 c

140.7 a 7.5 c

131.4 b  4.4 d

131.6 b 4.4 d

129.9 ab 4.3 d



onw ards (P an el B O -1 )  in  f ie ld  2 0 0 9  w as laid 
out at K a n th im a th y  E sta te , K u la se k h a ra m , 
Tamil N ad u  tr e e s  d u r in g  2 0 1 7 -1 8  in  c lo n e  
RRII 105. T h e  e x p e r im e n t c o m p ris e d  o f  f iv e  
tre a tm e n ts  a n d  2 0  p lo t s  (1 6 0  tr e e s )  a n d  
different le v e ls  o f  s t im u la tio n  c o m p ris in g  o f 
d 6 a n d  d lO  f r e q u e n c y  o f  ta p p in g . D ry  
ru bber y ie ld  w a s  o b s e r v e d  to  b e  h ig h e r  
u n d er w e e k ly  ta p p in g  c o m p a r e d  to  d lO  
frequency o f  (T a b le  L H T . 6 ).

1.2.4. L a r g e  s c a l e  e x p e r i m e n t  o n  L o w
F req u en c y  T a p p in g  (dlO ) in  c lo n e  R R II
105 (Panel BO-2)

L a r g e  s c a l e  e x p e r i m e n t  o n  L o w  
Frequ ency  T a p p in g  (d lO ) in  c lo n e  R R II 105  
a t C E S , C h e th a c k a l  in it ia t e d  d u r in g  Ju ly  
2017 in fie ld  2 0 0 2  w a s  c o n tin u e d . S ix  b lo ck s  
of R R II 105  w e re  s t a tis t ic a lly  R B D ) la id  o u t 
and im p o sed  y ie ld  s t im u la tio n  u n d e r  L F T  
s y s te m s . T h e r e  w e r e  s ix  t r e a t m e n t s  
com p ris in g  d 7  (w ith  m o n th ly  s t im u la tio n  as 
control) an d  d lO  fre q u e n c ie s  o f  ta p p in g  w ith  
d i f fe r e n t  l e v e l s  o f  s t i m u l a t i o n .  T h e  
e x p e rim e n ta l d e s ig n  w a s  R B D  w ith  fo u r  
rep lication s (8 0  tr e e s  p e r  p lo t) . Y ie ld  u n d e r  
w eekly ta p p in g  w ith  m o n th ly  s t im u la tio n  
(E T .2 .5% ) w a s  c o m p a r a b le  to  th a t o f  d lO  
frequ en cy  o f  ta p p in g  w ith  o n ce  in  2 0  d ays 
s tim u la tio n  (E T .5 % ). Y ie ld  o f  1 9 3 6  k g  4 0 0  
tre e s1 w a s  o b ta in e d  u n d e r  d lO  fre q u e n cy  o f 
tapp ing w ith  o n c e  in  2 0  d a y s  s t im u la tio n

Table LHT. 7. Yield response o f Low Frequency Tappi 
Treatment

T l- S/2 d7 ET 2.5%  12/y 

T2- S/2 dlO ET. .5%  once in  10 days 

13- S/2 dlO ET 2.5%  O nce in 20 days 

T4- S/2 dlO ET 2 . 5%  once in 20 days 

T5- S/2 dlO ET 2.5%  12/y

T6 -  S/2 dlO E T .5%  12/y____________________

Values follow ed by a comm on alphabet are not sif,

(ET. 5 % ) in th e  B O -2  (2 ) p an e l (T ab le  LH T. 
7 ) .  U n d e r  d lO  f r e q u e n c y ,  m o n th ly  
s t im u la t io n  sh o w e d  s ig n if ic a n t ly  lo w e r  
y ield  th an  o th er treatm ents. M ean  d rc u n d er 
d lO  fre q u e n c y  w ith  m o n th ly  s t im u la tio n  
(2 .5 % ) w as s ig n ifica n tly  h ig h er  th a n  w eek ly  
tap p in g .

12 . D e m o n str a tio n  tr ia l o n  L F T  (d 7) in  
c lo n e  R R II  105

T w o  m o re  b lo c k s  o f  d e m o n s tra tio n  
p lo ts  o n  w e ek ly  ta p p in g  w e re  in itia te d  at 
C e n tra l E x p e rim e n t S ta tio n  (C E S ) in  c lo n e  
R R II 105  d u r in g  2 0 1 6  in  tw o  ta p p in g  b lo ck s  
in  f ie ld  2 0 0 0 .  D u r in g  2 0 1 8 - 1 9 ,  tw e lv e  
ro u n d s  o f  y ie ld  s t im u la tio n  w 'ere im p o sed  
a t  m o n th ly  in te r v a l  w ith  2 .5  p e r  c e n t  
e th e p h o n . M iss in g  o f ta p p in g  d a y s  d u rin g  
A p ril in  b o th  th e  b lo c k s  an d  led  to  lo w er 
y ie ld . T a p p in g  p a n e l o f  tw o  b lo c k s  w a s  
ch a n g e d  to  BI-1 d u r in g  2 0 1 8 -1 9 . Y ie ld  o f 
b o th  b lo c k s  g av e su s ta in a b le  y ie ld  o f  187 6  
(b lo c k  1) an d  179 4  k g  4 0 0  tre e s '1 (b lo c k  2), 
re sp e c tiv e ly  d u r in g  2 0 1 8 -1 9  (T ab le  L H T . 8 ). 
I t  w a s  4 .7  a n d  4 .5  k g  tr e e '1 r e s p e c t iv e ly  
d u r in g  tw e lv e  m o n th s  o f  ta p p in g . M ea n  
d ry  r u b b e r  co n te n t o f  b o th  b lo c k s  w a s 3 9 .7  
p er c e n t. T h e  av era g e  y ie ld  o f  b o th  b lo c k s  

w as 4 .6  k g  t 1 y e a r 1.

A t C E S , C h e t h a c k a l ,  a n o t h e r  

d e m o n s t r a t io n  t r ia l  in  f ie ld  9 3 C  u n d e r

ir  (S/2 dlO) in  clon e R R II 105 ____________________
Yield DRC

(kg 400 trees ')  (%)

2049 a 38.2 c

1683 b 37.9 c

1676 b 40.0 b

1913 ab 37.7 c

1370 c  41.7 a

1698 b___________ 39.7 b

fjerent by DMRT



w eekly tapping w ith m onthly stim ulation 
continued to g ive prom ising yield (1937 kg 
400 trees'1) during 2018-19. It w as 4 .8  kg 
tree1 y ear1. W ith the in troduction o f C U T 
under weekly tapping for five m onths, y ield 
was higher than basal panel tapping yield 
for seven m onths.

2. C o n tr o lle d  U p w a rd  T a p p in g  
(CUT)

2.1. L arge sc a le  o n  farm  tr ia l  on Low  
F r e q u e n c y  C o n t r o l le d  U p w a rd  
ta p p in g  (L F C U T ) u n d e r  w e e k ly  
tapping

The large scale on farm  trial on L FC U T 
w ith p eriod ic panel chan ge u n d er w eekly 
tapping w as in itiated d u rin g  2 016-17  w as 
co n tin u e d  a t  K a n th im a th v  e s t a te ,  
Kulasekharam , Tam il N adu in 12 tapp ing 
blocks (8 b locks 1978 m ixed  clon e w and 4 
blocks 1962 seed lin g  p opu lation). T h e L ow  
F req u e n cy  C o n tro lled  U pw ard  T ap p in g

(L FC T ) u n d er w eek ly  tap p in g  c o n tin u ed  to 
g iv e  p ro m is in g  resu lts . L o w e r  y ie ld  w as 
o b serv ed  in  m ixed  p o p u la tio n  (w ith  low  
y ie ld in g  c lo n e s )  c o m p a r e d  to  s e e d l in g  
p op u lation . H igh er g ird i o f  se e d lin g  trees 
h as contribu ted  fo r  b e tte r  y ie ld  u n d e r  C U T  
in seed lin g  p op u lation .

3. O th e r E x p e rim e n ts

3.1. R e sp o n se  o f  R R I I  4 00  s e r ie s  c lo n e s  to
y ie ld  s tim u la tio n

A t C E S , C h e th a c k a l, R R II 4 0 0  s e r ie s  
c lo n e s  (R R II 4 1 4 , R R II 4 2 2  an d  R R II 4 2 9 ) 
w ere  id e n tifie d  fo r  th e  e x p e r im e n t in  fie ld  
2004. T h e  s ta tis tica l d e s ig n  w a s  c o m p le te ly  
r a n d o m i z e d  s i n g l e  t r e e  s i n g l e  p lo t  
c o n s is tin g  o f  m o re  th a n  1 0 0  tr e e s  o f  e a ch  
c lo n e  p e r  t r e a tm e n t .  T a p p in g  s y s t e m  
a d o p ted  in  th is  tr ia l is  S/2 d 3  6d/7. T h re e  
ro u n d s o f  s t im u la tio n  (E T  2 .5 %  P a ) w as 
g iv en  d u r in g  2 0 1 8 -1 9  in  c o m p a r is o n  w ith  
th e  u n s tim u la te d  co n tro l tr e e s  (5 0 %  tr e e s  
fo r  s t im u l a t io n  a n d  5 0 %  t r e e s

g b ie  LHT. 8. Monthly yield response of Low Frequency Tapping (S/2 d7 6d/7) in clone R R II 105 (B I-1 panel) 
Months B lodU  Bloct2  0 l,x.k ,  — '

Yield Yield D RC(% ) R C f%\
<kg 400 trees1) (kg 400 trees1)

April'18 43.0 31.2 48.6
May 206.1 160.9 42.3
June 321.7 307.5 39.4
July 342.8 357.6 36.5
Aug 245.8 221.1 35.6
Sep 147.5 113.7 39.3
Oct 1103 140.9 40.3
Nov 114.2 146.0 37.1
Dec 91.0 82.7 44.5
)an'19

Feb
88.5

96.6
97.8

75.1
38.2

36.2
Mar 683 5 9 3 38.2

45.6

42.7

37.0 

35.3

36.1

39.8

41.7

37.7

38.0

38.2

37.0 

39.5
10/5.8(4.7*) 1793 8 ,4 v ,  o d i  , -------- :-------------------------------

kg tree 1 -------------------------------------- ( i _________3 9 7  <mea" )  39.1 (mean)



•foblelJ~fl-9-L
Month

M ixed Clone Seedling Population
kg block -1 kg ta p 1 g t - . f kg block ’ kg ta p : g t ' f

Apr'17 78.4 20.2 47.0 81.4 20.3 47.3

Mav
66.4 62.7 96.5 35.1 81.6

June 63.8 25.6 59.5 53.6 45.6 106.0

July 179.3 43.4 101.0 206.8 54.6 126.9

106.8 37.4 87.0 183.0 48,9 113.7

128.4 30.2 70.2 167.6 44.5 103.4

132.9 36.7 85.5 165.3 38.5 89.6

124.3 33.1 77.1 202.1 50.5 117.5

Dec 167.3 41.8 97.3 301.0 67.4 156.8

Jan'18 144.8 32.3 75.1 217,9 47.7 111.0

Feb 99.6 24.9 57.9 135.3 36.1 83.9

Mar 114.4 20.2 70.8 144.1 36.0 83.8

Total 1398 1955

Mean 131 32 74 163 44 102

un stim u lated , fo r  e a c h  c lo n e ) . In  c lo n e  R R II 
422, s t im u la te d  tr e e s  sh o w e d  s ig n if ic a n t ly  
higher y ie ld  th a n  u n s t im u la te d  tr e e s . N o  
s ig n ifica n t y ie ld  in c r e a s e  w a s  n o tic e d  in 
stim ulated  tr e e s  o f  c lo n e s  R R II 4 1 4  an d  R R II

4 2 9  ( F ig .  L H T . 1 ) .  H ig h e r  y ie l d  w a s  
o b s e r v e d  b o th  s t im u l a t e d  a n d  
u n stim u la te d  tre e s  o f c lo n e  R R II 4 2 9  th an  
o th e r  tw o c lo n e s  o f  R R II 414  a n d  R R II 4 2 2  

in  B O -2  (3 )  p an e l.

414 -U S  4 2 2 - S  422 - U S  4 2 9 - S

Fig. LH T.l. Cum ulative yield perform ance of RRII 400 series



In clon e RRII 422, annual m ean drc 
was 3 per cen t h igher in unstim ulated trees 
than stim ulated trees. TPD percentage w as 
h ig h e r  in s t im u la te d  tr e e s  (2 8 % ) th an  
unstim ulated trees (15% ) o f c lon e RRII 414 
than other tw o clones.

3.2. R esponse o f  R R II 430 c lon e to yield
stim u lation  u n d er LFT

In  a n o th e r  e x p e r im e n t  a t  H M L , 
Palapilly Estate, response o f RR II 4 30  clone 
to yield stim ulation u n d er Low  Frequencies 
o f Tapping (d3, d4 and d 7) w as studied from 
Ju n e 2016 (BO -1). The statistical design was 
R B D  w ith  fo u r  tr e a tm e n ts  a n d  f iv e  
replications. Each replication was consisting 
o f m ore than 300  trees. T h ere  w ere fo u r 
tr e a tm e n ts  c o m p ris in g  o f  d 3  (w ith o u t 
stim ulation as control), d3 (2/y), d4 (4/y) and 
d 7 (12/y) frequencies o f  tapping. D uring the

period, y ield  w as reco rd ed  fro m  A p ril 2018 
to M arch 2019.

H ig h e r  y ie ld  w a s n o te d  u n d e r  d4 
fr e q u e n c y  o f  ta p p in g  ( 6 1 .4  g  t 1 t '1) w ith  
4 r o u n d s  o f  s t im u l a t io n  fo l lo w e d  by 
w eek ly  ta p p in g  (5 8 .0  g  t 1 t l ). D ry  r u b b e r  
y ie ld  w a s m o re  u n d e r  d 3  f r e q u e n c y  o f 
ta p p in g  w ith  tw o  r o u n d s  o f  s t im u la t io n  
(4 6 .4  g  f  t"1) c o m p a r e d  to  u n s t im u la te d  
d 3  (4 1 .8  g  t 1 t ’)• 11 p e r  c e n t  y ie ld  w as 
in cre a se d  u n d e r  d 3  f r e q u e n c y  o f  ta p p in g  
w ith  tw o  r o u n d s  o f  s t im u l a t io n  w h e n  
c o m p a re d  to  c o n tr o l  (d 3  w it h o u t  s t im ). 
T h e  d rc  v a lu e s  o f  t r e e s  ta p p e d  u n d e r  d 7  
fre q u e n cy  o f  ta p p in g  w ith  tw e lv e  r o u n d s  
o f  s t im u la t io n  s h o w e d  h i g h e r  (4 0 .9 % )  
th a n  th e  d 3  f r e q u e n c y  o f  ta p p in g  w ith  
t w o  r o u n d s  s t i m u l a t i o n  ( 3 7 . 5 % ). 
A g r o c lim a tic  c o n s tr a in ts  s u c h  a s  f lo o d  
h a d  a f f e c t e d  t h e  c r o p  p e r f o r m a n c e  
d u r in g  th e  y ear .

R U B B E R  T E C H N O L O G Y  D IV I S I O N

In th e  cu rren t y e a r  activ ities  o f  the 
D ivision were focused m ainly on evolv in g 
im proved tech niques in rubber processin g 
(p r e p a r a t io n  o f  R S S 4  fro m  a m m o n ia  
preserved field latex and new  p rocess for 
recovery  o f ru b ber from  serum  in sh eel 
p r o c e s s in g  c e n tr e s ) ,  la te x  te c h n o lo g y  
(preparation  o f D PN R d irectly  from  filed 
late* w ithout cream in g or centrifu g ing  and 
new  leaching p rocess to reduce e x tiactab le  
p ro te in  m  N R  su rg ica l g lo v e s ) , ru b b e r  
technology (NR Latex carbon b lack m aster- 

atch and silica reinforcem ent o f N R ) and 
rubber recycling (Stable free radical assisted 

evulcanisatton and cytotoxicity  analysis o f 
crum b rubber from  end o f life tyres).

1. R u b b e r  P ro c e s s in g

1.1. P re p a r a tio n  o f  R S S  4  g r a d e  s h e e ts  
fro m  am m o n ia  p re se rv e d  f i le d  la tex

It h a s  b e e n  a d e m a n d  ir o m  th e  
g r o w e rs  a n d  p r o c e s s o r s  to  p r e p a r e  R S S  
sh eets fro m  th e  p reserved  filed  la tex  (P F L ). 
A n e w  p r o c e s s  h a s  b e e n  d e v e lo p e d  to 
p r e p a r e  R S S 4  g r a d e  s h e e t s  f r o m  P F L . 
H ow ever, the p lasticity  reten tio n  in d ex (PR I) 
o f  sh ee t prep ared  fro m  P F L  w as p o o r  and 
a tta in e d  a v ery  lo w  v a lu e  fo r  th e  sh e e ts  
prep ared  a fter  o n e  m o n th  o f p re se rv a tio n .
I re-treatm ent o f field latex w ith  a p p ro p ria te  
chem ical can retain  the P R I o f  th e  sh ee l T h e 
resu lts  o f th e  p re -tre a tm e n ts  are  sh o w n  in 
la b le  C hem . 1 an d  2 .



Takie f'hem . 1.-Effect o f pre-treatm ent o f  LATZ latex on raw rubber properties

Sample

0 day (Fresh field latex)

7 days 
todays 

15 days 
30 days 
60 days
180 d ays_____________

Untreated Treated
p„ PRI MV P. PRI MV
64 95 98 65 95 99

59 37 87 61 57 99

56 22 80 58 55 94

51 20 80 54 48 77

48 18 81 51 48 80

41 14 74 48 49 73

38 1 1 71 39 46 76

Table Chem. 2. E ffec t o f  f  pre-treatm ent o f  h igh  am m onia latex on raw rubber properties

5am pie Untreated Treated

P, PRI MV P0 PRI MV

Oday (Fresh field latex) 64 95 98 65 95 99

7 days 60 38 87 63 59 98

10 days 57 21 80 58 56 96

15 days 51 18 80 55 50 80

30 days 44 15 81 51 49 78

60 days 41 12 74 50 48 73

180 days 40 11 71 38 47 74

T h e  r e su lts  s h o w e d  th a t th e  u n trea ted  
latex lo s t its  P R I w h ile  th e  PR1 is  re ta in ed  to 
a g ood  le v e l b o th  in  L A T Z  la te x  a s  w ell as 
high a m m o n ia  la te x  w h e n  p re -tre a te d .

1.2 N ew  a n d  s im p le  p r o c e s s  fo r  r u b b e r  
r e c o v e ry  f r o m  a c id  w a s h  s e r u m  in  
R P S  s h e e t  m a k in g  u n its

T h e  p r o c e s s in g  o f  f ie ld  la t e x  in to  
rubber s h e e ts  g e n e r a te s  la r g e  v o lu m e s  o f 
a q u e o u s  e f f l u e n t s  w h i c h  c o n t a in s  
u n c o a g u la te d  r u b b e r  p a r t ic le s  a n d  n o n ­
rubber o rg a n ic  m a te ria ls  l ik e  p ro te in s , lip id s 
and in o rg a n ic  sa lts . T h e  a u to  f lo ccu la tio n  
o f th e  ru b b e r  p a r tic le s  is n o t e ffe c tiv e  and  
takes se v e ra l w e e k s . T h e  d isc h a rg e  o f  th is 
w ash w a te r  to  lo c a l w a te r  b o d ie s  c re a te s  
eco lo g ical im b a la n c e . In  e ff lu e n t tre a tm e n t 
p la n ts  th e  p r e s e n c e  o f  r u b b e r  p a r t ic le s  
cre a te s  r u b b e r  tr a p p in g  a n d  s u b s e q u e n t

c o a g u la tio n  p ro b le m s . T h e  fo r m a tio n  o f  
la r g e r  a g g r e g a t e s  o f  la t e x  p a r t i c le s  
(flo ccu la tio n ) an d  its p h a se  se p a ra tio n  an d  
flo a tin g  o n  th e  w a te r  su rfa ce  w as ach ieve d  
w ith  th e  p o ly m e ric  c o a g u la n ts  u n d e r  th e  
p r e s e n t s tu d y . T h e  c la r ity  o f  th e  w a te r  
b en eath  co u ld  b e  im p ro v ed , s o  th a t th e  c lea r  
w ater c o u ld  b e  d ra in ed  fro m  th e b o tto m  for 
fu rth er d o w n stream  e fflu en t trea tm en t p lan t 
(E T P ) activ ities.

2 . L a te x  T e ch n o lo g y

2.1 . P r o d u c t io n  o f  s o lid  d e p r o te in is e d
n atu ra l r u b b e r  (D P N R -S )

A  n o v e l m e th o d  fo r  p r o d u c t io n  o f  
s o lid  D P N R  w ith o u t c e n tr i fu g a t io n  a n d  
c re a m in g  w as d e v e lo p e d  la s t  y e a r  w ith  
d e p r o te in iz a t io n  m ix tu r e  d e v e lo p e d  in -  
h o u se. T h e  p ilo t scale  s tu d ies  o f  p rep a ra tio n



Add wash serum from sheet 
making RPS units

Serum clarifies and rubber 

flocculates after treatment

Fig Chem .l. The new method for flocculation of rubber in add wash serum from sheet rubber processing units

o f 250  kg  o f solid  D PN R w as d on e in a TSR 
m an ufactu rin g factory du ring  the reporting 
period . T h e raw  ru bber prop erties o f  the 
solid D PN R w ere qu iet p rom ising w ith high 
PRI (Table C hem . 3).

Table Chem. 3. Raw rubber properties o f solid DPNR 
DPNR Sample

Batch-1 31 79 61.3 0.08
Batch-2 32.5 78 64.3 0.09
Commercial DPNR

(Imported) 31 9 59 0.07

2.2. N ew  le a c h in g  p r o c e s s  to  re d u c e  
ex tractab le  p ro te in  (EP) in  su rg ical 
g lov es

O u r  s t u d ie s  to  m in im is e  th e  
e x t r a c t a b le  p r o te in s  in c o m m e r c ia l  
s u r g ic a l  g lo v e s  in  In d ia n  m a r k e t w as 
c o n t in u e d .  C o m m e r c ia l  g lo v e s  w e r e  
su b jected  to  an o fflin e  leach in g  con d ition s 
d ev e lo p e d  in  th e  la b o ra to ry  (R R I1-M -1)

and co m p a red  to  th e  n o rm a l e x tr a c t io n  o f 
th e  s a m e  g lo v e s  b y  A S T M  D  5 7 1 2 - 1 0  
m e th o d . T h e  n ew  m e th o d  c o u ld  in c re a s e  
e x tr a c t io n  o f  p r o te in  b y  3 7  p e r c e n t .  A  
fu rth er m o d ifica tio n  o f th e  o ff lin e  le a c h in g  
p ro ce ss  (R R I1-M -2) in c re a se d  th e  E P  v a lu e  
by 96  p e r  c e n t th a n  th e  n o rm a l e x tra c t io n  
of the sam e g lo v e  by th e  A S T M  p r o ce d u re . 
T a b le  C h e m . 4  s h o w s  t h e  E P  v a lu e s  
a t ta in e d  in  d i f f e r e n t  m e th o d s  a n d  th e  
percen t in crea se  in  EP fro m  su r g ic a l g lo v e s  
m th e  n ew  le a c h in g  m e th o d s  d e v e lo p e d  
in h o u se  in  co m p a ris o n  to  th e  s ta n d a rd  
ex tractio n  p ro cess . T h e  e n h a n c e d  le a c h in g

Table Chem. 4- C om parison o f  ex trac tab le  protein  
______ _________(EP) values _______

EP values F W ,

ASTM D5712-10

RRII-M-1
RR1I-M-2

of the glove increase
(MR/ K)________ in EP

150

206 37

295 97



. the p o ie n tia l to  b e  s c a le d  u p  to  o n lin e  

leaching p r o c e s s  in  fu tu r e .

