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Rubber Research Institute of India
T h e R u bber R esearch  In stitu te .o f  In d ia  ( R R J I ) ,  u n d er th e  R u b b e r  B o a rd  

(M in istry  o f  C o m m erce  and Industry, G o v e n im e n t o f  In d ia ), had its 

inception in 1955. W ith a  very m odest b eg in n in g , the R R II is now  cap able  

o f  handling m ost o f  the p ro b lem s a sso cia ted  w ith  natural ru b b e r  (N R )  

production tech nology , prim ary p ro cess in g  and p rod u ct d ev elo p m en t. 

The s te a d )’ g ro w th  o f  R R I I  in its  s c ie n t i f i c  w o rth  an d  r e s e a r c h  

contribu tion s h as w on it the reco g n itio n  as an In tern atio n a l C e n tre  o f  

E x ce llen ce  in N R  research .

Location

T h e R R II is located on a h illo ck  8 km  east o fK o tta y a m  tow n in K e ra la  

S ta te  and is easily  a c c e ss ib le  by road. K o ttay am  is co n n e c te d  to  all 

m ajor cities  in the coun try  by ra il. T h e re  are  tw o In tern a tio n a l A irp o rts, 

one at Thiruvananthapuram , 160 k m  south and the o th er at N edum bassery,
9 5  km north o r  R R II.

Organization

For the e ffic ie n t d isch arg e o f  its fu n c tio n s , th e  R R II  has e stab lish ed  

m a jo r  r e s e a r c h  d iv is io n s  and  r e s e a rc h  su p p o rt in g  s e c t io n s  at its 

h ead q u arters and re g io n a l re se a rc h  e s ta b l is h m e n ts  a t a p p r o p r ia te  

locations w here H e v e a  b r a s i l i e n s i s  is c o m m e rc ia lly  grow n or is like ly  
to  be grown.

Continued on page 109
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THE RUBBERBOARD

T h e Indian R u bber Board  w as constituted  

under the R ubber (P rod u ction  and M ark etin g ) 

A ct, 194 7 . w hich  cam e in lo fo rce  on 18 A pril 

1947. T h is A ct w as am endedin 1 954 , I9 6 0 ,  1982 

and in 1994. T h e A ct w asfu rth er am ended by 

the R u bber(A m en d m ent) A ct, 2 0 0 9  w hich  cam e 

in toforce  on 22n d  Jan u ary  2 0 1 0 .

Organization

T h e  C h airm an  is th e  p rin cip a l e x e cu tiv e  

o ffice r  and ex erc ises control o v er alldepartm ents 

of the R ubber B oard . T h e  R esearch  D epartm ent, 

(R u b b e r  R e s e a r c h  In stitu te  o f  In d ia )  w orks 

under theadm inistrative control o f  the C hairm an.

Chairman/Executivc Director

Dr. A . A jith k u m a rl A S (u p to  2 3 .1 1 .1 7 )

D r.Sh an m u g aS u n d aram  IA S  (w .e .f .2 4 .1 1 .17 )

Rubber Research Institute o f India

Dr. Ja n ie s  Ja c o b  

D ire cto r

Crop Improvement
D r.K av ith a  K . M ydin 

Jo in t D ire cto r

Botany
D eputy D ire cto r  (v a ca n t)

Biotechnology
Jo in t D ire cto r(v a ca n t)

Genome AnalysisLaboratory
D r.T h a k u rd a sS a h a  

P rincipal S c ie n tis t

Germplasm
Jo in t D ire cto r  (v a ca n t)

D r.Ja y a sh re e M a d h a v a n

P rin cip al S c ie n tis t(O ff ic e r  - in -c h a r g e )

Crop Management
Jo in t D ire cto r  (v a ca n t)

Agronomy and Soils 
Dr. M .D . Je ssy  

Jo in t D ire cto r

Fertiliser Advisory Group
D r.M ercyk u tty  Jo sep h  

P rincipal S c ien tis t

Crop Physiology
Climate Change and Ecosystem 
Studies
Joint Dire@tor(vacant)



Plant Physiology
Dr. K . A n n am alainath an 
Jo in t D ire cto r

Crop Protection
M r. Sabu  P. Id icu la  

Jo in t D ire cto r

Plant Pathology
Jo in t D ire cto r  (v acan t)

Economics Research
M r. T o m s Josep h  

Jo in t D ire cto r  (v acan t)

Latex Harvest Technology
D r.R .R a ja g o p a l

S e n io r  S c ie n tis t  (O ff ic e r  - in -c h a rg e )

R ubber Technology
Jo in t  D ire cto r(v a ca n t)

Rubber Technology
D ep u ty  D ire cto r(v acan t)

D r.Ja co b  K . V arkey

P rin cip a l S c ie n t is t (O ff ic e r - in -c h a r g e )

Technical Consultancy
D r.S ib y  V arghese 

Jo in t D ire cto r

Central Experiment Station, Chethackal
D eputy D ire cto r(v a ca n t)

T h o m a s Eappen 

S c ie n tis t  (O ff ic e r  - in -ch a rg e )

Regional Research Station, Guwahati
D r.G ila li D as 

D ep u ty  D ire cto r

Regional Research Station, Agartala 
Dr.Sushil Kumar Dey 
Joint Director

Regional Research Station, Nagrakata
D ep u ty  D ire cto r  (v a ca n t)

Regional Research Station, Tura
D eputy D ire cto r  (v acan t)

Regional Research Station, Dapchari
D r.M een a  Sin gh

S e n io r  S c ie n tis t(O ffic e r  - in -c h a rg e )

Regional Research Station, Dhenkanal
D r.B a l K rish an

S e n io r  S c ie n tis t (O ff ic e r  - in -c h a rg e )

Regional Research Station, Padiyoor
Dr. R ad h aL ak sh m an an

P rin cip al S c ie n tis t (O f f ic e r - in -c h a r g e )

Hevea Breeding Substation, Kadaba
Dr.P. D eep th y  A ntony 

S c ie n tis t  (O ff ic e r  - in -c h a rg e )

Hevea Breeding Substation, 
Thadikarankonam
D r.M .S u ry ak u m ar 

S c ie n tis t (O f f ic e r - in -c h a r g e )

Administration
R aveen d ran N a ir  K.

D eputy S ecre ta ry

Finance & Accounts
C A . Z ach ariah  K u rian  

Jo in t  D ire cto r

Instrumentation
D eputy D ire cto r(v a ca n t)

M .R .A n ilk u m ar

In stru m entation  O ff ic e r  (O ff ic e r  - in -c h a r g e )

Library & Documentation Centre
N . L ath a

D ocu m e n ta tio n  O ff ic e r

Statistics & Computer
B . B iju

A ssis ta n t D ire cto r  (S y s te m s



DIRECTOR’S REVIEW

T h e  y e a r  2 0 1 7 - 1 8  w it n e s s e d  s e v e r a l  

im portant ach ieve m en ts in R & D . T h e  O n lin e  

F ertiliz er  R eco m m en d atio n  Sy stem  o r  R u bber 

S o i l In fo rm atio n  Sy stem  (R u b S I S )  o rig in a lly  

launched for the d istrict o f  K ottayam  during 2 0 1 6  

w a s  e x te n d e d  to  c o v e r  th e  e n t ir e  r u b b e r  

p la n ta tio n s  in S o u th  In d ia . R u b S I S  is no w  

av a ila b le  in th ree  d iffe re n t lan gu ages nam ely  

M alay a lam , T am il and K an nada. A  m o bile  A pp 

v ersion  o f  R u b S IS  w as a lso  d eveloped  w h ich  is 

far e a sie r  to  use than th e  o n lin e  v ersio n . E ffo rts  

w ere m ade to  p opu larize R u b S IS  by con d u ctin g  

group m e etin g s in d ifferen t parts o f  Sou th  India 

in a s s o c ia t io n  w ith  th e  R u b b e r  P r o d u c t io n  

D ep artm en t o f  R u b b er B oard . W ork has been  

ex ten d ed  to d ev elop  R u b S IS  fo r  ru bber grow in g  

reg io n s o f  N orth E a st In dia.

A n o th e r  m a jo r  R & D  o u t c o m e  w a s  

reco m m en d in g  r e g io n -s p e c if ic  c lo n e s  fo r  the 

d ifferen t a g ro -c lim a tic  reg io n s w here ru bber is 

c u lt iv a te d  in In d ia . R e g io n - s p e c i f i c  c lo n e

recom m endation has b een  m ade up to  the d istrict 

level in th e  traditional reg io n s and sta te  lev el in 

the n o n-trad itio nal reg io n s based  on lon g  y e a rs ’ 

o f  field  o bserv ation . D u ring  the rep ortin g  y ear  

tw o p rom isin g  c lo n e s  w ere  added to  the list o f  

p ip e lin e  c lo n e s ,  m a k in g  th e  to ta l n u m b er o f  

pip elines c lo n e s  to  2 8 3 .  O u t o f  th ese , 9 0  p ipeline 

c lo n es  are grow n in 4 4  trials in d ifferent locations 

a s  p a r t o f  th e  fa r m e r  p a r t ic ip a t o r y  c lo n e  

ev aluation  program m e.

It is  in te r e s t in g  to  n o te  th a t g ir th  o f  a 

s e g r e g a t i n g  p o ly c r o s s  p r o g e n y  o f  H e v e a  

seed lin gs exhib ited  norm al distribution o f  H e v e a ,  

but test tap y ield  had a h ighly  skew ed d istribution 

tow ards the left. T h e  g en etic  im p lica tio n s o f  th is 

d ifferen tia l d istribution in grow th and y ield  need 

to  b e  further ex am in ed .

A m o n g  th e  w ild  g e rm p la s m  c o lle c t io n ,  

R O  2 6 2 9 ,  A C  4 1 4 9  and A C  7 1 6  gave y ie ld s c lo se  

to  so m e  W ick h am  c lo n e s  su ch  as R R II  2 0 8 ,  

R R II 105 and R R IM  6 0 0 .  A  total o f  4 4 2  w ild



accessions are m aintained in the field arboretum  

in M eghalaya. Sev era l introduced c lo n e s , both 

wild accessio n s and prom ising lines im ported 

from  d ifferent coun tries w ere a lso  evaluated  fo r  

th eir in trinsic to leran ce  to  ab io tic  and b io tic  

s tresses.

A  system  for p roducing a n ti-b io tic  m arker- 

free G M  plants w as successfu lly  tested in a model 

plant. Several new  lin es o f  G M  rubber plants 

w ere developed  in corp oratin g  a g ro n o m ica lly  

im portant genes.

We could su ccessfu lly  use 16 S S R  m arkers 

for gen otyin g the in ternational c lo n e s  recen tly  

introduced through the IR R D B  m ultilateral c lon e 

e x c h a n g e  p ro g ram m e. T h e  S A L B  to le ra n t 

c lo n e s  develop ed  by M ic h e ll in -C IR A D  and 

supplied to  India from  C o m b o d ia  and G h an a 

w ere  m a rk e d ly  d if fe r e n t  fro m  th e  A s ia t ic  

im ported c lo n es, c learly  d em onstrating  the non- 

W icham  orig in s o f  the S A L B  toleran t c lo n es  

evolved in Brazil as eviden t from  the percentage 

o f  the im ported c lo n es . S N P  m arkers o f  HM .GS 

and C P T  g en es sh ow ed  an a sso c ia tio n  w ith 

rubber yield, a finding with potential im plications 

for m arker assisted  se le ctio n  o f  high y ie ld in g  

clo n es. A nother in terestin g fin d ing  from  root 

tra n scr ip to m e  s tu d ie s  w as th e  p r e s e n c e  o f  

arbuscular m ycorrhizal fungus (A M F ), p ossibly  

inside the co rtica l ce lls  o f  rubber roots. T h e  

eco lo g ica l and agron om ic re lev an ce  o f  A M F  

association  w ith roots o f  rubber plants needs to 

be better understood. A  c o llab o ra tiv e  p ro ject to

understand m icrobial d ynam ics o f  rubber growing 

so ils  o f  K era la  under d iffe re n t cro p p in g  system  

w as in itiated  w ith C S IR -N E E R I ,  Nagpur.

Stud ies on high d ensity  g en etic  lin kage maps 

o f  d ifferen t H e v e a  sp e c ie s  and Q T L s  for d isease  

to lera n ce  and yield  w ere in p ro g ress w ith good 

r esu lts . V a lid a tio n  o f  Q T L  m a rk e rs  and fin e 

m apping o f  the Q T L  reg ion s fo r  d isease  to leran ce 

w ere carried  out using K A S P  m arker tech nology. 

In the ca se  o f  a h e tero zy g o u s tree  sp e c ie s  like 

H e v e a ,  a s s o c ia t io n  m a p p in g  m a y  b e  m o re  

b e n e f i c i a l  th a n  Q T L  m a p p in g  f o r  c r o p  

im provem ent research .

P B  2 6 0  trees cro w n -bu d d ed  (in  th e  fie ld ) 

w ith  F X  5 1 6  (h ig h ly  to leran t to  A L F )  continu ed  

to  sh ow  e x c e lle n t to le ra n ce  to  A L F  e v en  a s  th eir 

girth w as better than the no rm al P B  2 6 0  trees. 

T h e  am ount o f  la te x  p roduced  by cro w n-bu d d ed  

trees and its p rop erties w ere  c o m p a ra b le  to latex 

produced by norm al P B  2 3 0  trees. E ffo r ts  w ere 

continued to develop crow n-budded plants in large 

ro o t tra iner cups in the nu rsery  itse lf.

T w elve  iso la tes o f  C o ry n esp o ra  w ere  tested 

fo r  th eir v iru len ce . A ll o f  th em  w ere eq u ally  

v iru len t and  had C a s l  g e n e  (r e s p o n s ib le  for 

producing the tox in , c a ss iico lin )  present in th em . 

T h is  tox in  w as su ccessfu lly  em ployed  for in  v itro  

s creen in g  o f  large n u m ber o f  H e v e a  g en o ty p es 

fo r  C o r y n e p u r a  to leran ce .

T h e  r o le  o f  e th y le n e  r e c e p to r  g e n e s  in 

stim ulating latex yield during ethephon stim ulation



is in terestin g  and th is d eserv es to be fu rth er 

probed . A re  th ese  g en es a lso  resp o n s ib le  for 

h igh y ield  in e lite  c lo n e s  even  w ithout ethephon 

stim u lation ? A rc  th ese  g en es less exp ressed  in 

wild germ plasm  lin es th at produce little  la tex? 

A n sw ers to  th ese  q u estio n s w ill open a new  

w indow  o f  op p ortu nity  in cro p  im p rovem en t 

re se a rch .

Sa te llite -b a sed  m ap ping o f  ex is tin g  rubber 

p la n ta tio n s  and  lo c a t in g  p o te n tia l a r e a s  fo r  

expanding N R  cultivation w as continued. N early 

9 1 0  ha o f  m ature area  w as located  and m apped 

in A nd am an’s  &  N ico b a r Islands. M egh alaya, 

M an ipur and M izoram  had 1 0 7 3 0 , 1062  and 874  

ha o f  natural rubber, respectively . N early  5 3 0 0  

ha o f  ru bber in A ssam  w as cu ltivated  below  an 

altitude o f  5 0  m M S L  m aking it higher flood-prone 

w ith  B r a h m a p u tr a  v a l le y .  A  s tu d y  w a s  

un dertaken to id en tify  a g ro clim atica lly  su itab le 

area  fo r  natural rubber cu ltiv a tion  in left w in g 

ex tre m ism  (L W E )a ffe c te d  areas based on lon g­

tim e c lim a te  data o f  th e  region  and w o rk in g  out 

“ c lim ate  to leran ce  lim its” .

A new  p ro ject w as in itiated  to  w ork  out the 

carb o n  footprin t o f  the Indian rubber industry. 

B ased  on life  c y c le  a n alysis  it w as e stim ated  that 

o n e  ha o f  ru b be r p lan tation  ca n  seq u ester  as 

m u ch as 2 6 .7  M T on  o f  C O , during a p lantation 

c y c le  fo r  2 8  years. A  study on im pact o f  E l nino/ 

L a  n in a  ep isod es in ru b ber grow in g  reg ion s o f  

India w as in itiated. Irresp ective o f  such episodes 

c lim a te  w arm in g  persisted .

F ield  tria ls  continu ed  to  prove the b en efits  

o f  low  fre q u e n cy  tap p in g  (to  red u ce c o s t  o f  

p rod uction) and con tro lled  upward tapp ing (to  

in crease  prod uctivity  o f  old/senile tre e s). B u t 

th ese in novatio ns w ere not adopted by grow ers 

in full earn est due to  lo g istic  reasons (eg . tapper 

a v a ilab ility , lack  o f  sk ill fo r  d o in g  C U T ) and 

possib ly  low  level o f  aw aren ess a m o ng g row ers.

O u r s tu d ie s  sh o w ed  th at n a tu ra l ru b be r 

cu ltivation  has s u ccessfu lly  im proved household 

in c o m e  an d  s ta n d a rd  o f  l iv in g  o f  n a t iv e  

co m m u n ities in M ayu rbh an j d istrict o f  O disha. 

A  s tu d y  w a s  u n d e r ta k e n  to  e x a m in e  th e  

effectiv en ess  o f  fun ction ing o f  R u bber Producers 

S o c ie tie s  (R P S s ) .  It w as found that in gen eral 

th e re  w a s  a d e c lin e  in th e  in v o lv e m e n t  o f  

m e m b ers in the a c tiv itie s  o f  R P S s . It  w as felt 

that R P S s  should ev o lv e  into a c o m p le te  farm  

serv ice  provider. A  q u ick  a n a ly sis  o f  th e  draft 

a g r e e m e n t  o f  R C E P  s h o w e d  th a t fu r th e r  

co n ce ss io n s  as dem anded by m em b er co u n tries 

w ill have m a jo r  n eg a tiv e  im p lica tio n s  on the 

dom estic  natural rubber p roducin g and rubber 

products m anufacturing coun tries. T h e so cia l and 

e c o n o m ic  r isk  o f  o v e r -re lia n c e  o f  the In d ian  

rubber industry on huge im ports o f  natural rubber 

w a s an a ly z ed . It w'as co n c lu d e d  th at u n less  

d o m estic  natural rubber p roduction  is boosted , 

the cou n try  w ill lose  h u ge am o unts o f  foreign  

ex ch a n g e  to  im port raw natural rubber ev en  as 

its sea m less  and ch eap  in ternational a v a ilab ility  

cannot be taken for granted. M an y natural rubber



e x p o r t in g  c o u n tr ie s  a r e  in c r e a s in g  th e ir  

consum ption o f  natural rubber for m ak in g  v alue 

added prod u cts w hich  th ese  c o u n tr ie s  co u ld  

export natural rubber in large vo lu m es in future 

instead o f  raw rubber.

A n Indian patent fo r  ‘‘S ta b le  free  radical 

assisted m echanical devu lcan izatio n  o f  rubber” 

w as file d . U s in g  th e  d e v u lc a n iz e d  ru b b e r, 

d ifferent form ulation s w ere prepared w hich can 

be used for m aking cy c le  tyre, rubber m ats e tc .  

An attem pt w as m ade to  m inim ize the qu antity  

o f  detergent and the en zy m e con cen tration  in the 

deprotenization m ixture developed last year. Pilot 

sca le  ev alu ation  o f  a new  p ro ce ss  to  reco v er  

rubber from skim  latex w as su ccessfu lly  carried  

out at four cen trifu g in g  un its ( 1 0 ,0 0 0 L ).

B e t t e r  a b r a s io n  r e s i s t a n c e  an d  f le x  

resistan ce w ere achieved  in th e  natural rubber 

polym eric f iller system  using b lends o f  polym ers. 

L a tex  carbon b lack  m aster-ba tch es w ith varying 

carbon b lack  con ten t w ere prepared and these 

sa m p le s  w e re  s e n t to  th e  c o l la b o r a t o r  fo r  

e v a lu a t io n  a t th e ir  e n d . O u r  s tu d ie s  h a v e  

established the p ossib ility  o f  substitu ting N R/PB 

blend (50/ 50) in tyre side w all with N R /EP D M  

blends form ulate p eroxide vulcanized N R/EPD M

blend (60/ 40) v u lcan izates w ith good m echanical 

prop erties and high Ile x  c ra ck  g row th resistan ce.

D u ring  th e  rep ortin g  y ear , m o re than 3 6 2  

entrepren eurs from  the M S M E  s e c to r  w ere given 

advisory serv ices. In addition, through letters and 

em a ils  an o th er  1 4 5 0  c lie n ts  w ere  g iv en  ad vises. 