3 R u b b e r T e c h n o lo g y  : R e i n f o r c e ­

m en t o f  r u b b e r

31  N R  L atex  c a rb o n  b la c k  m a s te r -b a tc h

Stu d ies o n  th e  p r e p a ra t io n  o f  N R  latex 
-carbon b lack  m a s te r  b a tch  w e re  c o n tin u e d . 
New su rfa c ta n ts  (S 4  a n d  S 5 )  w e re  u se d  for 
the p rep ara tio n  o f  c a rb o n  b la c k  d isp e rs io n s  
and la tex -carbo n  b la c k  m a s te r -b a tc h e s  w ere 
prepared. T h e  s a m p le s  w e re  c o m p o u n d e d  
as per th e  fo r m u la tio n  g iv e n  b e lo w  (T ab le

Table Chem. 5. Form u lation  o f  th e m ixes

Ingredients Phr

Master batch (Effective N R 100 phr)

ZnO 4.5

Silica 8

Stearic add 3

TMQ 1

6PPD 2.75

TBBS 1.6

Sulphur 1.2

Table Chem. 6. M e c h a n ic a l  p r o p e r t ie s  o f  m aster  
batches w ith  S4  surfactants

Properties C ontrol M aster- Master-
(D ry m ix) batch batch

W ith S4 W ith S5

Tensile strength, Mpa 29.71 28.71 25.11

Tear strength, N/mm 140 101 145.34

Elongation at b rea k , % 563 578 554

Modulus, 100%, MPa 4.50 4.35 3.52

Modulus, 300% , MPa 14.39 14.12 13.62

Hardness, Shore A 63 63 68

Compression Set, % 35.73 35.56 35.32

Heat build-up, A °C 22 21 24

Abrasion loss, m m ' 93 95 118.51

Flex Resistance

Complete failure, Keys 180.100 208.520 152.04

C h em . 5 ) and  the p ro p erties w ere com p ared  
w ith  a con tro l d ry  m ix (Table C h em . 6 ). T h e  
re s u lts  sh o w  th a t th e  p r o p e r tie s  o f la tex  
ca rb o n  b lack  m aster-ba tch  are  co m p arab le  
to  th at o f  the d ry  m ix e x cep t tear stren g th  
w h ich  is lo w er for th e  m aster-ba tch . T ear 
s tren g th  o f S 5  w as c o m p arab le  to  th a t o f the 
c o n t r o l  c o m p o u n d . H o w e v e r  th e  f le x  
r e s i s t a n c e  o f  th e  m a s te r - b a t c h e s  w e r e  
co n s id era b ly  b e tter  th an  c o n tro l co m p ou n d  
prep are d  u sin g  su rfactan t S4.

3 .2 . S i l i c a  r e in f o r c e m e n t  o f  n a t u r a l
r u b b e r

S ilica  re in fo rcem e n t o f n a tu ra l ru b ber 
(N R ) h a s  tw o  a s p e c ts .  F ir s t  o n e  is  th e  
silan isa tio n  o f N R  b y a s ilan e c ou p lin g  a gen t 
an d  th e  o th er  o n e  is th e  ch em ica l b o n d in g  
o f  th e  s i la n is e d  s i l ic a  w ith  N R  d u r in g  
v u lcan isa tio n . In  N R , th e  in flu en ce  o f  n o n ­
ru b be r co n stitu en ts  o n  h y d ro p h o b a tio n  o f 
s il ic a  ca n  b e  a v o id e d  b y  th e  u se  o f  p r e -  
s i l a n is e d  s i l i c a .  T h e  is s u e  in  s i l i c a  
re in fo rcem e n t o f N R  is  th e  p o o r  co u p lin g  
b etw ee n  th e  silan ised  s ilica  and  th e  ru b be r 
m o lecu les  d u rin g  v u lcan isa tio n . T h e  ca u se  
o f  th e  p o o r co u p lin g  m ay  a r ise  fro m  th e  
in a b i l i t y  o f  s i l a n e s  to  fo r m  s u f f i c i e n t  
n u m b e r s  o f  c o v a le n t  b o n d  w ith  th e  N R  
c h a in s  d u r in g  th e  v u lc a n is a tio n  p r o c e ss  
resu ltin g  in lo w  M 300 and  M 300/M 100 ratio  
le a d in g  to  s ig n if ic a n t ly  lo w e r  a b r a s io n  
r e s is ta n c e  co m p a re d  to  th e  c a rb o n  b la c k  
filled  N R  v u lcan isa tes .

A s t a n d a r d  v u lc a n is in g  s y s t e m  
co m p ris in g  N -cy d o h ex y l-2 -b en z o th ia z o ly ! 
su lp h en a m id e  (C B S), d ip h e n y l g u a n id in e  
(D P G ) an d  su lp h u r, w h ich  is th e  w id e ly  
u s e d  c u r e  s y s te m  in  s i l ic a  r e in f o r c e d  
ru bbers, is com p ared  w ith  th e  cu re  system  
d ev elop ed  in o u r lab  a lo n g  w ith  a s tan d ard  
carb o n  b lack  (H A F) filled  N R  v u lca n isa te . 
O n  c o m p a r in g  w ith  th e  s t a n d a r d  c u r e  
sy stem  used  fo r  th e  v u lca n isa tio n  o f NR/ 
s i la n is e d  s i l ic a  a n d  c a rb o n  b la c k  fille d



sy stem s, th e  four d ifferen t cu re sy stem s 
d eveloped in our laboratory show ed better 
m echanical p roperties. C ure system  I gave 
an average ten sile  stren gth  o f 27.1 MPa 
w hile that o f  NR/silanised silica cured with 
stan d ard  cu re  system  an d  ca rb o n  b lack  
fille d  N R v u lc a n is a te s  w ere  2 4 .8  an d  
25M Pa, respectively . Besides good tensile 
s tre n g th , cu re  sy s te m s  1 to  III sh ow ed  
abrasion  resistan ce com p arab le  to th at o f 
H A F filled N R  v u lcan isates. T h e resu lts 
o b ta in e d  c le a r ly  d e m o n s tr a te d  th e  
s ig n if ica n t ro le  o f cu re  sy stem  to  a tta in  
e x c e l le n t  v u lc a n is a te  p r o p e r t ie s  fo r  
silan ised  silica  reinforced  NR.

4. R u b b er R ecyclin g

4.1. Optimisation of stable free radical 
concentration for mechanical 
devulcanisation of commercially 
available ground tyre rubber (GTR) 
powder

Sin ce  the m ajor sou rce o f used tyre 
pow der available in the market is ground tyre 
p o w d e r  (G T R ), o p t im is a tio n  o f  th e  
co n ce n tra tio n  o f  th e  4 -h y d ro x y  T E M P O  
(4H T ) req u ired  fo r  e ffectiv e  m e ch an ica l 
devulcanisation was essential for com mercial 
u tilisation o f the work. T h e G TR mixed with 
0-10 phr 4H T  was mechanically devulcanised

in a tw o roll m ill and th e  e ffic ien cy  o f  the 
d evu lcan isation  p ro ce ss  w as ev a lu a ted  in 
term s o f the re vu lcan isate p ro p e rtie s  o f the 
corresp onding d ev u lcan ised  ru b b e r  (Table 

Chem . 7).

T h e  im p a c t  o f  a d d in g  4 H T  on 
rev u lca n is a te  p r o p e r tie s  is  e v id e n t  ev e n  
w hen its co n cen tra tio n  is a s  lo w  a s  0.5phr. 
H o w ev er m o re  c o n s is te n t  r e s u lt s  w e re  
obtained at a  4 H T  c o n ce n tra tio n  o f  1-2 phr. 
F o rm u la tio n  a n d  p r o p e r t ie s  o f  a ty p ica l 
co m m ercia l m at w as c o m p a re d  w ith  the 
r e s u lt s  o f  th e  a b o v e . A  n u m b e r  o f  
ingredients used  for th e  p re p a ra tio n  o f  m ats 
can  b e  a v o id e d  a n d  th e  p e r c e n t a g e  o f 
re g e n e ra te d  r u b b e r  (b o th  c r u m b  r u b b e r  
pow d er a n d  recla im ed  ru b b e r) u se d  ca n  be 
r e p la c e d  w ith  d e v u lc a n is e d  r u b b e r .  
M oreover the a m o u n t o f reg en era ted  rubber 
used in stand ard  m at fo rm u la tio n s  can  be 
in creased  from  71 p er  c e n t to  8 6  p er  cen t 

w ith  m u ch su p e rio r  p r o p e r t ie s  u s in g  the 
new  d ev u lcan isa tio n  tech n ology .

4.2. C y to t o x ic i ty  a n a l y s i s  o f  c r u m b
ru b b e r  from  en d  o f  l i f e  ty res

T h e  p r o je c t  w a s  i n i t i a t e d  a s  a 
c o lla b o r a t iv e  p r o je c t  w it h  M /s. A p o llo  
ty re s . T h e  c o m p o s it io n  a n a l y s is  o f  th e  
c ru m b  r u b b e r  p o w d e r  (C R P )  f r o m  en d  
o f  l i f e  t y r e s  w a s  d o n e  u s i n g  T G A  
a n a ly s is , a c e to n e  e x tr a c t io n  a n d  a s h  tes t.

Re-vulcanisate properties

Tensile strength. MPa 

M l00, MPa 

M200, MPa

Elongation at break (%) 

Tear strength, N/mm

4-hydroxy TEMPO, phr

17.3 24,2

*Cr“ mb

226
24.8

7.4
3.1

228
25.1

3.6
7.1

add-2phr, CBS-1 phr, S-1.8phr



T h e T G A  a n a l y s i s  s h o w s  t h a t  th e  C R P  
c o m p o s itio n  h a s  lo w  m o le c u la r  w e ig h t  
c o m p o n e n t s  o f  4  p e r  c e n t ,  p o l y m e r  
co n te n t o f  5 5  p e r  c e n t ,  c a r b o n  b la c k  f i l l e r  
o f  3 2  p e r  c e n t  a n d  s i l i c a  f i l l e r  o f  8 .8  
p e r c e n ta g e  (w / w ). T h e  a s h  c o n t e n t  o f  th e  
C R P  f r o m  T G A  ( 8 . 8 % )  a n d  m u f f l e  
fu rn a ce  (9 % )  m a t c h e s  e a c h  o t h e r  a n d  th e  
to ta l a c e t o n e  e x t r a c t a b l e  b y  a c e t o n e  
e x tr a c t io n  c o m e s  a r o u n d  1 3  p e r  c e n t .

T h e  e x tr a c t io n  o f  le a c h a b le  c o m p o n e n ts  
f r o m  C R P  is  u n d e r  p r o g r e s s .

5 . D e v e l o p m e n t /a d v i s o r y  w o r k /  
p ro je c t  w o rk

T e s te d  a n d  r e p o r t  g iv e n  fo r  th e  
d a m a g e d  ty r e s  r e fe r r e d  fro m  v a r io u s  

c o n s u m e r  d isp u te s  red ressa l fo ru m  in  the 
country.

T E C H N I C A L  C O N S U L T A N C Y  D I V I S I O N

T h e  a c t i v i t i e s  o f  th e  D iv is io n  a r e  
designed in  su ch  a  w a y  th a t th e  r u b b e r  based  
units o f th e  co u n try  n u m b e r in g  to  o v er  4 800  
will be ab le  to  tap  th e  b e n e fits  o f  th e  b asic  
and a p p lied  r e s e a r c h  a n d  d e v e lo p m e n ta l 
a c t iv i t ie s  b e in g  c o n d u c t e d  in  A C R T . 
Technical C o n su lta n cy  D iv is io n  is an N A B L  

approved la b o ra to ry  a n d  h a s  th e  fa c ility  to 
test o v er 170  q u a lity  p a r a m e te rs  o f  ru b be r 
products. S in ce  th e  la b o ra to ry  is  fo llo w in g  
ISO 17025 n o rm s fo r  its  ro u tin e  an a ly sis , its 
test ce r tif ic a te s  a re  v a lid  g lo b a lly  an d  are  
beneficial to  th e  e x p o rte rs  o f  ru b b e r  p ro d u cts 
in the country . T h e  D iv is io n  a lso  accu m u la te s 

k n o w le d g e  o n  i n d u s t r i a l l y  im p o r t a n t  
problem s b y  c o n d u c tin g  R  &  D  p ro g ra m m es 
so that th e  p r o b le m s  in  th e  m a n u fa c tu rin g  
sector can  b e  o v e r c o m e  w ith in  the sh o rtest 

possible tim e . T h e  m a jo r  a c tiv i t ie s  o f  th e  
D ivision a re  su m m a riz e d  b elow .

T h e  s e r v i c e s  p r o v id e d  a r e  R & D  
activities o f  ru b b e r  in d u stry  (b o th  p ro d u cts  
and p r o c e s s e s ) ,  d e v e lo p m e n t  o f  n e w  

p ro d u cts , t e s t in g / c e r t if ic a t io n  o f  r u b b e r  
p r o d u c ts  a s  p e r  r e l e v a n t  n a t io n a l  a n d  
Internationa] s ta n d a rd s . T h e  serv ices  offered

b y  th e  d iv ision  in clu d e (i) testin g  su p p o rt to 
in d u str ies a s  p er  n a tio n a l and  in tern atio n a l 
s ta n d a rd s i.e. ISO , BIS, A ST M , EN , A SR T U  
etc . ii) P rod u ct d evelop m en t-d em on stratio n /  
p ractica l tra in in g  for q u a lity  im p ro v em en t 
(iii) ev alu ation  o f  c h em ica ls (iv ) p rep ara tio n  
o f p ro ject p ro files and  tech n ica l b u lle tin s  to  
en tre p ren eu rs  (v) ad v iso r)' serv ices a n d  (vi) 
co n d u ctin g  aw aren ess m eetin gs/lectures to 
e n tre p re n e u rs  reg ard in g  tro u b le  shooting/  
co st red u ctio n  o f factory  p rocesses.

T h e h ig h lig h ts o f  th e  p ro jects  a re  g iv en  
below .

1. R e s e a rch  P ro jects

1.1. Finger printing of natural rubber latex
C e n trifu g e d  la te x  c o n fo rm in g  to  IS 

5 4 3 0 :1 9 8 1  is  e s s e n tia l fo r  th e  m a n u fa c tu re  
a lm o s t  a l l  la t e x  p r o d u c ts  s a y  g lo v e s ,  
con d o m s, B a llo o n s etc. H o w ev er very' o ften  
c e n t r i f u g e d  o f  la t e x  is  m a r k e t e d  w ith  
im p u rities  e ith e r  p re se n t in h eren tly  in the 
la te x  o r  ad d e d  p u r p o s e fu lly  in  o r d e r  to 
red u ce  th e  c o s t o f  th e  la tex . T h e se  ad d ed  
im p u ritie s  so m e tim e s  m ay  n o t b e  a lw a y s 
re flected  in  the u su al sp e c if ic a tio n  testin g



of the latex. H ence in order elim inate the 
traces o f such additions and also to fit the 
la tex m ore sp ecifica lly  to every product, 
finger printing o f latex is carried ou t using 
FTIR spectroscopy.

F U R  analysis o f NR~skim blend results 
sh ow ed  a b so rp tio n  p eak s  at 1 ,656 (C = 0  
stretch ing  (am ide I)) and 1 ,539 cm  1 (N -H  
bending o f am ide 11). But its intensity was 
very feeble in the case o f centrifuged latex 
film , w hereas the intensity increased as the 
skim addition increased. The results showed 
that as the dose o f skim  latex increases sharp 
changes can be seen at 3281 cm !. Thus skim 
latex contam ination o f centrifuged latex can 
be detected easilv.

S im ila r ly  b le n d in g  o f S B R  la tex  in 
m in u te  q u a n ti t ie s  can  b e  d e te c te d  by 
analysing the peaks a t 699-700 cn r ' referring 
to the styrene units. The results showed that 
as the d o se  o f SBR latex increased  sharp  
changes can be seen  above lp h r  at 700 cm  .

T h erm o  G ra v im e tr ic  A n a ly s is  (TG A ) 
o f N R/PCC co m p o s ite  sh o w e d  a p eak  at 
3 70°C  (m a jo r  p eak ) m a in ly  a ttr ib u te d  to 
r u b be r d e c o m p o s it io n  a n d  tw o  d is c r e te  
w eigh t lo ss step s in th e  te m p e ra tu re  ranges 
o f 60 -100°C  and 4 0 0 -5 0 0 °C , co rresp o n d in g  
to the loss o f w ater an d  th e  d e g ra d a tio n  o f 
P C C -N R  b o u n d e d  in  th e  c o m p o s i te ,  
respectively.

1 .2 . Shelf life study of gloves
S h elf-life  p red ictio n  o f  r u b be r m ed ical 

p r o d u c ts  is  u n a v o id a b le  s in c e  
m an u factu rin g  in d u str ies  n eed  to  d ec la re  
th e  serv ice  life  o f ru b b e r  p r o d u c ts  w h ich  is 
m an d atory  for s ev era l p ro d u cts . E ffo r t w as 
taken to  estab lish  th e  e ffe c tiv e n e s s  o f  the 
e x is tin g  A r rh e n iu s  a n d  W L F  m o d e ls  to  
evaluate the sh elf-life  o f su rg ica l g lo v es . Th e 
p r o d u c ts  w e r e  a g e d  a t  d i f f e r e n t  
tem p eratu res to v ary in g  p e r io d s a s  p er  ISO  
1 3 3 2 0 :2 0 0 5  an d  p r o p e r tie s  o f  im p o rta n c e  
w ere m easured .



1.3. M orphological stu d ies on latex film s
prepared by  cream ed prevulcanized
latex
In  la t e x  p r o d u c t  m a n u f a c t u r in g ,  

la tice s  h a v in g  h ig h  d r y  r u b b e r  c o n t e n t  
(c o n ce n tra te d  la t e x )  a r e  g e n e r a lly  u se d . 
D u ring  c r e a m in g  p r o c e s s ,  th e  la te x  g e ts  
enrich ed  in  r u b b e r  c o n t e n t  a n d  th e  n o n ­
rubber co n stitu en ts  a n d  o th e r  im p u ritie s  can 
be sep a ra ted  th ro u g h  th e  se r u m . In th is  
study, fie ld  la te x  co lle c te d  fro m  R R II w as 
p rev u lcan ized  a n d  s u b je c te d  to  c re a m in g . 
R esu lts  sh o w e d  th a t p r e v u lc a n iz e d  la tex  
produced  b y  c re a m in g  o f  fie ld  la tex  g a v e  
film s o f b e tte r  q u a lity  a n d  s u c h  m a te ria ls  
g a v e  p r o d u c t s  w 'ith  e x c e l l e n t  c o lo u r  
retention .

1.4. B in a ry  b le n d  fo r  tr e a d  a p p lic a tio n

In  o r d e r  to  d e v e lo p  c o s t  co m p e tit iv e  
tre a d  f o r m u l a t i o n s  a s  p e r  A S R T U  
sp ecifica tio n s  tw o  g r a d e s  o f  c a rb o n  b la ck  
nam ely  H A F  a n d  1SA F w e r e  m ix e d  w ith  
selected  b le n d s  o f  N R/PB. T h e  d isp e rs io n  
of carb o n  b la c k  in  th e  b le n d  wra s  an a ly z ed  
using D isp e rg ra d e r . I t  w as fo u n d  th a t th ere  
is a h o m o g e n o u s  d is t r ib u t io n  o f  c a rb o n  
black in  th e  b le n d  a n d  th e  h o m o g e n e ity

in creased  w ith  B R  content. T h e a g g lo m era te  
p a r tic le  s iz e  a lso  d ecrea sed  w ith  B R  c o n te n t 
a s  sh o w n  below .

T h e in creased  M o o n ey  v isco sity  o f th e  
b len d  w ith  BR  co n ten t m ay  b e  th e  reason 
fo r  th e  b e t t e r  d is p e r s io n .  T h e r e  is  a 
p re fere n tia l a b so rp tio n  o f  ca rb o n  b la ck  in 
th e  B R  p h a s e  a s  it  is  e v id e n t  f r o m  th e  
h ard n ess . T h e  in crea sed  d isp e rs io n  in  th e  
B R  r ich  b le n d  m ig h t h a v e  r e s tr ic te d  th e  
m o v e m e n t o f th e  m a cro m o le cu la r  ch a in s . 
T h is  m ig h t  h a v e  le d  to  th e  in c r e a s e d  
M o o n ey  v isco sity  a n d  th e  h ard n ess.

1 .5 . P r e v u lc a n iz a tio n  o f  n a tu ra l r u b b e r
la tex

T h e  m e c h a n ic a l  a n d  a f te r  a g e in g  
p ro p e rtie s  o f  rad ia tio n  v u lca n iz ed  n atu ral 
r u b b e r  la tex  (R V N R L ) a re  n o rm a llv  lo w  
w h e n  co m p a red  to  su lp h u r  p rev u lcan ized  
n atu ra l ru b be r la tex  (S V N R L ). T h e re fo re , a 
rad iation  assis ted  p ero xid e cro ss lin k in g  w as 
s u g g e s t e d  a s  a n e w  m e th o d  f o r  th e  
v u lca n iz a tio n  o f N R  latex.

P r e v u lc a n iz a t io n  o f  la t e x  u s i n g  
p e r o x i d e  w a s  c o n d u c te d  a t  v a r i o u s  
ir ra d ia tio n  d o se s  (0 -1 6  k .G y ). T h e  re su lt 
sh o w e d  th a t r a d ia tio n  a ss is te d  p e r o x id e

NR/BR BLEND

Variation o f agglomerate size 
blend ratio

Variation of Mooney 
viscosity with blend ratio

Variation of Hardness with 
blend ratio_____________

Variation of agglom erate Variation of Mooney Variation of Hardness
size blend ratio viscosity with blend ratio with blend ratio

Fig- 1C . 2. Variation o f agglom erate size, M ooney viscosity and Hardness with blend ratio
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Fig. TC 3. H  U< spectrum of peroxide cross-linked natural rubber

vulcanization gave h igher tensile strength 
and agein g  properties. It w as found that 
p ero xid e cro sslin k in g  is  a m ore practical 
m ethod to reduce the vulcan izatio n  dose 
r e q u ir e d  fo r  th e  p r e p a r a t io n  o f  
prevulcanized latex usingy-radiation . FTIR 
studies show ed that (figure given below ) the 
absorption band due to C-C  stretch  (1022 
and 1147 cm ') is stro n g  in the new  cu re 
system .

1.6. Solvent-based rubber adhesive
compounds for tyre re-treading
Rubber-based solu tion adhesives for 

tyre re-treading w as developed and tested

as p er A S R T U  sp ecifica tio n s . In itia l ly  the 
e ffe c t o f v u lc a n iz in g  a g e n ts  o n  th e  cu re  
characteristics w as stu d ied  an d  o p tim iz e d  
the com p onen ts o f  the sy stem . T h e  ad h esion  
stren gth  o f ru bber-based  so lu tio n  a d h esiv es 
w as tested and  the ro le  o f  p a r tic le  s iz e  o f 
carbon b lack on b on d in g  w as in vestigated . 
C o r r e la t io n  o f  th e  r e s u lt s  o f  th e  F T IR  
sp ectroscopy o f  d ifferen t carb o n  b la ck  filled 
rubber adhesive w ith th eir ad h es io n  stren gth  
w as studied . E ffect o f carb o n  b lack  on the 
crosslin k d ensity  and s w ell-in d ex  o f  so lv en t- 
based rubber adhesives w as also  d eterm ined  
T h e re su lts  (F ig . T C . 4 a n d  T a b le  T C . 1) 
indicated th at both the m ech an ical p rop erties

G“  N™ “ ° ™
Fig. TC. 4. E f ta C H ,„

° f  rubber-based I X t t a  « d 2 s° J  “ d optimum cure Smo



Sam ple____ ________________________ —  NK/N660 NR/N550 w d /k.™ --------- ry;/,, - . n-------
T^rilestrength  (kg/cm1), M in. 264 229----------- ------------ ---------------------—  -------

Angle tear, kgf/mm. Min.
Adhesion peel strength, g/cm______________ 2

and a d h e s io n  s t r e n g t h  o f  r u b b e r -b a s e d  
solution a d h e s iv e s  w e re  n o t a ffec ted  b y  the 
type o f carbon  b la c k  u se d .

It w as c o n c lu d e d  th a t g e n e ra l p u rp o se  
carbon b lack  w h ich  a r e  r e la tiv e ly  c h e a p  a n d  
having h ig h  p a r tic le  s iz e  c a n  b e  u se d  fo r  re ­
treading a p p lic a tio n s .

2. Testing and certification
2.1. N A B L  accredited testing services 

T h e  N A B L  r e a s s e s s m e n t  o f  th e  T C  
laboratory h a s  b e e n  c a rr ie d  o u t  su cce s sfu lly  
from 13  to  14  O c to b e r  2 0 1 8 . T h e  la b o ra to ry  
follow s th e  IS O / ISE  1 7 0 2 5  d o c u m e n ta tio n  
and n a t i o n a l / i n t e r n a t i o n a l  te s t in g  
procedures fo r  its  r o u tin e  s e rv ice s . P ro d u cts  
b e lo n g in g  to  n a t u r a l  r u b b e r ,  s y n t h e t i c  
rubber, la tex , th e rm o p la s t ic s  a r e  te s te d  as 
per the r e le v a n t n a t io n a l a n d  in te rn a tio n a l 
standards (e x p o rt m a r k e t ). D iffe re n t typ es 
of rubber p ro d u cts  te s te d  in  th e  D iv is io n  are 
bridge b e a rin g s , r u b b e r  d ia p h ra g m s , p r e ­
cured / con ven tion al tr e a d s , b o n d in g  g u m , 
black v u lca n iz in g  c e m e n t, ty r e  flap s, in n er 
tubes, ru b be r ch a n n els/ b ea d in g s , f lo o r  m ats, 
H aw aii s o le s ,  s p o n g e  r u b b e r ,  O - r in g s ,  
b u sh e s , e n g i n e  m o u n t s ,  a u t o m o b i l e  
com ponen ts e tc . T h e  m a jo r  la tex  p ro d u cts

fable TC. 2. N u m b er o f  s a m p le s  teste d  and  th e 
_____ _______ reven ue co llected  (2018-19)____________
No. of clients 416

No. of sam ples tested 833
No. of parameters analysed 3402
Consultancy letters/e-mail 2385

rouble shooting o f factory process 13

J r  of test reports issued 852
p ropon en t analysis 54

l^ L E gvenue collected fRs.l_________________22,64, 356 ,

te s te d  in c lu d e  e x a m in a tio n  an d  su r g ic a l 
g lo v e s ,  la t e x  a d h e s iv e s ,  la t e x  th r e a d ,  
b a llo o n s ,  F o le y  c a th e te r s ,  c o n d o m s  e tc . 
1 u rity  o f  ru b b e r  ch em ica ls  and  th e  q u a lity  
c e r tif ic a t io n  o f  rec la im e d  r u b b e r  a re  a lso  
te s te d  c o n s is te n tly  b y  th e  D iv is io n . A n 
a cco u n t o f th e  ru b ber p rod u cts tested  for the 
la s t y ear  is  g iv en  below .

3. P ro d u c t d e v e lo p m e n t

T h e  d iv is i o n  o f f e r s  s e r v ic e s  to  
e n tre p re n e u r s  a s  w ell a s  e x is tin g  r u b b e r  
b a se d  in d u s tr ie s  in  th e  d e v e lo p m e n t o f 
ru b ber prod u cts based  on b oth syn th etic  and 
natu ra l rubber. In  th is  a rea , th e  n u m b ers  o f 
se r v ic e s  g iv en  a re  ca te g o riz e d  a s  fo llo w s 
(T ab le  TC . 3).

T h e c lien ts  w h o availed  th e  facilit ies  
o f  th e  T e c h n ic a l  C o n s u lta n c y  d iv is io n  
in c lu d e en tre p ren eu rs  from  both  p u b lic  and  
p riv ate  en terp rises.

E x te rn a lly  fu n d e d  m a jo r  p ro je cts

• R u b b e r  P r o d u c t s  In c u b a t io n  C e n tr e  

B a se d  o n  o u r  p ro p o sa l an d  a ls o  to  
p rom ote  th e  in nova ti ve id eas o f  yo u n g  
en tre p ren eu rs, K era la  S ta te  In d u str ia l 
D e v e lo p m e n t C o rp o ra t io n  (K S ID C ) 
h a s  sa n c t io n e d  R s .5 0  la k h s  fo r  th e  
e s ta b l is h m e n t  o f  R u b b e r  P r o d u c ts  
In cu b a tio n  C en tre  at R R II.

• P r e p a r e d  a n d  t r a n s fe r r e d  p r o je c t  
r e p o r t  fo r  s e t t in g  u p  a s u r g ic a l  & 
e x a m in a tio n  g lo v e s  m a n u fa c tu r in g  
u n it fo r  M/s. S P S M  P h arm aceu tica ls , 
G u ja r a t  a n d  c o l le c te d  R s .5 0 ,000/- 
tow ard s the co n su lta n cy  fee. 

U n d e r ta k e n  a  p r o je c t  fo r  th e



Table TC 3 Number of Know-how transferred to 
industries

Name of products developed Numbers
Adhesives 4
A u tomobile com ponents 11
Expanded rubber sheets and soles 3
Fire resistant mats 1
Latex based dipped and foamed goods 3
Pre-cured tread, bonding gum and tube valve 14
Rubber based agro machinery components 
Rubber based engineering components for

2

railway, defence, BSF, Kochi Metro etc. 2
Rubber moulds 2

d e v e lo p m e n t o f  r u b b e r  p o ts  fo r  
agricultural p u rp oses sp on sored  by 
M/s. N av asak ti Trust, K o llo m  and 
co lle c te d  R s .1 .9  la k h s  to w ard s the 
consultancy fee.

• C om pleted  a p ro ject report for setting 
u p  a a u to m a t ic  b a llo o n  
m an u factu rin g  u n it fo r  M/s. G reen  
Tech B alloo n s LLP, H yd erabad  and 
c o lle c te d  R s .50,000/'- to w a rd s  th e  
consultan cy fee.

• C o m p le te d  th e  w o rk s  fo r  B h a r a t 
P e tro le u m  C o r p o r a t io n  L im ite d  
(BPC L), Kochi to o vercom e the foul 
sm ell associated w ith the production 
o f rubberised bitu m en and collected

R s.1 .2  lakh s as co n s u lta n cy  fee.

• D esigned  an e fflu en t trea tm en t system  
for th eir ru b be r b an d  m a n u fa c tu rin g  
u n it o f  M/s. S r e e la k sh m i In d u str ies , 
P a t h a n a m th it t a  a n d  c o l le c te d  
Rs.3,000/- tow ard s the c o n su lta n cy  fee. 

C o n su ltan cy  se rv ice s  w ere  p ro v id ed  
to T SR  u n it o f M/s. K a rn a ta k a  Forest 
D evelop m ent C o rp o ra tio n  L td ., Su llia , 
a n d  K a r n a ta k a  f o r  im p r o v in g  th e  
p ro d u ctio n  an d  co lle c ted  R s.47,000/- 
tow ard s the c o n su lta n cy  fee.

Project profiles/Technicai bulletins

A s p e r  th e  r e q u e s t  o f  th e  
en trepren eurs, p ro ject p ro files  a n d  tech n ical 
b u lle tin s w ere issu ed  o n  p a y m e n t b asis.

Advisory services

M atters re la tin g  to  v ariou s a sp e c ts  like 
s e le c t io n  o f  r a w  m a t e r i a l s ,  d o s a g e  o f  
in g r e d ie n ts ,  r e d e s ig n  o f  f o r m u l a t io n ,  
processin g  c o n d itio n s, recen t re g u la tio n  etc. 
w ere a lw ays a  su b je c t o f c o n c e rn  a m o n g  the 
c lien ts. T h e D iv is io n  h as g iv e n  a p p ro p r ia te  
g u id an ce in all th e se  a sp ects.

ECO N O M ICS D IV ISIO N

T h e D iv ision  continu ed  its research 
activ ities in five m ajor areas, viz, (i) farm  
m an agem ent; (ii) prim ary processin g  and 
m a r k e t ,n g o f N R ; (Hi) r ilb b e r  p r 0 3 u cts 

m an ufactu rin g industry and foreign trad ,r 
iv) in ter  cro p s and by-p ro d u cts; and  (v) 

in te r -d ,v is io n a l  c o lla b o r a tiv e  p r o je c ts  
D u r in g  th e  p e r io d  u n d e r  r e p o rt , o u r  
p ro jects w ere com pleted  and reported, T^e 
su m m aries o f the results are given in the 
fo llo w in g  sections.

A road m ap for a ttain in g self- 
relian ce in n atu ral ru b b e r  
production in India by 2030

Indian n atu ral ru b be r (N R ) p la n ta tio n  
secto r  su p p o rts an in d u stry  th a t is v ita l to 

e  nation s in dustrial a n d  e co n o m ic  grow th . 
S u sta in ed  ex ten s io n  e ffo r ts  su p p o rte d  by

R^hh6 Rrese^ rcl1 and d e v e lo p m e n t b y  the 
ubber B oard  m  the p a st m o re  th an  6 0  y ears 

P lu M *ablish  a r o b u st N R  p ro d u ctio n



base in th e  c o u n tr y ,  c h a r a c t e r i s e d  b y  a 
steady e x p a n s io n  in  a re a  u n d e r  c u ltiv a tio n  
and in c r e a s e  in  p r o d u c t i v i t y  a n d  to ta l  
production. T h is  h e lp e d  In d ia  to  a ch iev e  
near s e lf-s u ffic ie n cy  in  N R  p r o d u c tio n  u n til 
2010. T h e  p r o d u c tio n  c o n s u m p t io n  g a p  o f 
NR in India w as n e g lig ib le  ti ll  2 0 0 8 -0 9  (F ig . 
geo. 1). T h e  p r o d u c tio n  co n s u m p tio n  g ap  
started w id e n in g  s in c e  2 011  d u e  to s h a rp  fall 
in N R  p r ic e s  f o r c in g  th e  lo c a l  r u b b e r  
industry to im p o rt a lm o s t 5 0  p e r  c e n t o f  th eir 
dem and fro m  in te r n a tio n a l m a rk e t. A s  the 
Indian e co n o m y  is  e x p e c te d  to  m a in ta in  its 
buoyancy in g r o w th , it  is  e s t im a te d  th a t by 
2030 the c o u n tr y  w o u ld  r e q u ir e  a b o u t 20 
lakh  t o n n e s  o f  N R  p e r  y e a r .  P r e s e n t  
production is  in  th e  r a n g e  o f  6  to  7  la k h  to n s 
per year, a lth o u g h  th e re  e x is ts  th e  p o ten tia l 
to p r o d u c e  a b o u t  1 0  la k h  t o n s  a  y e a r . 
Betw een n o w  a n d  2 0 3 0 , th e  co u n tr y  sh o u ld  
double its d o m e stic  N R  p ro d u ctio n  p oten tia l 
to b eco m e s e lf - r e l ia n t  a n d  a v o id  e x ce ss iv e  
d ep en d ence o n  im p o r t  o f  th is  c r itica l an d  
strategic in d u s tr ia l ra w  m a te ria l. H en ce , an 
action p lan  w a s c h a lk e d  o u t to  e x p a n d  N R  
cu ltivation  to  m o re  a r e a s , re p la n t o ld  and  
senile h o ld in g s  a n d  in c re a s e  p r o d u ctiv ity  o f

e x istin g  h o ld in g s  to a tta in  s e lf-re lia n ce  in 
N R  p ro d u ctio n  by 2030.

2. T re n d s  and v o la t il i ty  of  
com m odity prices: The case of 
natural rubber in India during  
the post-reform s period

T h e  stu d y  ex am in ed  th e  tren d s and  
d em an d  and su p p ly  fa cto rs  in flu en cin g  the 
n a tu ra l ru b b e r  (N R ) p rice  in In d ia  d u rin g  
the p eriod  o f m arket an d  p rice u n certa inties. 
It is b ased  o n  th e  d atab ase  o f 3 6  y ears from  
1 9 8 1  to  2 0 1 6  p e r t a in in g  to  m o n th ly  
p rod u ction , con su m p tion , im port, s tock  and 
p rice  o f N R  in In d ia . U sin g  P oin t A n aly sis , 
fo u r  p h a s e s  in  th e  tr e n d s  o f  p r ic e  w ere  
o b serv ed  viz. P h ase  I (1981 to  1995), P h ase  
I I  (1996  to  2005), P h a se  III (20 0 6  to  2010), 
and  P h a se  IV  (2011  to  2016).

It w as o b serv ed  th at th e  in tra -m o n th  
p rice  h ad  b een  relatively  s tab le  in the secon d 
and fo u rth  p h a ses  (28%  ea ch ), w h e re a s  it 
h ad  b een  h igh ly  u n stab le  in th e  first (42% ) 
and  th ird  (31% ) phases, in d ica tin g  th at p rice 
u n certa in ty / in stab ility  is h ig h  w h e n  p rice

l i i l i i i l i i i i l i i l i l l i
Fig Eco. 1. Production-consum ption gap of NR in India



show s in creasing trend and trice versa. That 
is. p rice had been m ore volatile  during  the 
p re-reform s p eriod du ring  w hich price had 
been in creasing, w hereas it had been less 
d u r in g  th e  p o st re fo rm s-p e r io d  d u r in g  
w hich th e  exten t o f fall in price had b een  on 
the h igher side. T h e in fluen ce o f  dem and 
and sup p ly  factors on NR du ring  1981 to 
2016 is m ore obv ious from  Table Eco. 1.

Table Eco. 1. Factors determined price of NR 1981 to 
_____________ 2016_________________________________

Factors,' _________ Coefficient_______________
Phases_________Phase I Phase 11 Phase III Phase IV
Production —

Consumption 0.086

Import —

Stock

Constant -  0.49

R̂ ______________0.66
Significant at < 0.01

W h ile  c o n s u m p tio n  h ad  b e e n  the 
facto r  th at in fluen ced  p rice  d u rin g  the first 
tw o ph ases, it had  been  the consu m p tion  
and stock  th at in flu en ced  th e  p rice  in the 
third p hase and  both  the im p ort and stock 
(a t m a n u fa c tu re rs ' lev e l) d eterm in ed  the 
p rice  d uring  the fourth  phase. H istorically, 
reg u la tio n s o f sto ck s had played  v ita l role 
in e n su rin g  stab le  and rem u n erative  p rices 
fo r  com m od ities, in clu d in g  N R. H ow ever, 
th e  a b sen ce  o f  su ch  re g u la tio n s  and  the 
la r g e -sc a le  im p o rt a c c e n tu a te  th e  sto ck  
le v e l d u r in g  th e  p o s t - r e fo r m s  p e r io d  
leav in g  th e  d om estic  p rice highly  uncertain 
a n d  n o t  r e m u n e r a t iv e .  T h e r e fo r e ,  
sto ck h o ld in g  and im p ort o f NR need to be 
s tre a m lin e d  d e p e n d in g  u p o n  the actu a l 
dem and and sup ply conditions. It is highlv 
w arran ted  to en su re  a rem u n erative  farm 
g a te  p rice  to  farm ers  so  as to en su re  the 
su s ta in a b ility  o f both  the N R  cu ltivation  
and  sm all grow ers.

3. Cost benefit analysis of natural
rubber cultivation

A d o p tin g  te c h n o lo g y -d r iv e n  g o o d  
a g ricu ltu ra l p ra c tice s  (G A P s) to  in c re a se  
prod uctiv ity  and red u ce c o s t  o f p ro d u ctio n  
o f N R h o ld in gs is th e  key to im p ro v e  the 
Benefit C ost R atio  (BC R ) an d  th u s e n su rin g  
sustained  su p p ly  o f N R in th e  cou n try . T h e 
study attem pted  cost b en efit a n a ly s is  o f  N R 
cu ltiv a tio n  fo r  d iffe r e n t r u b b e r  g r o w in g  
regions viz. (i) T rad itio nal reg io n , (ii) N o rth  
K onkan region and (iii) N orth  eastern  reg ion  
u n d er d iffe re n t c o s t  an d  y ie ld  sc e n a r io s . 
Th e B C R  analyses revealed  th at by fo llo w in g  
th e  t r a d it io n a l  s t a n d a r d  a g r ic u l t u r a l  
practices, ru b ber cu ltivation  is  n o t p ro fitab le  
u n d er the p resen t p ro d u ctiv ity  a n d  p rice  
scenarios, bu t by ad op tin g  co st sa v in g  and 
incom e enh ancin g  G A P s ru b ber cu ltiv a tio n  
could  b e  m ad e su sta in ab le  (Table Eco. 2a-c).

T h e  m in im u m  p r o d u c t iv i ty  th a t  is 
needed to  g et a  break eve n  B C R  in  d iffe re n t 
reg io n s  (a t  th e  2 0 1 6 -1 7  c o s ts  a n d  r u b b e r  
price) w ere 1920, 1400 and  160 0  k g  h a °  y r 1 
in th e  trad itio n a l, N E a n d  n o rth  K o n k a n  
regions respectively based  o n  o ld  cu ltiv a tion  
p ra ctices  an d  a re  a b o v e  w h a t is  re a liz e d  
today. If la test tech n o lo g y  d riv en  p ra c tice s  
are adopted , the breakeven p rod u ctiv ity  goes 
d o w n  to  7 9 0 , 6 6 5  a n d  7 5 0  k g  h a ' 1 y r  1 
respectively in the th ree regions. T h is  c learly  
show s that rubber cu ltivation  ca n  b e  m ad e 

profitable even under the curren t productivity  
levels and low price scen ario , p rov id ed  cost- 
s a v in g / a u x ilia ry  in c o m e  e n h a n c in g  
technologies are adopted in full earnest.

A n a ly s is  b a s e d  o n ly  o n  a n n u a l  
operational costs sh ow ed  th a t ta p p in g  the 
rubber trees even  d u rin g  th e  lo w  p r ic e  and 
p r o d u c t iv i ty  s c e n a r io  o f  2 0 1 6 - 1 7  is  

m ~ I in a lly  P o t a b l e  in th e  t r a d it io n a l
= I 20 ) a n d  N o rth  E a s t ( B C R = I .2 9 )  

r e g io n s  e v e n  w ith  th e  o ld  c u l t iv a t io n

0.104 0.46

- 0.15 

0.06 -0.15

- 1 J 3  -10.39 7.70

0 3 4  0.50 0.75



*  Fro 2. BCR of rubber cultivation in different rubber growing regions of India under different producbv.tv
16 and cost scenarios________________________

^ ^ r i ^ c c o r d i n g  to cultivation practices Productivity scenario (kg ha ‘yr"-)

I629-1 1931b 2500“
standard agricultural practices 0.71 0.85 1.10

caving and incom e enhancing GA Ps_______________  ______________U 4 _________L63 1.98
Using

^ ^ idav^ ageprodu cth ’th/ in traditional region during 2016-17.b Highest annual average productivity obtained in traditional 
region Higher productivity obta ined in w ell m aintained selected holdings m  traditional region

flri North East region
Cost scenario according to cultivation  practices _________ Productivity scenario ( kg h a 1 y r 1)__________

___________________________________________ 1257J 1270* 1.750' 1931s 2500h
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Heine cost saving and incom e en han cing G A Ps 1.40 1.42 1.85 2.01 2.51
3Annual average productivity in N orth Eastern region during 2016-17. fHighest average productivity m  North Eastern 
rtgion. 'Highest productivity achieved by w ell-m aintained select holdings in North Eastern region. (Highest annual average 
ptiAuetipity achieved in traditional region. k Highest annual average productivity obtained in well maintained selected holdings 

in traditional region

Cost scenario according to  cultivation  practices Productivity scenario (kg h a 1 y r1)

1000* 101& 15001 1931' 2500-

Using standard agricultural practices

Using cost saving and in com e en han cing GAPs

0.53 0 5 4  0.79 1.02 

1.02 1.08 1.38 1.65

1.32 

2.01 
tty obtained•annum uucrugc prvu u aw ily  uviumcu 111 nurm  rnnuum — ...............- ...... -o- r ---------  -•

in North Koitkan region. kH ighest annual average productivity achieved by select holdings in North Konkan region. 'Highest 
average productivity achieved in traditional region. ".Highest annual average productivity obtained in well maintained select 

holdings in traditional region.

practices. B u t b y  a d o p t in g  c o s t  re d u c in g  
and in co m e e n h a n c in g  te c h n o lo g ie s ,  th e  
operational p r o fit  im p ro v e s  c o n s id e ra b ly  in 
trad itio n a l ( B C R = 1 .6 4 )  a n d  N o r t h  E a s t  
(BCR=1.99) re g io n s .

Th e a n a ly s is  s h o w s  th a t a t  th e  c u rre n t 
level o f p r ic e ,  p r o d u c t i v i t y  a n d  c o s t  o f  
production, N R  h a r v e s tin g  c a n  s t ill  b e  m ad e  
profitable b y  a d o p t in g  th e  la te s t  c o s t  s a v in g  
°nd in com e e n h a n c in g  te c h n o lo g ie s .  B u t 
lesser ad o p tio n  o f  t e c h n o lo g ic a l in n o v a tio n s  
by the g r o w e r  c o m m u n ity  h a s  a d v e rs e ly  
affected th e ir  c o m p e t i t iv e n e s s .  C re a t in g  
awareness a m o n g  g r o w e r s  a b o u t  th e  la test 
technological d e v e lo p m e n ts  a n d  n u d g in g  
t em for a d o p tin g  th e  te c h n o lo g ie s  a lo n e

can  m ak e the grow ers successfu lly  com pete 
globally  and  m ak e N R cu ltivation  profitable.

4 Study on the effectiveness of  
pollination support through bee 

keeping

T h is  s tu d y  e x am in es the e ffectiv en ess  

o f  th e  “ P o llin a tio n  S u p p o rt th ro u g h  B ee 
K e e p in g " p ro g ram m e b ein g  im p lem en ted  

in  K e ra la  b y  S ta te  H o r tic u ltu r e  M iss io n  
(SH M )-K era la , d u rin g  th e  2010-11 , 2 011-12  

an d  2012-13 . It  w as b ased  on  th ree -stag e 
p ro p o r tio n a l s tr a t i f ie d  sa m p lin g  su rv e y  
am o n g  4 26  b en efic iarie s o f  S H M  cond u cted  
d u rin g  Ja n u a ry  to A p ril 201.7 a cro ss ih ree



regions (south, central and north) in Kerala. 
T h e co lle c te d  d ata  w ere an a ly sed  u sing  
d escrip tive statistics.

The results sh ow  that, b eneficiaries of 
S H M  p r o g ra m m e  b e c o m e  b e e k e e p e r s  
m ainly  on accou n t of; ( 1) persuasive and 
lo g ica l tr a in in g  o n  b e e k e e p in g  and  (2 ) 
availability  o f beekeeping equipm ent at fair 
and subsidised rates. H ow ever, o f the total 
b e n e f ic ia r ie s ,  le s s  th an  3 4  p e r  c e n t o f  
beekeepers (8%  in  south, 7%  in central and 
19%  in n o r th )  a r e  s t i l l  c o n t in u in g  
b e e k e e p in g  w h ile  6 6  p e r  c e n t h a v e  
ab a n d o n ed  it  m ain lv  o n  a cco u n t o f; ( 1 ) 
a b se n c e  o f  e x te n s io n  se r v ic e s  a fte r  the 
d istribution  o f eq uipm ent, (2 ) d istribution 
ot beekeeping eq u ip m en t no t at ideal tim es,
(3) un aw aren ess o f beekeepers on seasonal 
as  w e ll a s  o f f - s e a s o n a l b e e k e e p in g  
m an agem ent practices.

O nly 21 per cen t o f beneficiaries had 
su ff ic ie n t  h o n ey  fo r  m a rk etin g  and  the 
entire honey w as m arketed a s raw  honey i.e. 
w ith o u t any  v alu e ad d ition . A m o ng the 
various factors, h ig h er  cost o f production, 
absence o f assu red  rem unerative and stable 
prices, exp lo itation  by m iddlem en, absence 
o f  o rg an ise d  m ark et and  p u b lic  su p p o rt 
un d er the o ligop son istic  m arket structure 
w e re  o b se rv e d  to  h a v e  c o n s tra in e d  the 
m arketing  o f h oney a m o ng the b eekeepers. 
H igh er cost o f production and investm ent, 
la c k  o f  c a p it a l ,  c o m p e tit io n  a m o n g  
beekeepers, d om inan ce o f branded honey 
in  th e  o u t p u t  m a r k e t , d if f ic u lty  in 
processin g  A gm ark and B IS  certified honey 
p rev alen ce  o f cred it sales and absence o f 
in stitu tio n al su p p o rt w ere reported to  be 
a f fe c t in g  th e  v a lu e -a d d it io n  o f  h o n e v  
prod u cts am ong beekeepers a cro ss regions 
T h u s, the e ffectiv en ess o f the Pollin ation  
J rogram m e en d s w ith the d istribution  o f 
b e e k e e p in g  e q u ip m e n t .  T h a t is th e  
Program m e has conceived only the d em and .  