M o re  than 5 3 0  test rep orts w ere  issu ed  based 

on te s tin g  a b o u t 7 8 0  sa m p le s . T e ch n o lo g ica l 

kn o w h ow  fo r  10 ru b ber prod u cts w ere  g iv en  to 

p ro sp ective  en trep ren eu rs. D u rin g  th e  rep orting  

y ear  N O C  for im porting a  total o f  4 .6 5  lakh tonnes 

o f  natu ral ru b b e r  w a s issu ed  by th e  Q u a lity  

C on tro l D iv isio n  o f  R R II . O u t o f  th is , m o re  than 

8 2  per c e n t w as b lo ck  ru b ber and n early  17 per 

c e n t w as s h e e t ru bber. O th e r  fo rm s (c re p e , 

la tex  e t c .)  con tribu ted  ju s t  0 .5  p er cen t.

V acan cie s  in the sc ie n tis t ca d re  continu ed  

to in crease  as no n ew  recru itm e n ts  w ere  m ade 

during the reporting year. T h re e  issu es o f  R u b b e r  

S c i e n c e  w ere published  w ith  2 6  a r tic le s  during 

2 0 1 7 - 18. A d d itio n a lly  2 5  c o n fe re n ce  pap ers, 2 0  

p o p u la r  a r t ic le s ,  th re e  b o o k  c h a p te r s ,  th re e  

r e p o r t s ,  tw o  P h D  t h e s e s  a n d  fo u r  M S c  

dissertations w ere a lso  published and s ix  scien tific  

recom m en d ation s w ere approved .

Dr. Jam es Jaco b



AGRONOMY / SOILS DIVISION

D e v e lo p in g  s u s ta in a b le  fa rm  p r a c tic e s , 

reducing co st o f  cu ltivation , generating additional 

in com e and im proving b iod iversity  are the m ajor 

thrust areas o f  research  o f  the D iv isio n . V arious 

e x p e r i m e n t s  w ith  t h e s e  o b je c t i v e s  w e re  

continu ed . E v aluation  o f  low  input s trateg ies for 

im provin g s o il health w as a lso  in itiated . R ubber 

S o il In form ation  S y stem  (R u b S IS ) ,  the pow erful 

In fo rm a tio n  and C o m m u n ica tio n  T ech n o lo g y  
(1C T ) too l w hich  brings so il fertility  status and 

fertilizer  recom m en d ation  to the fin ger-tip s o f  

rubber grow ers w as released  for the entire rubber 

grow in g  reg io n s o f  Sou th  In dia. R u b S IS  w as 

translated to M alayalam , T am il and K an n ad aan d  

a M o b ile  A pp v ersio n  w as d eveloped  fo r  easy 

a c c e s s  o f  s o il f e r t i l i ty  s ta tu s  and  fe r t i l iz e r  

reco m m en d atio n  by ru bber g row ers . R u b S IS  

w as d em on strated  in group m e etin g s  h eld  in 

d if fe r e n t  p a rts  o f  S o u th  In d ia  and  is b e in g  

popularised through various extension program es. 

S o il fertility  m ap ping  o f  ru b ber gro w in g  regions 

o f  N E  In d ia  w as in itiated.

1. Soil fe rtility  m apping, soil health 
monitoring and development of online 
fertilizer recommendation system for 
rubber growing regions of South India 
(C ollaborative p ro ject o f  R R II with 
N B SS & LU P, IC A R , IIIT M -K , 
Thiruvananthapuram)

R u bber S o il In form ation  Sy stem  (R u b S IS )  

w as develop ed  fo r  the e n tire  ru b ber gro w in g  

regions o f  Sou th  India. R u b S IS  w as dem onstrated 

in 2 3  group m eetin g s held in d ifferen t parts o f  

South India and feedback w as collected  from  1 134  

g ro w ers and co m m u n icated  to  M in istry . R u b S IS  

w as translated to M alayalam , T am il and Kannada 

and a M o b ile  A pp w as develop ed . R u b S IS  w as 

popu larised  through p opu lar a r tic le s , p ost card s,

letters, S M S  and tra in ing  program m es. A  p ro ject 

w as developed for so il fertility  m apping o f  rubber 

g r o w in g  r e g io n s  o f  N E  In d ia . S o i l  sa m p le  

c o lle c tio n  w as in itiated in T ripura, A ssam  and 
M egh alaya.

2 .  Nutrient Management

N u r s e ry  tr ia l on n u tr ie n t  m a n a g e m e n t, 

in i t ia l e d  to  r e v is e  th e  c u r r e n t  f e r t i l i z e r  

recom m endation for root trainer rubber plants w as 

continu ed . A  seco n d  e x p erim en t w as condu cted  

with revised  treatm ents based  on th e  first tria l. 

T h e results indicated the sup eriority  o f  integrated 

m an agem ent and fo lia r  nu trition fo r  the grow th 

o f  root tra in er rubber seed lings.

T h e  field  e x p erim en t at C E S , C h eth ack a l to 

study the e ffe c t  o f  lon g  term  use o f  in organ ic 

and o rg a n ic  m an u res o n  g row th and y ie ld  o f  

ru bber and so il p roperties w as continu ed . T h e  

residual e ffe c t  o f  treatm en ts w as studied w ithout 

applying fertilizer and farm  y ard m anure ( F Y M ). 

Su periority  o f  the treatm ent, 2 5  per c en t fertilizer 

+  75  per cen t F Y M  on grow th o f  ru b ber w as 

m aintained . R ecom m en d ed  p ractice  (3 0 :3 0 :3 0  

kg  N P K  ha 'y e a r 1)  and th e  treatm en ts w ith 25  

p e r c e n t from  fertilizer  +  75  p e r c e n t  from  F Y M  

and 5 0  per cen t from  fertilizer  +  5 0  p e r c e n t from 

F Y M  w ere  co m p arab le  in y ield .

F ie ld  tria ls  on seco n d ary  and m icron u trien t 

nutrition , in itiated d uring 2 01 1  atT h am arasserry , 

Palappilly  and C heruvally  estates w ere continued. 

T h e  resid u al e f fe c t  o f  C a , S ,  Z n  and B applied 

d uring the firs t y e a r  o f  p lan tin g  on so il test b asis  

w as continu ed  fo r  5 -6  y ears. H e n ce , on e tim e 

ap p lication  o f  th ese  nu trients is su fficien t during 

im m atu re p hase, w h ile  annual ap p lication  o f  M g 

is  n e c e s s a r y  to  m a in ta in  th e  s o il  s ta tu s .A n  

in cu b ation  study on su p p lem en tin g  B and Zn



through co ir  pith indicated that so il av a ilab le  B  

w as higher in co ir  pith applied so ils  com p ared  to 

control.

Th e field trial initiated at C hithalvetty estate. 
State Farm ing C orporation o f  K erala  to  study the 

e ffe c t o f  the organ ic m anure 'G e o  g re e n ’ 011 

grow th o f  yo u n g  ru b ber w as co n tin u ed . N o  

sig n ifican t d ifferen ce  b etw een treatm en ts w as 

noticed in grow th. In the study on p erform an ce 

o f  r u b b e r  in  a  c o a s t a l  s a n d y  s o i l  o f  
Thanneennukkom . Cherthala. norm al grow th and 

yield  o f  rubber w as observed  w ith co v e r  crop 

establishm ent, organ ic m an ures and need based 

irrigation during the initial years.

Initiated a field tria l on targeted ap p lication  

o f  so lu b le fertilizers into the root z o n e o f  you n g  

rubber plants. W ater so lu b le  fe r tiliz e rs  w ere 

applied into the root zon e o f  the p lan ts using 

d isposable p lastic bottles w ith w ick s  inserted.

A g lass-house experim ent to  establish critical 

level o f  soil M g w as in itiated . N o  sig n ifica n t 

d ifferen ce  w as observed  betw een  the d ifferen t 

levels o f  M g application  on girth o f  p lants a fter 

six  m onths. T h e  study on le a f  nu trient status o f  

low  and high y ielding rubber trees w as continued. 

In the rh izosph ere study, variation s in av a ilab le  

N an d  o r g a n ic  P w a s  o b s e r v e d  b e tw e e n  

r h iz o s p h e r e  and  b u lk  s o i l  s a m p le s  a m o n g  

lo cation s. T h ere  w as no s ig n ifican t d ifferen ce  in 

grow th and dry b io m a ss -o f  seed lin g s up to  30  
days irresp ective o f  variation s in pH and base 
status. T h e  in cubation study on lim e application  

in tw o so ils  v ary in g  in pH (ex tre m ely  ac id ic  soil 
and strongly a c id ic  s o il) indicated chan ges in soil 

properties in both soils after incorporation o f  lim e. 

In the seed lin g  resp on se study, reduction in soil 
M g  and K  w as observed w ith lim e incorporation.

Tw o b lock trials w ere initiated at Th evervelil 
E state, Perunadu, on e in im m ature and the other 

in m ature rubber to study the e ffe c t o f  lim ing  on 
grow th and yield  o f  rubber and soil properties.

T rea tm en ts w ere im posed  and p re-treatm en t soil 
sam p les w ere c o lle c te d .

3 .  S o il a n d  w a te r  c o n s e r v a t io n

T h e  e x p erim en t 011 ev a lu atio n  o f  biological/  

vegetative hed g es fo r  so il and w ater conservation  

in  r u b b e r  p la n ta t io n  w a s  c o n t in u e d . T h e  

e stab lish m en t o f  hed g es had n o  s ig n if ic a n t e ffe c t 

on grow th o f  ru b ber o v er  a period o f  e ig h t y ears 

com p ared  to  p lo ts w ithou t hed g es. A m o n g  the 

v e g e ta t iv e  h e d g e s  v e t iv e r  an d  g u n ie a  g ra ss  

perished by the sev en th  y e a r  and the ro o ts w ere 

a lso  co m p le te ly  d ecayed .

4 .  In te r c r o p p in g  a n d  c r o p p in g  s y s te m s

T h e  field  ex p e rim e n t on d ev e lo p m en t o f  a 

m u ltisp ecies  ru b be r-b ased  c ro p p in g  sy stem  for 

T am il N adu reg io n  w as in p ro g ress. T h e  grow th 

o f  ru bber continu ed  to  b e  s ig n if ic a n t ly  h ig h er  in 

a ll  in te rcro p p e d  p lo ts  e x c e p t  c o c o a .  In  th e  

intercropped area, m o re  than 7 0  per cen t o f  rubber 

p lan ts attained  tap p able  g irth  at the age o f  seven  

y ears as ag a in st 6 2  per c e n t in th e  co n tro l plots.

E x p erim en t on in terp lan tin g  o f  ru b ber with 

tim b er trees v iz . tea k , w ild  ja c k  and m ah ogan y  

w as continu ed . G row th  and y ie ld  o f  ru b be r w as 

no t sig n ifica n tly  in flu en ced  by row  sp acin g  and 

typ e o f  tim b er in tercrop s. T h e  e x p erim en ts  on 

in tercropping perennial cro p s with rubber initiated 

at C E S , C h eth ack a l in 2 0 0 1  w as m ain tain ed  and 

th e  grow th and y ield  o f  ru b ber con tin u ed  to  be 

not in fluen ced  by cu ltiv a tin g  c o f fe e  as in tercrop .

B lo ck  tria ls  in itiated  to study the e ffe c t  o f  

reta in ing  p in eap p le a fter  fo u r y ea rs  011 grow th 

and yield  o f  ru b ber and so il ch e m ica l p rop erties 

a l K a liy a r  e s ta te  w as co n tin u e d . S ig n if ic a n t  

im p rovem ent in so il org an ic  carb o n  status w as 

noticed in the b lock  w here p ineapple w as retained 

than in the b lo ck  w here p in eap p le w as rem oved . 

A n o th er  b lo ck  trial w as in itiated  in M alan k ara  
estate  with the sam e o b jec tiv e .



5. Ground cover management

T h e  field  ex p erim en t to study the e ffe c t  o f  

legu m e co v ers and natural flora  on grow th o f  

ru b ber, so il p h y s ic o -c h e m ic a l and b io lo g ic a l 

properties, b iom ass and nutrient turnover, laid out 

d uring 2 0 1 2  at C E S ,  C h eth ack a l w as continu ed . 

G ro w th  o f  r u b b e r  p la n ts  w a s  a f f e c t e d  

sig n ifica n tly  by a llo w in g  natural flora  w ith life - 

savin g w eeding. G row th o f  rubber plants in plots 

w here P u e r a r ia  w as established  was sign ificantly  

sup erior to  a ll oth ers. T h e  d ry m atter production 

w as th e  h ig h e st in M u c u n a  e s ta b lish e d  p lo t 

fo llow ed by natural co v e r  w ith o n e  n r  w eedin g.

Condu cted  an in cubation study w ith v arious 

in tercrop  residues/litter in rubber p lan tations viz. 

ru bber leav es, w eed s, co v er  cro p s ( P u e r a r i a  and 

M u c u n a ), p in ea p p le , b a n a n a , c o c o a ,  c o f fe e ,  

nu tm eg , teak  and a n jili @  2 0  kg h a ' in so ils  w ith 

vary in g  in itial pH (< 4 .5 ,  5 .0  and > 6 .0 ) .  N inety  

days a fter  in cu bation , it w as found that addition 

o f  th ese  in tercrop  residues/litters in creased  pH 

o f  rubber so il. S ig n ifican tly  h igher K  av ailability  
w as n o ticed  in th e  so il w hen in cu b ated  w ith 

resid u es o f  natural w eeds.

A n  o b s e r v a t io n a l tr ia l  to  fin d  o u t th e  

f e a s ib i l i t y  o f  e s t a b l i s h i n g  C a l a p a g o n i u m  

c a e r u le u m  under partial shade initiated at K alivar 

esta te  w as con tin u ed . It w as observed  th at C . 

c a e r u le u m  e stab lish ed  w ell under partial shade.

A pot culture study w as initiated with different 

flora viz . g rass, s o ft  w eeds and P u e r a r i a  to study 

th e  d ifferen tia l e ffe c t  o f  flora on so il n u trient 

d y n am ics. A field  tria l w as a lso  in itiated  with 

M u c u n a ,  g rasses , so ft w eed s and natural flora  

(co n tro l) w ith  th is o b je c tiv e . P re-treatm en t so il 

sam p les w ere co lle c ted  and s e le c tiv e  w eed in g  is 

b e in g  carried  out for m ain ta in in g  th e  se lected  

w eed p opu lation .

T h e  fe e le r  ex p erim en t on e f f ic a c y  o f  latex 

co a te d  m u lch  m ateria ls  sh ow ed  th at low  co st

m u lch m ateria ls  such as la tex  coated  new spaper 
and gun ny are  e f fe c t iv e  in p rev en tin g  w eed  
grow th and co n serv in g  soil m o istu re. C o st o f  
m u lch  m aterial for on e n r  area  w as R s . 20/- for 
new spaper and R s. 55/- fo r  gunny (both  coated  

w ith  4 0 0  m l la t e x  e a c h ) ,  an d  R s .  25/ - fo r  
b iod egradable plastic.

6. Planting techniques

T h e  field  ex p erim en t in itiated  to  study the 
im pact o f  m echanized  land preparation on soil 
e r o s io n  and p h y s ic o -c h e m ic a l  p ro p e r tie s  o f  
rubber grow ing  s o ils  w as continu ed . S ig n ifican t 

d ifferen ce  in rate  o f  so il erosion  and grow th o f  
rubber w as not observed  in p lo ts with d ifferen t 
land preparation op era tio n s .T h e  ex p erim en t to 

e v a lu a te  d if fe r e n t  p la n tin g  d e s ig n s  w a s  in 
p rogress at C h eru vally  estate . In th e  m o d ified  
p lan tin g d esig n s, the ca n o p ies  o f  ru bber trees 
continu ed  to  b e  a sy m m etrica l in grow th pattern. 

G irth  o f  p lants in the tw in  p lan tin g  sy stem  w as 
co m p a ra b le  w ith  co n tro l . In  th e  p a ired  row  

plan tin g system , an area  with w idth around tw o 
m e te r  is  a v a ila b le  b e tw ee n  tw o  p a ired  ro w s 

w ithout s ig n if ica n t sh ad in g  fo r  c u ltiv a tio n  o f  
in tercrop s even eigh t y ears a fter  p lan tin g. Y ie ld  
reco rd in g  w as co m m en ce d  in the ex p erim en t 

area .

7. Development of agromanagenicut
technique for reducing the gestation
period

T h e  f ie ld  e x p e r im e n t in it ia te d  at C E S ,  

C h eth ack a l during 2 0 0 8  to ev o lv e  an a g ro n o m ic  

p a c k a g e  to  red u ce  th e  im m a tu rity  p erio d  o f  
ru b ber startin g  from  p lan tin g  m ateria l onw ards 

in w h ich  the treatm en ts in clu d ed  co m b in a tio n s  

o f  tw o  ty p e s  o f  p la n tin g  m a te r ia ls  an d  tw o  
m an ag em e n t o p tio n s w as in p rogress. D ire ct- 

seed ed  g reen -b u d d ed  p la n ts  u n d er in teg rated  
m an agem en t w ere s ig n ifica n tly  su p erior to  a ll 

o th e rs . P r e lim in a r y  y ie ld  d ata  in d ica te d  th e  

sup eriority  o f  d irect-seed ed  plan ts.



T h e  f ie ld  e x p e rim e n t in v e s tig a t in g  th e  

com p arative Held p erfo rm an ce o f  o n e-w h orl, 

tw o-w horl and th ree -w h orl p o ly b ag  and root 

trainer rubber plants initiated at C E S , C hethackal 

during 2 0 0 8  w as continu ed . G row th o f  th ree- 

whorl polybag plants w as sig n ifican tly  sup erior 

to all o th er typ es o f  p lan tin g  m ateria l. Y ie ld  

recording w as initiated in the exp erim ental area. 

P re lim in ary  y ie ld  data  did n o t in d ica te  any  

sig n ifican t d ifferen ce  am ong d ifferen t typ es o f  

planting m aterial.

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

The experim ent to assess the contribu tion  

o f  root respiration tow ards so il resp iration  was 

continued. In the secon d y ear  a lso , h igher soil 

respiration rate w as recorded  in ru bber-banan a 

system  com pared to  m ature rubber and ru bber- 

pineapple system s.

9 .  S t r e s s  m a n a g e m e n t

In th e  d r o u g h t m i t ig a t io n  s t u d ie s ,  

accu m u lation  o f  K  in drought to leran t rubber 

genotypes w as studied. H igh er K  content w as 

observed in the root zo n e and leav es o f  R R II 4 3 0

(a  re la tiv e ly  d rought to leran t c lo n e )  than R R U  

105 (a  re la tiv e ly  drought su s ce p ta b le  c lo n e ).

1 0 .  E n v ir o n m e n ta l  a s p e c t s  o f  r u b b e r  

c u lt iv a t io n

In the study on a sse s sm e n t o f  w ater qu ality  

in w a te rsh ed s d o m in a te d  by ru b b e r, tea  and 

card am om  p lan ta tion s, w ater sa m p le  c o lle c tio n  

(su r fa ce  and grou nd ) fo r  the seco n d  y ea r  w as 

co m p leted  and a n a ly s is  fo r  d iffe r e n t p h y sico ­

ch em ica l p aram eters is in p rogress.

1 1 . L e v e l o f  a d o p tio n  o f  a g r o m a n a g e m e n t  
p r a c t i c e s

D ata  from  th e  su rv ey  co n d u cted  in ru bber 

grow ing regions o f  Sou th India w ere d igitized and 

in fo rm a tio n  on a g ro m a n a g e m e n t p r a c tic e s  in 

rubber p lan tation s w ere retriev ed . M a jo r ity  o f  

r u b b e r  g ro w e rs  p ra c tic e d  in teg ra ted  n u trien t 

m a n a g e m e n t ,  a n d  p r e fe r r e d  m i x tu r e s  an d  

com p lex fertilizers com pared to straight fertilizers. 

F o r  m atu re  r u b b e r, a b o u t 2 5  to  6 5  p e r  c e n t 

fa rm ers applied fe r tiliz e rs  in sm a ll p its  w h ich  is 

n o t  a r e c o m m e n d e d  p r a c t i c e  an d  n e e d s  
intervention.

F E R T IL IZ E R  A D VISO RY G RO U P

T h e  group operates through th e  cen tral soil 

and le a f  testin g  laboratory a t  R R II and the seven  

r e g io n a l la b o r a to r ie s  in K e r a la  and  o f fe r s  *  

recom m endations on fertilizer application to large 
estates as w ell a s  sm all grow ers on the b asis  o f  

an alyses o f  so il and le a f  sam p les. A d v ices on 

fertilizer use w ere also  provided during the v isit • 
o f  th e  g r o w e r s  to  th e  la b o r a to r y  o r  a s  

c lar ifica tio n s on te lep h on ic en q u iries o r em ail 

q u e rie s . T h e  m a jo r  a c tiv ity  o f  th e  r e g io n a l • 

laboratories w as dry rubber content estim ation  
o f  the latex, sam ples.