6 a sP<*ts o f beekeeping, but underm ined

the im portance o f su p p ly  s id e  a sp ec ts  w hich 
a r e  c r i t ic a l  f r o m  th e  p e r s p e c t i v e  o f  
beekeepers, e sp ecia lly  th e  sm all o n es .

T h e re fo re , in  o r d e r  to  a c h ie v e  the 
perceived o b jectives, th e  e s ta b lish m e n t o f 
S elf H elp G rou p s (S H G s) lik e  th e  K asargod  
R u r a l D e v e lo p m e n t  S o c i e t y  a n d  th e  
Elavam p adam  R u b b er P ro d u ce rs ' S o c ie ty  at 
grass root level m ay  b e  co n s id e re d  u n d er 
the H orticorp . S u ch  S H G s can  a d d re ss  not 
on ly  the issu es o f  co m m erc ia l ex p lo ita tio n  
o f honey and its p ro d u cts, th e ir  p rice  and  
m arketing, and  p ro cess in g  a n d  m ark etin g  
o f v a lu e-ad d ed  h o n ey  p r o d u c ts , b u t  th e  
u n d e ru tilis a tio n  a n d  s c a le  e c o n o m ie s  o f 
m o d e rn  h o n e y  p r o c e s s in g  p la n t  o f  th e  
H o r t ic o r p  a s  w e ll .  I f  th e  s c a t t e r e d  
b e e k e e p in g  p r o m o t io n a l  a c t iv i t i e s  a n d  
related  m an p ow er o f in s titu tio n s  lik e  S ta te  
A griculture D ep artm en t, K h a d i a n d  V illag e  
In d u stries C om m ission  (K V IC ), K h ad i and 
v illa g e  In d u str ie s  B o a rd  (K V IB ), R u b b e r  
Board etc. a re unified and b ro u g h t u n d er on e 
ag en cy  th e  e x e c u tio n  a n d  m o n ito r in g  o f 
SH G s w ould  b eco m e a re a lity  v is -a -v is  the 
very p u rp ose o f  tine P o llin a tio n  P ro g ram m e.

5. Policy advisories to the R ubber 
B o ard /M in istry  o f C o m m erce  
and Industry

• A ssociated  w ith  th e  W o rk in g  G ro u p  
fo r  th e  e s t im a t io n  o f  p r o d u c tio n /  
eco n o m ic  lo ss  in  r u b b e r  p la n ta tio n  
s e c t o r  d u e  to  e x c e s s iv e  r a in  a n d  
su b seq u en t natu ral ca la m itie s  an d  in 
th e  p r e p a r a t io n  o f  th e  r e p o r t  

D am age/ loss in  r u b b e r  p la n ta tio n  
s e c t o r  d u e  to  e x c e s s iv e  r a in  a n d  
su bseq u en t n atu ral c a la m itie s "  w hich  
was subm itted  to G o v ern m en t o f  India 
and G o v ern m en t o f  K era la .

A ssociated  w ith  th e  c o m m itte e  in the 
e stim atio n  o f  th e  co st o f  cu ltivation /



p ro d u ctio n  o f  n a tu r a l r u b b e r  fo r  10 
ru b ber g r o w in g  reg ions/ states in  India 
for th e  y e a r  2 0 1 7 -1 8 .

6 E s t im a tio n  o f  R u b b e r  w o o d  
upset value

E stim a te d  u p s e t v a lu e  o f  ru b b e r  trees 

7. R esearch G uid an ce/Internship

Institutes

T h e  C e n t r a l  Q u a l i t y  C o n t r o l  
L aboratory  is  u n d e rta k in g  v a rio u s  te s ts  for 
raw n a tu ra l ru b b e r, c h e m ic a ls , fe r tiliz e rs , 
w ater, e ff lu e n t w a te r  e tc .  w h ic h  is b e n e fic ia l 
to the g ro w e rs , p r o c e s s o r s  an d  th e  g en era l 
p u b lic. Q u a lit y  C o n t r o l  D iv is io n  jo in tly  
w ith  B u r e a u  o f  I n d ia n  S t a n d a r d s  
im p le m e n ts  a n d  m o n i t o r s  IS I  m a r k in g  
p ro c e ss  fo r  th e  p r o c e s s e d  r u b b e r  in  th e  
cou n try  an d  c o n d u c ts  in s p e c tio n s  to  su ch  
units. T h e  d iv is io n  p la y s  a  m a jo r  r o le  in  the 
qu ality  e n fo r c e m e n t  o f  p ro ce sse d  n a tu ra l 
rubber, q u a lity  o f  im p o rte d  a n d  ex p o rted  
rubber an d  th e  is su e  o f  N O C  fo r  im p o rt.

1. Commercial Testing Section
T h e  D i v i s i o n  h a s  c o n d u c te d  

c o m m e r c ia l  te s t in g  o n  a c h a r g e d  b a s is .  
D etails o f  s a m p le s  te s te d  d u r in g  th e  p eriod  
are g iv en  below .

in  H e v e a  B r e e d in g  S u b - S t a t io n  (H B S S )  
K a d a b a , R R S  D a p c h a r i, R R S  D h e n k a n a l, 
R R S  P a d iy o o r ,  C e n t r a l  E x p e r im e n t a l  
S ta tio n , (C E S ) C h e th a ck a l, S ta te  F a rm in g  
C o r p o r a t io n  o f  K e r a la  (S F C K )  L im ite d  
P u n alu r, R eh a b ilita tio n  P lan ta tio n  L im ited  
(R P L ) P u n a lu r  an d  E s ta te s  o f  K o d u n g o o r  
D ev asw o m  B oard .

Number of students underwent internship/ 

received research guidance in the Division

3

A n  a m o u n t  o f  R s .2 5 ,2 3 ,3 0 9 / -  w a s  

co lle cted  as te s tin g  fee  d u rin g  th e  year.

2. Specification section

2.1. BIS scheme of testing and inspection
T h e  o ff ice rs  o f B IS  a n d  R u b b e r  B o a rd  

(S p e c i f ic a tio n  O ff ic e rs )  co n d u c t p e r io d ic  
in s p e c tio n  to  e n s u re  p ro p e r  m a in te n a n c e  

o f  q u a l i t y  in  th e  p r o c e s s i n g  u n i t s .  
In s p e c tio n  w as ca rr ie d  o u t , jo in t ly  w ith  

B I S ,  a t  " T h e  R u b b e r  C o m p a n y " .  
T h a m b a la k a d  f o r  a w a r d in g  th e  B IS  

lice n se .
In sp e c tio n s  w e re  c o n d u cte d  d u r in g  

the p eriod  u n d er B IS  sch e m e and  an a m o u n t 
o f R s. 38,73,608/- w as receiv ed  a s  sh a re  o f 

m a rk in g  fee  from  BIS.

NIT, Trichi
Stella Maris C ollege, C hennai
St. Thomas College, Ranni, Pathanam thitta

Loyola College, C hennai
TER1 (The Energy and Resources Institute) School of Advances Studies, Delhi.
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Number of 
samples

Number of 
parameters

Field latex 6167 6192
Dry rubber 1997 9346
Concentrated latex 189 1317
Water 486 3946
Effluent 114 926
Chemicals 195 427

4. Import of natural rubber
It is m an d ato ry  th at n a tu ra l ru b be r 

im ported to India sh all co n fo rm  to  In d ian  
Standard  S p ecifica tio n s. N O C  fo r  im p o rt is 
issued by R u bber B oard . D e ta ils  o f  N O C

2.2. Q u ality  control in sp ectio n s at ru bber 
processin g  un its

R an do m  su rp r ise  in sp ectio n s  w ere 
conducted a t the rubber processing un its for 
ch eck in g  the q u a lity  o f p ro cessed  b lock  
rubber/concentrated latex. Inform ation on 
such inspections conducted and the sam ples 
draw n is given below.

No. of quality control inspections conducted : 133
Dry rubber

L " “  ■ 94

3. Quality enforcement for TSR
tin d er  the ru le 48  o f the R ubber R ules 

195 5 , e v e r y  p r o c e s s o r  sh a ll g r a d e  and  
m arket his products in conform ity w ith such 
standards as are specified  by the Bureau of 
Indian Standards from tim e to  time. Further 
th e  T S R  p u r c h a s e d , so ld  o r  o th e r w is e  
acqu ired  or d isposed o f o r  possessed by any 
o w n e r  o f  e s t a te ,  d e a le r , p r o c e s s o r !

T w o  p r o c e s s in g  u n its  w e re  
com pound ed  for violation o f qu ality  norm s

R s s o ™  ,,n a n d f ' y e a r a n d a n o ' Rs.60,000/- w as collected  from  these units.

given below.

ty p e  o f NK Q u a n tity  ( M T )

Block Rubber 477187.252
Sheet Rubber 95612.284
Crepe Rubber 256.0
Latex 6053.56
Others 34.5
Total 579143.566
No. of consignments of import 5247

7 0  in s p e c t io n s / a n a ly s i s  o f  
con sign m en ts w ere d o n e  d u r in g  th e  year. 
N one o f the c o n sig n m en ts fa iled  to  c o n fo rm  
to th e  BIS stand ard s.

5. Export of natural rubber

R u b b e r  B o a r d  c o n d u c t s  q u a l i t y  
ch eck in g  to  e n s u re  th e  q u a lity  o f  r u b b e r  
exported from  the country. S ix  la tex  (C en ex ) 
s a m p le s  w e r e  a n a l y z e d  a t  C e n t r a l  
L aboratory, b efo re  th ey  are  ex p o rted

6. Other Activities

6.1. T r a in in g  p r o g r a m m e s  o f  R u b b e r  

tra in in g  In s titu te  (R T I)

6.2. T ra in in g  p ro g ra m m es to  U n iv e rs ity  

Students/  in d u stry  p e rso n n e l.

6.3. A d v isory  w ork



T h e  C e n t r a l  E x p e r im e n t  S t a t io n ,  
Chethackal es ta b lish e d  in  1 9 6 6  is  s itu a ted  at 

distance o f a b o u t 5 6  k m  fro m  K o tta y a m  
Jrith a to ta l la n d  a r e a  o f  2 5 4 .7 6  h a . T h e  
Station m eets th e  r e se a rc h  n e e d s  o f  v ario u s 
d iscip lin es l ik e  c r o p  im p r o v e m e n t ,  c ro p  
m a n a g e m e n t, c r o p  p r o t e c t i o n ,  c r o p  
physiology, la te x  h a r v e s t  te ch n o lo g y ' an d  
m eteoro log ical o b s e r v a t io n .  T h e  p r io r ity  
areas o f  e x p e r im e n t a t io n  a t  p r e s e n t  a re  
breeding for h ig h  y ie ld  a n d  o th e r  b en efic ia l 
secondary c h a r a c te r s  w ith  s p e c ia l e m p h a s is  
on disease a n d  d r o u g h t to lera n ce , e v a lu atio n  
of clones d ev e lo p e d  c o n v en tio n a lly , n u trition  
studies, in te rcro p p in g  sy s te m s , red u ctio n  in 
cost o f c u ltiv a tio n , lo w  fr e q u e n c y  tap p in g  
systems, etc . an d  th e  to ta l n u m b e r  o f  tr ia ls  in 

the station a re  134.

D u rin g  th e  r e p o r t in g  p e r io d , th e  total

n u m b er o f tap p in g  d ay s  av a ilab le  w as 299 
and  55  tap p ers  w ere  en g ag ed  for tap p in g . 
T h e  total cro p  realized  w as 121 M T. T h e  
total m an -d ay s en g ag ed  w ere  42 ,1 5 0  d ay s. 
T h e  S ta tio n  h av in g  158 p erm an en t w orkers 
is  m a n a g ed  by O ffic e r - in -c h a r g e  w ith  30  
s t a f f  fo r  o f f i c e  a d m i n is t r a t io n ,  fa r m  
m a n a g e m e n t ,  d is p e n s a r y , s e c u r it y  a n d  
c a n te e n . T h e  d isp e n sa ry  a tta ch ed  to  th e  
S ta tio n  ca te rs  to th e  m e d ica l n ee d s o f the 
w o rk e rs . T h e  to ta l p a tie n ts  a tte n d e d  to  
d u rin g  th e  p eriod  u n d er rep o rt w ere  3455. 
O n e m ed ica l cam p  for w o rk ers  a rran g ed  by 
H o m e o p ath ic  C en tre , N aran am o o zh y  and 
o n e  N .S .S . ca m p  fo r  s tu d e n ts  fro m  lo ca l 
H ig h er S eco n d ary  S ch o o l, E d a m u ry  w ere  
a lso  co n d u cted  d u rin g  th is p eriod . T h e total 
IE B R  raised  d u rin g  the rep ortin g  p eriod  w as 
R s. 2 ,48,75,107/-.

REGIONAL RESEARCH STATION, GUWAHATI, ASSAM

1. Crop Improvement
1.1. O n -fa r m  e v a lu a t io n  o f  s e le c te d  o rte ts

o f  H e v e a

E v a lu a t io n  o f  f iv e  g e n o t y p e s  (3  
primary o r te t s e le c tio n s  v iz .  R R S G  9 , R R SG  3 
and R R SG  1 a n d  tw o  c lo n e s  v iz .  R R IM  600  
and RRH 4 2 9 ) in  la r g e  s c a le  w a s co n tin u ed  
in M o rig ao n , A s s a m . G ir th  o f  o r te ts  a fter  
three y e a r s  o f  p la n t in g  w a s  a t  p a r  w ith  
RRIM 600. In c id e n c e  o f  p o w d e r y  m ild ew  
disease  w a s  s e v e r e  in  R R S G  1 , R R S G  3, 
RRSG 9 an d  R R IM  6 0 0 . O id iu m  in fectio n  
was m ild in  R R II 4 2 9 . E v e n  in  b u lk  area, 
in cid ence o f  p o w d e r y  m ild e w  d is e a s e  in

R R II 4 2 9  w as lesser th an  R R IM  600 . T h is  is 
th e  first t im e th at su ch  v ariation  in  p o w d ery  
m ild ew  d isea se  u n d er u n d u ste d  co n d itio n  

w as observ ed .

1.2. O n - fa r m  e v a lu a t io n  o f  p o t e n t i a l  
c lo n e s  / o rte ts  u n d er th e  a g ro -c lim a te  
o f  A ru n ach a l P rad esh

Tw o clone/ortet evaluation experim ents 
w e re  in itia ted  u n d e r  th e  a g r o -c lim a te  o f 
N am sai, A runach al P rad esh . In e x p erim en t 
( 11 p r o m is in g  c lo n e s  v iz .  R R IM  6 0 0 , 
R R II  ? 0 8 , RRH  4 2 9 ,  R R H  4 1 7 , R R II 4_i0, 
RR II 422 , RRH 105, PB 235 , P B  260 , SC A T C  
S8/13 an d  H aik en  1 w ere g ro w in g  w ell. In



experim ent II, p lanting o f R R SG  1, RRSG 9, 
R RSG  8, RRSN 1, RRSN  47, RRSN 69, RRSA 
114. RRSA  585, RRSA 315, RRSA  114, RRSA 
585 and RRSA  315 along with check clones 
RRIM  6 00 and RRII 429  w as com pleted and 
the survival rate w as 8 3  per cent.

2. Crop Management

2.1. S o i l  f e r t i l i ty  m a p p in g  in  A ssam , 
A ru n a ch a l P ra d esh , W est B e n g a l, 
M an ipur, M izoram  and N agaland 

RRII has undertaken a detailed survey 
of rubber g row ing soils o f N orth-East India 
with an ob jective to bring the entire rubber 
area in the country w ithin the am bit o f soil 
fertility  assessm en t based on line fertilizer 
recom m endation system . A total o f 662 soil 
sam p les w ere collected  from  the four states 
viz. Assam  (424), A runachal Pradesh (92), 
M an ip u r (6 6 ) and W est B eng al (80). Soil 
sam p le  co lle ctio n  h as been  com p leted  in

th re e  s t a t e s  v iz .  A r u n a c h a l  P r a d e s h , 
M a n ip u r  a n d  W e st B e n g a l .  S t e e p  an d  
u n re a ch a b le  te r r a in s  w e r e  im p e d im e n ts  
to w a rd s  c o l le c t io n  o f  s o i l  s a m p le s  in 
A ru n ach a l P ra d esh  a n d  M a n ip u r  s ta te s , 
Location co o rd in ates o f  a ll th e  so il sam p les 
w ere recorded  u sing  G P S  d e v ice  a lo n g  w ith 
data re lated  to  c u ltu ra l p r a c t ic e s  o f  ea ch  
location.

3. Crop Physiology

3.1. In d u ctio n  o f  early  f lo w e r in g  in  H e v e a  
tow ards red u ctio n  o f  b re e d in g  cy cle  
in  e lite  s e le c tio n s  in  A ssa m

To in d u ce e a r ly  f lo w e r in g  in  y o u n g  
H evea  p la n ts  d o se s  o f  g r o w th  r e ta r d a n t, 
paclobu trazol w ere  g iv en  to  c lo n e  R R II 429  
at Saru tari Farm , R R S, G u w a h a ti w ith  an 
objective to facilita te easie r  h an d  p o llin ation , 
sy n ch ro n o u s flo w e r in g  a n d  r e d u c tio n  o f 
breed ing  cy cles in  e lite  se lection s/ clo n es.

REGIONAL RESEARCH STATION, AGARTALA, TRIPURA

Th e m ajor on -g oin g  program m es of 
ih e  Station  are  evalu ation  o f clon es crop 
m a n a g e m e n t  la te x  h a r v e s t in g  and  
eco sy s te m  study. A d v iso ry  se rv ice s  on 
discrim inatory fertilizer recom m endation to 
gro w ers and latex analysis for dry rubber 
co n ten t are being  continu ed .

J- Crop Improvement

Th e develop m en t o f  location specific 
clon es, evaluation  o f prom ising  clon es and 
Ihe standa rdization o f D U S norm s are beine 
c o n t in u e d  u n d e r  c r o p  im p ro v e m e n t  
program m es.

1.1. D e v e lo p m e n t  a n d  e v a l u a t i o n  o f  
c lo n es

Th e crop  im p ro v em en t p ro g ra m m e s 
w ere  u n d e rta k e n  fo r  d e v e lo p m e n t  an d  
evalu ation  o f c lo n es  fo r  th is  re g io n . ( )ne 
hundred and th irty  on e se le c te d  c lo n e s  viz.

hy b n ds, 21 O P  p ro g en ies  an d  9 0  h a lf-s ib  
progenies are u n d er e v a lu atio n  in s ix  d o n a l 
and seedling nu rseries.

Yield p erfo rm an ce s tu d y  o f  c lo n e s  is 
un dertaken in tw o O n  F a rm  T ria ls  a n d  tw o

w  J n n ^ « T ria ls ' In the fir s l <■“ !*
6 /5  sh ow ed  h ig h e st g ir th  (28 .1  cm ) 

during third year o f p la n tin g  co m p a re d  to



co n tro l R R IM  U  In i ’ ‘ h i
x H) tr ia l M eld  tva« in  * lo n e  Hi<li -U'J
(t«8 ; g » n  ■)M lo vve -d  h \  R R h  I ' :  i«v»n 14 ( 1 r  1 

an d  eontVv'i R K IM  mIO I g  f 1 '

M ig h  y i e l d i n g  « lo u r s  a i e  u n d e r  
e v a lu a t io n  i n  tw o  O f  I s  a m i R R II 4 2  *> 
recon l«\ l th e  h ig h e s t m o an  \ ielcl g  t 11 'i  
in a n  O F T  at Pathalwv w h ich  w as h ig h er  th an  
co n tro l c l o w  R R IM  6 0 0  (33  r< »• I t ') in th e  
fifth  v ea r  o t  tap p in g . C lo w  RR II 42<* sh ow ed  
th e  h ig h e s t g ir th  (63 .1  cm ) in a n o th e r  O F T  
a t  H irap u r.

In  th e  G \ E  tr ia l, 45  p ip e lin e  c lo n e s  an d  
to u r  ch e ck  c lo n e s  w e re  u n d e r  e v a lu a t io n  lor 
a d a p ta t io n  to  co ld  c o n d itio n s  b ased  o n  th eir 
v ie ld  p e r f o r m a n c e .  R e s p o n s e  o t  th e s e  
p ip e lin e  c lo n e s  to  s t im u la tio n  u n d e r  co ld  
c o n d it io n s  w a s  a ls o  a s s e s s e d . B a se d  o n  
o v e ra ll y ie ld , c lo n e s  P  2 1 , P 107, P  102 an d  
R R I I  4 3 0  w e r e  fo u n d  p r o m is in g  h ig h  
y ie ld e rs . A m o n g  th e  4 5  p ip e lin e  c lo n e s , 13 
c lo n e s  p e r fo rm e d  b e tte r  th a n  th e  p o p u la r  
c lo n e  R R IM  6 0 0  w h e r e a s  2 0  c lo n e s  w ere  
fo u n d  b e tte r  th an  c lo n e  RRH  105.

S t a n d a r d i z a t i o n  o f  d i s t i n c t n e s s ,  
u n if o r m it y  a n d  s t a b i l i t y  (D U S )  te s t in g  
n o rm s  in  5 7  c lo n e s  is  a ls o  in  p r o g ress . A 
g e rm p la s m  g a rd e n  h a v in g  2 1 3  w ild  H ev ea  
a c c e s s io n s ,  s o u r c e  b u s h  n u r s e r ie s  a n d  a 
b re e d in g  o rch a rd  a re  b e in g  m a in ta in e d  in 
th e  S ta tio n .

2. Crop Management

2 .1 . S o i l  f e r t i l i ty  m a p p in g

P r e p a r a t io n  fo r  a w e b  b a s e d  s o i l  
fe r t i l i ty  m a p  fo r  r u b b e r  g r o w in g  s o ils  o f 
T r ip u r a  w a s  in itia te d  fo r  o n lin e  fe r tiliz e r  
r e c o m m e n d a t i o n  v i s - a - v i s  s i t e  s p e c i f i c  
n u tr ie n t  m a n a g e m e n t fo r  n a tu r a l ru b be r. 
T o ta l 6 6 4  c o m p o s i te  s o i l  s a m p le s  a t  th e  
d e p th  o f  0 -3 0  c m  w e re  co lle c te d , c o v e r in g  
9 3  p e r  c e n t  o f  r u b b e r  g r o w in g  a r e a s  o f  
T r ip u ra . G P S  co o r d in a te s  o f  th e  sa m p lin g

th e ffe k ld e * ,v .K  >v. ty ,v -o  ;TNV>'V*«vi
A w rtv«f« 0 1 1H r wi vAtv^'iv-v v V w v .
ft! p e t ot tiVf'M'
in ih  , on tent w i i  w tw  ’•«'** v?
av a ila b le  I' an d  4H ven i irc\\*dkd ■‘fcw
available K tn» tv.v-rvi - i>
mnlet Hiivlvt w v<h higher \
ot »and  i'V ) in  I h e  s« H *v e  *o<5 m vSer wwrttefv
rubber plantation wviv >K-\ vwt m axvv{ .>;•
th e  *Hes.

2.2 S o i l  an d  w a te r  »«n *erv atu «u

In  s il t  p it e x p e r im e n t , a .s ig n ifica n t 
in c r e a s e  m  y ie ld  w a s  r e c o r d e d  d u e  tv  
im p o sitio n  o t silt p it d u r in g  ■*eo,nwl y e a r  o* 
tap p in g  P lants u n d er pit h k x i  reg istered  
an  a n n u a l y ie ld  or 130t> kg h a  w h ile  th e  
p la n ts  w ith o u t pit reg iste red  an  a n n u a ! \ tv hi 
o f 1171 k g  h a  Mm I reco v ered  hy a d o p tin g  
silt p its  u n d er m a tu re  r u b be r p lan t a n o n  ^ '. 0  
p its  h a  ') w as 3 .42  to n n es  h a \  A n a ly sis  ot 
th ese soils sh ow ed  a h igher p ro p o rtio n  ot 1 lav 
(24.1 % ) in  th e  pit so il th an  th at ol fie ld  soil 
(18.8%). T h e  resu lts  in d ica ted  th a t h u g e  loss 
o f  fin er  fr a c t io n s  o f  so il to o k  p la c e  in  th e  
slo p in g  lan d  o f  Tripura,

2.3. D e v e lo p m e n t o f c ro p p in g  sy s te m  a n d  
m a n a g e m e n t p r a c tice s

In the cro p p in g  system  m o d el, the g irth  
o f  10  y ear  o ld  ru b b e r  in th e  in tercro p p in g  
p lo ts w as 6 0 .3  cm  an d  6 0 .7  cm  resp ectively  
for M o d el I a n d  II. In m o n o cro p p ed  p lo ts 
th e  g i r t h  w a s  6 0 .8  c m  a n d  6 1 .3  c m  
resp ectiv e ly  for M o d el 1 an d  II, w h ich  i-. on 
par. T h e  y ield  o f ru b ber for in tercro p p e d  area 
w as o n  p ar w ith  y ie ld  for m o n o cro p  area  in 
M o d el I (Paired  row  sy stem ) (17 2 0  k g  h a  1 and  
1784  k g  h a ', resp ectiv e ly ) an d  in M o d el II 
(R ecta n g u la r  p lan tin g ) (17 1 0  k g  h a  1 an d  1752 
kg h a '1, resp ectiv e ly ). In M o d el I, p in ea p p le  
w a s  c o n t in u e d  t i l l  1 0 'h y e a r  a n d  y ie ld  
ob ta in ed  w as 6 6 2  k g  ha

T h e  g r o w th  o f  p la n t s  s h o w e d  n o  
d if f e r e n c e  in  p it s  o f  la r g e r  d im e n s io n s



com p ared  to  sm aller  d im en sio n s  p its  in 
seventh year after planting. The m ean girths 
w ere 50.3 cm for norm al p it and 49.1 cm  and
4 8 .3  cm  fo r  tw o  r e d u c e d  s iz e  p its , 
respectively. This trial w as carry forw arded 
a s  o n -fa rm  tr ia l on red u ced  p it  s iz e  a l 
T w aisap lan g-I b lock  p lan ta tio n  u n it and 
girth recorded after fourth year o f p lanting 
w ere 33 .8  cm  and 33.5 cm  for norm al and 
reduced p it size, respectively.

R e su lts  o f  e x p e r im e n t on s p e c if ic  
package o f practices, show ed that the m ean 
girth o f rubber in vertical and conventional 
m u lch in g  is sta tis tica lly  on p ar  bu t it is 
sup erior to control (girth is 50.9, 50.11 and 
46.5 cm fo r  conven tion al m ulching, vertical 
m u lching and control, respectively).

3 . L a te x  h a r v e s t i n g  s t u d y

In clon e PB 235, d3 system  o f tapping 
continued to sh ow  higher yield com pared 
to  d 4  and  d 7  sy stem s. Y ield  s tim u lation  
study in d ifferen t RRII 4 00  series c lones are 
being continu ed  under tw o frequen cies o f 
tapp ing viz . d2 and d3. Yield o f d 3 system  
o f tap p in g  with stim u lation  and d2  system  
w ith tapp ing rest w ere com parable. C lone 
R R II 429 continu ed  to b e  the h ighest y ielder 
am ong the clones.

The exp erim en t o n  effect o f planting 
d e n s ity  on d 3  ta p p in g  sy stem s is b ein g  
continu ed  w ith c lon e R RII 429. H igher yield 
w as o b se rv e d  in h ig h  d e n s ity  p la n tin g  
com pared  to low er density. In block trial 
experim ent, d 3  system  show ed h igher yield

R R IM  600. l°  “ 7 SyStem  ° '  taP Pi" S  in Cl° " e

4. E co sy stem  stu d y

A ssessin g  th e  in vasiv e  p o ten tia l o f 
t o u r  in d ic a to r  p la n ts  d i f f e r in g  in 
b 'o g e o g r a p h ic  o r ig in  in N E In d ia  w ith  
r e s p e c t  to  c l im a te  o f  2 0 0 0  an d  fu tu re

c lim a te  2 0 5 0  w as m a d e  u s in g  e c o lo g ic a l 
n ich e  m o d e llin g  a p p r o a c h . F a v o u r a b le  
b io c lim atic  v a ria b les  su ch  as se a so n a lity  o f 
p r e c ip i t a t io n  a n d  t e m p e r a t u r e ,  m e a n  
tem p era tu re  o f th e  w a r m e st q u a rte r  and 
m ean tem p era tu re  o f  th e  c o ld e s t  q u a rte r  
a r e  a m o n g  th e  i m p o r t a n t  f a c t o r s  
r e s p o n s ib le  fo r  in v a s io n  o f  n o n -n a t iv e  
sp ecie s  in  N o rth -E a s t re g io n . U ren a  and  
Im perata  sp e c ie s  can  b e  b ro a d ly  co n s id e re d  
a s  n a tiv e  sp e c ie s  in  N o rth -E a s t r e g io n  o f 
In dia. T h ese  p lan ts sh o w ed  le ss e r  in vas io n  
in this reg ion  w ith  r e sp e c t to  2 0 0 0 -c lim a te  
com p ared  to  o th er  tw o  n o n -n a t iv e  sp ecie s . 
T h e s e t  o f  m a jo r  co n tr ib u tin g  b io c lim a tic  
facto rs r esp o n s ib le  fo r  d is tr ib u tio n  o f  th ese  
tw o n ativ e  sp e c ie s  re m a in s  m o re  o r  less  
co n s ta n t b etw ee n  2 0 0 0  a n d  2 0 5 0 -c lim a te . 
T h ou gh  H evea  an d  A g era tu m  s p e c ie s  sh a re  
th e  sa m e b io g e o g ra p h ic  o r ig in , th e  s e t  o f 
m a jo r  c o n t r ib u t in g  b i o c l im a t ic  f a c t o r s  
resp on sib le  fo r  d istrib u tio n  o f  A g era tu m  a re  
d if f e r e n t  w ith  r e s p e c t  to  tw o  c l im a t e  
scen ario s  in d ica ted  th e  r o b u stn e ss  o f  th e  
s p e c ie s  to  in v a d e  c l im a t ic a l l y  d iv e r s e  
reg ion s . T h ese  f in d in g s  o f  s tu d y  w ill be 
u s e fu l  f o r  b e t t e r  u n d e r s t a n d i n g  th e  
in vasio n  p ro c e ss  o f  s e v e r a l s p e c ie s  w ith  
d iffe re n t b io g e o g ra p h ic  o r ig in .

P rec ip ita tio n  d u r in g  d r y in g  m o n th s  
found to b e  m o st c r itica l in N E  re g io n  in 
d ecid in g  the H evea  d istrib u tio n  ir re s p e c tiv e  
Of C C M s and RC Ps. S tu d ie s  o n  th e  e x te n t 
o f c lim ate  ch an g e in  N E  reg io n  fo u n d  th at 

e p ro jected  an n u a! av e ra g e  te m p e ra tu re  
would be rangin g from  -6 .0  to 2 8 .2  "C  in 2 050 
in d icatin g  c lim ate  w arm in g .

In  ecolo g ical sti|||| e ig h t w e e d  sp ecie s  
■n the tea row s, 14 w eed sp ecies in th e  ru b be r 
row s and  23 sp ecies o f w eed s in  u n m an ag ed

rubber p lantation w ere con firm ed  o v er  th ree

S l ’r V  in l lu e n “  o f  ™ b b e r on
SOI hea lth  fo u n d  a g ra d u a l increase  in  c lay

sy stem s*"  P r° £Ue U nd er a "  la n d  us*



5 .  A d v i s o r y  w o r k  g r o w e r s  in  th e  s t a te  o f  T r ip u r a .  A to ta l
D iscrim inatory fertilizer recom m endation o f  1 6 9  la t e x  s a m p le s  w e r e  a n a ly z e d  fo r

based o n  soil analysis w as o ffe re d  to  se v e n  D R C .

REGIONAL RESEARCH STATION, TURA, MEGHALAYA

T h e  S t a t io n  c o n t in u e d  it s  r e s e a rc h  
a c tiv itie s  o n  e v a lu a tio n  o f c lo n e s , p o ly clo n a l 
p o p u la tio n , c ro p  p h y sio lo g y / la tex  h a rv e st 
te c h n o lo g y  an d  cro p  m a n a g em e n t.

1. Crop Improvement

1 .1 . P o ly -c ro s s  p r o g e n y  e v a lu a t io n s

In  th e  2 0 0 8  p o ly - c r o s s  p r o g e n y  
ev a lu a tio n  tria l, a n ew  s e t o f  C lo n a l N u rsery  
E v a lu atio n  T r ia l-2 0 1 4  h a s  b een  s ta rte d  a t  the 
R u b b e r  B o ard  ca m p u s, D a k o p g re , T u ra  in 
tw o  d e s ig n s  in  R B D . P la n ts  a re  m a in ta in e d  
in  th e  f ie ld .  In  th e  a n o th e r  s e t  o f  2 0 1 1  
p o p u la tio n s , a to ta l o f  3 4  to p  y ie ld e rs  w ere  
se le c ted  o n  th e  b a s is  o f g ro w th  p erfo rm a n ce  
a n d  ju v e n i le  y ie l d  w h ic h  a r e  b e in g  
m ain ta in ed  in  the field  fo r  fu rth er ev alu ation .

1 .2 . H a l f - s ib  p r o g e n y  e v a lu a t io n  T r ia l  
(20 0 8  a n d  2009)

P o p u la tio n s  se le c te d  o n  th e  b a s is  o f 
g r o w th  p e rfo rm a n ce  a n d  ju v e n ile  y ie ld  are  
m a i n t a i n e d  in  th e  f i e ld  f o r  f u r t h e r  
e v a lu a t io n .

1 .3 . C l o n a l  N u r s e r y  E v a lu a t io n  T r ia l  
(2010)
T h e  e x p e r i m e n t  w a s  c o m p le t e d  

d u r in g  th e  year.

1 .4 . O n - f a r m  e v a l u a t i o n  o f  s e l e c t e d  
c lo n e s

T h r e e  o n  fa r m  t r ia ls  w e r e  s t a r te d  
d u r in g  2 0 0 9  a n d  2 0 1 0 .  T r ia l - I  in c lu d e s

b lo c k s  o f  s ix  c lo n e s , v iz . R R II 417 , R R II 422 , 
R R II 4 29 , PB  235 , R R II 2 0 3  a n d  R R IM  6 0 0 , in 
M end.ipat.har (N o rth  G a ro  H ills ) an d  T ria l- 
I I  in c lu d e s  f o u r  c l o n e s  v iz .  R R I I  4 1 7 ,  
R R I I  4 2 2 ,  R R I I  4 2 9  a n d  R R I M  6 0 0  in  
B o lch u g re , W est G a ro  H ills . In  th e  N o rth  
G a r o  H ills , 3 rd y e a r  ta p p in g  w a s  s ta r te d  
d u r in g  th e  m o n th  o f  Ju n e , 2 0 1 8  o n w a rd s  
(T ab le  T u ra  1). P re lim in a ry  d a ta  o n  y ie ld  
in d ica tes  h ig h est m e a n  a n n u a l y ield  (g  t'1 1 ')  
in R R II 4 2 9  (4 7 .9 )  fo llo w e d  b y  R R IM  6 0 0  
(4 5 .2 )  a n d  R R II 4 2 2  (4 3 .6 )  a n d  m in im u m  
y ie ld  (g  t 1t 1) in  R R II 2 0 3  (3 2 .4 ). M a x im u m  
g ir th  (cm ) w a s r e co rd e d  in  R R II 2 0 3  (59 .3 ) 
fo llo w ed  by P B  2 3 5  (5 7 .2 ) a n d  R R II 4 2 9  (57 .0 ) 
w h i le  m in im u m  g ir th  w a s  r e c o r d e d  in  
R R II 4 2 2  (5 2 .4 )  (T ab le  T u ra  2).

1 .5 . E v a lu a t io n  o f  p o ly -c r o s s  p r o g e n ie s
fro m  fo u r  s ta tio n s  o f  N E  r e g io n

T h e  p r o m is in g  s e e d l i n g s  w e r e  
s creen ed  o n  th e  b a s is  o f  test ta p  y ie ld  a m o n g  
p o ly c lo n a l s e e d s  w h ic h  w e r e  c o lle c te d  fro m  
fo u r  lo c a t io n s  in th e  N E  r e g io n  v iz .  R E S  
N a g ra k a ta , R R S  A g a r ta la , R R S  G u w a h a ti 
a n d  R R S  T u ra  a n d  th e  s e le c te d  b u d  w o o d s 
a re  m a in ta in e d  in  th e  n u rs e r y  fo r  fu r th e r  
stud y .

1 .6 . N u r s e ry  e v a lu a t io n  o f  p o ly -c lo n a l
s e e d lin g s -T r ia l-2 0 1 3  a n d  2014

T h e  p o ly c lo n a l se e d s  co lle c te d  fro m  
P o ly c lo n a l S e e d  G a r d e n , M iz o r a m  w e r e  
fie ld  p la n te d  d u r in g  2 0 1 3  a t  tw o  lo ca t io n s  
o f  th e  R R S , G a n o lg r e  fa rm  a n d  o n e  lo ca t io n



Table Tura i Monthly mean yield of various clones in OFT M endipather (2018-19) (3 year yield)

June July Aug Sept Oct Nov Dec Jan Average yield

PB 235 39.9 37.8 39.8 39.2 53.6 57.8 42.6

RRII 4)7 23.5 23.4 30.5 25.5 43.2 54.5 45.3 28.6 34.3

RRII 429 47.5 41.1 48.6 43-3 57.4 60.1 50.1 35.2 47.9

RRII 422 41.2 43.6 46.5 44.3 48.8 50.1 42.9 31.6 43.6

RRII 203 24.2 27.6 28.7 27.7 37.8 41.7 35.2 36.6 32.4

RRIM 600 41-3 36.6 38 .S 40.5 49.9 65.2 55.3 33.7 45.2

Table Tura 2. Grow th o f  d ifferent c lon es in  OFT
Mendipathar, North Garo hills

Clones Girth (cm) at 150 a  
from bud union

Field 1 Field 2 Mean
PB 235 57.8 56.6 57.2
RRJI 417 58.1 51.2 54.7
RRII 429 59.9 54.0 57.0
RRII 422 52.5 52.3 52.4
RRII 203 60.2 583 59.3
RR IM 600 56.3 53.2 54.8
Mean 559

at R .B . cam pu s, D akopgre, Tura. O n the 
basis o f test tap  yield, top 25 best perform ing 
progenies w ere selected and their budw ood 
n u rse ry  is b e in g  m a in ta in e d  at R u b b e r  
B o a rd  c a m p u s , T u ra  a m o n g  w h ic h  5 
progenies w ere selected  at RRS, G anolgre 
farm  for further evaluation.

1.7. G erm p lasm  A rboretu m  at Teksragre
Farm

In order to m aintain the r 1, 2nd, 3rd and 
4 *  set o f G erm plasm  A rboretu m  un d er the 
a g ro -c lim a fic  co n d itio n  o f  G a ro  H ills  o f 
M eghalaya 78 polybag p lan ts (belon ging  to 
26  A ccessions) for 4'" set o f G erm plasm  w ere 
p lan ted  in the field during  May, 2018. Eight 
hu ndred  and seven ty tw o budded stum ps 
belo n g in g  to 123 accessions and 5 control 
clo n es  fo r  the 5 *  se t o f G erm p lasm  w ere 
p lanted  in poiybag  nu rsery  during  M arch 
2019. Field prep aration  w ork for p lanting

is in progress. A ll th e  p la n ts  w ere  a ffected  
by the ha ilsto rm  d u rin g  M ay, 2018 .

2. Crop physioIogy/Latex Harvesting
T e c h n o lo g y

2.1. E ffe c t o f  Low  w in te r  te m p e r a tu r e  on
y ie ld  o f  r u b b e r  at h ig h  a lt itu d e

Sev ere  low  w in ter  te m p e ra tu re  is  on e 
o f  the m ain  facto rs fo r  d e p re ssio n  o f  y ie ld  
and p er cen t d ry  ru b be r co n te n t in H ev ea  
un d er the a g ro -d im a tic  c o n d itio n  o f G a ro  
H ills. T h e  an n u al m ean  y ie ld  (32 .2  g  t 1 t ') 
and  D R C  (34 .0  % ) fo r  re p o rtin g  y e a r  w as 
r e c o rd e d . L o w  te m p e r a tu r e  a d v e r s e ly  
a f fe c te d  th e  y ie ld  a n d  D R C . E a r ly  
d efo lia tio n  an d  re fo lia t io n  w a s o b se rv e d  
and d u rin g  w in ter D R C  ran g ed  fro m  2 8 .2 -
29 .3  per cent. L ow est so il m o istu re  co n te n t 
record ed  in th e  m o n th s  o f  F e b r u a ry  a n d  
M arch a lso.

2.2 . S h a llo w  ta p p in g

T h ere  w as n o  s ig n if ic a n t d iffe r e n c e  
e tw e e n  tr e a tm e n ts .  M a x im u m  a n n u a l 

m ean y ield  w as reco rd ed  in  n o rm al tap p in g  
sy stem  (29.1 g f  f 1) fo llo w e d  b y  n o rm a l 
con tin u ou s tap p in g  (29 .0  g  f  f )  a n d  L F T  + 
norm al tapping (27.4 g  t ’ f )  and low est w as in 
shallow  + norm al tapping system  (25.0 g  t 11 1). 
A n n u a! m ean  D R C  w as lo w  (3 3 .9  % ) in 
norm al continu ous tapping and h igh  (34 .6  % ) 
in  s h a llo w  + n o r m a l t a p p in g  s y s t e m .



N o rm al co n t in u o u s  ta p p in g  s y stem  sh ow ed  
h ig h e r  T P D  (7 .5  % ) fo llo w ed  b y  th e  s h a llo w  
+ n o rm al ta p p in g  sy s te m  (7 .0  % ) an d  L F T  + 
n o rm a l ta p p in g  (5 .2  % ) a n d  m in im u m  w as 
in n o rm al ta p p in g  sy s te m  (5 .0  % ).

2.3. Location specific stimulant application
E th y le n e  in d u ced  s tre ss  re sp o n s e  in  

th e  ta p p in g  p a n e l o f  th e  H ev ea  tr e e s  w as 
in itia ted  to  red u ce  th e  s tre ss  in tis su e s  in  the 
ta p p in g  p an e l. In R R IM  6 0 0  s ix  tre a tm e n ts  
w e r e  a d o p te d  w ith  b a rk  a p p lica tio n s  o f  5 
p e r  c e n t  e th a p h o n . R e s u lts  sh o w e d  th a t 
m a x im u m  a n n u a l m e a n  y ie ld  (4 2 .7  g  t'1 f ') 
a n d  low  D R C  (3 3 .6  % ) w as reco rd ed  in  T 3  
(B a rk  a p p lic a tio n  o f  5  p er  c e n t e th a p h o n  at 
150  c m  a b o v e  fro m  b u d  u n io n  and  n e a r  b u d  
u n io n  a n d  m in im u m  y ie ld  (29 .8  g  f 1 f )  and  
h ig h  D R C  ( 3 4 .3  % )  w a s  r e c o r d e d  in  T 6 
(U n stim u lan t trees). T h ere  w as n o  sign ifican t 
d ifferen ce  in D R C  b etw ee n  treatm en ts.

3. C ro p  M a n a g e m e n t
3.1. Soil moisture retention characteristics

u n der the ru b b er grow ing  area of
M eghalaya
S o i l  s a m p le s  w e r e  c o l le c t e d  e a c h  

m o n th  a t  th e  d e p th  o f 0 -1 5  c m , 15 -3 0  c m  a n d

3 0 -6 0  cm  f o r  s o i l  m o is tu r e  s tu d y . S o i l 
m o istu re  co n te n t in cre a se d  w ith  in c re a se  in 
d ep th . M ax im u m  w as in A u g u st/ Sep tem b er 
and  m in im u m  w as in Jan/Feb. A n n u al m ean 
w as 2 4 .1 ,2 5 .1  an d  26 .0  p er  cen t, resp ectively .

3.2. A n a ly tic a l/ a d v is o ry  w o rk  fo r 
fertilizer recom m endation

D u r i n g  th e  y e a r ,  1 6  s o i l  s a m p le s  
c o lle c te d  fro m  th e  r u b b e r  g r o w in g  a r e a s  
in d ica ted  th a t th e  O .C . co n te n t w as a t  th e  
m e d iu m  ra n g e  (0 .8 1 -1 .3 2  % ) in  th e  su r fa ce  
s o il (0 -3 0 cm ), a v a ila b le  p h o sp h o ru s  w as a t 
lo w  ra n g e  (2 .4 -6 .9  m g  k g ’1) a n d  a v a ila b le  
p o ta ss iu m  w a s a t  m e d iu m  ran g e  (7 6 .0 -9 6 .5  
m g  k g ') .  T h e  so il is  a c id ic  in  n a tu re  w ith  
p H  r a n g in g  f r o m  4 . 4 - 5 .6  a n d  f e r t i l i z e r  
re co m m e n d a tio n  w a s  g iv e n  acco rd in g ly .

3.3. Evaluation o f soil fertility  status and 
m apping soil fertility  in  M eghalaya

I n i t i a t e d  th e  n e w  p r o je c t  a n d  
co lle c te d  2 1 0  co m p o s ite  so il sa m p le s  (0 -3 0  
cm  d e p th ) fro m  th e  r u b b e r  g ro w in g  a re a s  
o f G a ro  h ills  o f M eg h a la y a  (W est, an d  S o u th ­
w e st d is tr ic t )  u s in g  G P S  s y s te m . A ll th e  so il 
s a m p le s  w e re  a ir  d r ie d  a n d  p ro ce sse d  an d  
tra n sfe rre d  to  R R II, H Q  fo r  a n a ly sis .

R E G I O N A L  E X P E R I M E N T  S T A T I O N , N A G R A K A T A , W . B E N G A L

1 . C ro p  Im p ro v e m e n t

1.1. Evaluation o f clone
T w e n ty  s ix  p r o m is in g  c lo n e s  w e re  

e v a lu a te d  u n d e r  th e  a g r o c lim a te  o f  su b - 
H im a la y a n  W e st B e n g a l. A t 2 7 lh to  2 8 ,h y e a r  
o f p la n tin g , g ir th  o f  R R IM  6 1 2 , R R II  118 , 
R R IM  6 0 5 , R R IM  7 0 3 , S C A T C  93/ 114 a n d  
P R  1 0 7  w a s  s ig n if ic a n t ly  h ig h e r  th a n  th e

c h e c k  c lo n e  R R IM  6 0 0 . In  te r m s  o f  y ie ld  for 
2 0 1 8 -1 9 , P B  2 8 0 , P R  261 a n d  S C A T C  88/13 
w e r e  s ig n if ic a n t ly  h ig h e r  th a n  R R IM  6 0 0  

(T ab le  N a g . 1).

1.2. Evaluation o f germ plasm

P e r f o r m a n c e  o f  21 g e r m p la s m  

a c c e s s i o n s  u n d e r  th e  a g r o c l i m a t e  o f  
N a g r a k a t a ,  W e s t B e n g a l  w a s  e v a lu a t e d .



(g ft-* ) ( g t - f ) (8 f t ' )

GLl 28.8 PB 310 36.5 G T l 40.2

PB 260 29.9 RRII 208 37.4 RRIM 600 40,8

RRIM 612 30.3 PR 107 37.6 RRIM 703 41.16

PB 5/51 31.5 PB 235 37.7 HK1 41.4

RRII 105 3 1 5 RRIC 102 38.3 RRII 300 42.0

RRH 308 35.6 PB 86 38.6 SCATC 88/13 44.0 *

RRIM 605 3S.7 RRII 203 38.6 PR 261 44.1 *

SCATC 93/114 36.2 RRIC 104 38.8 PB 280 48.8 ”
RRII 118 362 PB311 39.1 CD (Pd"0.05) 2.7
* Significant at 0.05 per cent level; Significant at 0.01 per cent level

M axim um  girth w as recorded in R O  2629, 
M T 44, R O  5430, RO  2635, M T  196, M T 2229, 
A C  619, R O  5557, R O  2890, RO  317 2  and 
R O  5 3 4 8 . Y ie ld  o f  A C  7 6 3  sh o w e d  
sign ificantly  h igher value in com parison  to 
c h e c k  c lo n e  R R II 105 . In  g e n e r a l ,  th e  
perform ance o f  M ato G rosso w as better than 
A cre and  R on donia accessions.