7 0 ,9 6 5  latex sam p les w ere tested fo r  dry rub­
ber content.

O ffered  s ite -sp e c if ic  (fertilizer reco m m en d a­

tion s to individual fie ld s from  large  esta tes 

on the b asis  o f  an a ly ses  o f  4 9 5  lea f  sam p les 
and 1 4 6 0  s o il sam p les.

S ix  le a f  sam p les and 3 1 4  so il sam p les from 

sm all h o ld in gs w ere analyzed  and o ffered  

s ite -sp e c ific  fertilizer  recom m en d ation s. 

A d v ic e s  to  sm a ll h o ld e rs  w e re  p ro v id ed  

through telep h on e and during th e  v isit o f  the 
farm ers to  R R II.



Table FAG I . Details on soil, leaf am i latex analyses and the revenue collectcd

Sam p le  details N um ber R ev en u e (R s .)

Soil

L e a f

D R C  o f  latex sam p les 

Total revenue

1774

501

70965

3 .6 3 .0 8 6 .0 0

1 .76 .574 .00

4 1 .7 4 .6 9 0 .0 0

4 7 .1 4 .3 5 0 .0 0

CL IM A TE CHANGE AND EC O SYSTEM  STUDIES DIVISION

O n e o f  the m a jo r  thrust a reas o f  resea rch  in 2 . 

the D ivision is developm ent o f  inform ation system  

on rubber cu ltivation using satellite-based  rem ote 

s e n s in g  ( R S )  to  e s t im a te  a re a  u n d er ru b b e r  

c u ltiv a tio n  and id en tify  su ita b le  area s  w here 

rubber cu ltivation  can  b e  extended in the country. 

A g ro m et data b a se  in the trad itional and non- 

trad ition al rubber g row in g  reg io n s is regularly  

updated to  assess  c lim a te  ch an g e. S tu d ies w ere 

un dertaken on v eg eta tio n  d y n am ics o f  rubber 

p lan tation  e co sy s te m s , im p act o f  land use on 

ground w ater rech arg e  and the in flu en ce  o f  E I- 

N ino\La-N ina ev en ts on reg io n a l c lim a te  o f  the 

ru b ber grow in g  areas. Stu d ies w ere  com p leted  

to  identify c lim ate suitability for rubber cultivation 

in the left w in g e x trem ism  a ffected  (L W E ) areas.

1. Developing rubber bused information
system using remote sensing and C IS

M ap p in g  and estim atio n  o f  natural rubber 

plan tations in A ndam an and N ico b ar Islands w as 

com p leted . Sate llite -d eriv e d  N R  h o ld in gs (ag e 

th ree y e a rs  and ab o v e) in A ndam an and N ico b a r 

islan d  fo r  the y e a r  2 0 1 5  w a s 9 1 0  ha. N atural 

r u b b e r  h o ld in g s  w e r e  d is t r ib u te d  in S o u th  

A nd am an, M id d le  A ndam an, N orth A ndam an, 

K atch a l island s and G reat N ico b a r  islands.

Identification of potential areas for 
rubber cultivation in NE India using 
satellite data, long terra climatic data 
and soil fertility status

M apping and estim atio n  o f  e x te n t o f  ru bber 

cultivation in M eghalaya, N agaland, M anipur and 

M izoram  sta tes  w as acco m p lish e d  as o f  the y ear  

2 0 1 5 .  L a n d s a t s a t e l l i t e  im a g e s  ( o f  sp a t ia l 

reso lu tion  3 0 m ) w ere used for id e n tifica tio n  and 

estim atio n  o f  spatial ex ten t o f  N R  cu ltiv ation .

2.1. Meghalaya

S a t e l l i t e - d e r i v e d  a r e a  u n d e r  r u b b e r  

cu ltiv a tio n  in M eg h alay a  (a g e  th ree  y ears and 

a b o v e ) w as around 7 9 5 0  ha. A rea  under ru bber 

w as th e  h ig h est in W est G a ro  H ills  (2 7 9 1  ha) 

an d  N o rth  G a r o  H il ls  d is t r ic t s  ( 2 7 1 4  h a ) .  

C o n s id e r a b le  e x te n t o f  N R  p la n ta tio n s  w as 

present in the d istricts  o f  R i-B h o i,  Sou th  G aro  

H ills . E ast G aro  H ills  and So u th  W est G a ro  H ills  
a lso .

2.2. Nagaland

Satellite -d erived  e x ten t o f  rubber p lan tations 
(a g e  th ree  y e a rs  and a b o v e )  in N ag alan d  w as 

around 1 0 .7 3 0  ha. A rea  under N R  w as the h ighest 

in W o k h a  d is t r i c t  ( 6 7 7 3  h a )  f o l lo w e d  b y  

M o k o k ch u n g  (2 4 3 5  h a), K o h im a  (7 9 0  h a) and



D im apur (6 1 4  ha) d istricts. E x te n t o f  rubber 

cultivation was found less in Tuensang. M on and 

Zunheboto d istricts.

2 .3 .  M a n ip u r

R em ote  sen sin g  based  acre a g e  o f  N R  in 

M anipur (ag e th ree years and ab o v e) w as 1062 

ha. N R  cultivation w as the highest in Im phal 

E ast district ( 10 4 2  ha). Very few  p atch es o f  N R  

h o ld ing  w ere p resen t in C hu rach an d p u r and 

Tam englong d istricts. N R  is cu ltivated  m ainly  in 

Jir ib a m . Ja r o lp o k p i, M u lla rg a o . K a sh im p u r, 

U chathol. B ak h al and A glap u r areas o f  Im phal 

East district.

2 .4 .  M iz o ra m

Rubber plantations w ere sparsely  distributed 

in d ifferen t d istricts o f  M izoram  su ch  as M am  it, 

K olasib . A izaw l, Lunglei and Serchh ip . S a te llite - 

derived extent o f  rubber cu ltiv a tion  in th e  slate 

w as 874  ha (age three y ears and ab o v e). L arg est 

area  w as p lanted  in M am it d is tr ic t ( 4 3 7  ha) 

follow ed by A izaw l (1 9 8  ha). K o la sib  (1 1 5  h a ) 

and Lun glei (1 1 5  ha). A ctu al area under rubber 

cu ltivation in the S ta te  is lik e ly  to be m o re than 

th is estim ate becau se  o f  co a rse  reso lu tio n  o f  the 
sate llite  data (3 0 m ).

2 .5 . Identification of N R  areas vulnerable
to flood in Assam

A ssam  in  g e n e ra l and  th e  B ra h m a p u tra  

valley  in particu lar is v u ln erab le  to  flood  and it 

a ffec ts  vegetation , food cro p s and l ife  o f  people

and liv esto ck  a lm o st ev e ry  y ear . To a sse s s  the 

risk  o f  flo o d in g  in ru b b e r  cu ltiv a ted  areas  o f  

A ssa m  g e o sp a tia l a n a ly s is  w as d on e . U sin g  

D E M . based  on the e lev atio n  c la s s e s  o f  less than 

50m , 5 0 -1 0 0 m , 1 0 0 -5 0 0 m  and a b o v e  5 0 0 m  M S L . 

area  under ru b ber p lan ta tio n s w as estim ated . As 

o f  2 0 0 9 .  a b o u t 5 2 8 0  ha o f  ru b b e r  w as cu ltiv ated  

be lo w  5 0m  M S L , 4 4 4 9  ha b etw ee n  5 0 - 100m . 

6 3 5 3  ha b etw een  10 0 -5 0 0 r n  and 7 8 9  ha o f  rubber 

g row n  ab o v e  5 0 0 m  M S L  in A ssa m . A  total o f  

about 9 7 2 9  ha o f  rubber area w as cultivated  below  

1 0 0 m  M S L .  A r e a s  b e lo w  5 0 m  M S L  a re  

v u ln erab le  to  flo o d in g  in B rah m ap u tra  valley .

2 . 6 . T erra in  ch a ra c te riz a tio n  accord in g  to
N R  d is tr ib u t io n  in M e g h a la y a  and
Nagaland

A b o u t 3 4  p e r  c e n t  o f  N R  h o ld in g s  in 

M e g h a la y a  w e r e  d is t r ib u t e d  b e lo w  1 0 0 m  

e le v a t io n  and 5 4  p e r  c e n t  in 1 0 0 -3 0 0 m  and 

rem ain in g  12 p er c e n t o f  N R  w as d istribu ted  

> 3 0 0 m  e lev a tio n  (a b o v e  M S L ) .  In N agalan d  

there w as no rubber plantation found b e lo w  10 0 m 

elevation . A bou t 4 7  p e r c e n t o f  ru bber cu ltivation  

in th e  s ta te  w as d istribu ted  betw een  100  to 3 0 0 m  

M S L  an d  5 3  p e r  c e n t  o f  r u b b e r  a r e a  w a s  

id en tified  ab o v e  3 0 0 m  M S L . R esu lts  m ay  be 

u sefu l to  p lan n ers fo r  s e le c tio n  o f  o p tim u m  set 

o f  terrain c lasse s fo r  ru bber cultivation/expansion 

in M e g h a la y a  an d  N a g a la n d . N R  h o ld in g  

d istribution acco rd in g  to  e lev a tio n  in M e g h alay a  

and N agaland  w as g iv en  in T a b le  C C E S . I .

Table CCES. 1- R ubber plantation distribution according to elevation in Meghalaya and Nagaland

Elevation NR area (ha) in N R area (ha) in
(above M SL in m) Meuhalaya Nagaland

<100 2 7 1 0 (3 4 ) .
100-300 4 255  (54 ) 5 05 0  (47 )

>300 9 8 6 (1 2 ) 568 0  (33)



2.7. Calculation of potential net savings by 
supposed skipping o f chem ical 
fertilizers in rubber plantations based on 
soil organic carbon status and soil depth

T h e extent o f  m ature rubber area having high 
org an ic  carbon  status and so il depth ab ov e one 

m eter in K erala and Kanyakum ari district o f  Tam il 

N adu w as estim ated  u sing  g eo -sp atia l overlay  

an alysis . M atu re N R  h old ings w ith high organ ic 

m atter co n ten t and so ils  d eep er than on e m eter 

are no t ad versely  affected  i f  ch e m ica l fertilizers 

are not applied for a few  y ears as per reported 

literature. E x te n t o f  m ature N R  area  q u alify in g  

fo r  fertilizer skipp ing w as estim ated from R u b S IS  
d ata  b a se . T h e  a p p r o x im a te  n e t sa v in g s  by 

sk ip p in g  ap p lica tio n  o f  ch em ica l fe rtiliz ers  in 

m ature rubber p lan tation s in d ifferen t d istricts 

(in clu d in g  the co st o f  ch em ica l fertilizers and 

la b o u r  c h a r g e )  w e r e  c a lc u la te d . A  to ta l o f  

1 ,6 1,911  ha o f m ature rubber area in K era la  and 

T am il N adu w as id en tified  su itab le  fo r  skipp ing 

ch em ica l fe rtiliz ers  resu ltin g  in a potential net 

sav in g s o f  about R s. 8 7  cro res  y e a r 1.

3. Identification of agroclimaticaly suitable 
areas for natural rubber cultivation in 
the Left Wing Extremism (LWE) affected 
States

T h e  stu d y  w as u n d ertak en  to  a sse s s  the 

a g r o c l im a t ic  s u i t a b i l i t y  o f  te n  L e f t  W in g  

E x trem ism  (L W E ) a ffected  states o f  India fo r  

c u l t iv a t in g  N R . M o n th ly  m e a n  c l i m a t i c  

p aram eters a ffe c tin g  the g row th and y ie ld  o f  

ru bber viz. m axim um  tem perature ( T mux), am ount 

o f  r a in fa ll ,  n u m b er o f  ra in y  d a y s , p o te n tia l 

e v a p o tra n s p ira lio n , hot d e g re e  d ay s , v ap o u r 

p re ssu re  d e f ic it  and  a r id ity  in d ex  (A ,)  w e re  

ch o sen  to a ssess  the su itab ility  o f  N R  cu ltivation  

in itia lly  fo r  th e  d istric ts  o f  O d ish a. A rea-U n d er- 

C u rve (A U C ) from  co n stru cted  g rap h ical p lots 

w as utilized  fo r  the an a ly sis . P aram eter w ise

A U C s fo r  all d istricts  in O d isha w ere  com pared  

s e p a r a te l y  w ith  th o s e  o f  K o t ta y a m  and 

K a n y a k u m a ri d is t r ic t s  ( tr a d it io n a l  r e g io n ) ,  

considering optimum clim atic conditions for rubber 

grow th and y ie ld . Individual A U C  variation  o f  a 

d istrict from  the re feren ce  cu rv es o f  K ottayam  

and Kanyakum ari (in  p ercentage) w as com pared. 
C on sid erin g  a to lera b le  v ariab ility  lim it o f  up to 

2 0  p er c en t A U C  as a  thum b rule f o r  d eterm inin g 

su itab ility , no d istric ts  in O d ish a  w ere  found 

su itab le  from  the an a ly sis . S e le c tin g  the A, a s  a 

sin g le param eter, t he  an alysis  w as fu rth er carried  

out fo r  a ll o th er L W E  states in India. T h e  study 

r e v e a le d  th a t  o n ly  R a tn a g ir i  d i s t r i c t  in 

M ah arash tra w as a t par w ith  K an y ak u m ari and 

four d istric ts  in W est B e n g a l up to th e  2 0  per 

c e n t v ariab ility  lim it. A , based A U C  d ifferen ces 

w ith K ottayam  for corresp on d in g  tw o lon g  term  

period s ( 1 9 0 1 - 19 5 5  and 1 9 5 6 -2 0 0 2 )  w ere tested 

to  find out w hether th ere  w as an y  s ig n ifica n t 

variation  due to clim a te  ch an g e. In d ep end en t T- 

tests show ed no ch an ge betw een the tw o periods.

A n o th er  attem pt w as m ad e to  a n a ly ses o f  

su itab ility  o f  L W E  d istric ts  b ased  on the C lim ate  

T o le ra n ce  L im its (C T L )  o r th e  to lera n ce  lim its 

o f  im portant c lim a tic  p aram eters beyond w hich 

detrim ental e ffe c ts  are n o ticed  in term s o f  grow th 

and y ield  o f  rubber trees. F iv e  im portant c lim atic  

param eters w ere co n sid ered  w ith  no rm al C T L , 

d'MO and d ’'2 0  per c e n t v ariab ility  lev e ls from  

the n o rm al C T L . R esu lts  sh ow ed  th at a to ta l o f

10 d is tr ic ts  co u ld  b e  s e le c te d  fro m  th e L W E  

d istric ts  w ithin the norm al C T L . B y  re lax in g  the 

C T L  favourability by 10 p ercen t from  the norm al, 

a  total o f  2 6  d istricts cou ld  b e  id en tified . Furth er 

re lax in g  it to  2 0  per c en t fro m  the n o rm al, a total 

o f 7 6  d istric ts  in 8 s ta tes em erged  as su itab le  

under this category. M axim um  nu m ber o f  districts 

below  the 10 and 2 0  per cen t C T L  le v e ls  w ere 

found in O d ish a  and W'est B en g a l.



Identification o f  su itab le d istric ts  using  the 

ab ov e C T L  ap p roach s sh ould  b e  taken  w ith 

adequate cau tio n  s in c e  it is n o t know n how  

stressfu l ii would be to grow  N R  co m m ercia lly  

at a location w ith 10 per cen t v ariability  from  the 

traditional areas. M oreover, the east c o ast states, 

particularly O disha are prone to frequent c y clo n ic  

storm s alm ost every year. R esu lts from  th is study 

could be used as a gen eral in d ication  and further 

studies would be required for locating w ith greater 

confid ence, areas con d u civ e  for N R  cu ltivation  

in the L W E  affected  stales.

4. Climate resource characterisation of 
rubber growing areas

4.1. High tem perature can be a constraint during 
theSYV monsoon in NE region o f India

Gridded data on T,„3X. T ram and T,ncjn w as 

docum ented to p rove the a lready in dicated  result 

o f  the p rev alen ce  o f  high tem p eratu re  during 

Jun e to  Septem ber in N E  com pared  to  trad itional 

region during S  W  m onsoon.

4.2. "O ck h i’’ cy c lo n e -S ig n ifica n t im pact oil 
natural rubber cultivation

Th e event tim e lin e , rep orts, fo reca sts  and 

in fe re n ce s  re lated  to  th e  O ck h i c y c lo n e  w as 

docum ented. It w as observed  that first w arning 

o f  depression m aturing to cy c lo n ic  storm  w as 

issued by the w eb site  w ell ahead o f  3 0 lh m orning, 

hours b efore  the cau sality  o ccu rred . Il w as noted 

that wind speed w hich  caused  the u prooting  o f  

the natural rubber in vast a reas  o f  K ah yaku m ari 

d istrict in the early  m orning hours o f 3 0 . 1 1 .2 0 17 

w ere in th e  ran g e o f  7 4 - 1 0 0  km  h r '  w ith  a 

gusting speed o f  9 3  km  h r ' accord in g  to  the event 

tim e line. T h e  reason fo r  the cau sality  m ust be 

the rapid in ten sifica tio n  o f  w ind speed  from  65 

km  h r ' to 111 km h r ' w ithin a tim e span o f  24 

hours. A nn ual av erage track  fo re ca s t sk ill o f  

1M D  b efo re  12h w as 60 per cen t w hereas b efo re

2 4  h it w a s  9 6  p e r  c e n t  w h ic h  m ig h t b e  a 

co n tribu tin g  reason fo r  th e  in creased  cau sality .

5 .  E l  n in o/ L a n in a  e p is o d e s  a n d  re g io n a l

c l im a te  in r u b b e r  g r o w in g  r e g io n s  o f

In d ia

C h aracterized  th e  E l n ino e v e n ts  from  1950- 

51 to  2 0 1 5 - 1 6  in te rm s o f  in itia tio n , duration , 

m aturity  and in tensity . A sso c ia tio n  o f  E l nino 

in d icators to  the seaso n a l ra in fa ll o f  K e r a la  state 

w as found out u sing  co rre la tio n  m a trix . C h an g e 

p oin t a n a ly sis  re v ea led  th at an n u al freq u en cy  

(1 8 9 1 - 2 0 1 7 )  o f  c y c lo n ic  d istu rb a n ce s , cy c lo n e s  

and se v ere  cy c lo n s  w h ich  h as a  b e a rin g  to  the 

seaso n a l ra in fa ll ex h ib ite d  s ig n if ic a n t ch an g es 

o v ertim e. F req u e n cy  o f  o c c u r a n c e  o f  cy c lo n ic  

d istu rb an ces ex h ib ite d  tw o  s ig n if ic a n t ch an g es 

i.e . on e in 1 9 2 2  w h ere  freq u en cy  in creased  from  

1 0 -1 5  and th e  o th er in 1 9 8 3 , w h ere  freq u en cy  

d ecreased  from  1 5 -9 . B a se d  on  O c e a n ic  N in o  

In dex (O N I) as in dicator it w as d ifficu lt to  explain 

th e  d ev asta tin g  e ffe c t  o f  E l n in o . 1 9 9 1 -9 2  w as 

th e  se v e r e ly  a f fe c te d  E l n in o  y e a r  a s  p er  th e  

ag ricu ltu ra l poin t o f  v iew  th ough O N I w as high 

fo r  1 9 9 7 -9 8  E l nino.

6 . V e g e t a t i o n  d y n a m i c s  in  r u b b e r

p la n ta t io n  e c o s y s te m s

A n in itia l su rv ey  o f  e x is tin g  v eg eta tio n  was 

con d u cted  and m o re  th an  5 0  sp e c ie s  o f  p lan ts 

in cludin g trees , sh ru bs, h erb s, c lim b e rs  and fern s 

w e r e  id e n t i f ie d  fr o m  th e  lo c a t io n .  I x o r a  

j o h m o n i i ,  a Sou th ern  W estern  G h a ts  e n d e m ic  

and c ritica lly  endangered  sp ecie s  is reported from  

th e  e x p e r im e n ta l p lo ts . H ig h  f r e q u e n c y  o f  

in v a s iv e  s p e c ie s  su ch  a s  C lic l e m ia  h i r i a  and 

A lle r u n t h e n i  b r a s i l i a u a  in ru b be r p la n ta tio n s  

p o se  th re a t and  m a y  h a v e  in f lu e n c e  o n  th e  

com m un ity  structure o f  th e  natural flo ra  o f  rubber 

grow in g  regions.