1.3. Performance of polyclonal seedlings
Sin ce 1990, study o n  p erform ance o f 

p olyclonal seed lin gs w as u n d er p rogress in 
N agrakata in a b lock  o f 240  trees in CRD . 
A fter 2 7  y ears o f p lan tin g , m ean g irth  o f 
pop u lation  w as 79.3 cm . Th e average block 
yield  o f  pop u lation  was 28 .5  g  f 1 1 1 w here 
36  p er cen t p lan ts had yield  above average. 
S e le c te d  o r te ts  w ere  m a in ta in e d  a t  th e  
n u rsery  for further evaluation.

1.4. M u lti tra it screen in g  o f h a lf  sib
progenies for cold tolerance and yield
attributes

H alf sib  progenies w ere raised from  
seven d ifferent clon es in 2014. Juven ile yield 
o f  seed lin gs raised from  seed s o f SC A TC  88/ 
1 3  d u r in g  n o n -w in te r  p e r io d  sh o w e d  
h ighest yield  follow ed b y  that from  RO  5363- 
n u m b e r  o f  p la n ts  h a v in g  ab o v e  a v erag e 
ju v e n ile  y ie ld  a ls o  sh o w e d  sa m e  tren d  
(Table N ag. 2). D u ring  w in ter period , the

a v e r a g e  ju v e n ile  y ie ld  o f  S C A T C  88/ 13 
progenies w as h igher th an  th a t o f  R R IM  600, 
follow ed b y R R II 4 1 7  and  R R II 429 . N u m b er 
o f  seed lin g  p lan ts sh o w in g  a b o v e  a v era g e  
juvenile yield w as also higher in  SC A TC  88/13. 
T h e potential o f half-sib  p ro g en ies o f  SC A T C  
88/13 w as p ro m in en t fro m  th is  study.

1.5. P e r f o r m a n c e  o f  n e w  g e n e r a t io n  
c lo n es  u n d er th e  a g r o c lim a te  o f  su b - 
H im alay an  W est B e n g a l

G irth  and  y ie ld  o f  fiv e  p r o m is in g  n ew  
g en eration  c lo n es u n d er co ld  a g ro c lim a te  o f 
su b-H im alayan  W est B eng al w ere  s im ila r  to 
that o f R R IM  600. H ow ever, m ax im u m  y ield  
o f RR II 422 w as fo llo w ed  b y  R R II 4 2 9  and 

R R II 417 . R R II 414  h ad  lesser  y ie ld .

3. C rop  P h y sio lo g y

3.1. P e r fo r m a n ce  o f  p o ly c r o s s  p r o g e n y  
ra ised  fro m  seed s o f  lo c a lly  ad ap te d  
m atu re  r u b b e r  p la n ta tio n

M ean y ield  o f  th e  p o p u la tio n  w as 3 4 .6  
g  t  f  and av erag e y ie ld  o f  se e d lin g s  ra ised  
fro m  se e d s  co lle c te d  fro m  fo u r  d if fe r e n t 
p laces w ere s im ilar  ra n g in g  fro m  2 .5  g  f 11 '

”  , 6 8  l ' t ' -  T w en ty  p r o m is in g  o r te t 
m o ther p lan ts sh ow ed  ab o v e  6 0  g  [ ' r 1 y ield
durm g 2nd y ear  o f tap p in g .



Table Nag 2. G row th param eters in  h a lf-sib  progenies

Progeny Yield 
(K t 110 t-n

Per cent of plants showing 
above average yield

Num ber of plants 
show ing above 60 g t'11 0 1"'

Non-w inter Winter Non-winter Winter Non-winter Winter

RO 5363 22.3 42.0 24.1 25.0 8 18

RRII 208 19.8 42.9 38.9 43.5 3 30

RRII 417 19.1 52.5 29.6 38.0 4 32

R RII 422 16.1 37.9 33.3 37.0 1 20

RRII 429 19.5 50.9 38.0 37.0 2 31

SCATC 88/13 30.3 61.5 28.7 38.9 14 42

RRIM 600 13.4 31.6 29.6 29.6 2 13

Table Nag. 3. G irth  and y ield  o f  seedlin g plants

M other tree 

number

Mean yield 

g f f

M other tree 

number

M ean yield 

g t - ' t '

RRSN 319 60.9 RRSN 182 63.1

RRSN 185 61.6 RRSN 43 64.3

RRSN 244 62.1 RRS N 252 65.0

RRSN 335 62.4 RRSN 327 67.0

RRSN 124 62.4 RRSNG 113 72.1

RRSN T 200 73.3 RRSNG 390 83.0

RRSN G 112 73.7 RRSNG 248 86.1

RRSNG 384 75.2 RRSN T 69 9 5 3

RRSNG 118 75.3 RRSNN 146 111.2

RRSNT 391 77.8 RRSNG 41 117.6

3 .2 . P h y s io lo g ic a l  e v a lu a t io n  o f  r u b b e r  
c lo n e s  in  a b a n d o n e d  te a  g r o w in g  
a r e a s  o f  D o o a rs  b e l t  o f  N o rth  B e n g a l

G ro w th  o f  a ll  fiv e  c lo n e s  w as a t  p ar  
w ith  th a t o f  R R IM  6 0 0  in  h ig h  pH  so il e x cep t 
R R II 4 2 2  w h ic h  s h o w e d  s ig n if ica n t ly  lo w er 
g r o w th  th a n  R R IM  6 0 0 . In  n o rm a l so il, 
g r o w th  o f  a ll  th e  c lo n e s  w a s  a t  p a r  w ith  
R R IM  600.

3 .3 . E v a lu a t io n  o f  O rte ts  fo r  a b io t ic  s tre ss  
to le r a n c e  in  d i f f e r e n t  a g r o -c l im a t ic  
r e g io n s

Ju v e n i l e  y ie ld  o f  th e  c h e c k  c lo n e  
R R IM  6 0 0  w a s  h ig h  in  b o th  n o n -w in te r  an d  
w in te r  p e r io d s  d u r in g  n o n -w in te r  p e r io d , it 
w a s  fo llo w e d  b y  R R S T  2 4 , R R S G  1 a n d  
R R S T  3 7  (T ab le  N a g . 4 ) a n d  d u r in g  w in te r

p e r io d  th e  c h e c k  c lo n e  w a s fo llo w e d  b y  
R R S T  37, R R SG  1 an d  R R II 429 .

Table Nag. 4. O rtet c lon e y ield  durin g w in ter  and 
non-w inter____________________________

Ortet/Clone Juvenile yield (g t ' 10 t ')

Non-w inter W inter

RRSD 1 51.8 142

RRSD 34 16.6 95.3

RRSD 35 43.6 124

RRSD 36 27.5 121.9

RRSG 1 60.7 276.6

RRSG 3 47 165.4

RRSG 9 28.6 210.1

RRSN 1 33.7 141.3

RRSN 47 44.98 165.3

RRSN 69 44 236.5

RRSA 315 28.9 104.5

RRSA 585 39.5 147.1

RRSA 98 30.8 95.6

RRST 24 62.6 146.1

RR ST 37 59 28 1 3

RR ST 39 41.6 85.4

RRII 414 44.4 203.2

RRII 417 38.9 238.9

RRII 422 62.4 190.6

RRII 429 55.1 256.8

RRII 430 23.5 126.3

RRII 105 2 8 5 230.5

RRIM  600 86.8 297.5

CD (P=0.05) NS NS
RRSG = Source from Guw ahati; RRSN = Source from 
N agrakata; RR SD  = So u rce  from  D apchari; RR ST -  
Source from Tura



T h e m an d ates o f  th is Station  are to 
develop suitable clones and location specific 
agro technology for the prevailing drought 
c o n d it io n .  T h e  e x p e r im e n ts  o n  c ro p  
im p ro v e m e n t (sc r e e n in g  o f  w ild  H ev ea  
a c c e s s io n s  a n d  e v a lu a t io n  o f  c lo n e , 
p olyclone, p ip elin e  clon es, selected  ortets 
and w ild H evea  accessions for grow th and 
y ie ld  p e r fo r m a n c e  u n d e r  D a p c h a r i 
c o n d it io n ) ,  e n v iro n m e n ta l p h y s io lo g y  
(physiological evaluation o f selected  ortetes 
from  v ario u s  a g ro c lim a te s  o f In d ia ) are 
being carried  out.

1. E n v iro n m en tal P h ysio logy

1.1. E v a lu atio n  o f  en v iro n m en ta l stress 
t o le r a n c e  a n d  p h y s io lo g ic a l  
a d a p ta t io n s  o f  co ld  a n d  d r o u g h t 
to leran t ortet se le ctio n s

Th e trial started in 2011 to evaluate the 
p h y sio log ical and  biochem ical adaptation  
p o t e n t ia l  a n d  c o m m o n  m e c h a n is m s  
involved in  co ld  and d rought to leran t traits, 
u sin g  m o le cu la r  ph y sio logy/ bioch em ical 
to o ls  fo r  o r te t  se le c tio n s  fro m  cold  and  
drought regions by in terchanging th e  clones 
to  d iffe re n t a g ro -c lim a tic  reg io n s  and  to 
s tu d y  the G  x E in teraction  fo r  g row th and 
y ie ld  u n d e r  v a r y in g  a g r o -c l im a t e s .  
Sign ifican t d ifferen ce  in g irth  w as recorded 
and it ranged  from  14.0 cm  in D ap 36  to 29.6 
cm  in R R SA  315. A sign ifican t d ifference in 
test tap p in g  yield  w as also  observed  and it 
ranged  from  17.8 g in D ap 34  to 65.2 g in 
R R SA  315 (65 .82  g ) . 6

2 . C ro p  Im p ro v e m e n t

T h e  o b je c tiv e  o f  cro p  im p ro v em en t 
r e s e a r c h  is  to  id e n tify  an d  to  d e v e lo p  
d rought tolerant clones for th eir adaptability 
and  stab ility  to  the agro  c lim atic  condition

Growth and yield o f  selected clones and 
ortets from different locations

Clone Girth (cm) Test tapping yield (r )
RRH 105 25.6 28.3
RRIM 600 21.7 26.4

RRII 414 29.2 39.5
RRII 417 28.1 43.5
RRII 422 27.1 22.6
RRII 429 27.7 41.6
RRII 430 25.8 42.1
DAP 1 19.5 37.5
DAP 34 21.1 17.8
DAP 35 23.4 35.7
DAP 36 14.0 20.0
RRSA 98 26.6 29.4
RRSA 315 29.6 65.8
RRSA 585 26.0 55.2
NGK 1 22.7 19.0
NGK 47 18.9 26.2
NGK 69 17.6 20.3
GH 1 21.6 23.7
GH 3 22.7 40.0
GH 9 19.7 50.0
RRST 24 21.8 35.0
RRST 37 23.4 35.0
RRST 39 24.7 41.0
DAP 19.5 27.7
RRSA 27.4 50.1
NGK 19.7 21.8
GH 21.2 37.9
RRST 23.3 37.0
Mean 23.6 37.5
S E 2.3 8.1
CD (P-0.05) 6.7 23.4

o f M ah arash tra . A  to ta l o f  1 2  e x p e rim e n ts  
are  b ein g  con d u cted  to  e v a lu ate  th e  g ro w th  
and  y ie  d p e r fo rm a n ce  o f  c lo n e , p ip e lin e  
c lo n es, h y b r id  c lo n e s , o r te ts , w ild  H ev ea  
a c c e s s io n s ,  h a l f  s ib  p r o g e n y , p o ly c r o s s  
seed lin g s , d iffe re n t ro o t s to c k  p la n ts  and  
r o o t tr a in e r  p la n ts  w ith  th e  o b je c t iv e  to



id en tify  d r o u g h t to le ra n t c lo n e s  fo r  th eir 
a d a p t a b i l i t y  a n d  s t a b i l i t y  to  th e  a g r o  
c lim a tic  c o n d itio n  o f M a h a ra sh tra .

2 .1 . L a rg e  s c a le  tr ia ls

2.1.1 E v a lu a t io n  o f  s e l e c t e d  o r t e t s

T h e  t r ia l  s t a r t e d  d u r in g  2 0 0 8  to  
e v a lu a te  th e  g ro w th  a n d  y ie ld  p e r fo rm a n ce  
o f o r te ts  se le c te d  fro m  p o ly c ro ss  se e d lin g  
p la n ted  a t  th is  s ta tio n  w'ith co n tro l c lo n e s  
sh o w ed  n o n -s ig n if ic a n t d iffe r e n c e  in  g irth . 
G irth  a m o n g  th e  o r te ts  a n d  c h e c k  c lo n e s  
ran g ed  fro m  31.1  cm  in  O S  4 2  to  4 1 .6  cm  in 
O S  2 3 6 . A m o n g  th e  c h e c k  c lo n e s , R R II 4 3 0  
reco rd ed  h ig h e r  g irth  (39 .5  c m ) w h ile  low est 
g i r t h  w a s  n o t i c e d  in  c lo n e  R R I M  6 0 0  
(3 3 .8  cm ). A ll o r te ts  w ere  su p e r io r  in  g ir th  
th a n  c lo n e  R R II 105  e x c e p t o r te t O S  4 2  and  
O S  8  (32 .9 , 31 .1  cm ). S ig n if ic a n t d iffe re n ce  
w a s  n o tice d  in  te s t  ta p p  y ie ld  w h ic h  ran g ed  
fro m  2 5 .0  g  f 1 1 1 in  O S  3 1 7  to  146 .5  g  f 1 f 1 in 
O S  3 5 . A ll c lo n e s  a r e  a t  p a r  w ith  O S  35  
e x c e p t O S  1 7 3  (1 2 6 .1 g  t_l t_1). A m o n g  th e 
c h e c k  c lo n e s  R R II 4 3 0  g a v e  h ig h e s t tes t tap  
y ie ld  o f  7 2 .9  g  t*1 f 1 w h ile  c lo n e  R R II 105 
recorded 45.4 g  t 1 tr1 only. M ore than 25.0 g  t 111 
y ie ld  w as s e e n  in  a ll  o r te ts  a n d  c h e c k  c lo n e s  
e x c e p t O S  3 1 7  (T ab le  D ap . 2).

2.1.2. 1 S T  w i  th  20  h y b r id s  e v o lv e d  f o r  d rou g h  t
t o le r a n c e  u n d er  d r o u g h t  (2015)

T h e  o b je c tiv e  w a s to  e v a lu a te  g ro w th  
a n d  y ie ld  p o te n tia l o f 2 0  h y b r id  c lo n e s . T h e  
e x p e r im e n t is in  in itia l stag e.

2 .2 . F u r th e r  f ie ld  e v a lu a t io n  tr ia l

A t o t a l  o f  t h r e e  e x p e r i m e n t s  
c o m p ris in g  o f  2 5 , 4 7  an d  11 se le c tio n s  are  
b e in g  e v a lu a te d  s in c e  2 007 , 2 0 1 0 , 2 0 1 4  an d  
are  a t  in itia l sta g es .

2.2.1. F ie ld  e v a lu a  t io n  o f  s e le c t e d  H ev ea  c lo n es
f o r  d r o u g h t  to le r a n c e  (2007)

T ria l w a s  la id  o u t u s in g  2 5  p o te n tia l 
d r o u g h t to le ra n t w ild  H ev ea  a c c e ss io n s  for

Table Dap 2. G row th and y ie ld  of o rte ts  se lected  
from  various locations of In d i a ___

Clone Girth (cm) Yield ( g f r 1)

O S 1 40.4 95.6

O S 8 32.9 115.0

O S 34 3 8 3 73.1

O S 35 39.1 1463

O S 36 40.4 57.2

O S 37 37.1 116.6

O S  42 31.1 43.1

O S 111 35.4 87.4

O S 135 36.7 77.1

OS 136 33.4 82.8

O S 173 41.1 126.1

O S 216 39.4 70.1

O S 236 41.6 103.6

O S 317 3 3 3 25.0

RRII 105 35.9 45.4

RRII 208 36.5 91.0

RRII 430 39.5 72.9

RRIM 600 33.8 39.4

SEm± 2 3 1 6 3

d r o u g h t  u n d e r  d r o u g h t  p r o n e  c l im a t ic  
(D a p c h a r i)  c o n d it io n  a lo n g  w ith  f iv e  H P  
clon es an d  R R II 105, R R IM  600, T jir  1, R R II 4 3 0  
a n d  R R II 2 0 8  a s  c h e c k  c lo n e s  in  A u g m e n te d  
R B D  to  c o n f ir m  th e ir  d r o u g h t  to le r a n c e  
p o te n tia l. T h e  a c c e s s io n s  sh o w e d  a w id e  
v a ria b ility  fo r  a ll c h a r a c te r s  s tu d ie d , d u r in g  
11 su m m e r  p e r io d s  fro m  2 0 0 8  to  2 0 1 8  an d  
fo u r  w ild  a c c e ss io n s  h ig h e r  g ir th  th a n  the 
p ro v e n  d r o u g h t to le ra n t c lo n e  R R IM  600 . 
M T  4 0  r e co rd e d  m a x im u m  g ir th  a t  9 *  year. 
R R II 4 3 0  a n d  R R II 4 1 4  sh o w e d  s ig n if ic a n t ly  
b e tte r  g r o w th  th a n  R R IM  6 0 0  in  th is  reg io n . 
H y b rid  93/270 r e co rd e d  h ig h e s t g irth .

2.2.2. S m a l l  s c a l e  f i e l d  e v a l u a t i o n  t r i a l  o f  
s e l e c t e d  w i l d  a c c e s s i o n s  f o r  d r o u g h t  
t o le r a n c e  (2010)

E x p e r im e n t  w a s  in i t ia t e d  w it h  4 7  
se le c tio n s  fro m  w ild  H ev ea  a c c e s s io n s  a lo n g  
w ith  to u r  c h e c k  c lo n e s  (R R II 105 , R R II 208 , 
R R II 4 3 0 , R R IM  6 0 0 ) to  c o n firm  th e  d ro u g h t



toleran ce potential o f selected  seven wild 
accessions from prelim inary field screening.

2.2.3. F ie ld  e v a lu a t i o n  o f  s e l e c t e d  w i ld  
a c cess io n s  f o r  drought to leran ce (2014) 

Trial w ith in rectangular lattice d esign
was laid out w ith 11 w ild Hevea  accessions 
a lon g with tw o check clones (RRII 105 and 
RRIM  600) to  evaluate ju ven ile and m ature 
perform ance u n d er d rought condition.

2.3. C lon al nu rsery  ev aluation

A to ta l o f  f iv e  c lo n a l n u rs e r y  
e v a lu a t io n s  a r e  in  in it ia l  s ta g e s  fo r  
ev aluation  o f h a lf s ib  progeny, polvcross, 
h a l f  s ib  p r o g e n y  o f  p r e p o te n t  c lo n e s , 
p ip e lin e  c lo n es, id en tifica tio n  o f reliab le 
juven ile and m ature characteristics for clone 
id e n tif ica t io n  (50  d iv e rg e n t clo n es) and 
s t a n d a r d iz a t io n  o f  d is t in c t iv e n e s s ,  
u n ifo r m ity  an d  s ta b il i ty  (D U S ) te s tin g  
norm s for evolv in g  sp ecific  gu ide lines for 
varieta ls registration.

2.3.1. G erm p lasm  screen in g

In  th e  tr ia l  la id  o u t  in  2 0 0 3  fo r  
sc r e e n in g  130  w ild  H ev ea  a c c e ss io n  fo r  
drought a lon g  w ith RRII 105, RRIM  600, T jir 
1 in A ugm ented  b lock  d esign , M ato G rosso 
a c c e s s io n s  w ere  fo u n d  s u p e r io r  fo r  all 
grow th  ch aracters studied  than th ose  from  
Randonia and A cre  provenan ces. Tw enty 
five potentia l d ro u g h t to leran t accessio ns 
w ere id en tified  based  on 3 -4  y e a rs  fie ld  
p erfo rm an ce and  fu rth er detailed  stu d ies 
are in progress.

2.3.2. C lo n a l n ursery  e v a lu a tio n  o f  p rom is in g  
H e v e a  c l o n e s  ( h a l f  s i b  p r o g e n y  o f  
p rep o ten t  c lon es) in h o t  s p o t  a r ea s  f o r  
drou ght to lera n c e

Th e trial started  in 2 010 to evaluate the 
clo n es in a clon al n u rsery  and advance the 
potentia l on es sh ow in g  d ro u g h t tolerance 
alon g  w ith h ig h er  yield  to L ST  and P C E  to 
red u ce th e  b ree d in g  cycle  w as continu ed

2.3.3. C lo n a l n u rsery  e v a lu a t io n  o f  p ip e lin e
c lon es  (2011)

C ontinu ed  d ie  tr ia l laid  o u t  in  2011 
with 5 0  p ipeline c lon es an d  tw o  ch eck  c lones 
(RRII 105 and R R IM  6 00) to  id en tify  d rou gh t 
to leran t c lo n es  fo r  th e ir  a d a p ta b il ity  and  
stability  to th is agro  c lim a tic  c o n d itio n  o f 
M ah a ra sh tra . C lo n e  r e s p o n s e s  fo r  fie ld  
estab lish m en t w ere a ssessed . R e co rd in g  o f 
all grow th , b io ch e m ica l an d  p h y sio lo g ica l 
p aram eters a re  b ein g  carried  o u t.

2.3.4. E v a lu a tio n  o f  h a l f  s ib  p r o g e n y  o f  c lo n es
in n ursery  (2011)

Th e trial for se lection  o f p rim ary  ortets 
to study the gro w th  an d  y ie ld  p e r fo rm a n ce  
o f p olyclonal seed lin g  a t  e a r ly  s ta g e  in  the 
nu rsery  and to  ex a m in e  th e  s co p e  fo r  the 
early  selection  based  on d ep en d able  ju v en ile  
tr a i t s  u n d e r  r a in f e d  c o n d i t io n  w a s  
co n tin u ed . T h e  e v a lu a t io n  o f  p o ly  c ro ss  
p rogeny th rou g h  n u rsery  sc r e e n in g  o f  the 
seed lin g s  o b ta in ed  fro m  o p e n  p o ll in a te d  
polyclone ev alu ation  tria l is a s te p  tow ard s 
the n u rsery  se le ctio n  an d  id e n tif ica t io n  o f 
few  lo ca lly  ad ap ted  s u p e rio r  c lo n e s . T h e 
test tap p in g  w as d o n e  in p eak  w in te r  and 
peak su m m er seaso n . T h e h ig h e st ra te  o f 
su r v iv a l (4 7 % ) w a s  n o t ic e d  in  h a l f  s ib  
progenies from  clon es R R II 6 a n d  R R IC  102 
w h ile  lo w e s t ra te  o f  su r v iv a l (3 3 % ) w as 
observed  in p ro g en ies o f  c lo n e  PB 3 1 1 . H a lf 
s ib  p r o g e n ie s  fro m  c lo n e  P B  3 1 1  g a v e  
m a x im u m  s e le c t io n  (4 9 .2 % )  m in im u m  
s e le c t io n  w e re  o b s e r v e d  fr o m  h a l f  s ib  
progenies from  P B  2 60  (17 .3% ). T h e  h a lf  sib  
progen .es from  R R IC  102 an d  R R II 6 a lso  
g a v e  m a x im u m  s e le c t io n  o f  4 0  a n d  41 
p e r c e n t ,  r e s p e c t iv e ly .  N o  s i g n i f i c a n t  
d iffe re n ce  w as n o tice d  in a ll th e  g ro w th  
p aram eter5 stu d ied  ex ce p t fo r  n u m b e r  o f 

,| >r S s ‘k p ro g en ies  from  v ario u s
nes . T h e tes t tap  from  h a ]f  s jb  o f  j j k ,,

IU5 ran ged  fro m  5 .0  to 3 4 .9  t t ' f 1 T h e

r e c o r d l ^ ' r  “ “  le st - P  y W d  w as 
ded  in  h a l f  sib  p ro g en ies  o f c lo n e  R R IC



102 (24 .7  g  f 1 1'1) fo llow ed by RR II 208, PB 311 
(10 .1, 10.0 g  f  t ’, resp e c tiv e ly ).

2 .3.5. D e v e lo p m e n t  o f  d r o u g h t  t o le r a n t  r o o t  
s t o c k  f o r  th e  n o n - t r a d it io n a l  a r e a s  
C o n t in u e d  th e  t r ia l  fo r  d e v e lo p in g

d r o u g h t to le ra n t r o o t s to c k s  fo r  th e  n o n - 
tra d itio n a l a re a  b y  e v a lu a t in g  th e  d ro u g h t 
to leran ce  ca p a c ity  o f  seed lin g s  fro m  d ro u g h t 
to le ra n t c lo n e s  a n d  tre e s  g ro w n  in  d ro u g h t 
p ro n e  n o n -tra d itio n a l a reas .

R E G I O N A L  R E S E A R C H  S T A T IO N , D H E N K A N A L , O D I S H A

T h e  S t a t io n  c o n t in u e d  it s  r e s e a r c h  
a c tiv itie s  fo r  id e n tify in g  c lo n e s  s u ite d  to  the 
d ry  su b  h u m id  c lim a te  reg io n .

1 . C ro p  Im p ro v e m e n t

T h e  s ix  c lo n e  e v a lu a t io n  tr ia ls  a re  in  
p ro g re s s . T h e  tr ia ls  w e re  la id  o u t to  sc re e n  
a n d  e v o lv e  th e  m o s t  s u i ta b le  a n d  h ig h  
y ie ld in g  c lo n e s  u n d e r  th e  d ry  su b  h u m id  
c lim a te .

C lo n e  e v a lu a t io n

In  T ria l 1 (19 8 7 ), th e  e lite  c lo n e  R R IM  
6 00  recorded  h igh est m ean y ield  o f 46 .4  g  t‘‘ t 1. 
G T  1 recorded  the low est y ield  (40.1 g  t 1 t 1)- 
G T  1 (8 5 .4  cm ) h a s  r e co rd e d  s ig n if ica n t ly  
h ig h e r  m e a n  g ir th  o v e r  R R II 105 an d  R R IM  
6 00 . In  te rm s  o f  g ro w th , a ll th e  th re e  c lo n es  
p e rfo rm ed  w ell in  th is  reg io n  (T ab le  O d i. 1).

Table Odi 1. Grow th and y ield  perform ance of elite 
c lones

Clone Yield (g t'1 t 1) Girlh(cm )

RRII 105 45.6 77.2

RRIM  600 46.4 8 1 2

G T l 40.1 85.4

CD (P=0.05) - 4.77

6 0 0  (7 9 .5  g  r 1 t 1) w ere  fo u n d  s u p e r io r  in 
te r m s  o f  y ie ld .  S C A T C  9 3 - 1 4  r e c o r d e d  
c o m p a ra t iv e ly  lo w e r  y ie ld  (4 9 .0  g  t 1 r 1). 
H o w ev er, S C A T C  9 3 -1 4  r e c o rd e d  h ig h e s t 
g ir th  (98 .1  cm ) fo llo w e d  b y  S C A T C  8&-13 
an d  P B  3 1 0  (T ab le  O d i. 2).

Clones Yield Girth
( g t 1 f ) (cm)

Haiken 1 59.1 87.1

RRIM 600 79.5 88.9

RRIM  701 55.9 91.3

RRII 5 64.4 91.2

SCATC 88-13 75.7 9 7 5

SCATC 93-14 49 98.1

PB 310 62.5 91.8

RRII 208 82.2 91

P C K 1 66.9 90.6

RRII 300 65.4 91.6
CD (P=0.05) 13.01 -

In  a n o th e r  tr ia l (19 9 0 ), R R II 2 0 8  (8 2 .2  
g  t-> S C A T C  8 8 -1 3  (7 5 .7  g  t 1 tr1) a n d  R R IM

In  th e  1 9 9 1  e x p e r im e n t ,  s ig n if ic a n t  
d iffe r e n c e  in  y ie ld  w a s  o b se r v e d  a m o n g  th e  
c lo n es . R R II 2 0 8 ( 9 3 .4 g t  ’ t ’) ,R R IC  1 0 2 (7 1 .9  
g  t °  f ‘)  a n d  R R IM  6 0 0  (6 8 .2  g  t 1 1 1)  reco rd ed  
h i g h e s t  y ie l d .  P o l y c l o n a l  s e e d l in g  
p o p u la tio n  (5 4 .8  g  t 1 1 1)  y ie ld e d  lo w  th o u g h  
h a v in g  b e t t e r  g r o w th  a n d  a d a p t a b i l i t y  
u n d e r  th e  p re v a ile d  s tre ss  c o n d itio n s .



In th e  m o d ern  c lo n e s  tr ia l (2 0 0 0 ), 
h ig h e s t  m e a n  y ie ld  w a s o b s e r v e d  in 
R R IM  6 0 0  (6 0 .3  g  f  t ’) and  IR C  A 109 
(57.2 g t ‘ t ’). Tine low est m ean yield  w as 
recorded in RR II 51 (33.1 g t ’ t H i g h e s t  
grow th in term s o f g irth  w as observed  in 
RRII 300  (70.7 cm).

A n O n-farm  trial W'ith nine clon es viz. 
R R II 105 , R R II 2 0 8 , R R II 4 1 4 , R R II 417 , 
RRII 422, RR II 429, RRII 430, RRIM  600 and 
SC A TC  88-13  w as proposed  and in itiated

d uring  M arch  2018. P o ly b ag  p la n ts  w ere 
m a in ta in e d  an d  o n ly  3 6  p e r  c e n t o f  th e  
p lan ts surv ived  a fter  o n e  year.

1.2. P o ly clo n a l o rte t e v a lu a t io n
O rte t  c lo n e s  D N K L  3  a n d  D N K L  4 

a tta in ed  co m p a ra t iv e ly  h ig h e r  y ie ld  an d  
w ere a lm o st a t  p ar  w ith  th e  h ig h  y ie ld in g  
c lo n e  R R II 2 0 8  in th e  re g io n . T h e  o r te ts  
D N K L 6 (44.5 cm ) fo llow ed b y  D N K L  8 (44.0 
cm ) ex h ib ite d  co m p a ra t iv e ly  b e tte r  g ir th  
a tta inm ent.

R E G IO N A L  R E S E A R C H  S T A T IO N , P A D IY O O R , K E R A L A

Table Pad. 1. Effect o f  applied fertilizer on yieldS tu d ie s  a im ed  a t id e n tif ic a t io n  o f 
lo c a lly  a d a p ta b le  c lo n e s  s u i te d  fo r  
c o m m e r c ia l  c u lt iv a t io n  in  th e  r e g io n , 
evaluation o f clonal variation s to d rou gh t / 
d is e a s e  in c id e n c e  a n d  d e v e lo p m e n t o f 
su itab le  ag ro-m an ag em en t tech niq u es for 
reduction o f g estation  period in rubber are 
the m ajor th ru st area o f research activ ity  in 
th e  S ta tio n . A so u rc e  b u sh  n u rse ry  o f 
prom ising clones/selections is m aintained in 
the station  for breed ing  program s.

1. C ro p  M an ag em en t

1.1. R e s p o n s e  to  a p p lie d  fe r t i l iz e r s  in
high  y ie ld in g  clon es

T h e  tre a tm e n ts  co m p rised  o f th ree  
clon es (RRII 105, RRH 4 14 and RR II 429) and 
o u r  le v e ls  o f  a p p lie d  fe r t i l iz e r s  

(recom m end ed  dose, tw ice and th rice the 
recom m end ed  d ose  and a zero fertilizer as 
contro l). C lon al d ifferen ces in yield w ere 
n o t sig n ifican t (Table Pad . 1). '

Treatment Yield (g r 1 f 1)
RRII 105 RRII 414 RRII 429

D1 63.4 58.3 64.7
D2 68.7 67.8 60.2
D3 64.3 70.7
Control 49.0 61.6 53.3
CD (P=0.05) NS

2. C ro p  Im p ro v e m e n t

2.1. Large sca le  ev a lu a t io n  o f  c lo n e s

M ea n  a n n u a l y ie ld  in th e  r e n e w e d  
bark p a n e1 w as fou n d  h ig h e st in  IR C A  130 
(Table Pad . 2 ) a t 59 .8  g  f ■ t > and  w as o n  p ar  
w ith PB  314  (51 .2  g  t > i-') and  R R II 105  (53 .4

m  ; , 1R„C A  130 reco rd « l  h ig h est s u m m er 
y ie ld  (38 .9  g  f  t ')  an d  w a s  s ig n if ic a n t ly

K s ; ^ ‘^ 255(27'88r',') J
2-2. E v a lu a t io n  o f  r u b b e r  c lo n e s /  

s e le c tio n s  at h ig h  a lt itu d e  s itu a tio n s

T h e  av erage an n u al y ie ld  B O -2  p an e l



Table Pad. 2. Y ield  perform ance of m od em  H ev ea  
clones

Clones M ean yield (g f 't " 1)
Annual yield Sum m er yield

PB255 46.5 27.8

PB 314 51.2 23.8

PB 330 45.8 22.5

PB 28/59 35.7 17.0

RRIM 703 31.0 15.4

IRCA 18 45.2 23.5

IRCA 109 34.9 23.5

IRCA 111 32.5 21.9

IRCA 130 59.8 38.9

IRCA 230 38.9 1 8 5

RRII 105 53.4 27.1

Yield perform ance 
Am balavayal

n high altitude ai

CD (P=0.05)

Clones

(2  y e a r s )  a n d  s u m m e r  y ie ld  o f  c lo n e s  
R R II 203 , R R IC  100  a n d  P B  86  an d  th e  o rte ts  
P 2 1 3 , P  2 7 0  a n d  Ir itty  w e re  o n  p a r  an d  
s ig n ifica n tly  s u p e rio r  to  th at o f  R R II 1 05  and  
o th e r  clon es/ o rte ts  tested .

RRII 105

RRII 203

RRIC 100

RRIC 102

PB 86

PI

P 2

P90

P121

P155

P213

P270

P280

P296

Irittv

Mean yield (g t-11 )
Annual yield S um mer yield

24.8

52.8

63.5 

12.0

67.6

28.6

23.8 

31.4

29.7

29.8 

5 5 2

54.6

27.7 

27.1

58.7

23.3

45.7

41.7 

7.0

63.3

32.6 

26.0

28.4

31.6

29.7

50.2

64.7

31.5

26.6

48.2

H E V E A  B R E E D I N G  S U B -S T A T I O N , K A D A B A , K A R N A T A K A

H e v e a  B r e e d in g  S u b -s t a t io n  (H B S S ) 
w it h  a r e s e a r c h  fa r m  a t  N e t t a n a  w a s  
e s ta b l is h e d  in  1 9 8 6 . T h e  m a jo r  c o n s tr a in ts  
in  c o m m e r c ia l c u lt iv a t io n  in  th is  r e g io n  is  
d r o u g h t  in  s u m m e r  m o n t h s  a n d  
o c c u r r e n c e  o f  P h y t o p h t h o r a  a n d  
C o r y n e s p o r a  l e a f  d is e a s e s .  T h e  r e s e a r c h  
p r o g r a m m e s  in  th e  S ta t io n  a r e  e n v is a g e d  
to  id e n t i f y  c lo n e s  to l e r a n t  to  d i f f e r e n t  
b io t i c  a n d  a b io t i c  s t r e s s  fa c to r s  a n d  to  
id e n tify  lo c a lly  a d a p te d  c lo n e s  fo r  S o u th  
K o n k a n  r e g io n . T h e  S ta t io n  h a s  a s o u rc e  
b u s h  n u r s e r y  o f  1 0 6  c lo n e s  fo r  g e n e r a t in g  
n u c le u s  p la n t in g  m a t e r i a l  a n d  a w e ll -  
e s ta b l is h e d  C la s s  B A g r o -m e te o r o lo g ic a l  
O b s e rv a to ry . T h e r e  a r e  f iv e  o n g o in g  tr ia ls  

in th e  S ta t io n .

Table Kad. 1. C om parison o f y ie ld  from  large scale 
c lon e evaluation_________________ _

Clones Yield 
(gt-> t-’)

Clones Yield
( R t ' t 1)

PB 260 62.2 T jir  1 41.6

H P 223 88.4 G 11 43.3

M il 3/2 54-9 HU 28 5 1 5

HP 204 43.7 G T l 57.6

HP 185 72.3 PB 235 76.0

PB 217 64.9 HP 187 59.0

RRII 105 57.8 SEd 11.0

HP 372 92.8 C D  (P=0.05) 22.5

PB 311 63.3

1 . L a rg e  sc a le  c lo n e  e v a lu a tio n  tria l  

(1 9 9 0 )
In  L S T  1 9 9 0  tr ia l,  H P  3 7 2  r e c o rd e d  

h ig h e r  y ie ld  th a n  o th e r  c lo n e s  b u t  w as o n



p ar w ith  H P  223 . A ll th e  o th e r  c lo n e s  
recorded com parable yield with each other. 
T h e low est yield  w as registered by T jir  I 
(41.6 g  t 1 1 ').

2. Sm all scale clone evaluation  trial 
(1991 A)

In 1991, th ree SSTs w ere p lanted  viz. 
1991 A (36 clon es), 1991 B (13 clon es) and 
1991 C  (1 3  c o n e s ) . In  th e  tr ia l 1991 A, 
RRII 203 (88 .9  g  t ' I 1) record ed  su p erior 
y ield  follow ed by PB 280 (87.0 g  t 1 t ')  and 
PB 235 (84.4 g  t 1 t'1) and w ere sign ificantly  
h igher than RR II 105 (35.5) g  f  tr>). T h e 
low est yield  w as recorded bv R R IM  701 and 
all oth er clon es w ere recorded com parable 
yield  w ith each other.

Table Kad. 2. Comparison of yield from small scale
evaluation trial 1991 A

Clones Cup lump 
yield 

(g t 1 f ’)

Clones Cup lump
yield 

(g t ’ f )
RRIC 36 50.1 PB255 593
PB 314 72.5 RRIM 703 26.5
SCATC 88 56.5 PB 310 56.6
PB 312 81.3 PB217 67.8
RRIC 104 20.8 RRIM 701 25.1
RRIC 100 4 4 3 PB 5/60 52.3
0 6 3 38.3 WARRING 4 8 3
KRS 163 48.5 RRIM 605 37.2
LCB 1320 54.6 CH 4 33.1
AVROS 352 24.3 CH 26 44.0
P 46 20.2 RRII 6 70.8
RRIM 501 24.6 RRIM 600 52.6
PB 235 84.4 KRS 25 2 12
RRII 105 35.5 SCATC 93-11 19.7
RRII 203 88.9 HAJKEN 1 24.7
PB 260 16.6 C T1 5 6 3
RRII 300 67.4 KRS 128 47.4
PB 311 56.6 SE.d 14.5
PB 280 87.0 CD (P=0.05) 29.5

3. S m all sca le  clo n e  ev a lu a tio n  trial 
(1991 B)

A m o n g d ie  13 c lo n e s  e v a lu a ted  in the 
trial 1991 B, RR II 5  (82 .8  g  t ' t 1)  reco rd ed  
h ig h est m ean y ield  a n d  w a s s ig n ifica n tly  
h igher than RR II 105 (29 .6  g  f 1 1'1).

Table Kad. 3. Comparison o f  yield from sm all scale 
______________evaluation trial 1991B

Clones Yield 

(g f  t 1)

Clones Yield 

(g f  f )
RRII 208 36.5 RRII 5 82.8

CH 3 42.1 AVROS 255 24.0
RRII 3 45.6 PB 5/139 29.6
CH 2 33.2 NAB 17 56.7
GT1 54.0 RRII 105 29.6
RRII 118 67.3 SE.d 16.9
RRII 308 34.5 CD (P=0.05) 34.9
RRIC 102 21.9

4. S m all sca le  clon e ev a lu a tio n  trial
(1991 C)

N o  s ig n i f ic a n t  d i f f e r e n c e  w a s  
observed am o ng  the c lo n es w ith  re sp e ct to  
yield . B ut am o ng th e c lo n e  e v a lu a te d  PR 
261 record ed  n u m erica lly  h ig h e r  y ield  th an  
the o th er clone.

Table Kad.4, Comparison o f yield from  sm all scale 
___._________ evaluation trial 1 991C
Clone Yield 

(g f  f )
Clone Yield

PB5/51 3 2 5 HP 83/224 46.6
HP 83/225 37.4 PR 255
HP83/226 27,5 PILB/84 3 2 5

42.3 AVROS 49
RRIC 105 35.2 PR 261
PB 28/59 56.2 SE.d 23.05
RRIM 600 37.2 CD (P=0.05) NS
CH 2 28.7



5 . L a rg e  s c a le  tria l (2 0 0 0 )

T h e  la r g e  s c a le  tr ia l fo r  e v a lu a t io n  
p lan ted  in  th e  y e a r  2 0 0 0  c o n s is ts  o f h y b r id s  

R R I I  4 0 3 ,  R R I I  4 0 7 ,  R R I I  4 1 4 ,  R R I I  4 2 2 ,  
R R II 4 2 9  a n d  R R II 4 3 0  and  th e ir  p a re n ts  viz. 
R R I C  1 0 0  a n d  R R I I  1 0 5 .  S i g n i f i c a n t  
d iffe re n c e  in  y ie ld  w a s  o b serv ed  b e tw ee n  

th e  c lo n e s  te s te d  a n d  th e  h ig h e s t  m e a n  
y ie ld  w a s  reco rd ed  fo r  th e  c lo n e  R R II 430  
( 8 2 .6  g  t ' 1 t 1) c o m p a r e d  to  c h e c k  c lo n e  

R R II 1 0 5  re co rd e d  3 3 .8  g  t’1 t

Table Kad. 2. Large scale trial (2000)

Clone M ean vield over seven years 
( g f t ’)

RRII 422 32.5

RRII 414 58.1

RRII 403 38.1

RRII 105 33.8

RRIC 100 54.1

RRII 429 48.4

RRII 407 32.7

RRII 430 82.6

SEd.
CD  (P=0.05)

9.6
20.7

H E V E A  BR EED IN G SUB ST A TIO N , 
T H A D IK K A R A N K O N A M , T A M IL N A D U

1 . Genetic Improvement

1.1 . C o n v e n tio n a l b r e e d in g

T h e  fo u r p ro je c ts  v iz . c lo n e  e v a lu atio n , 
h y b r id iz a t io n  a n d  c lo n a l  s e le c t io n , n e w  
g e n e r a t io n  p o ly c lo n a l  s e e d  g a r d e n  a n d  
p a rtic ip a to ry  c lo n e  e v a lu a t io n  w ere  u n d e r  
p ro g re ss  a t  th e  S ta tio n  d u r in g  th e  y e a r  2 01 8 - 
19. T h e  h ig h lig h ts  o f th e  r e su lts  o f  th ese  
p ro je c ts  a re  fu rn ish ed  h e reu n d er.

1.1.1. C lo n e  e v a lu a t io n

A b lo c k  t r ia l  w a s  p la n n e d  fo r  
e v a l u a t i n g  th e  c o m m e r c ia l  y ie ld  
p e r fo rm a n c e  o f  th e  h ig h  y ie ld in g  c lo n e s  o f 
th e  re g io n  v iz . P B  255 , PB 3 1 4 , IR C A  109, 
IR C A  1 1 1 , R R II 2 0 3 ,  R R II 4 1 4 ,  R R II 4 1 7 , 
R R II  4 2 2 ,  R R II 4 3 0  a n d  R R II 1 0 5  d u r in g  
O c to b e r  2 0 1 8  a t  th e  M a ru th a m p a ra i U n it o f 
C h i t h a r  D i v i s i o n  o f  A r a s u  R u b b e r  
C o rp o ra t io n  (A R C ) L td .

1.1.2. H y b r id iz a t io n  a n d  c lo n a l  s e le c t io n  

T h e research  farm  at P araliar con stitu tes
tw o  b re e d in g  o r c h a r d s  c o m p r is in g  o f  51

p a r e n t a l  c lo n e s  w h ic h  w e r e  p r o p e r ly  
m a in ta in e d . D u rin g  th e  re p o rtin g  y ear , the 
flo w erin g  w as v ery  sp a rse  d u e  to  th e  g rea ter  
d a y  t e m p e r a t u r e  fo l lo w e d  b y  s u m m e r  
sh o w e rs . T h o u g h  in itia l ly  1 7  fr u its  w e re  
re a lise d  fro m  tw o  p a r e n ta l c o m b in a tio n s , 
th e  sa m e  d id  n o t su r v iv e  t i ll th e  m a tu r ity  
o w in g  to  th e  in te r m itte n t s u m m e r  s h o w e rs , 
in  s p i t e  o f  u n d e r t a k in g  p r e c a u t i o n a r y  
m e a su re s .

1.1.3. N eiv  g e n e r a t io n  p o ly c lo n a l  s e e d  g a rd en  

T h e  s e e d  g a r d e n  a t  N ew ' A m b a d y
E sta te  w as m a in ta in e d  w ell. A ro u n d  100 0  
p o ly c lo n a l  s e e d l in g s  o b ta in e d  fro m  th e  
s e e d s  c o lle c te d  fro m  th e  p o ly c lo n a l seed  
g a r d e n  h a v e  b e e n  r a i s e d  f o r  s e e d l in g  
n u rs e r y  e v a lu a t io n . T w o  s e le c t io n s  w ere  
p o l l a r d e d  f r o m  th e  p r e v io u s  s e a s o n s '  
se e d lin g s  b a se d  o n  te s t ta p p in g  d ata .

1.1.4. P a r t i c i p a t o r y  c l o n e  e v a l u a t i o n
ex p e r im e n ts

T h e  a n n u a l g r o w th  o f  11  p ip e l in e  
c lo n e s  an d  th e  th re e  c h e c k  c lo n e s  p la n te d  at



Tharuvaiyar Estate w ere recorded and the 
data tabulated. Th e cJones P 10 (56.5 cm) 
an d  P 21 (56 .6  cm ) w ere m o re v ig o ro u s 
based on the data after 10 y ears o f grow th. 
Th e tria l w as open ed  for tap p ing  du ring  
Ju n e 2018. T h e p relim inary yield  data over 
eight m onths o f tapping indicated that clones 
P 021 (88.6 g  f  t 1) and P 076 (81.9 g  f  f 1) w ere 
prom ising.

Sim ilarly, assessm ent o f  annual girth 
o f th e  11 trial c lones in the O FT  planted at 
Bethany Estate in 2012 in dicated  th at the 
trial c lon es P  102 (58.3 cm ), P 49  (55.4 cm ) 
and P 104 (53 .7  cm ) as sup erior clones than

the rest o f the c lo n es  in  te rm s o f  re la tiv e  
grow th . Th e trial w as op en ed  fo r  tap p in g  
d uring  S ep tem b er 201 8 . T h e  p re lim in ary  
y ie ld  d a ta  o v e r  f iv e  m o n th s  o f  ta p p in g  
indicated that th e  c lo n es  P 0 6 6  (5 5 .4  g  t-' t ') 
and P  049  (110) (48.0 g  t'1 1 1) w ere  p rom isin g .

T h e an n u a l g ir th  r e c o rd in g  fo r  the 
O F T  p la n te d  d u r in g  2 0 1 6  a t  C h i t h a r  
D ivision o f A R C  L td  w as in itia ted  d u rin g  
2018. A m o ng the 16 tr ia l c lo n es  p la n ted , the 
c lon es P 202  (17 .6  cm ) an d  P  215  (1 6 .4  cm ) 
w ere  fo u n d  r e la t iv e l y  m o r e  v ig o r o u s .  
A m o ng the 3  con tro l c lo n e s  R R II 4 2 2  w as 
relatively  m o re v ig o ro u s (16 .5  cm ).

L IB R A R Y  A N D  D O C U M E N T A T IO N

The Library and D ocum entation Centre 
attached to Rubber Research Institute o f India 
is well m aintained with a collection o f 22998 
books, 24320 bound volum es o f  periodicals, 
6008 standards, 1563 reprints, 191 Theses/ 
Dissertations and 1200 Microfiche/Microfilms. 
Subject bibliographies and com puter based 
bibliographic databases o f all books, research 
articles, standards, theses and reprints are also 
accessible to the users.

Library continu ed  the inform ation and 
l i t e r a t u r e  s u p p o r t  to  i t s  in -h o u s e  an d  
in stitu tio nal u sers b y  p rov id in g  referen ce 
serv ices , cu rren t aw aren ess serv ices  and 
rep rograp h ic serv ices. Forty  five b ooks and 
th ree  sta n d a rd s w ere ad d ed  to the stock  
during the year. R eceived  and registered 262 
issu es o f jo u rn a ls  as subscription/exchange.