7. Impacts of land use on ground water 
recharge and stream flow pattern o f 
rubber dominant watersheds

There is a d ispu table argu m en t th at w ater 

reso u rces in th e  trad itio n a l ru b ber cu ltiv a tin g

l eg io n s are d ep leting  in a rapid p a ce , resu lting  in 

w a te r  sc a r c ity  and se ttin g  o f  d rought during 

sum m er. D egradation o f  the w ater reso u rces o f

traditional rubber reg ion s o f  K era la  are  eviden t 
by low er flow  rate o r  total dry ing  up and salt 
w ater intrusion during sum m er seaso ns. Ground 
w a te r  le v e l  d a ta  f r o m  K o t ta y a m  and 
Pathanainth itta  d istric ts  co lle c te d  from  C entral 
G round W ater B oard  (2 0 0 7  to  2 0 1 7 )  show ed that 
th ere is a d ecrease  in ground w ater level in m any 
regions o f  the d istricts, in cludin g rubber grow ing 
regions.

BO TA N Y D IVISIO N

B rid gin g  the escalating  gap betw een dem and 

and production o f  natural ru bber is ex p ected  to 

d rive greater exp ansio n  o f  p lan tations in to  the 

ilo n -trad itio n al reg io n s o f  th e  country. S in ce  th is 

w ould  req u ire  m o v e m en t o f  c lo n e s  to  n ew er 

env iron s, there w as urgent need fo r  id en tification  

o f  lo ca lly  ad aptive r e g io n -s p e c ific  gen otyp es. 

E n v is io n in g  o f  th is  v ita l n e c e s s ity  led to  a 

s ig n ifican t breakthrough in re g io n -sp ecific  c lon e 

recom m en d ation  based  on lon g  y ears data from  

th e  fie ld . C lo n es im ported under in ternational 

c lo n e  ex ch a n g e  during 2 0 1 4 -1 7  w ere screen ed  

fo r  t o l e r a n c e  to  b io t i c  an d  a b io t i c  s t r e s s  

param eters. C o n v en tio n a l g en etic  im provem ent 

in clu d in g  hybrid ization , p o ly cro ss  breed in g  and 

o rtet se le c tio n  w ere continu ed  w ith an aim  o f  

d ev elo p in g  c lo n e s  w ith high rubber y ield  and 

im p o rta n t s e c o n d a ry  tr a its . N in e ty  s u p e rio r  

p ip elin e  c lo n e s  w ere evaluated  in C entral L arg e 

S c a le  T r ia ls  and sa te llite  on -farm  tria ls  spread 

over 4 4  locations in traditional and non-traditional 

r e g io n s  fo r  se le c tin g  su p erio r  c lo n e s  th rou gh 

p articip atory  p lan t breed in g  approach . P ip elin e 

c lo n e s  w ere a lso  evaluated  for th e ir  resp onse to 

E thephon stim ulation.

1. Region-specific clone recommendation

T h e  fo rm u la tio n  o f  reg io n  s p e c if ic  c lo n e  

recom m end ations b ased on ag ro -c lim a tic  zon ing 

w as a  lo n g  fe lt need  o f  the ru b be r p lan tation  

se c to r, so  a s  to en a b le  m a x im isa tio n  o f  ru b ber 

y ie ld  from  e a ch  reg io n  and th ere by  im p rov in g  

r u b b e r  p ro d u ctio n  in th e  co u n try . B a s e d  on 

r e su lts  o f  2 9  fie ld  ev a lu a tio n s  o f  ru b be r c lo n e s  

in the trad itio n a l reg io n  a s  w ell a s  stu d ies  on 

d is e a s e  r e a c t io n ,  g e n o ty p e  x  e n v ir o n m e n t  

rea ctio n  stu d ies  and y ie ld  from  sev era l large 

s c a le  and on farm  ev a lu a tio n s  o f  th e se  c lo n e s  

in T rip u ra , A ssam  and N orth ern  p art o f  W est 

B e n g a l in N orth E ast In d ia , reg io n  s p e c if ic ity  in 

p e r fo rm a n ce  o f  th e  c lo n e s  w as d ete rm in ed . A  

new  reg io n  sp e c if ic  a d v iso ry  o f  c lo n e s  su ited  to  

ea ch  o f  th e  n in e  a g ro  c lim a tic a lly  d is tin c t z o n es  

in the trad itio n a l and n o n -tra d itio n a l reg io n s o f  

rubber cu ltivation  in India w as fo rm u la ted  and 

a p p r o v e d  in th e  r e p o r t in g  y e a r  f o r  

c o m m u n ica tin g  to  th e  ru b b e r  p lan ta tio n  se c to r  

(T ab le  B o t. I ).



Table Bot. I Region specific clone advisory for different ru b ber growing regions o r  India 

States/ D istr ic tsRegion

North East India

E ast and West 
Central India 

Sou th-W est 

K arnataka and G oa 

North K erala

North Central K erala 

Central K era la

South K erala  

Tropical high 
altitude regions 

South T am il Nadu

Tripura, A ssam . N orthern 
W est B e n g a l, M egh alaya

M ah arash tra , O disha

G oa and D akshin  K an nada 

K ozh ikod e, M alappuram , 
Kan nur, K asargod e 

Trichur, Palghat 

Ernaku lam , K ottayam , 

Pathanam thitta, A llep p ey  

K o l lam , Trivandrum  

W ynad, Idukki. 

Kulathupuzha, V ithura 

Kanvakum ari

C lo n e s  reco m m en d ed  *  @  H

R R II 2 0 8 ,  R R II 4 2 9 ,  R R IM  6 0 0  

R R II 4 2 9 ,  R R II 2 0 8 ,

R R II 4 3 0 ,  R R I M  6 0 0  

R R II 4 3 0 ,  R R II  4 1 4 ,

G T  I .  R R J I 2 0 3

R R II  4 3 0 ,  R R II  4 1 7 ,  R R I I  105 

R R II  4 17, R R II  4 2 9 ,  R R II  4 3 0

R R II  4 3 0 ,  R R I I  4 1 4 ,  R R I I  4 1 7  

R R I I  4 2 2 ,  R R II  4 3 0 ,  R R II  4 1 7

R R II 4 2 2 ,  R R I I  4 2 9 ,  R R I I  4 1 7  

R R II  4 3 0 ,  R R II  1 0 5 , R R I I  4 2 9

'R R II  4 29  has proved to be high yielding and can be considered for planting in the traditional tract subject to 
effective management o f  pink disease. Clone RRII 4 3 0  is not suitable for high altitude regions and N E India 
where high severity o f  Oidium  infection is experienced.

S  Recommended plant protection measures are advised in all rubber growing regions.

tf The system o f  tapping recommended for the above high yielding clones is l/2Sd3. Clone R R II 105 can 
also be lapped at lower frequencies as recommended by the Rubber Board.

2. Evolving high yielding clones for the traditional 
area

2 . 1 . 1  lybridizaliqn and clonal selection

in crea se  in y ield  ra n g in g  fro m  4 6  (8 9 / 9 5 ) to  9 0  

per cen t (89 / 1 2 4 ). S e le c tio n  89/27 w a s the top 

y ie ld e r  u n d er tin -stim u la ted  ( 7 8  g  f 1 r 1) and 

W hile new er hybridization program s w ere s l ' m u ' a tcc l c o n d it io n s  a lth o u g h  r e s p o n s e  to

taken up during the y ear , h ybrids evolved  from  

earlier H Ps w ere evaluated o v er the long term  
in 15 sm all sca le  trials.

2.1.1. S m a ll S c a le  T rials (SST)

Se lectio n s  o f  hybrid c lo n es  from three S S T s  

(1 9 9 5  A , B  and C )  w e re  ev a lu ated  for th e ir  

resp o n se  to  stim u la tio n . In th e  1 9 9 5  A  tr ia l B  tr ia l c o n s is lin B ° r  2 6  W x A
com prising o f  3 4  experim ental c lon es, all the high lly b n d s' select|9 nS sh ow ed  s ig n if ica n t v ariation  

yield ing  se le ctio n s show ed good response w ith response t0 E m u la tio n . A m o n g s e le c tio n s , the

stim ulation w as co m p arativ ely  less ( 5 3 % ) .  C lo n e  

89/ 309, w h ich  w as the seco n d  best y ie ld e r  under 

un-stim ulated cond ition  (6 4  g  f 1 f )  sh ow ed  good 

response to s tim u lation  ( 7 2 % )  w h ile  ch e ck  c lo n e  

R R I I  105  sh o w e d  81 p e r  c e n t  r e s p o n s e  to  
stimulation.



highest y ield ing hybrid 90/10 exhibited m axim um  

resp on se ( 8 2 % )  com pared  to  ch e ck  c lo n e  R R JI 

105 (8 5 % ) .  H ie top  se le ctio n s  a lso  m ain tain ed ' 

high y ield  p erform ance in com parison with c h eck  
clon e.

In S S T  1995 C  trial w h ich  is under 14lhy ear  

of tapping. 17 W x  A  hybrids w ere evaluated  for 

th eir response to stim ulation . A m o ng the selected  

high y ie ld ers, 90/ 109 (1 4 8  g  f 1 t '1) ,  90/ 129 (1 3 4  

g  t ' t 1) and 90/ 274 ( 1 15 g  f ' t ' 1)  w ere top pers on 

stim u lation . B a sed  on o v era ll y ield  p erform an ce 

o v er  13 y ears, h ybrids v iz . 90/ 109, 90/55 and 

90/ 274 show ed high y ield  perform an ce.

In th e  1 9 9 9  A  tria l, hybrid  progeny 95/131 

(5 5  g  t ' r 1)  fo llo w ed  by 95/7 (5 4  g  r ‘r ') ,  95/95 

(5 2  g f ' t : 1) and 95/ 242 ( 5 1 g  f ' t 1)  show ed better 

y ie ld  p erfo rm an ce  o n  the basis o f  m ean  yield  o f  

17 hybrid  c lo n es  o v er  10 y ears o f  tapp ing. Based  

on resp on se to  stim u lation , h ybrids 95/131 and 

95/ 242 show ed high  y ield  perform an ce. In S S T  

199 9  B  tr ia l, th ere  w as no sig n ifica n t variation 

fo r  th e  tra it am o ng the hybrids in th e  12 ,h y e a r  o f  

tapping. Top selection  95/306 m aintained superior 

grow th and yield  trend (y ie ld  - 7 7  g  f ' t ' 1; girth -

9 6  cm ) com pared  to  c h e ck  c lo n e  R R II 105 (yield

- 4 8  g  f ' t 1; girth -  7 5  cm ).

In a n o th e r  S S T  ( 1 9 9 9 )  c o m p r is e d  o f  

p ro g en ies from  199 4  h ybrid ization  p rogram m e, 

th ere are liv e  sup erior se le ctio n s viz. 94/87 (R R II 

105 x  R R IM  7 0 3 ) ,  9 2  (R R I I  105 x  M il 3/2). 2 9 6  

(R R II  105 x  R R II 1 18 ) and 5 6 7  (R R IM  6 0 0  x  

R R II  2 0 3 )  id en tified  based  o n  su p erio rity  in 

g ro w th  and  y ie ld . A  stu d y  w as in itia ted  fo r  

a ssess in g  the y ield  resp onse o f  ab ov e se le ctio n s  

under stim u lation  con d ition s. In the 200 1  A tr ia l, 

to p  y ie ld in g  c lo n e s  viz. 95/ 413, 95/ 425, 95/ 121,

95/304 and 95/410 m aintained th eir superiority in 

term s o f  grow th and yield  p erform ance w ith dry 

ru bber y ie ld  ran g in g  from  5 0  to 6 5  g  f ' t ' 1 as 

com pared  to  c h e c k  c lo n e  R R II 105 . A m o n g the 

3 6  c lo n e s  under field  tes tin g  in 2 0 0 3  tr ia l, tw o 

selection s viz. 96/417 and 96/459 m aintained high 

yield  perform ance during 14th y ear  o f  evaluation. 

A m o ng 2 1 hybrid progenies under clon al nursery 

evaluation ( 2 0 0 8 ) , s ix  selection s (02/ 688 ,02/ 638 , 

02/ 690, 02/ 844, 02/ 514 and 0 2 / 335) reg istered  

superior grow th and y ield perform ance com pared 

to  ch eck  c lo n e  R R II 4 1 4 .  T h e  ab ov e se le ctio n s  

h av e b een  id en tified  fo r  ev a lu a tio n  un d er n ex t 

p h a s e  o f  F a r m e r  P a r t i c i p a t o r y  C lo n e  
E v a lu atio n s.

2.1.2. N ew  g en era t io n  h yb rids

W ith an aim  to develop  h igh -y ie ld in g  c lo n es  

th rou gh tra n sg re ss iv e  in lro g re ss io n , h y b rid iza ­

tions w ere carried out d uring 2 0 1 1 -1 4  using high- 

y ie ld in g  W ick h am  c lo n e s  ( R R I I  10 5 . R R II  4 1 4 ,  

R R II  4 2 9  and R R II  4 3 0 )  a s  m a le  p aren ts and 

su p erior W ickh am  / A m azo n ian  h y b rid s  (95/ 10, 

95/34 and 9 5 / 2 7 4 ) a s  fe m a le  paren ts . P resen tly , 

hybrid  se e d lin g s  ( 3 5 3  n o s .)  from  1 4 7 0 3  hand 

p o llin a tio n s  and m o re th an  a th ousan d  h a lf-s ib s  

o f  ab o v e  parents are b e in g  e valu ated  in seed lin g  

n u rseries. B a sed  on m e an  test tap  y ie ld  o f  tw o 

y e a rs , 2 2  per c e n t o f  h y b rid s and  2 3  p er cen t o f  

h a l f - s i b s  w e re  s e le c t e d  f o r  n e x t  s t a g e  o f  

ev a lu atio n  u n d er c lo n a l n u rsery  tr ia ls . D e ta ils  

a re  g iv e n  in T a b le  B o t. 2 . H y b rid isa tio n  w as 

co n tin u ed  in 2 0 1 7  in th e  b ree d in g  orch ard  at 

R R I I ,  K o t t a y a m , u s in g  s e le c t e d  p a r e n ta l  

c o m b in a tio n s . H ybrid  p ro g e n ie s  ( 1 0 0  )  from  

a b o v e  h y b rid iza tio n  p rog ram m e as w ell a s  h a lf-  

s ib s  ( 6 2 0 )  w ere  p lan ted  in se e d lin g  nursery fo r  

fu rth er e v a lu atio n .



Table Bot. 2. Details o fselec lions made from hybrids and half-:sibs

Y e a r

2 0 1 2 2 0 1 3 2 0 1 4 T o ta l

Total no. o f  full sibs 92 139 54 2 8 5

N o. o f  full sib s selected 14 30 19 63

Per cent recovery 15 22 3 5 2 2

T o ta l no. o f  h a lf  sibs ->21 2 4 0 3 0 6 7 7 3

N o. o f  h a l f  sib s selected 69 59 5 0 178

Per cen t recovery 31 25 16 23

2.1.3. P h en o lo g ic a l s tudies

In order to docum ent c h aracters o f  d ifferent 

c lo n e s  w ith  regard  to  flo w e r in g  a ttr ib u te s , 

ob serv atio n s w ere m ade in th irty  c lo n e s  in a 

b ree d in g  orchard  at R R II ,  K o ttay am . during  

norm al flow erin g season w ithin a w indow  period 

from February to M arch. C lon es with synchrony 

in flow erin g  w ere identified for potential use as 

parents in various hybrid ization  p rogram m es. 

O bservations regarding w intering pattern , o ff- 

se a s o n a l f lo w e r in g  and  f lo w e r  in i t ia t io n ,  

m aturation  o f  m ale  and fe m a le  flo w e r s  and 

duration o f  fru it m atu rity  w ere  reco rd ed  for 

preparing a database th at could  be used in the 

future breeding program m es.

2.2. O rtet selection

O rte t s e le c tio n  w as re str ic te d  to  c lo n a l 

nursery evaluation o f  se le cted  ortets from  the 

A ndam ans and large sca le  evalu ation  o f  ortet 

c lo n e s  se le cted  fro m  large  esta tes  and sm all 
holdings.

2.2.1. C lon a l N ursery E valu ation

In clon al nursery trial ( 2 0 1 2 )  o f  A ndam an 

ortets a t C h eth ack a l, ortets se le cted  from  the 

oldest surviving seedling populations (sou rce G G 1 

and G G 2  seed lings o f  P B IG , M alay s ia ) located 

at south A ndam ans, w ere a ssessed  in the 4 U‘ y ear 

o f  planting. Y ield  o f  ortets ranged from  2 1 (A nd -

O r 1 03/ 8) to  I I I  g  t-' f 15 (A n d -O r  1 0 4 / 1 0 ) 

com pared  to  ch e ck  c lo n e  R R II  105  (7 5  g  r 't * " ' )  

and R R II 4 3 0  (1 5 0  g  f 1 I '10). G irth  o f  sup erior 

ortet 104/10 w as 2 2  cm  com p ared  to  18 cm  and

2 3  cm  fo r  R R II 105 and  R R II  4 3 0 ,  resp ectiv e ly .

2.2.2. S m a ll  S c a le  T rial

In  the ev a lu atio n  tr ia l o f  o rte ts  fro m  sm all 

ho ld ings ( 1 9 9 5 ) ,  o rtets  w ere a ssessed  fo r  grow th 

and tim b er yield  in th e  2 2 nd y e a r  o f  p lan tin g . 

A m o n g the o rtets , O  81 sh ow ed  h ig h est v igou r 

in te rm s o f  both g irth  and  c le a r  b o le  v o lu m e 

(C B V ) .  S e le c tio n s  o f  o rte ts  w ith  h igh  y ie ld  viz. 

0 7 2  and O  73  a lso  e x h ib ite d  h igh  v ig o u r and 

tim b er yield  w h ich  is co m p arab le  to  the v igorou s 

ch e ck  c lo n e  R R I I  2 0 3  (T a b le  B o t. 3 ).

Table Bot. 3. G irth  and bole volum e o f ortets

C lon e G irth* C B V *

O K  4 9 9 5 .8 3 3 obcd 0 .2 5 7 ab

0  7 7 7 3 .9 4 3 cf 0 .1 4 7 cd

0  74 9 2 .1 4 3 abcdc O .I 9 7 sbtfd

0  73 9 7 .8 0 7 * * 0 .2 6 th

0  75 8 3 . 4 2 # odef 0 . 1 8 7 abed

0  76 7 7 . 1 5 7 * " 0 .1 4 7 cd

0 2 1 8 8 .6 9 3 abtdef 0 . 1 9 'bcd

0  7 2 9 9 .1 6 7 ab 0 .2 4 7 abc



0  3 6 9 2 . i 9 3 »iKde 0 .2 0 7 abcd

0 8 1 1 0 5 .3 3 3 “ 0 .2 8 7 a

0  79 8 2 .9 1 7 l‘cdcf 0 . 2 abcd

0  80 7 3 .0 6 “ 0 . 12 d

0  78 8 3 .4 5 lKdef’ 0 . 1 7 7 ^

O K  66 7 7 .6 6 7 cdcr 0 . 1 13d

R R II 2 0 3 9 4 .8 6 abcd 0 .2 5 7 ab

R R II 105 7 6 .7 1 7dcf 0 .1 2 3 d

R R IM  6 0 0 6 8 .7 5 f 0 . 1 l d

•Values fo llo w ed  by sam e letters are not 

significantly d ifferent at 95 per cent confidence level 
by D M RT

In the ortet evaluation  p rogram m e at H B S S , 

N ettan a, 16 ortets (A yr I ,  A rl 5 3 , E rt 4 0 ,  C es 

15 0 , E rt 3 8 , A rl 5 4 . P km  16. Pov 1. K an  4 6 . Pkm  

14, E d m  3 7 , C es  151 , M km  2 3 ,  M k m  2 2 .  T ly  5 7  

and C e s  9 )  w ere ev a lu ated  a lo n g  w ith  th ree  

ch e ck  c lo n e s  (G T  1, R R IM  6 0 0  and R R II 105). 

O rte t A y r 1 fo llo w ed  by G T  I, A rl 5 3 , R R II 105 

and R R IM  6 0 0  m aintained high grow th and y ield 

p erfo rm an ce . O rtet A rl 53  fo llo w ed  by Ert 4 0  

and A rl 54  continu ed  to ex h ib it better to leran ce  

to  P h y lo p h t i i t ir a  A L F  d isease  in term s o f  high 

le a f  reten tion  as com p ared  to  o th er c lo n es.

3 .  E v a lu a t io n  o f  c lo n e s

N in e  la r g e  s c a l e  a n d  th r e e  o n -fa r m  

ev a lu atio n s w ere in progress during th e  year.

3 . 1. L arg e Sca le  T ria l (L S T )

In the tw o L S T s  o f  R R II 4 0 0  series  c lo n e s  

at C E S  ( L S T  I and' L S T  II) , s ig n ifican t clon al 

variation in y ield  under stim ulation during the 15"' 

and 16"' y e a r  w as detected . In L S T  1, R R II  4 1 7  

(7 9  g  t: 1 f ' )  o ulyicld ed  R R JI 105  (6 9  g  t' 1 r ‘)  under 

stim u lation . In L S T  II , P B  3 3 0  (91 g f  f 1) w as 

fou n d  su p e rio r  to  R R I I  1 0 5 . R R I I  4 3 0  a ls o  

perform ed  w ell w ith  > 7 0  g  r 1 r '  in th is period.

T h e  study proved the superiority o f  R R II 4 3 0 , 
R R II 4 1 7  and R R II 4 1 4  in term s o f  long-term  

yield  a lso .Y ie ld  c om p onen ts (total latex volu m e); 

d ry  r u b b e r  c o n t e n t ,  w e r e  e v a lu a te d  in th e  

renew ed bark during su m m er and peak y ield ing 
seaso n s. S ig n ifica n t variation  w as observed  for 

the a b ov e p aram eters. C lo n es R R II 4 1 4  and R R II 
4 3 0  show ed h ighest la tex  vo lu m e as w ell as dry 

ru bber y ie ld  in both su m m er as w ell a s  peak 

y ie ld in g  s e a s o n s .  W h ile  c lo n e s  r e sp o n d e d  

d ifferen tly  to su m m er stress, th ere w as uniform  

red uctio n  in la tex vo lu m e during stress  period . 

T h e  drop in total latex volum e during stress period 

ranged from  3 9 .5  to  6 4  p er cen t in L S T  1 and

3 6 .6  to  6 0 .9  p e r c e n t  in L S T  II . H igh est drop in 

sum m er latex volum e w as recorded in c lo n e  R R II 

4 3 0 .  W h en  y ie ld  p e r fo rm a n c e  in v irg in  and  

renew ed panels w as com p ared , the total volum e 

o f  la tex  w as less in renew ed panel com p ared  to 

virgin panel in both the L S T s  w ith few exceptions.

In th e  1 994  tr ia l, w h ere  12 in d igenou s and 

ex o tic  c lo n es  are under ev alu ation , av erage y ield  

o v er  13 y e a rs  o f  tap p in g  sh o w ed  th a t c lo n e s  

86/44 (7 3  g  f» r ' ) ,  R R IM  7 2 2  (7 0  g  r 1 t ' )  and 

8 6 / 1 2 0  ( 7 0  g f ' t ' 1)  had  y ie ld  p e r fo rm a n c e  

co m p arab le  w ith th at o f  R R II 105 (71  g  f  r 1).

C lones R R JM  7 1 2  (1 3 3  g  r 1 r 1), 86/120 ( 119 g  r ' t 1)
and R R IM  7 2 2  (1 1 8  g r '  t 1)  ex h ib ite d  sup erior 

y ield  under stim ulation .

In the 1 9 9 9  A  tr ia l, am o n g  the n ine c lo n es , 

c lo n e  4  (7 7  c m )  and 12 (7 4  c m )  sh ow ed  su p erior 

grow th com p ared  to  ch e ck  c lo n e  R R II 105  (6 5 .5  

cm ). O n th e  basis o f  a v era g e  y ie ld  o v er  e ig h t 

y ears, c lo n e s  12 (4 5  g  f 1 r 1) and 4  (4 2  g  r '  r 1) 

sh ow ed  y ield  on par w ith  R R II 105 ( 4 7  g  r 11 ') ,  

U nd er s tim u la tion , h ig h est y ie ld  w as found in 

R R IM  6 0 0  (1 3 2  g  r  r 1) fo llo w ed  b y  R R II  105 

(1 3 1  g  f 1 r 1) and c lo n e  12  ( 1 17 g  f 11' 1).

In th e  L S T  o f  n ine ortets fro m  C h eru v ally  

esta te , f iv e  o rtets  sh ow ed  s ig n ifica n tly  su p erior



girth com pared  to th e  ch e ck  c lo n e  R R II 105  P h y to p h th o r a  (A L F  d isease ). O rtets C y o  4 | (|> 

(T ab le B o t. 4 ). M ean yield  o f  the ortels in the 126), C y o  3 5  (P  1 3 3 ). C y o  4 8  (P  1 2 9 ) are under 

in itial five y ears o f  tapping ranged from  15 to 4 8  evaluation in P C E  trials in various locations. O iict 

g  r !t ' : (R R II  105 , 41 g  t ' r ) .  M ean y ie ld  o f  fiv e  C y o  41 show ed s ig n ifica n tly  su p erio r  girth and 

ortets o ver fiv e  years o f  tapping w as com parab le very low  in cid en ce  o f  A L F  d isea se  w h ile  its yield 

with the ch eck  c lo n e  R R II 105 . A lthough ortet was com p arab le  w ith R R II  105 . In te rm s o f  y ield  

C y o  72  found sup erior in term s o f  y ield  as w ell in the 5 '1’ y ear  o f  tapp ing C y o  3 5  c lo se ly  follow ed 
a s  g irth , it w as found h ig h ly  su s c e p tib le  to  C y o 4 3 .

Table Boi. 4 .G irth (cm ), yield (g t"11'1) and A L F  incidence in o rte t clones

Clone Girth A L F  in cid en ce M ean  y ie ld * O v era ll m ean y ie ld **

C yo 72 58.2" V ery high 5 8 .9 ab 4 7 .6 a
C y o 3 0 6 3 .4 b L o w 5 9 .0 ab 4 6 .0 3
C y o 43 6 0 . 11* M edium 6 7 .3 a 4 5 .1 ab
R R II 105 5 7 .6 C M edium 6 0 .5 ab 4 0 .9 ab
C y o  41 7 2 .4 a V ery low 5 0 .8 abc 4 0 . 5 ab
C y o  35 6 4 .0 b High 6 6 .7 ab 4 0 . 0 Dbc
C y o  18 6 3 . l b Medium 6 2 .5 ab 3 6 . 9 bcd
C y o  4 8 7 4 .5 * L ow 4 9 .6 bc 3 1 ,2 cd
C y o  68 5 2 .2 d Medium 3 5 .8 C 2 8 .2 d
C y o 31 6 0 .1 ^ M edium 1 6 .9 d 1 4 .5 C

‘•Mean ot initial 5 years; ’ Values followed by sam e letters are not significantly 
different based on D M RT

. . - ' " ■ I * -  L S T “ f  0 r ,e t S  s e le c le d  # ■  II ( 2 0 1 0 )  and III (2 0 1 2 ) ,  in v ario u s lo ca tio n s . S ix

«  ......... .............................. .. .............n , p a , , I

2  , .R 1  ” 1  I . ' ; 1 1 and R R U  4 3 0  10 * • *  c lo n e  ... ................... C o n .  1> 10 2  had4 • • ............. none  i \ k i i  i u j .  L lo n e  1 102 had
r  '  'L found superior in term s o f  y ield  m a x im u m  g ir th  fo llo w e d  b y  R R I I  4 1 4  and 

perform ance. A m ong the ortets, M O  7  (4 4  g  r 1 r>) r r j  | 4 3 0  

and K .0  9  (4 2  g t_l r 1) exh ib ited  b etter  yield
perform ance. P o ly c r o s s  p r o g e n y  e v a lu a t io n

3.2 . On-farm evaluation Evaluation of progenies of nine prepotent
To evaluate the p erform an ce o f  p ip elin e  ^°|lcso v era | H  1 l(l  ̂ 1 - 4 y ears llu grow th. yield  

clones in the South Karnataka region, an on-farm  i "  i o o i ?  (at"  lbl,, J <n»»o Iwkl irlaU planted 
trial was laid out at K F D C  K arnam k ' ii ” ■*) was completed. Timber volume was also
-̂enhiŜeWi„ĝ L ^ r:i:: TTd- wr  ̂ were «"■«*

control clones. T h e above pipeline c lon es arc ^  ° "  q " ; ,li ,-v P a n i c l e s .  I he «
being evaluated under P C E  P h ases I o c \ ( ^  LC 1 ° I1S mac ê fro m  these progenies were

c,assifiedas dual purpose latex-limber clones and



tim b er-la tex  c lo n es  as w ell as la tex c lo n e s  and 

tim b er c lo n e s . F ifteen  c lo n es  ex h ib ited  stability  

in p erfo rm an ce over 12 years o f  tapp ing. T h e 

m ost p rom isin g  12 se le ctio n s  in the p ip elin e , out 
y ie ld ed  the ch e ck  c lo n e  by o v er 2 0  per cen t. 

R esp o n se  to stim u lation  w as studied in the I3 ,h 

to 15,h y ears o f  tapp ing. T h e  se le c tio n s  in the 

p ip elin e  are now  under p articipatory  ev aluation  
trials in various locations.

P e r f o r m a n c e  o f  p o ly c l o n a l  s e e d l in g s  

(N ettan a seed  garden o rig in ) and ch e ck  c lo n e

R R II 105 w as assessed  in 5 ,h y ea r  o f  tapping. 

M ean y ie ld  o f  p o ly clo n a l seed lin g s  w as 5 9 .6  
g  r 1 r 1 co m p a re d  to  c h e c k  c lo n e ,  R R II  105 

(4 2  g  r 1 f 1). S ix  p o lyclon al seed lin g s  had m ore 

than 120 g t' 1 f  and 2 4  had y ield ed  m ore than 

9 0  g  r  r 1 w ith potentia l for further se le ctio n . 

P o ly clo n a l seed lin gs w ere a lso  better in term s o f  
girth . G irth  o f  p o ly c lo n a l s eed lin g s (F ig . B o t. 1) 

ranged  from  4 5 -1 1 2  cm  (m ean  g irth , 7 3 .6  cm ) 
w hile R R II 105 had 5 8 .5  cm .

U nder the ex p erim en t on estim ation  o f  out- 

c ro ss in g  rate  in  p o lyclon al seed  garden o f  rubber 

at K an yaku m ari, secon d  set o f  progen ies w ere 

evaluated  fo r  grow th and y ield  p erfo rm an ce at 

C E S , C h eth a ck a l. T est-ta p  y ie ld  o f  p ro g en ies 

ranged  from  th ree  to  2 5 8  g  r 1 Clu in the third 

y e a r  a fte r  p la n tin g  (F ig .  B o t .2 ) . T w en ty  fou r 

progenies had m ore than 9 0  g r 1 r  \ n ine progenies

w ith m ore th an  150  g  r 1 t 10 and th ree  progen ies 

w ere ou t-stan d in g  w ith  m o re  than 2 0 0  g  r* tr10. 

O v e ra ll, fo rty  n in e  p ro g en ies  p erfo rm ed  w ell 

ab ov e the p opu lation m ean  o f  5 8 .4  g  r 10. T h ere  

is trem endous sco p e fo r  se le ctio n  o f  con sid erab le  

n u m ber o l  p ro g en ies fo r  a d v an cem en t to  further 

sta g es  o f  c lo n a l se le ctio n .



Frequency distribution of open-pollinated polycross progeny population based on yield

Jfill JlaliiB„BB___.__
Fig.Bot.2. Frequency distribution o f open-pollinated polycross progeny population based on test-tap yield 

perform ance (n = 312) (x-axis, test-tap yield, g t'1 r 10)

In order to utilize the p re-poten cy trait o f  

P B  c lo n es  in d ev elop in g  high y ie ld in g  c lon es 

through h a lf-sib  ev aluation  and sele ctio n , 33 7  

h a lf-s ib  seed lin gs from  high y ie ld in g  P B  c lon es 

w ere evaluated fo r  y ield  through test tapping. 

B ased  on test tap y ie ld , fou r seed lings exhibited  

yield o ver 2 5 g  r 10 w hile 4 0  seedlings yielded more 
than lOg t ' ,c.

5 .  G e n e t ic  s tu d ie s  a n d  in v e s tig a t io n s  on 
g e n o ty p e  (G )  x e n v iro n m e n t (E )  
in te r a c t io n s

G en etic  an alysis  o f  fu ll sib  progenies with 

regatd  to wood traits as w ell as G x E  interactions 

in popular c lo n es  and c lon es in the p ipeline w ere 
studied.

5 . 1. G enetic param eters

A study w as earn ed  out to assess genetic 
variation and heritability o f  grow th and wood trails 

in c lu d in g  s p e c if i c  g rav ity , fib r e  and v e sse l 

ch a ra c te r is tic s  in H e v e a  and to  an a ly ze th eir 

in teraction s, using a lu ll-sib  progeny population 

consistin g o f  1 1 fam ilies o ffu ll-s ib  progenies and 

th eir parent clon es. S p ec ific  gravity  o f  wood w as

found to be under m o d erate g en etic  con tro l. F ib re  

traits viz . fib re  len gth  ( F L ) ,  fib re  d ia m eter  (F D )  

and f ib r e  w a ll th ic k n e s s  ( F W T )  w e r e  u n d er 

m oderate to stron g g e n e tic  c o n tro l. A m o n g  f ib re  

d erived  in d ices, fle x ib ility  c o e f f ic ie n t  sh ow ed  

m oderate to  very stro n g  g e n e tic  c o n tro l. R u n kel 

ra tio  and s le n d e rn e ss  ra tio  sh o w ed  m o d era te  

gen etic control. G irth show ed very stron g  p ositive 

g en etic  c o rre la tio n  w ith fib re  w all th ick n e s s  and 

stro n g  p o s it iv e  c o r r e la t io n  w ith  f ib r e  w id th  

indicating sco p e  o f  indirect se le ctio n  potentia l for 

th ese  traits (T a b le  B o t. 6 ). W ood s p e c if ic  g ravity  

did not sh ow  s ig n ifica n t co rre la tio n  w ith grow th 

and fibre len gth. H en ce, it m ay  be p o ss ib le  to  

ex e rt independent co n tro l on th ese  tra its . D ue to 

positive gen etic  relationships, se le ctio n  for grow th 

would possibly  lead to c o n co m itan t im p rovem ent 

in fib re  d iam eter and fib re  w all th ick n e s s . S in ce  

there is neg ative relationship  b etw een g row th and 

f i b i e  le n g th ,  it m a y  n o t b e  p o s s i b l e  to  

sim ultaneou sly  attain v igorou s g row th and longer 

fibres w hich  m ay  be requ ired  fo r  v a rio u s  end 

u se s , e ith e r  fo r  fu rn itu re  o r  p a p e r  in d u stry . 

M od erate  to  very high estim a tes  o f  h e r ita b ility  

foi fib re traits , girth and sp ecific  gravity  indicated



the p o sib ility  o f  re a liz in g  g en etic  gain fo r  these 
tra ils  in H e v e a ,

fable Bot. 6. Gcnctic correlation between growth 
and fibre traits

F L F D F W T

Girth -0 .4 8 0 .4 5 6 0.781
F L 1.00 -1 .9 3 6 -0 .2 5
F D 1.00 0 .7 9 3

5.2. Genotype x environment interaction studies

G row th and y ield  o f  p ipeline c lo n e s  w ere 

assessed  under cold  and drought con d ition s at 

A g a rta la  and  D a p c h a r i. r e s p e c tiv e ly . U n d er 

drought con d ition s at D ap chari, P  102 (2 6  cm ) 

and P 2 6  (2 2  cm ) perform ed better th an  R R II 

2 0 8 .  Fou rteen  p ip elin e  c lo n e s  w ere found better 

th an  R R II 4 3 0 .  In term s o f  test tap  y ie ld , P 2 0  

topped y ield  a lon g  with R R II 4 3 0  (5 0  g r 1 Vli)  

w h ile  e le v e n  c lo n e s  perform ed better than R R l f  

105 . A t A g arta la , under c o ld  con d ition , p ipeline 

c lo n e s  P 1 0 7 . P 102 . R R II 4 2 9  and P 21 (3 4  cm ) 

s h o w e d  m a x im u m  g ir th  w h ile  10  c lo n e s  

perform ed  b etter  th an  R R II 105 w ith regard to 

tes t tap  y ie ld . P 21 and R R II 4 3 0  (1 3 8  g  f  t ,s)

to p p e d  w ith  m a x im u m  y ie l d .  T h e  a b o v e  

ob serv ation s in dicated  lo ca l adaptive natu re o f  

p ip elin e  c lo n es  under con trastin g  environ s.

In th e  G x L  in teraction  studies ( 1 9 9 6 )  with 

popu lar c lo n e s  a cro ss  f iv e  lo ca tio n s, co lle ctio n  

o f  y ield  data w as con clu d ed  from  th ree L S T s  in 

K an yaku m ari, A g arta la  and Nagrakata. A m o n g 

the o th e r  tw o  lo ca tio n s , in th e  L S T  a t R R S .  

Pad iyoor, w here co m m en ce m en t o f  tapp ing w as 

delayed , y ield  data co lle c tio n  continu ed  in the 

ren ew ed  b ark . Y ie ld  o f  th e  R R II  4 0 0  s e r ie s  

c lo n e s  ex cep t R R JI 4 2 9  and R R II  4 1 4 ,  show ed 

a r isin g  y ield  trend and w as found sig n ifica n tly  

sup erior than R R II 105 in the 1 0 *  y ear  o f  tapping. 

C lo n e  R R II 4 3 0  show ed h ighest y ie ld  (6 5  g f ' t 1) 

follow ed b y R R II 4 1 7  and R R II 4 2 2  (6 4 -6 0  g  r '  r ' ) 

w hen com pared  to  R R II 105 (4 5  g  f 1t 1). G E I 

an a ly sis  to r  lon g  term  y ie ld  a cro ss  fo u r  d iv erse  

location s w as attem pted u sing  d ifferen t m o d els.

In  the L S T  at O d ish a, w here the trial w as 

a ffec ted  by cy c lo n e , lo n g  term  data on grow th, 

y ie ld .  D R C  a n d  s t ru c tu ra l  p a r a m e te r s  w a s 

sum m arised  (T a b le  B o t. 7 ). C lo n es  R R II  4 2 9 ,  

R R II 4 3 0  and  R R II 4 2 2  sh ow ed  s ig n ifica n tly  

su p erior y ie ld  than the c h e c k  c lo n e  R R IM  6 0 0 '



J jb l e B o i  7 C n m l h , .y ie ld a iu is e c o n d a iA  tr a its  nl 12 c lo n es  in O d ish a

Clone Tappability G irth at Y ie ld ’/ 0 D R C ' 

___________________ ( % ) '  ____ o p e n i n g '___________

B a rk

th ick n e ss*

P B  2 1 7  

R R IC  100 

R R II 51 

R R II 105 

R R II 176 

R R II 203  

R R II 414  

R R II 4 1 7  

R R II 4 2 2  

R R JI 4 2 9  

R R II  4 3 0  

R R IM  6 0 0  

S E  •

C V  (% )

5 5 .0 ud 

7 4 .0 b 

5 2 .0 cd 

5 5 .0 ljfd 

5 i . 0 d 

6 4 .0 bed 

7 2 .0 be 

7 3 .0 b 

7 0 .0 bcd 

5 2 .0 ^  

8 9 .0 “ 

5 9 .0 bcd 

3.4 

18.6

49 .7 ' 

6 0 .5 Jb 

50.4'' 

51 .0 ' 

5 0 .8s 

5 9 . l b 

5 5 .4 cd 

5 9 .5 ab 

5 7 .7 !v; 

5 4 .1 “  

6 2 .0 “ 

5 1 .8 ef 

1.3 

8.1

6 3 .1 9 ^  

6 2 .2 0 *1,c 

3 1 .8 0 d 

3 1 .70d 

3 6 .3 0 d 

5 7 .4 7 '"  

5 5 .1 7C 

6 3 .0 8 abc 

7 4 .0 0 ab 

7 8 .7 0 “ 

7 5 .0 0 ab 

6 0 .3 2 k  

3 .59  

13.36

3 4 .6 2 cd 

3 6 .3 5 flb£d 

3 5 .5 7 lKd 

3 7 .1 0 abc 

3 7 .2 0 “bc 

3 4 .4 9 cd 

3 3 .0 3 d 

3 9 .2 2 “ 

3 6 .4 0 abcd 

3 6 .2 3 abcd 

3 8 .3 3 ab 

3 4 . 8 1cd 

1.58 

5 .36

6 .7 3 bc 

7 .6 2 ab 

7 .6 4 ab 

6 .7 4 bc 

6 .5 5 bc 

7 .9 1 “ 

7 .4 2 ab 

7 .5 9 “b 

6 .9 8 ab 

5 .7 0 ‘ 

6 .8 8 ab 

7 .1 0 ab 

0 .7 8  

13 .5 7  

cent confidence

L V R *

7 .2 6 bcd 

7 .7 2 'lcd 

6.66d 

8 .6 4 0bc 

7 .8 0 bcd 

6 .9 9 cd 

7 .9 2 bcd 

10 .00 “ 

7 .2 8 bcd 

9 .1 1 ab 

9 .9 0 “

7 4 |bcd 

0 .8 2  

1 2 .5 0  

level by■Values followed by a common letter are not significamlv dilTerenl ai «  per 
DMRT; *  12 year after planting; m ean  over 4 years.