P u b l i s h e d  C u m u la t iv e  I n d e x  to  
R u b b e r  S c ie n c e  V o l. 1 -3 0  a n d  co m p ile d

in fo rm a tio n  b u lle t in s  D o c u m e n ta t io n  L is t  
(1 -4 )  2 0 1 8 , N ew  A d d it io n s  L is t  2 0 1 8  a n d  
S ta f f  P u b lica t io n s  lis t  2 0 1 8 -2 0 1 9 . D a ta b a s e s  
w ere  u p d a ted  w ith  th e  d e ta i ls  o f  4 5  b o o k s  
an d  2 s ta n d a rd s , 211 a r tic le s , 5  th e s e s , 601 
r e p r in ts ,  2 9 9  b o u n d  jo u r n a l s  a n d  8 5 6  
M a la y a la m  a r t i c l e s .  B o u n d  a n d  
a c c e s s io n e d  5 1 7  v o lu m e s  o f  jo u r n a l s ,  
c i r c u l a t e d  5 8 5  b o o k s ,  t e c h n i c a l l y  
p r o c e s s e d  4 3 2  b o o k s ,  f i le d  2 0 3 8  p r e s s  
d i p p i n g s  o f  r e l e v a n t  a r t i c l e s  a n d  
p r o v id e d  4 8 0 7  p h o t o c o p i e s .  L i b r a r y  
m e m b e rs h ip  w as is su e d  to  6 3  u s e r s  a n d  
e x t e n d e d  l i b r a r y  s e r v i c e s  t o  1 3 1  
o u ts id e rs .

A s a part o f  sa les p ro m o tio n  o f  RR II 
pu blication s, lib rary  o rg a n iz ed  th e  s a le  and  
d is tr ib u tio n  o f 6 5 6  c o p ie s  o f  th e  jo u r n a l 
m g r  S cien ce  and  202  o th e r  p u b lica tio n s  
in clu d in g  R R II A n n u al R ep o rt



S C I E N T I F I C  A D V I S O R Y  C O M M I T T E E  R E C O M M E N D A T I O N S

1 . U p g r a d e d  th e  c lo n e  R R II 4 2 9  to  
C a te g o ry  I  fro m  C a te g o ry  II  o f th e  p la n tin g  
re co m m e n d a tio n  fo r  N o rth  E a st In d ia  and  
p ro p o se d  fo r  re le a se  fo r  w id e  s c a le  p la n tin g  

in  th e  reg io n .

2 . F e r t i l i z e r  r e c o m m e n d a t i o n  fo r  
m atu re  r u b be r in  trad itio n a l ru b b e r  g ro w in g  
r e g io n s  r e v ise d  fro m  th e  c u r r e n t  r a te  o f
30 :3 0 :3 0  to  3 0 :2 0 :3 0  k g  N P K  h a ’y e a r '.

A N N U A L  E X P E N D I T U R E  

E x p e n d itu re  a t a g la n c e  (2 0 1 8 -1 9 )

H ea d  o f  A c c o u n t ______________________E x p e n d itu re  (R s . In  la k h s )

P la n

R u b b e r  R e se a rc h  o th e r  th a n  N E  R e g io n  2 ,1 3 2 .3 7

R u b b e r  R e se a rc h  - N E  R e g io n  4 1 3 .9 7

T o ta l
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T. M eenakumari, M.Sc., Ph.D.
M .J. Reju, M.Sc 
T. Gireesh, M.Sc., Ph.D.
P. Deepthi Antony, M.Sc., Ph.D.
Thom son Abraham, M  Sc. Ph.D.
P .C  Santham m a, M  Sc.
Tham py Andrews 
George Joseph 
Joy  Varghese 
P. Sreenarayanan 
Sleeba V. Paul
A. Sudheerkum ar

G erm plasm  D ivision
V. Jayashree M adhavan, M .Sc. (Ag.), Ph.D.
G. Prabhakara Rao, M .Sc. (Ag.)
M.A. Mercy, M .Sc. (Ag.), Ph.D.

Biotechn ology D ivision
R.G .K ala , M .Sc., Ph.D.
S. Susham akum ari, M.Sc., Ph.D .
P. Kum ari Jayasree, M .Sc., Ph.D.
R. Jayasree, M .Sc., Ph.D.
K. Rekha, M .Sc., (Ag.) Ph.D.

Joint D irector / Principal Scientist 
Principal Scientist 

Senior Scientist (up to 30.9.18) 
Senior Scien tist 
Senior Scientist 
Senior Scientist 

Senior Scientist (up to 31.10.18) 
Scientist 
Scientist 

Junior Scientist 
Junior Scientific Officer 

Farm Officer 
Farm  Officer 
Farm Officer

Principal Scientist 
Scientist 

Junior Scientific Officer

Joint Director/ Principal Scientist 
Principal Scientist 
Principal Scientist 

Senior Scientist 
Senior Scientist 
Senior Scientist 
Senior Scientist 

Scientist (up to 28.02.19) 
Junior Scientist 

A ssistant Scientific Officer 
Farm O fficer (up to 31.01.19) 

Farm Officer 
Farm Officer 
Farm  Officer 
Farm Officer 
Farm O fficer

Principal Scientist 
Senior Scientist 
Senior Scientist

Principal Scientist 
Senior Scientist 
Senior Scientist 
Senior Scientist 
Senior Scientist



Genome Analysis Laboratory
Thakurdas Saha. M.Sc., Ph.D.
K.U. Thomas, M.Sc., Ph.D.
R. Anantharamanan, M Sc.

Plant Pathology Division
Sabu P. ldicula, M.Sc. (Ag.)
Shaji Philip, M S c  Ph.D.
C. Bindu Roy. M Sc , Ph D 
E. Edwin Prem, M S c  (Ag.)
E-P. Joy

Crop Physiology Division
K. Annamalainathan. M Sc., M.Phil, Ph.D 
S Sreelatha, M Sc., Ph.D. 
JayasreeGopalakrishnan, M Sc., M.Phil., Ph.D. 
K.V. Sumesh M.Sc. Ph.D.
Sheeia P. Simon, M S c , Ph.D.
Rajan Mathew BCom

Clim ate Change and Ecosystem Studies
Shammi Raj, M Sc., Ph.D.
I .  Sailajadevi, M Sc.
K.K. Jayasoorvan, M.Sc.
B. Pradeep, M.Sc.
K.G. Javan

Latex Harvest Technology Division
R. Rajagopal, M Sc., M.Phil., Ph.D., Dip. Stat.
K. Karunaichamy, M.Sc., Ph.D.

Rubber Technology Division
Jacob K. Varkey, M Sc., M.Tech., Ph.D 
K-N. Madhusoodanan, M Sc.
Benny George, M Sc., Ph.D.
Joy Joseph, M.Sc.
Manoj Kurian Jacob, M Sc. Ph.D 
Tresa Cherian, M S c  
Mi Susamma Joseph, M Sc.
M L  Geethakumariamma, M Sc., PhD .

Technical Consultancy Division
Siby Varghese, M.Sc., Ph.D.
Shera Mathew, M.Sc., M.Tech., Ph.D.
PS. 5adeesh Babu, B. Tech., PGDBA 
M.A. Fancy, M.Tech.
K.K. Sasidharan, M.Tech., Ph.D.
Mathew Joseph, B.Tech.
Reethamma Joseph, MSc., Ph.D.
K.I. Elizabeth, M.Sc., M.Tech., Ph.D.
Tessy K. George, M Sc., M.Tech.

Economics Division
Toms Joseph, M.A.

Binni Chandy, M.A.
S. Veeraputliran, M.A., M. Phil.

Principal Scientist (up to 31.10.18) 
Scientist 

Junior Scientist

Joint Director /Principal Scientist (up to 12.9.18) 
Principal Scientist 

Senior Scientist 
Senior Scientist 

Farm Officer

Joint Director/ Principal Scientist 
Principal Scientist 

Senior Scientist 
Scientist 

Junior Scientific Officer 
Farm Officer

Principal Scientist 
Senior Scientist 

Scientist A 
Scientist A 

Assistant Farm M anager

Senior Scientist 
Principal Scientist

Principal Scientist (up to 31.5.18) 
Principal Scientist 

Senior Scientist 
Senior Scientist 

Scientist
Assistant Scientific Officer (up to 30.9.18) 

Assistant Scientific Officer 
Assistant Scientific O fficer

Joint Director/ Principal Scientist 
Scientist 

Senior Scientist 
Assistant Rubber Technologist 
Assistant Rubber Technologist 
Assistant Rubber Technologist 
Assistant Rubber Technologist 

Assistant Scientific Officer 
Junior Scientific Officer

Joint D irector
(working arrangement at H.O. w.e.f.17.08.07) 

Senior Scientist 
Scientist



T. Siju, M .Sc. (Ag.), Ph.D.
Joby Joseph, M.A.

Library and D ocum entation  C entre

N . Latha, M.Sc., M .L.I.Sc.
A  .S. A jitha, M .A., M.L.I.Sc 
V.R. Sujatha, B.Sc., M .L .I5c.

S tatistics and Com puter

B. Biju, M.Sc., M.C.A.
P. A neesh, M .Sc.. P-G-D.C.A.
Sum a George, P.Cj.D.C.A., M.C.A., B.Ed.
K.A. Santhosh, M.C.A.

Instrum entation
M .R. Anilkum ar, Dip. in Inst. Tech.
K.R. Suni, M  Sc., B.Ed., M .Tech., PGDCA, PGDDI

Adm inistration
K. Raveendran Nair 
T.M . Ushalakshm y 
PC . Lillikkutty, B  Com

Sajiya Krishnakumar

Accounts
V. Ganeshan, M .Com.
R, Pushpakumari, M.Sc., I.C.W.A.

Scientist
Scientist

Docum entation Officer 
Senior Librarian 

Librarian

Assistant Director (System s) 
Assistant Statistician 

Assistant System s Officer (up to 31.5.18) 
Assistant System s O fficer (w .e .f.l.8 .I8)

Instrum entation Officer 
Assistant Instrum entation Officer

Deputy Secretary (Admn.) (up to31.5.I8) 
Assistant Secretary (Res.) 
Assistant Secretary (Ties.) 

(w.e.f. 26.102018-29.08.2019) 
Section Officer

Deputy D irector (Finance) 
Accounts O fficer

Security  W ing
M.T. Varghese, MA

C entral Q uality  C ontrol Lab

Sajan K Joh n , M.Tech.
R. Shaji, BTech, LIR1 (A&B)
Sheela Joseph 
Bindhum ol Thom as, M.Sc.
M anju Susan John, M.Sc., B.Ed.
Valsam ma Mathew, M.Sc.
Aneyamm a John, M .Sc.
Letty Antony, M .Sc.

C en tral Experim ent Statio n , Chethackal, Kerala

Thom as Eappen, M.Sc., B.Ed.
N.K. Suresh, M BBS 
T.G. Sasi 
T.V. Thom as, BA
C . Krishnan 
P.M. Sebastian 
V.M. Chandran 
S.B. Sreejam ol

R egion al Research  Statio n , Padiyoor, Kerala

Radha Lakshm anan, M .Sc. (Ag.), Ph.D .
C.L. Benny

Assistant Security Officer

Deputy D irector (Rubber Processing) 
Specifications Officer 
Specifications Officer 

Q uality C ontrol Assistant 
Q ualitv Control Assistant 

Junior Scientific Officer 
Junior Scientific Officer 
Junior Scientific Officer

Senior Scientist 
M edical Officer 
Farm M anager 

Assistant Farm  M anager 
Farm Officer 
Farm  Officer 
Farm Officer 

Section Officer



Regional Research Station, Guwahati, Assam

Gilali Das, M .Sc. Ph.D.
Jayanta Sarkar, M S c  (Ag.), Ph.D.

Regional Research Station, Agartala, Tripura 
SushiJ Kumar Dev. M Sc., Ph.D.
Debasis Mandal, M .Sc Ph.D.
Debabrata Ray, M .Sc (Ag.)
Bhaskar Datta, M 5c. (Ag.)
Pradip Baruah. B.Com., ICWA (I)
Tapan Kumar Pal, M.Sc.
M. Jojomon

Regional Research Station, Tura, Meghalaya 
Ramphool Singh, M Sc. (Ag.). Ph.D.
Merry Birth N  Marak

Regional Research Station, Dapchari, Maharashtra
Meena Singh, M Sc. (Ag.), Ph.D.
S. Ravichandran, M.Sc. (Ag.)
Dilip Ganapat Shende

Regional Research Station, Dhenkanal, Orissa 
Bal Krishan, M Sc.. Ph.D.

Hevea Breeding Sub station, Kadaba, Karnataka 
P. Sukumaran, B.Sc

Hevea Breeding Sub station. Thadikarankonam , Tamil Nadu
M. Suryakumar, M.Sc. (Ag) PhD

Regional Soil Testing Laboratory, A door, Kerala
D. Suja, M Sc.

Regional So il Testing Laboratory, Kanjirappally, Kerala 
Beena Joseph, MSc.
P.T.Sindhu, M.Sc.

Regional Soil Testing Laboratory, Kozhikode, Kerala
K  Jayasree, M Sc.

Regional Soil Testing Laboratory, Muvattupuzha, Kerala 
Mijo Jacob, M Sc.
Joseph Chacko, M Sc.

Regional Soil Testing Laboratory, Palai, Kerala 
Sherly Jacob, M Sc

Regional So il Testing Laboratory, Thrissur, Kerala 
G  Viswambharan, BSc.

Deputy Director (RS) 
Scientist

Joint Director/ Principal Scientist 
Senior Scientist 

Scientist 
Scientist

Assistant D irector (Finance) 
Assistant Scientific Officer 

Assistant Farm M anager

Senior Scientist 
Section Officer

Senior Scientist 
Scientist

Assistant Scientific Officer

Senior Scientist

Farm Officer

Scientist

N Junior Scientific Officer

Junior Scientific Officer 
Junior Scientific O fficer

Assistant Scientific Officer

Junior Scientific Officer 
Junior Scientific Officer

Junior Scientific Officer
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E m ail: U rrii@ rubberboard.org.inU W ebsite: www. rubberbord.org.in

REGIONAL R E SE A R C H  STA TIO N S

Central Experim ent Station 
Rubber Board, Chethackal 
Thompikandom. P.O., Ranni- 689 676, Kerala 
Phone: 91 4735 261500, 261176
Email: ces@ rubberboard.org. in

Regional Research Station
Rubber Board, Padiyoor. P.O
Kannur- 670 703, Kerala, Phone: 91 4982 273003
Email: rrspadiyoor@rubberboard.org.in

Regional Research Station 
Rubber Board, Dapchari- 401 610 
Thane, M aharashtra, Phone: 91 2528 202042 
Email: rrsdapchari@ rubberboard.org. in

Regional Research Station , Ru bber Board,
PWD Road, Near D istrict Em ploym ent Exchange 
Dhenkanal- 759 001, Orissa 
Phone: 91 6762 224946 
Email: rrsdhen@ rubberboard.org.in

Hevea Breeding Sub-Station 
Rubber Board, Subrahm anys Road,
Kadaba, PutturTaluk- 574  221
D.K.District, Karnataka, Phone: 91 8251 260336
Email: hbssnet@rubberboard.org. in

Regional Research Station 
Rubber Board, Grassm ore, Nagrakata, 
lalpaiguri- 735 225, West Bengal 
Phone: 91 3565 270016 
Email: rrsnag@rubberboard.org.in

Research Complex (N.E. Region), Rubber Board 
Beltola -  Basista Road, Housefed Complex 
Dispur, Guw ahati-781006, Assam 
Phone: 91 3612 228220 
Email: rrsgty y n jbberboard.org.in

Regional Research Station 
Rubber Board, Baluakiattila 
Kunjaban- 799 006, Agartala, Tripura 
Phone: 91 381 2355143 
Email: rrsagr@rubberboard.org.in

Regional Research Station
Rubber Board, Near AIR Quarters
Dakobgre, PB No. 26, Tura- 794 001
West Garo Hills, Meghalaya, Phone: 91 3651 232413
Em ail: rrstura@rubberboard.org.in

H evea Breeding Sub-Station 
Rubber Board, Thadikarankonam . P.O 
Kanyakum ari-629 851, Tamil Nadu 
Phone: 91 4652 289119 
Em ail: hbsspar@rubberboard.org.in

REGIONAL SO IL  T E S T IN G  L A B O R A TO R IE S IN  KERALA

Regional Laboratory, Ru bber Board 
East Nadakkavu, K ozhikode-673 O il 
Phone: 0495-2369610.
Email; rlkozhikode@rubberboard.org.in

Regional Laboratory, Rubber Board 
VaUathol Rubber's Building, Anappara 
Ramavarmapuram P.O., Th rissu r -  680 545 
Phone: 0487-2694105 
Email: rltchr@ rubberboard.org.in

Regional Laboratory, Ru bber Board 
Mary M athaSquare. ArakuzhaRoad 
Mopvattupuzha- 686 661 
Phone: 0485-2836996
Email; rlm uvattupuzlia@ rubberboard.org.in

Regional Laboratory, Rubber Board,
T.B. Road, Pala- 686' 575. Phone: 0483-2216708 
Em ail: rlpala@rubberboard.org.in

R egion al Laboratory, Ru bber Board, Geo Tow ers, 
Cathedral Junction, Kanjirappallv- 686 507 
Phone: 04828-203184 
Email: rlknj@rubberboard.org.in

Regional Laboratory; Rubber Board,
C,NM Buildings, II Floor, Near RD Office,
Adoor-691 523. Phone: 04734-227168 
Email: rladr@rubberboard.org.in

Regional Laboratory, Rubber Board,
Ramachandra Square, Near Surya Cine House 
Nedumangadu- 695 541. Phone: 0472-2804660 
Email: rltvm@rubberboard.org.in
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Research divisions and functions 
The m ajor research  d iv ision s a re  A gronom y/Sails, 
Biotechnology, Botany, Clim ate C hange & Ecosystem  
Studies, Germ plasm . Latex Harvest Technology, Plant 
Pathology, P lant Ph ysio log y , R u bber T echn ology , 
Technical C on su ltan cy  and  E con om ics. S tu d ies on 
C lone E v a lu a tio n , G en o m e A n a ly s is  and  D R IS  
Fertilisation are dealt separately.
The th ru st a re a s  o f  resea rch  o f  A g ro n om y/ Soils  
D iv isio n  a re  in v e s tig a tio n s  o n  th e  n u tr it io n a l 
requirem ents of rubber, irrigation , in tercro p p in g , 
cover crop managem ent, weed control and the study 
o f the rubber grow ing soils. D evelopm ent of tissue 
culture and another culture system s for propagation 
and developm ent of transgenic plants incorporating 
agronom ically im portant genes for im provem ent of 
H evea  a re  th e  im p o rta n t a r e a s  in w h ich  th e 
Biotechnology D ivision is engaged . T h e Advanced 
C en tre for M olecu lar  B io lo gy  an d  B io tech n o lo g y  
(A C M B B ) is a fu n c tio n a l g ro u p in g  o f  s c ie n tis ts  
w orkin g  in th e a r e a s  o f  M o le c u la r  B io lo gy , 
B io tech n o lo g y , G e n o m e  A n a ly s is , M o le cu la r  
Physiology and M olecular Pathology. Th e im portant 
fields of research of the Botany Division are breed ing  
evaluation and selection o f  new  clones, propagation 
techniques, planting m ethods, anatom ical studies and 
cytogenetic in v estig a tion s. T h e C lim ate  C h an ge & 
Ecosystems Stud ies D ivision is pursuing stud ies on 
c lim ate  c h a n g e  p ro c e s s  in tr a d it io n a l an d  n on - 
trad itional ru bber g ro w in g  re g io n s  o f  In d ia  and 
developing information system  on rubber cultivation 
using rem ote sensing (RS) platform  to id entify  area 
under rubber cultivation and suitable area w here rubber 
plantations can be extended. The Germ plasm  D ivision 
is concentrating on  the in trod u ctio n , con servatio n  
and e v a lu a tio n  o f  Hei>en g e rm p la s m . T h e  P la n t 
Pathology D ivision is engaged  in in vestigation s on 
Ihe diseases and pests o f rubber and associated cover 
cro ps and th e ir  c o n tro l. T h e  P la n t P h y s io lo g y  
Division conducts stud ies o n  both fundam ental and 
applied aspects of H ew n  tree physiology. The Latex 
1 larvest Technology D ivision is concentrating on all 
applied asp ects  o f  c ro p  h arv estin g  in rubber. The 
R u bber T ec h n o lo g y  D iv is io n  c o n c e n tr a te s  on 
im provem ent in prim ary processin g  o f  ru bber, its 
chem ical m odification, rubber product m anufacture 
and quality control o f processed rubber. T h e Technical 
Consultancy Division provid es 'consultancy: services 
tor the prom otion of the rubber industry. T h e Rubber 
te ch n o lo g y  D iv is io n  and  T e c h n ic a l c o n s u lta n cy  
D ivision to gether form s th e A d van ced  C en tre  for 
<ubber T ec h n o lo g y  (A C R T ).T h e  E co n o m ic s  
D ivision u n d ertakes s tu d ie s on econonYic asp ects  
related to rubber plantations.

The research  su p p o rtin g  sec tio n s in clu d es  Library 
and D o cu m en ta tio n , In stru m en ta tio n .. S ta tis t ic s ,

C om p u ter and M ain tenan ce W ing. There is also a 
small experim ental farm of 33 ha. at the headquarters 
o f RRII.

Central Experim ent Station

Th e 255 ha. Centra) Experim ent Station at Chethackal 
(Ranni), 50 km aw ay from Kottavam, was started in 
1966. Field trials laid ou t by the research divisions 
cover alm ost the entire area.

Regional Research Stations 

R R II h a s  e s ta b lis h e d  a N o rth -E a stern  R esearch  
Com plex with headquarters at Agartala having regional 
research stations at Agartala in Tripura, Guwahati in 
Assam and Tura in M eghalaya. The RRII has also set 
up  reg ion al research  estab lish m e n ts at D apchari 
(M aharashtra), D henkanal (Orissa), Nagrakata (West 
Bengal), Th adikarank onam  (Tam il N adu). Kadaba 
(Karnataka) and Padiyoor (Kerala).

Regional soil testing laboratories have been established 
at K o z h ik o d e , T h ris s u r, M u vattu p u zha, Pala. 
Kanjirappally, Adoor and Nedumangad. Mobile units 
for soil and leaf analysis are available a t Kozhikode 
laboratory, apart from that a t the headquarters.

National/International collaboration 

RRII is a m em ber of the International Rubber Research 
and D evelopm ent Board (IRRDB), an association of 
n a tio n a l o rg a n iz a tio n s  d evo ted  to research  and 
developm ent on natural rubber. Rubber Board is a 
m em b er o f  th e A s so c ia tio n  o f  N atu ra l R u bber 
P ro d u cin g  C ou n tries  (A N R PC ) and International 
Ru bber Study G roup (IRSG).

T h e RRII has research/academ ic linkages w ith the 
B a n a ra s  H in d u  U n iv e rs ity  (V aran asi), K erala 
Agricultural University (Thrissur), Kerala University 
(Thiruvananthapuram ), Mahatma Gandhi University 
(K o ttay am ), C ochin  U n iversity  o f  Scien ce and 
T echn ology (K ochi), Indian  A gricultural Research 
In stitu te (N ew  D elhi), Indian Institute of Sciences 
(Bangalore). Indian Institute of Technology (Kharagpur). 
N ational C hem ical Laboratory (Pune), Sree Chitra 
Tirunal Institute o f Medical Sciences and Technology 
(T hiru v anan thap u ram ), Tam il Nadu Agricultural 
U niversity (Coim batore). University of Agricultural 
Scien ces (B angalore) and U niversity of Goa (Goa).

C o rresp o n d en ce 
Th e D irector o f  Research 
Rubber Research Institute of India 
Kottavam  - 686 009, Kerala, India 
P h o n e  91 481 2353311-20  

91 481 2352770-71 
91 481 2352773-79  (20  lines)

Fax 91 481 2353327
Em ail: rriw 'rubberboard.org.in
W ebsite: w w w .rubberboard.org.in

http://www.rubberboard.org.in