T h e  ad ap tive p lastic ity  o f  R R II 4 3 0  and hioh G E I f F i.. R „ r 1 i  R ,  H r  r
R R I I 4 2 2  was reconfirm ed from  the C E1 analysis ,  , " "

UU.1J1C U E 1 analysts s e v e p c lo n e s  m e tiding R R I I  4 1 7 R R II  2 0 3  I’ U 
b ased  on tem p o ra l yt,eld v a ria tio n  from  th e 2 1 7  and  R R l r  , ‘

region . C lon e R R II 4 2 9  was s p ecifica lly  adapted f t L  7
fo r  the O disha region w hile R R II 4 1 4  showed rCg ' “  ev a lu atton  n, h a s te n , Indta
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Bot. 3 .G G E  biplot o f ‘clone x year’ inter­
action for dry rubber yield among 
12 clones. C lones at the right side 
the line perpendicular to the aver­
age environm ent axis a rc  highly 
su itable for grow ing in the E ast­
ern Indian region. Genotype ranks 
fall as they fall back from the ideal 
genotype

6 . Participatory  evaluation of rubber 
clones in the pipeline

6 .1 . Sou rce  Bush N urseries o f pipeline clones

A t th e  C e n tra l E x p e rim e n t S ta tio n , 2 6 7  

pipeline c lon es w ere m aintained in 16  sou rce bush 

n u rseries. Fou rteen  c lo n e s  se le cted  from  clon al 

n u rs e r y  e v a lu a t io n s  o f  o r te ts  an d  h a l f  s ib  

se lection s w ere added to the pipeline, thus m aking 
a to ta l o f  2 8 1.

6.2. P C E  trials under m ature phase

A  total o f  s ix  C entral L arg e S c a le  T r ia ls  at 

C E S  and R R II  Farm s and 3 9  sa te llite  O n Farm  

T r ia ls  w e re  in p ro g ress under f iv e  p h ases o f  

F arm er P articip atory  C lo n e  Evalu ation .

6 .2 .1 . P h a s e  1 (200S) ■

In the C en tra l L S T s  w hich  w ere in the first 

y e a r  o f  tap p in g , in term s o f  g irth in L S T  I, c lon es 

P  2 1 ,  P 6 lan d  P 7 4  a lon g  w ith the ch e ck  c lon e, 

R R II 4 1 4  and R R II 4 3 0  w ere  found vigorous. 

C lo n es , P 0 2 1, P 0 6 6  and P 0 7 3  gave h igher yield  

th an  R R II 4 1 4 ,  the h ighest y ie ld in g  c h e ck  c lo n e

(w ith 6 0  g  r1 r 1). S ev en  c lo n e s  w ere found on 

par w ith R R II 4 1 4 .  In L S T  II , C lo n es R R II  4 1 4 ,  

P 4 4 ,  P 2 6  and R R II 4 3 0  w ere  found v ig o ro u s in 

term s o f  girth. T h ree  c lo n es  had h igher D R C  than 

R R II 105 . W h ile  P 0 4 4  w as th e  h ig h est y ie ld er, 

seven  c lo n e s  w ere found co m p arab le  to  R R II 

4 1 4 ,  the highest y ie ld er  am o n g  the ch e ck  c lo n es.

In  the O F T  at V ithura, am o n g  th e  p ip elin e  

clon es, h ighest girth w as recorded for P 61 (6 5  cm ) 

followed by P 2 1 (63 cm ), P 8 4  (63 cm ). P 88  (62  cm ) 

and P 6 8  (6 2  cm ). L o w e st g irth  w as recorded  

fo r  P 6 0  (5 7  c m ). In the O F T  a t K a n jirap p ally , P 

2 6  recorded 8 9 .4  p er cen t tappability. Even though 

the c lo n e s  g e n era lly  sh ow ed  p oor g row th due to 

local co n d itio n s , sev en  p ip elin e  c lo n e s  sh ow ed  

b etter  grow th com pared  to  R R II  4 3 0 ,  w h ile  none 

w ere su p erior to  R R II 4 1 4 .  In the O F T  at P C K , 

A thirap illy  estate, trees w ere assessed  fo r  tapping 

d u r in g  3 rd y e a r  w ith  d/3 sy s te m  o f  ta p p in g . 

M axim u m  m ean y ie ld  w as reco rd ed  in P 0 6 7  (7 7  

g  t'1 r 1) w hen co m p ared  to  c h e c k  c lo n e  R R II 

4 3 0  (4 9  g  f 1 f 1). P ip e lin e  c lo n e  P 0 7 4  ( 3 6 % )  and



P 0 S 4  (3 5 % )  recorded  m axim um  D R C . In the 

O F T  at C alicu t E state, during 3 rJ year o f  tapping, 

m axim um  yield  w as record ed  by R R II 4 1 4  (3 6  

g r 11 1) fo llo w ed  by P 0 6 7  (2 8  g f ' r ' ) .

6 .3 . P C E  trials under im m ature (Phases II toV )

T h e Phase tw o tria ls laid out in 2 0 1 0  w ere 

gaining tappabiliiy w hile the trials laid out in 2 0 1 2 , 

2 0 1 4  and 2 0 1 6  phases w ere at various stages o f  

immaturity.

6.3.1. P h a s e  I I  (20  JO)

In the C entral L S T  at C E S , p ipeline clon es 

P 4 4 , P 70 , P 8 0  and ch eck  clon e R R II 4 3 0  and 

R R II 4 1 4  w ere found vigorous in the 8 * year. In 

O F T  at Pudukkad estate. Thrissur, under Phase

II  o f  P C E , p ipeline c lo n es P 4 4  (5 4  cm ) and P 64  

(5 0  cm ) w ere found better in term s o f  grow th 

com pared  to R R II 4 3 0  (5 4  cm ) and R R II 105 

(4 6  cm ). T h e  trial w as also  opened for tapping 

d u rin g  7 ,h y e a r  a fte r  p la n tin g . C lo n e  P 0 6 4  

ex h ib ited  better y ield  p erform ance (m ean yield .

66 . 6  g f 1 r ' )  com pared  to ch eck  c lo n e  R R II 4 3 0  

(6 4 .7  g  t"  r ) .  T h ree  p ipeline clo n es perform ed 

better than R R II  105 (4 3 .5  g r '  r ' ) .  In the O F T  

at V aniam para estate (T rich u r) laid down under 

phase II . seven  c lo n es  registered m ore than 60  

p ercent tappability  in the 7,h year. G irth ranged 

from  4 5  cm  (P  0 9 4 )  to 61 cm  (R R II 4 3 0 ) .  R R II 

105 recorded vigorous grow th in the region with 

a m ean girth o f  5 2  to 6'0 cm  in all the covariant 

plots. Pipeline clon e P 0 8 0  showed com paratively 
better to leran ce  to  d isease incidences.

5.3.2. P h a se  /// (2012)

T h e  O f-1 at C hem oni E state w as assessed 

for grow th p erform ance o v er five y ears a fter 

planting. C lon e P 110 showed highest girth (3 6  c m ) 
com pared  to  R R JI 4 1 7  (3 7  cm ) and R R II 4 

(3 6  cm y  F ive pipeline clon es perform ed belter 

than R R II  105 (3 2  cm ). A . K u rabazha esuie 
(Pathanam lhitta), girth o f  pipeline clon es ranged

from 3 7  (P I 12 ) to 4 7 c m  (R R II  4 3 0 ) .  Two pipeline 

c lon es P 1 10  and P 104 sh ow ed  g irth  com p arab le  

to R R II 4 3 0 .  In the trial a t C h eru v a lly  estate, 

am o n g  p ip e lin e  c lo n e s ,  m a x im u m  g ir th  was 

recorded in P 110  ( 3 8  cm ), fo llo w ed  by P 101 ( 37  

cm ) P  104 (3 6  cm ) and P 1 4 2  (3 4  c m ), and the 

m inim um  girth  w as reco rd ed  fo r  P 15 8  (2 6  cm ). 

At C alicu t E state, K ozh ikod e, tw o p ip elin e  clones 

show ed better grow th co m p ared  to  R R I I  105. 

M o st o f  th e  e x p e rim e n ta l c lo n e s  w e re  found 

b e t t e r  th a n  R R I I  1 0 5  in  te r m s  o f  d is e a s e  

to leran ce. A m o n g  th e  p ip e lin e  c lo n e s , P 102  and 

P 1 10 show ed m ax im u m  grow th .

6.3.2. P h a s e  I V (2014)

In th e  2 0 1 4  L S T  at K o tta y a m , th ree  years 

a fter  p lanting, p ip elin e  c lo n e s  P 1 2 9  and P 177 

(23  cm ) w ere found on par w ith  R R II  4 3 0  (23  cm ) 

and R R II 4 1 7  (2 4  cm ). A t C h em o n i. P 4 8  (2 8  cm ) 

and  R R II  4 1 4  ( 2 6  c m )  p e r fo r m e d  w e ll .  A t 

Sh om ur, P 129 topped w ith 2 2  cm  fo llo w ed  by 

R R II 4 1 4  in term s o f  g irth . A l B e th a n y  estate, 

K a n y a k u m a ri, th e  5 -y e a r -o ld  p la n ts  sh ow ed  

lean in g  a fte r  th e  in c id e n c e  o f  O k h i c y c lo n ic  

storm . T w isting  o f  trunk, trunk sn ap  and crack in g  

was sp oradic. U p rootin g  w as o b serv ed  o n ly  in 

four p lants in o n e  p lot. A ll tre e s  w ere  salvaged  

by proper stak in g . A  m ax im u m  g irth  o f  3 0  cm 

w as recorded  during  th e  3 rd y e a r  o f  p lan tin g . In 

the trial al M anikal estate. M un d akkayam , highest 

girth was observed  in P 1 2 9  ( 2 9 .1 c m )  fo llo w ed  

by P 133  ( 2 6 .7 c m ) ,  P 1 6 8  ( 2 4 .4 c m ) ,  P  71 

( 2 1 ,5 cm ), and the low est g irth  w as reco rd ed  in P 

177  ( 17.8cm ). A t Thiruam pady E state, K ozh ikod e, 

fo u r  p ip e lin e  c lo n e s  sh o w e d  b e t t e r  g ro w th  

com p ared  to  R R I I  1 0 5 . A m o n g  th e  p ip e lin e  

clon es, C heruvally  ortets P 12 6  and P  133 show ed 
m axim um  grow th.

5.3.2. P h a se  V (2 0 1 6 )

In the Phase five o f  P C E  tr ia l a t  S ta le  

arm ing  C o rp o ra tio n , P u n alu r, v a c a n cy



enu m eratio n  w as done a fter  fire  ou tbreak  and 
4 5 0  buddings done fo r  casu alty  rep lacem ent.

7 .  B r e e d in g  f o r  o th e r  s p e c if i c  o b je c t iv e s

B reed in g  program m es fo r  toleran ce to abiot ic 
as w ell as b io tic  s tresse s w ere em phasised  in 
the y ear  under report.

7 .1. Breeding for drought tolerance

In the S S T  19 9 8  A , four se le ctio n s w ith high 

u n -stim u lated  y ie ld  w ere su b jected  to secon d  

round o f  eth ephon stim u lation . O rtets  2 7 2  and 
5 8  sh ow ed  better resp on se than R R II 105 with 

5 0  per cen t im provem ent in y ie ld . A m o ng the 
ortets selected  from D apchari. Dap 111 responded 

b e tte r  to  s t im u la tio n  w ith  4 0  p er  c e n t y ie ld  

im provem ent than D ap 2 3 6  w hich show ed 2 7  per 

c en t in crease  in the secon d  y e a r  o f  stim ulation . 

In S S T  1 9 9 9  A . an a ly sis  o f  a v erage y ield  o v er 

n ine y ears show ed m axim u m  yield  in 94/50 (7 0  

g f  r 1)  fo llo w ed  by 94/23 and 94/44 (6 9  g  r 11' 1) 

and 94/101 (6 4  g f 11' 1). T h e  c lo n es  w ere assessed 

to r  resp onse to stim ulation . M axim u m  y ield  after 

stim u la tio n  w as recorded  in 94/50 (1 0 8  g r 1 r 1) 
fo llo w ed  by 94/44 ( 10 8  g  f ‘ tr1).

In an attem p t to  d ev elop  drought to leran t 

c lo n e s  for the no n-trad itio nal areas, the drought 

to le ra n c e  ca p a c ity  o f  th e  s e le c te d  p ro g en ies, 

develop ed  through hybrid ization  betw een high 

y ie ld in g  c lo n e  (R R I I  105 ; fem ale  parent) and a 

drought toleran t c lo n e  ( P B  2 8 0 ;  m ale parent) and 

the reciprocal c ro ssin g  (P B  2 8 0  x  R R II 105). w ere 

evaluated  in a c lo n a l n u rse iy  trial in th e  drought 

prone area  ( R R S .  D ap ch ari). F orty  u ial c lo n es  

a lo n g  with n in e  co n tro l c lo n e s  w ere planted in 
the tr ia l. S ix te e n  c lo n es  in term s o f  girth and five 

c lo n e s  in te rm s o f  test tap y ie ld  w ere found 

su p erior to the ch e ck  c lo n e s  R R II 4 2 2  and R R II 

4 17. S e le c tio n  6 9  show ed su p erior grow th and 
y ie ld  p erfo rm an ce.

G row th and y ield  p erfo rm an ce o f  se le ctio n s  

w as m o nitored  in 13th y e a r  o f  tapping am o n g  15

hybrids and ch eck  c lo n e s  in 19 9 8  A  S S T  at C E S . 

S e le c tio n s , w hich  are a lso  under evalu ation  in 

Phase 5 o f  P C E  viz. 93/214 (6 9  g r 1 f 1) and 93/ 216 

( 5 7  g t 11 ') ,  m aintained  sup erior y ield  com pared  
to  R R II 105 (4 5  g t - ' t ' ) .

6.2. Breeding for disease tolerance

Hybrid progenies d eveloped under b reeding 

fo r  d isease  res is tan ce  program m e show ed b etter  

test tap  y ie ld  up to  6 3  g  r ’ f 10 in F x  5 16  x  R R II 

4 1 4  and 3 4  g  f  f ‘° in R R II 105 x  F x  5 1 6 .  F irst 

e v e r  s e t  o f  h y b r id s  g e n e r a t e d  th ro u g h  

h y b r id iz a tio n  b e tw e e n  R R I I  4 0 0  s e r ie s  and 

O id iu m  to le r a n t  g e r m p la s m  a c c e s s io n  w as 

recovered  and progenies w ere p lanted in seedling 

nu rsery fo r  fu rth er e v alu ation . S eco n d  se t o f  F x 

5 1 6  O P s w as assessed  fo r  y ie ld  and screened  

lo r  to leran ce  to  C a r y n e s p o r a .  It w as p o ssib le  

to reco v er  v ery h ig h -y ie ld in g  h a lf-s ib  s e le c tio n s  

from  F x  5 1 6  w ith test-tap  y ie ld  up to 9 3  g  t ’ f 15. 

T h e  F x  5 1 6  h a lf-s ib s  as w ell as hybrid s w ere 

screen ed  for d isease  res is ta n ce  in co llab o ra tio n  

w ith C rop  P ro te ctio n  D iv is io n . H a lf-s ib s  and 

h y b rid s , to le ra n t to  C o r y n e s p o r a  w ere  a ls o  
identified.

8 . A natom ical investigations

D uring hardening p rocess, root tra iner plants 

developed  ca llu s  tissu e at the ro o t ap ex  through 

a ir  p ru n in g . It is  p e rsu m e d  th a t s t ru c tu ra l  

o rg an isa tio n  and m e ta b o lic  status o f  th is starved  

tissu e m ay have im m en se  potential to b e  used as 

e x p la n t in tis su e  cu ltu re  e x p e rim e n ts . C a llu s  

r eg en era tio n  fro m  a b o v e  tis su e  is underw ay. 

P relim in ary  study w ith the leav es o f  fiv e  c lo n e s  

(R R I I  105 , R R JI  4 1 4 ,  R R II 4 1 7 ,  R R JI  4 2 2  and 

R R II 4 3 0 )  revealed  the ta x o n o m ic  s ig n if ic a n c e  
o f  p etio lu le  anatom y.

9 .  Studies on propagation

A  study aim ed al d eveloping drought tolerant 

ro o t s to c k s  fo r  th e  n o n -tr a d itio n a l a re a  w as



carried  out in a nursery tria l at R R S , D apchari. 

Seed s w ere co lle cted  from  th ree drought prone 
no n-trad itional rubber grow ing  areas, nam 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 arnataka ( H B S S , N ettana) and 

from  trad itio n a l a reas , n am ely  K era la  (C E S , 

C h eth ackal) and T am il N adu ( I I B S S .  Paraliar). 
A ssorted  seeds as w ell as seed s from polyclonal 

seed gardens and drought tolerant c lo n e  R R IM  

6 0 0  and drought susceptib le c lon e R R II 105 w ere 

co lle cted  from  ea ch  o f  ab ov e location s. Seed s 

were a lso  co lle cted  from  drought tolerant clon e 

R R II 2 0 3  grow ing in O rissa . T h e seed lin gs w ere 

m aintained under rain-fed  condition  at Dapchari. 

B u d -graftin g  o f  th ose  seed lin gs w hich survived 

drought cond ition  at D ap chari w as carried out 
using drought susceptible clon e R R II 105 as scion. 

B u d -g r a ftin g  o f  th e  u n se le c te d  se e d lin g s  at 

C en tra l N u rsery  K a r ik k a tto o r  w as a lso  done 
u sing R R II 105 as scion . F ield  planting o f  plants 

w hich survived drought as w ell as the control 

p lan ts w as carried  out at R R S , D apchari for 
further evaluation.

1 0 . In te r n a t io n a l c lo n e  e x c h a n g e

R ep lenish m en t o f  dom esticated  germ plasm  

w ith c lo n es  from  other rubber grow ing countries 

v ia  b ila tera l and m u ltila tera l e x ch a n g e s  w as 

su ccessfu lly  accom p lished . A total o f  4 4  high 
y ie ld in g  and d is e a s e  r e s is ta n t c lo n e s  w ere  
im ported from  10 coun tries during 2 0 1 4 -2 0 1 8 .

10. 1. B ilateral done exchange

D u rin g  2 0 1 7 ,  five C M S  S A L B  -resistan t 
c lon es viz. FD R  5 5 9 7 , F D R  5 802 , C D C  56. M D X  

6 2 4  and C D  1174 w ere im ported from G hana 

and tw o C M S  SA L B -resis tam  c lon es viz. F D R  
4 5 7 5  an d  F D R  5 6 6 5  w ere  im p o rted  from  
C a m b o d ia . T h e  a b o v e  e x o t ic  c lo n e s  w ere  

su cce s sfu lly  recov ered  through buddinB and
w e re  su b se q u e n tly  p lan ted  in so u rc e  ..........

..

10.2. M ultilateral c lon e exchange

Fo u r c lo n e s  v iz . IR C A  4 1 .  IR C A  7 3 3 , IRCA  

3 4 7  and IR C A  8 2 5  w ere  re -im p o rte d  from  Cote 

d 'Iv o ir e . W h ile  th ere  w a s  v ery  lo w  budding 

s u ccess  for th ree  o f  th e  c lo n e s , o n e  c lo n e  did not 

show  sprouting. In th e  S B N  at C E S ,  n o  m ajor 

d isease in c id en ces  w e re  o b serv ed  in IR C A  331 , 

tw o A R C P C  c lo n e s  from  M y a n m a r and clones 

im ported from oth er cou n tries, in cludin g Vietnam 

C h in a  and  C a m b o d ia . T h r e e  c lo n e s  (U S M l ,  

P h ilip p in es ; R R I S L  2 0 3  and  R R I S L  2 1 9 ,  Sri 

L an k a) w ere a lso  im p orted . T h e  a b o v e  clones 

w e re  b u d -g r a fte d  an d  p o ly b a g  n u rse ry  w as 

established  at C E S ,  C h eth ack a l. C lo n e s  imported 

fro m  o th e r  c o u n tr ie s ,  in c lu d in g  th o s e  from  

V ietnam  ( 8 ), C h in a  (5 ) ,  C a m b o d ia  (5 ) ,  Thailand 

(5 ). Indonesia ( 3 )  and S r i L a n k a  (3 )  are a lso  being 

m aintained  in the S B N s  a t  C E S ,  C h eth a ck a l.

10.3. Studies on im ported clones

T h e  im ported  c lo n e s  in th e  In tern a tio n a l 

H e v e a  C lo n e M u seu m  ( 2 0 1 7 )  w e re  screen ed  for 

to leran ce to C o r y n e s p o r a  through t  o x  in-bioassay 

in co llab o ra tio n  w ith  P a th o lo g is ts . O n e  Vietnam  

c lo n e  w a s  fo u n d  to  b e  h i g h ly  to l e r a n t  to 

C o t y n e s p o r a  to x in . T w o c lo n e s  from  Vietnam  

showed better d rought to leran ce  ca p acity  in terms 

o f  p h y sio log ical param eters.

10.4. In ternational clone m useum

A n  in te r n a tio n a l H e v e a  c lo n e  m u seu m , 

co n s istin g  o f  h ig h -y ie ld in g  as w e ll as S A L B -  

resistan t c lo n es  im ported from  v ario u s coun tries, 

was estab lish ed  and m ain ta in ed  at R R II  M ain 

C am pu s, K ottay am . A s  o f  th is  y ear , th ere  are a 

total o f  2 3  in tern atio n a l c lo n e s  in th e  m u seum .

1 1. A r b o r e ta  o f  H e v e a  c lo n e s  a n d  fo r e s t
s p e c ie s

An arboretum  o f  5 5  pop u lar H e v e a  c lon es 

and another arboretu m  o f  6 3  a sso n e d  fo rest plant 

sp ecie s a lon g  w ith H e v e a ,  (p lan ted  in 2 0 1 4 )  are 

b ein g  m aintained  at R R II  M ain  C am p u s



g e r m p l a s m  d i v i s i o n

T h ree gene p ools-the dom esticated gene pool 
w ith c lo n e s  derived from  the orig in al W ickham  

co llectio n  o f  1 876 . the w ild germ plasm  belonging 

to  the 1981 IR R D B  co lle ctio n , and the c o llection  
o f  o th e r  H e v e a  s p e c ie s ,  fo rm  th e  g e n e t ic  

reso u rces  o f  H e v e a  b e in g  co n serv ed  at R R II. 

A p art from  the con serv ation  o f  th ese  resou rces, 

the m anagem ent o f  the wild germ plasm  collection , 

its a g ro n o m ic  ev alu ation , screen in g  for d isease, 

drought and cold  stress res is tan ce  and tim ber 

la tex  traits and u tilization  in crop  im provem ent, 
are  th e  focu s o f  the D iv ision .

1. Introduction, conservation and
docum entation

I. I. Domesticated genepool (Wickham collection)
from secondary centres

T liis  g en e  pool co m p ris in g  183 W ickh am  

clo n es  are being  conserved  in a budwood nursery 

(c lo n e  m u seu m ) at R R II. K ottayam , and th ree 

a r b o r e t a  ( G e r m p la s m  g a r d e n s )  a t  C E S ,  

C h eth a ck a l. I he c lo n es  in the budw ood nursery 

are b ein g  assessed  fo r  th eir to leran ce  lev e ls  to 

m a jo r  le a f  d is e a s e s . T h e  a rb o r e ta  se r v e  th e  

p rim ary purpose o f  c o n serv atio n  and sc ie n tific  

data  c o lle c tio n  a s  and w hen n ecessary , and are 

a so u rce  o f  c lo n a l flo w ers for breed in g  w hen 
required.

T h e  liv e  IR C A  c lo n e s  in troduced in 1992 

are b ein g  conserved  and evaluated in G erm plasm  

garden 9 2 . A m o n g  the c lo n es . IR C A  130 (8 5 .2  

cm ), and IR C A  111 (8 4 .5 c m ) recorded the highest 

g irth . IR C A  130  (5 6 .4  g r 1 f 1), w as su p erior to 

a ll  o th e r  c lo n e s  fo r  v ie ld . In the G erm p lasm  

garden 9 4  com prising  2 0  W ickham  clon es. R R IM  

6 0 0 .  R R IC  100  and R R II 2 3  continu ed  to show 

su p eriority  o v er  the rem ain in g  c lo n e s  for y ield  

(9 4 -7 1  g  r 11 1) com p ared  to 6 6 .9  g  r 1 r 1 fo r  the

control. T h e  m o st v igorous c lo n e s  w ere R R II 2 3 , 

P B  2 5 5  and R R IC  100 ( 1 0 9 -9 7  cm ), com pared  

to  the popular c lo n e  R R II 105  (7 9 .3  cm ). A lo n g  

with high y ield  and girth. R R II 2 3  a lso  had a high 

n u m b e r  o f  la t e x  v e s s e l  r o w s  an d  W x A  

hybrid ization  w;as attem pted  th is y e a r  u sing  it a s 
a  parent.

1.2. 1981 IRRDB wild germplasm

T h is  c o lle c tio n  co m p rises w ild access io n s  

o rig in a lly  introduced during 1 9 8 4 -1 9 9 0 .  and is 

b ein g  con serv ed  in field  g en e ban ks in th e  form  

o f  budw ood n u rseries and arboreta.

1.2.1 Conservation nurseries

3 5 7 6  a c c e ss io n s  have been  re-estab lish ed  

in co m p act new  con serv atio n -cu m -so u rce  bush 

nu rseries (S B N s )  from  2 0 0 3  to  2 0 0 8 .  w h ile  the 

old er nu rseries co n tin u e  to  serv e  as a  so u rce  o f  

flow ers fo r  hybridization program m es. R O  2 8 7 1, 

identified a s O id iu n itoleran t earlier, is b ein g  used 

in a W  x  A  I IP  w ith R R II 105 , and th e  p rogeny 

gen erated  last y ear  are b e in g  evaluated  in the 

seed lin g  nu rseiy . P ro filin g  o f  bark a n ato m ica l 

traits in a set o f  6 5 1 w ild  access io n s  in S B N  2 0 0 5  

has iden tified  s ix  w ild  a c c e ss io n s  w ith a high 

n u m b er o f  la te x  v e s s e l ro w s , w h ic h  w ill be 

in c lu d e d  in th e  b r e e d in g  p o o l fo r  y ie ld  

im provem ent. The large n u m ber o f  p o ten tia lly  

u s e fu l  a c c e s s i o n s  id e n t i f i e d  d u r in g  th e  

characterization and prelim inary evaluation in the 

ju v e n ile  stag e fo r  y ie ld , y ie ld  co n tribu tin g  trails 

like latex v essels , d isease  and drought to lera n ce  

u aits, are being pul into Further Evaluation Tria ls. 

A ll th ese  a c c e ss io n s  are a lso  b e in g  estab lish ed  

in a sep arate  w o rk in g  c o lle c tio n . T h e  n ex t se t o f  

61  w ild  a c c e s s i o n s  w a s  p la n te d  in th e  

co n serv atio n  nu rsery in 2 0 1 7 ,  b rin g in g  the total



to 119 wild accessions in the G erm plasm  W orking 

C o llection  so  far.

1.2.2 Arboretum

A ll the a v ailab le g en etic  resources are b eing 
established  in a separate arboretum  at Teksragre 

farm, Tura. M eghalaya, with the prim aiy intention 

o f  ensuring an insurance co lle ctio n , as w ell as 

fa c ilita tin g  free c ro ss  po llination  and g en etic  

m ixing betw een the d ifferent g en epools. S o  far. 

a total o f 4 4 2  wild and W ickham  accessio n s have 
been  established  here, f o r  the fourth set to be 

planted, due to w in ter e ffe c t, sprouting su ccess 

o f  budded stum ps in the p o ly b a g  n u rsery  at 

T ek srag re  farm . T ura w as v ery  less . P o lybag  

plants survived from  2 0  w ild accessio n s and four 

W ickh am  clo n es (out o f  8 2  wild access io n s  and

10 W ickham  clo n es) are m aintained at Tura farm 
fo r  field  p lanting in 2 0 1 8 . A no ther arboretum  

e s ta b l is h e d  e a r l ie r  and  c o m p r is in g  o f  120 
a c c e s s io n s ,  is b e in g  m a in la in e d a t C e n tra l 
Exp erim en t S tation . C hethackal.

I.3. Other Hevea spccies

T h is  g en e pool is b ein g  con serv ed  as an 

a r b o r e tu m  e s t a b l is h e d  in 2 0 0 6  a t  C E S .  

C h eth ackal. It con serv es s ix  accessio n s o f  five 

other sp ecie s a v ailab le at R R II (H. b en th a m ia n a ,
H. s p r u c e a n a ,  H. n ilid a ,  H. c a m a r g o a n a  and 

tw o a c ce ss io n s  o f  H. p a u c i j lo r a ) ,  a lon g  w ith 

fiv e  natural putative in tersp ecific  hybrids, tw o

H . b r a s i l i e n s i s  c lo n e s ,  an d  F x  5 1 6  (an  

in tersp ecific  cro ss betw een H. b r a s i l ie n s is  and
I I . b e n t h a m ia n a ) .

2. Characterization and preliminary
evaluation

T h e  la s t th ree  tr ia ls  in th e  P re lim in a ry  
Evaluation Trial format w ere planted at [<[{\ 

P a d iy o o r  in 2 0 0 0  ( A & B )  and  2 0 0 2 .  N in e  
relatively high yielding a ccessio n s A C  3 131 AC 

5 5 2 , R O  2 1 3 6 , R O  131 3 , A C  5 6 7 , A C  19 6 4  AC 

3 4 1 ,  M T  4 3 5 1  and R O  2 1 0  and  v ig o r o u s

access io n s  fo r  tim b er tra ils  M T  4 2 19 , A C  4 1 4 0 , 

M T  3 8 7 .  A C  6 4 7  an d  R O  2 8 8 3  a r e  b e in g  

co n serv ed  a s  m a le  p a ren ts  f o r  fu tu re  W  x  A 

hybrid ization p ro g ram m es a l R R S ,  Padiyoor.

3 .  F u r t h e r  e v a lu a t io n  a n d  s e le c t io n

D e ta ile d  e v a lu a t io n  o f  s e le c t io n s  from  

p relim inary ev a lu atio n s are  carr ied  ou t in clon al 

n u rseries (C N s) fo r  a c c e s s io n s  w ith  5 0 -8 0  per 

c en t o f  th e  test tap y ie ld  o f  th e  co n tro ls , w hile 

th o se  w ilh  m o re  th an  8 0  p e r  c e n t  y ie ld  are 

evaluated in field  tria ls  ( F E T s )  a t  n o rm al spacing.

3.1. Clonal nursery evaluation

T h e clon al nu rsery planted in 2 0 1 0  at C entral 

Experim ent Station com prising  15 w ild accessions 

in R B D  at 2 .5  x  2 .5  m sp a c in g , w as su b jected  to 

tw o  rou nd s o f  te s t  ta p p in g . O u t o f  15 w ild  

access io n s  evalu ated , id en tified  th ree  a ccess io n s  

(A C  2 1 9 9 , M T  105 6 , A C  2 0 2 7 )  w ith good growth 

and test tap yield  h ig h er  th an  R R I I  105 .

3.2. Further evaluation trials

A ll a c c e ss io n s  w ith  m o re  th an  8 0  p er cent 

o f  the c ontrol y ield  on p relim in ary  ev a lu atio n , as 

w ell as those w ith potential seco n d ary  tra ils , were 

s u b je c te d  to  d e ta ile d  e v a lu a t io n  in F E T s  in 

statistically laid out trials at norm al sp acin g . T here 

are currently s ix  F E T s  co m p ris in g  117 accessio n s.

G row th and yield  w ere  ev a lu a ted  in F E T  

2 0 0 3  co m p ris in g  2 2  w ild  a c c e s s io n s  and  three 

con tro l c lo n es . R O  2 6 2 9  reco rd ed  th e  h ig h est 

girth follow ed b y M T 2 2 3 3  and A C  6 2 6  com pared 

to the ch eck  c lo n e  R R II  105 , w h ile  R O  2 6 2 9 . 

A C 4 1 4 9  and A C  7 1 6  reco rd ed  th e  h ig h e st y ie ld . 

G irth  in crem en t o v er  fo u r y e a rs  w as a ls o  high in 

R O  2 6 2 9 . In the e lev en th  y e a r  a fte r  p lan tin g , 

highest b o le  h eig h t w as record ed  in M T  2 2 3 3  

(3 .1 m ) com pared  to c h e c k  c lo n e  R R J I  105  (2 .5  

m ), w hile h ig h est b o le  v o lu m e w as reco rd ed  in 

R O  2 6 2 9  (0 .1 0  m ’ ) as com p ared  to  c h e c k  clon e 

R R II 105 (0 .0 5  m 3) (T a b le  G e r m .l ) .



Tabic Germ. 1. Variability for yield and growth related ch aracters in wild H ev ea  germ plasm

W ild access io n s C on tro l c lo n e s
C h a ra c ters Minimum M axim um G eneral R R II R R II R R IM. . _ m ean 105 2 0 8 600

M ean  yield  (g  f 1 t 1) ■
o v er firs t 2  years 5 .7  

(A C  6 0 5 )
2 9 .4  

(R O  2 6 2 9 )
13.6 3 1 .9 2 1 .6 2 7 .6

G irth  (c m )  -  7 "1 y ear 2 6 .2 4 7 .8 3 4 .8 3 6 .2 3 2 .7 34 .3
(M T  4 5 2 9 ) (R O  2 6 2 9 )

G irth  (c m )  - I P  y ear 4 2 .4  
(M T  4 5 2 9 )

73 .2  
(R O  2 6 2 9 )

53 .5 54 .8 4 4 .7 5 0 .9

G irth  in crem ent 3 .6 6 .4
(cm  y e a r 1) (R O  3 8 0 4 ) (R O  2 6 2 9 ) 4 .7 4 .6 3 .0 4 .2
o v er  4  years

B o le  h eig h t (m ) 2 .2 3.1 2 .5 2 .5 2 .2 2 .9
(R O  3 8 0 4 ) (M T  2 2 3 3 )

B o le  vo lu m e(m  5) 0 .0 3  (R O  3 8 0 4 . 0 .1 0
M T  4 5 2 9 ,  M T  100 9 . (R O  2 6 2 9 ) 0 .05 0 .05 0 .03 0 .05_____ ____ R O  2871

F ifteen  c lo n e s  in F E T  2 0 0 5  co m p ris in g  2 2  a c c e ss io n s  w ith g irth  h ig h er th an  c lo n e  R R I I  105  
w ild  a c c e ss io n s  and three co n tro ls show ed m ore and tw o a c c e ss io n s  w ith girth on par w ith c lo n es  

than 7 0  per c en t tapp ability . A m o n g th ese , c lo n e  R R I I  4 3 0  and R R I I  4 1 4 .  A n o th e r  s e t  o f  2 2  

a v era g es  w ere h ighest for M T  4 7 8 8  w ith 4 7 .4  selected  w ild a c ce ss io n s  a lo n g  w ith th ree con tro l 
g  t' 1 t' 1 fo llo w ed  by A C  2 0 0 4  with 3 2 .8  g  r 1 r \  c lo n e s  are  in the fourth y e a r  o f  g row th  in F E T  

w h ile  R R II  105 , P B  2 6 0  and R R IM  6 0 0  gave 2 0 1 3  at C E S . A m o ng the w ild accessio n s. A C  167
5 9 .2 ,  3 4 .9  and 3 7 .5  g  r 'r \  resp ectively . C lon al (3 0 .3  cm ) fo llow ed by A C  5 2 8 0  ( 2 6 .7  cm ) and
d ifferen ces for g irth w ere s tatistica lly  sign ifican t, 
w ith A C  2 0 0 4  record in g  the h ig h est girth (7 4 .4  

cm ), fo llo w ed  by the con tro l P B  2 6 0  (7 1 .3  cm ) 

and M T 4 3  (7 0 .7  cm ). V isu al a ssessm en t o f  A L F

R O  2 7 8 4  (2 4 .2  c m )  record ed  the h ig h est g irth as 

com p ared  to  th e  c h e c k  c lo n e  R R II  105  (2 1 .5  

c m ). A  s e t  o f  12 w ild  a c c e s s io n s  and  th re e  

co n tro ls w ere m o nitored  fo r  g row th in d ie  field—  . . . ,  u h /. » Mum ui v-uuuuia w f ic  n io n iio rea  to r  grow ui in th e  held

sh ow ed  th a t fiv e  w ild  a c c e ss io n s  in cludin g tw o conditions in a  further evaluation trial 2 0 1 4  at R R S , 
o f  th e  high y ie ld in g  o n es , had less than 2 0  per D apchari
cen t le a f  fall

In F E T  2 0 0 8 .  R O  2 8 4 6  (6 8 .7  cm ), A C  17 6

3.3. O n-farm  trials

i f f  » ,  -,nr. S e le c tio n s  from  F E T s  a re  s u b jected  to  m ulti
( 6 6 .4  c m )  and M l  2 0 0  ( 6 4 .8  cm ) recorded the r- .
, . . i , , r  , location  evalu ation  in O n -F arm  1 ria ls  (O F T )  lo r
n io h p c t  l l l r l h  111 Ih.k tian tll l/ o o r  rvf n rn ii .‘tK  r,;.h ig h e s t g irth  in th e  ten th  y e a r  o f  g ro w th  as 

com pared to the ch eck  clon e R R II 105  (55 .1  cm ).
co n firm atio n  o f  y ie ld  p oten tia l. T h e  first O F T , 

established  a t fiv e  lo ca tio n s  viz. B .C . C h eru v allyi . v_ m ciuvauy
A m o n g  th e  13 a c ce ss io n s  evaluated  in F E T  e s t a t e  in E r u m e ly .  M a la n k a r a  e s t a t e  in 

2 0 1 0  at C E S .  C h e th a c k a l, th ere  w e re  se v e n  Th od u p u zh a, M o o p ly  esta te  in T rissu r, C a licu t



e s ta te  in K o z h ik o d e  and B e th a n y  e s ta te  in 

K an yakum ari for e valuating the perform ance o f  

the three selected IR C A  c lones ( IR C A  130. IR C A

111. IR C A  1 09) and one w ild access io n  (A C  

166). is in the e igh th  y e a r  o f  grow th. G irth  o f  the 

c lo n es  w as recorded in all die five locations. At 

M ooply estate, am o ng the four test c lo n es, wild 

a cce ss io n  A C  166  recorded  the h ig h est g irth 

follow ed by IR C A  130. A m ong the ch eck  c lon es. 

R R II 4 3 0  and R R II 4 1 4  w ere superior to R R II 

105. Th e trees w ere opened for tapping. M onthly 

yield  recordin g w ill be started from  A ugust 2 0 18 

onw ards. A t M alan kara estate, am o ng the four 

test c lo n es, c lon e IR C A  111 recorded the h ighest 

g irth follow ed by IR C A  130. A m o n g the ch eck  

c lo n es , R R II 4 1 4  w as sup erior to R R II 4 3 0  and 

R R II 105 . Panel m arking w as d one and the trees 

w ill b e  opened for tapping during M a y  2 0 1 8 . Th e 

highest girth w as recorded in the c lon e A C  166 

IR C A  1 3 0 ,  fo llo w e d  by IR C A  111 and  as 

com pared to the ch eck  c lo n e  R R II 105 a l B C  

Cheruvally estate, Erum ely. At C alicut estate, also 

s im ila r  g row th trend  w as observed  for th ese 

c lo n es . T h e fifth  O F T  at B e th an y  esta te  w as 

severly  dam aged in the c y c le  o f  O ckhi.

4 . Screening for stress tolerance

4.1. Screening for biotic stress tolerance

In a  ‘hotspot’ trial at U lickal nurseiy. Iritty. a 

set o f  41 shortlisted w ild H e v e a  accessio n s along 

with tw o control c lon es w ere under evaluation 

fo r  c o n f i r m a t io n  o f  f ie ld  to l e r a n c e  to  
C u r y n e s p o r a  d isease.

4.2. Abiotic stress resistance

4.2.1. D rou ght to leran ce

In the clon al nursery o f  4 0  potential h a ll-  

Mbs o f  nine c lo n e s  at R R S , D apchari, 26  h a lf-sib  

p ro g en ies  frum eig h t p rc-p o tem  c lo n e s  w ere 

selected  on the basis o f  lest tap y ield  and groi-. th

under d rought s tress. T h e s e  se le c tio n s  w ill be 

advanced  to a large  sc a le  tr ia l ( L S T )  at R R S . 

D apchari fo r  d ev elop in g  d rought toleran t clon es. 

F o r  m u ltip lica tio n  o f t l ie s e  s e le c tio n s , a seed lin g  

nu rsery  w as ra ised  u sing  se e d s  b ro u g h t from  

K an y ak u m ari. In th e  c lo n a l n u rsery  at R R S , 

Padiyoor with 31 potential h a lf-sib s o f  eight clones, 

s ix  h a l f -s ib  p ro g e n ie s  fro m  th re e  p re -p o ten t 

c lo n es  w ere se le cted  o n  th e  b a sis  o f  test tap  yield  

and grow th under drought s tress. T h e se  selection s 

w ill be advanced  to  L S T .

In the fu rth er fie ld  ev a lu a tio n  o f  se le cted  

H e v e a  c lo n e s  at R R S . D ap ch ari in co llab o ra tio n  

with Botany D iv ision , grow th during the sum m er 

and peak period s o f  grow th in th e  3 4  se le cted  

H e v e a  c lon es planted in 2 0 0 7  c o m p ris in g  2 3  wild 

access io n s , fiv e  H P c lo n e s  and s ix  c h e c k  c lon es 

viz. R R II 4 3 0 ,  R R II 4 1 4 .  R R II  1 0 5 , R R I M  6 0 0 , 

R R II 2 0 8  and T ji r  1 w a s  a s s e s s e d .O u t o f  3 4  

c lo n e s  in th is  tr ia l, fo u r w ild  a c c e s s io n s  show ed 

girth sup erior to  d rought to leran t c lo n e  R R IM  

6 0 0 .  C ondu cted  test tap p ing  in tr e e s  w ith  girth 

4 0  cm  and ab o v e  at 6 0  cm  h e ig h t fro m  co lla r  

region to assess th eir y ield  p otentia l in p eak season 

and test tapp ing is b ein g  continu ed  in the sum m er 

se a so n  a ls o  in o rd e r  to  g e l  an  id e a  o n  y ie ld  

p erform an ce o f  th ese  a c c e s s io n s  under drought 

stress co n d itio n  b e fo re  s u b je c t in g  th e  tre e s  for 

op en in g  fo r  reg u lar  tap p in g . A rou nd  2 0 0  O P 

seed s w ere c o lle c te d  fro m  th is  fie ld  tr ia l and 

raised  a seed lin g  nursery. I he  gro w th  an d  yield  

p erform an ce o f  th ese  seed lin g s  w ill b e  studied 

for s e le c tin g  potentia l re co m b in a n ts  o f  w ild  and 
W ickh am  clo n es.

135 w ild germ p lasm  a c c e s s io n s  p lan ted  in 

2 0 0 3  at R R S , D ap ch ari fo r  fie ld  sc r e e n in g  w ere 

sub jected  to  test tapp ing in peak seaso n  and being 

continu ed  in cu rren t su m m er seaso n  a lso  in order 

to a ssess th eir y ield  potential a fte r  14 y ears under



drought stress. Selections will be advanced to 
large scale trial at drought prone region.

4.2.2. C o ld  to le ra n c e

I lig h est girth w as recorded in R O  2 9 0 2 . M T  

9 2 3  and M T  5 1 0 5  as com p ared  to  the ch eck  

c lo n e s  S C A T C  93/ 114 and R R IM  6 0 0  in T ria l 1. 

w hile access io n  R O  2 7 2 7 ,  M T 9 1 5 and R O  3 1 9 7  

record ed  the h ighest girth com pared  to that o f  

the co n tro ls  Mai ken I and R R IM  6 0 0  in T rial 2 . 

I h e s e  s ix ty  fo u r w ild  H e v e a  a c c e s s io n s  are 

under ev alu ation  fo r  co ld  stress in tw o tr ia ls  at 

R eg io n a l E x p erim en t Station , N agrakata , W est 
B en g a l.

5 . Screening for lim ber characteristics

5.1. Field screening

T w en ty  f iv e  gen oty p es w ere evaluated  for 

ann ual girth and bran ch in g  height in a lim b er 

ev a lu atio n  tria l at R R S , Padiyoor. M T 9 4 I .  M T  

10 3 2  and A C  6 5 0  record ed  the h ig h est girth and 

tim b er potential as com pared  to the control clon e 

R R II 118.

6. Utilisation of H evea  germplasm

6.1. Hand pollination programmes

A t C E S , C h eth a ck a l, s ix  prom ising  hybrids 

fro m  th e  2 0 0 9  hand p o ll in a t io n  p ro g ram m e 

in volving three w ild a ccess io n s  and six  cultivated

W ick h am  c lo n e s , w ere m u ltip lied  fo r  furth er 

e v a lu a t io n . A t R R S ,  P a d iy o o r, 2 9 ‘ se e d l in g  

progen ies d erived  from  tw o cro ss  co m bin atio n s 

in 2 0 0 9 , a lon g with 2 5  O P  seed lin gs o f  R R II 105, 

are under evalu ation  in a  seed lin g  nursery. Out 

o f  10 hybrid  p ro g en ies o f  parental com bin atio n  

R R II 105 x  A C  6 7 5 ,  fou r h ybrid s and am o ng 19 

hybrid  progen ies o f  p arental co m bin atio n  R R II 

105 x  R O  3 6 8 ,  ten hybrid s w ere found to  be 

prom isin g  on the b asis  o f  test tap y ie ld  and w ere 

multiplied along w ith five prom ising O P  seedlings. 

A  bud w ood n u rsery  o f  th e se  s e le c tio n s  w as 

ra ised  at R R I I  m ain  c a m p u s  w h ich  w ill be 

advanced  to  a c lo n a l nu rsery  evalu ation .

A t R R II , the seed lin g  nu rsery o f  th e  2 0 1 3  

W  x  A  H P in vo lv in g  tw o c ro ss  co m bin atio n s was 

cu t b a ck  fo r  bud w ood  g e n e ra t io n . N u rsery  

evalu ation  w as com p leted . O f  th e  3 6  seed lin g s 

testtap p ed . 8 and 11 a c c e s s io n s  w ere  fin a lly  

se lected  fo r  fu rth er ev alu ation  in F E T  and C N , 

resp ectively  based  on test tap  y ie ld  lev els . In I IP  

2 0 1 4 .  g row th and y ie ld  w ere  m o n ito red  in the 

2 5  p r o g e n ie s  o f  th e  th re e  s u r v iv in g  W  x  A 

c o m b in a tio n s  (T a b le  G e r m .2 ) .  S i x  an d  f iv e  

a c c e s s io n s  w e re  s e le c te d  fo r  F E T  an d  C N  

ev alu ation , resp ectively . P ro g en ies o f  A C  4 8 3 3  

had the h ighest p roportion o f  high y ie ld ers as well 

as the h ighest m ean y ie ld .

Table Germ. 2. Performance of HP20J4 VV x A progeny in the 3"1 year ofgrowth

A C  4 8 3 3  x  R R II 105 R R II 105 x  M T  182 R R II 105 x  M T  4 7 8 8
G irth  (c m ) T T Y  2 (g  f t 1) G irth  (c m ) T T Y 2 (g  r 1 i: ')  G irth  (c m ) T T Y  2  (g  r '

N u m ber 8 8 3 3 14 12
A v erag e 19.5 4 .0 19.3 0 .6 16.8 1.0
M in 13 0 .4 15 0 .4 8 0 .2
M a x 27 6 .0 27 0 .7 2 2 .5 2 .0
S D 4 .0 2 .0 5.4 0 .2 4 .0 0 .6



T h e  p e r fo rm a n c e  o f  th e  149  su rv iv in g  

in tersp ecific  progenies o f  H P 2 0 1 3  and 2 0 1 4  are 

reported in the next section .

In d ie 2 0 1 6  HP, o f  the 100 W xA  hybrids 

planted in the seed lin g  nursery, 74  survived in 

the first y ear  o f  grow th. G irth ranged from  3 -1 0  

cm  o f  the three W xA  com binatio ns, p rogenies o f  

the cro ss with d ie O id iu m  tolerant parent RO  

2 871  show ed the h ig h est v igour and survival 

percen tage.

6.2. Open pollinated progeny evaluation

A total o f  4 8 2  open pollinated seed s w ere 

co lle cted  from  the further evaluation tria ls  F E T s  

2 0 0 3  and 2 0 0 5 .  w hich com prised  prelim inary 

selection s from  d ie w ild germ plasm , interspersed 

with high y ield ing W ickham  con tro l c lon es and 

planted fo r  evaluation in a seed lin g  nursery.

6.3. Phenotyping of mapping population for Q T L

identification

T h e total num ber o f  seed lings planted in the 

nu rsery from  a ll the in tersp ecific  R R II 105  x  

F  4 5 4 2  H P program s (H P  2 0 0 9 . 2 0 10 ,2 0 1 3  and 

2 0 1 4 )  w as 3 0 6 .  o f  w hich 2 5 5  are now  surviving. 

86  progenies o f  HP 2 0 0 9  w ere phenotyped for 

l e a f  p u b escen ce  as th e  parents show  extrem e 

phenotypes. N o transgressive segregation  w as 

seen . Progen y tended to resem ble fem ale  parent 

R R II 105 with scanty  p u bescen ce, in d icative o f  

m aternal inheritance, ep istatsis o r  recessive gene

actio n  g ov ern in g  th e  tra it. L e a f  sam p les were 

collected  from H P  2 0 1 3  and 2 0 1 4  for phenotyping 

for d isease  to le ra n ce  for Q T L  a n a ly sis  (results 

reported e lse w h ere). H P 2 0 1 3  w as cu t b ack  as 

nursery ph en oty p in g  w as c o m p le te . G row th  and 

ju v e n i le  y ie ld  o f  th e  H P  2 0 1 4  in te r s p e c if ic  

progenies w as m o nitored  (T a b le  G erm . 3 ) .  In HP 

2 0 1 3 ,  o f  the 6 2  seed lin g s  testtap p ed  5 and 14 

w ere se lected  resp ectiv e ly  fo r  fu rth er  evaluation  

in F E  f  and CN  based on tlieir  testtap  y ield  levels. 

In the 7 4  tap p able  se e d lin g s  o f  th e  F1P 2 0 1 4  

population, in th e  secon d  round o f  testtapp ing, 10 

progen ies had yield  ran g in g  fro m  3 .0 -7 .4  g  f ' t 1, 

w h ile  13 p ro g en ies had y ie ld  ran g in g  from  1.5 -

3 .0  g f 1 t 'in  the third y e a r  o f  grow  th.

Table Germ. 3. Juven ile p erform ance o f  interspe­
cific hybrids in H P 2 014

G irth  (c m ) T T Y 2  ( g f  f>)

N um ber 79 7 2

A v erag e 19.1 1.4

Minimum 8 .5 0 .0

M axim um 2 8 .0 7 .4

S D 4 .6 1.3

7. O ther studies

7 . 1 .Studies on a ltern ative sou ice s  o f  nat u ral 
rubber yielding plants

C ea ra  ru b be r (M a n ih o l  g l a z i o v i i ) -  Seven  

germ plasm  access io n s  from  P a lakkad  R eg io n  and 

fo u r  p lan ts  m u ltip lie d  th ro u g h  s te m  cu ttin g  

collected from  V aikom  region are  b eing  conserved.



ADVANCED C E N T R E  FO R  M O LEC U L A R  B IO L O G Y  AND BIO TEC H N O LO G Y  
(A C M B B )

I he A dvanced C entre for M olecu lar B io lo g y  research . T h e  A C M B B  co n d u cts  re se a rc h  on 
and B io tech n o lo g y  (A C M B B ) set up during th e  various p ro jects  w hich  in cludes stu d ies on the 

X I th P la n  p eriod  is a fu n ctio n a l groupin g  o f  m olecular basis o f  gen etic  im provem ent o f  natural 

s c ie n tis ts  w o ik in g  in th e  areas  o f  M o le cu la r  rubber trees and b io te ch n o lo g ica l in terventio ns 

B io lo g y , B io t e c h n o lo g y , G e n o m e  A n a ly s is ,  for developing G enetically  M odified (G M ) rubber. 

M o le cu la r  P h y sio lo g y  and M o le cu lar  P athology. Stu d ies a t A C M B B  w ould help  to  speed  up crop 

I h is  w as m a in ly  d on e to  fu n ctio n a lly  m e rg e im provem ent, a id in g in d ev elo p in g  new  high- 

d iffe ie n t la b s  w o rk in g  in s im ilar  a reas fo r  b etter y ie ld in g , c lim ate  resilien t and d isease  to leran t 
e f f ic ie n c y  and sa v in g  o f  r e so u rce s . A C M B B  c lo n e s  faster, 

to g eth er  co n stitu tes  about 15 per cen t o f  R R II

I. B IO TEC H N O LO G Y  DIVISIO N

T h e  m ain  fo cu s  o f  the research  a c tiv itie s  

in the B io tech n o lo g y  D iv ision  was on d eveloping 

H e v e a  t r a n s g e n ic s  in te g r a te d  w ith  g e n e s  

h a r b o u r in g  d e s i r a b le  t r a i t s .  G e n e t ic  

tran sfo rm atio n  ex p erim en ts w ere fin e  tuned fo r  

p r o d u c in g  tr a n s g e n ic s  w ith  m u lt ip le  g e n e  

in tegration  a s  w ell as tran sg en ic p lan ts having 

en h an ced  b io tic  and ab io tic  stress to leran ce  and 

im proved la tex  y ie ld . D evelopm ent o f  an tib iotic 

m ark er free  tra n sg e n ics  is now  a priority  area 

sin ce  th is  cou ld  bypass m a jo r  b iosafety  c o n cern s 

reg a rd in g  th e  co m m e r c ia l cu ltiv a tio n  o f  G M  

p lan ts .O th er  resea rch  program m es carried  out 

in th e  d iv is io n  a r e : s o m a tic  e m b r y o g e n e s is  

sy stem s from  d ifferen t e lite  H e v e a  c lo n e s , in  

v ilru  r eg en era tio n  o f  ploidy variant plants and in  

v itro  ap p ro ach es to co m p lem en t con v en tion al 

breed in g  program m es.

1. Development of transgenic plants 
1.1. Gcnetic transformation of Hevea brasiliensis

for stress tolcrancc

A g r o b a c t e r i u m  m e d ia te d  g e n e t ic  

tran sfo rm ation  e x p erim en ts w as carried  out with

H b M n S O D  g en e con stru ct u sing  e m bry o g en ic  

ca lli derived from  anther, o vu le  and le a f  explants 

o f  R R II 105. Sev era l an tib io tic  resistan t c e ll lines 

th at em erged  from  th e in fec ted  ta rg et tissu es  

w ere se lected  a fter  p erfo rm in g  G U S  a ssay  and 

th e  c e ll  lin e s  w ere p ro life ra te d  and tr ied  fo r  

em bryo  in d u ction .T h e tran sg e n ic  lin es ob tain ed  

last y ear  failed  to  p roduce em bry o s and th ere fo re  

a tte m p ts  w e r e  a ls o  m a d e  to  d e v e lo p  n e w  

tr a n s g e n ic  lin e s  in te g r a te d  w ith  tw o  g e n e s  

n am ely  h m g r  1 and  M n S O D . T ra n s fo rm a tio n  

e x p e rim e n t w as d o n e  w ith  th e  H b S O D  g e n e  

con stru ct u sing  h m g r l  tran sg e n ic  c e ll  lin e  a s  the 

in itia l ex p lan t. T h e  n ew  tr a n sg e n ic  c e ll lin es 

e m e r g in g  in  th e  s e le c t io n  m e d iu m  w e r e  

t r a n s f e r r e d  f o r  p r o l i f e r a t io n .  G e n e t i c  

transform ation w ork w ith tw o high y ield ing clo n es 

R R II  4 1 4  and R R II 4 3 0  w as a lso  in itiated  for 

increasing ab iotic stress toleran ce. A g r o b a c te r iu m  

m ediated  g e n e tic  tran sfo rm ation  w as c arried  out 

w ith p ro life ra ted  fr ia b le  ca llu s  o b ta in ed  fro m  

im m atu re a nthers fo r  in corp oration  o f  S - 6 -P D H  

and S O D  gen es. V iab le  tissu es  ob ta in ed  a fter



bacteria l in fection  w ere selected  and cultured on 

s e le c t io n  m e d iu m  f o r  th e  p r o d u c t io n  o f 

transform ed ce ll lines.

/. /. /. Confined f ie ld  trial o f  MnSOD transgenic 
plants at RRS Guwahati

A s an in itial step tow ards the confined  field 

tr ia l o f  th e  tr a n s g e n ic  p la n ts , th e  M n S O D  

T ran sg en ic l in es L ,an d  L , w ere m ultip lied along 

w ith Hie con tro l and ch eck  c lo n es, transported to 

R R S . G uw ahati and m aintained  in poly bags.

1.2. G enetic transform ation o f H ev ea  brasilien sis
for yield enhancement

1.2.1. Genetic transformation with the hmgr/g<?//«?

T ran sg en ic p lan ts in tegrated  w ith h m g r  I 

w ere developed and hardened earlier. D N A  w as 

extracted  from  th e leav es o f  th ese  plants. P C R  

an a ly sis  w as carried  out to m o n ito r  the p resence 

o f  the in teg ra ted  h m g r  1 g e n e  in th e  p lan ts. 

P o sitiv e  am p lification  fo r  the h m g r  1 transgene 

w as observed  in tw enty out o f  3 6  plants tested 

and 13 plants w ere h p t  positive. Plants attained 

the girth o f  15 to  2 0  cm  w ere tapped and the 

ru bber y ield  w as recorded  under con tain m en t 

facility . T h e  transgenic plants show ed a range o f  

latex yield . Som e G M  plants produced m ore latex 

th a n  th e  c o n t r o l  p lan t in d ic a t in g  p o s s ib le  

r e g u la to ry  r o le  o f  h m g r\  g e n e  in th e  la te x  
b iosyn th etic  pathway.

fran sg en ic c e ll lines w ere produced from 

th e  e m b r y o g e n ic  c a l lu s  d e r iv e d  fro m  th e  

in tegum ent tissue. K m biyogen esis w as achieved  

from four transgenic cell lines. T h e em bryos w ere 

s e p a ra te d  and c u ltu red  fo r  m a tu ra tio n  and 

g e r m in a t io n . T w e n ty  f iv e  p la n t ie t s  w e re  

developed in  v itro  from four d ifferen t transgenic 

c e l l  lin e s  (F ig .B io t e c h .  1). P la n t ie ts  w ere  

transferred for hardening. Four m ore ce ll lines 

w ere m ade em biyogenic and cultured for em bryo 
induction.,

Fig. Biotech. 1. P lantiets developed in vitro

1.3. G enetic transform ation with osm otin gene

Agrobacterium  in fe c tio n s  w ere  carricd  out 

w ith  c lo n a l a s  w e ll a s  z y g o t ic  e x p la n ts  for 

d eveloping n ew  tran sgen ic ev en ts in tegrated with 

osm otin  gen e . A  few  tra n sg e n ic  lin es  co u ld  be 

d e v e lo p e d  a n d  w e r e  p r o l i f e r a t e d .  M a tu re  

e m b r y o s  w e r e  t r a n s f e r r e d  to  n e w  m e d ia  

c o m b in a tio n s  fo r  im p ro v in g  th e  reg en era tio n  

p e r c e n ta g e  a s  w e ll a s  h a r d e n in g . A b o u t 10 

tran sg en ic p lan ts w ere  reg en era ted  in the new  

m edia com bination , and transferred for hardening. 

O ut o f  them , three p lants survived the in itial phase 

o f  h ard en in g  and  su rv iv ed  fo r  th re e  m o n th s. 

H o w e v e r ,t h e y  f a i le d  to  d e v e lo p  fu r th e r .  

E xp erim en ts are co n tin u in g  fo r  d e v e lo p in g  new 
plants.

F o r  the ev alu ation  o f  d rou gh t to le ra n c e  in 

the alread y  d ev e lo p e d  G M  p lan ts , m e m b ran e 

stability  w as assessed  using the standard protocol. 

I he m em bran e sta b ility  w as co m p a red  b etw een 

tran sg en ic and co n tro l p la in s .T ra n sg e n ic  plants 

show ed better m e m b ran e sta b ility , co m p ared  to 

co n tro l, w hich  is an in d ica tio n  o f  the p ositive  

e x p r e s s io n  o f  in s e r te d  g e n e  to w a r d s  s tre s s  

to le ra n ce .D N A  iso la tio n  and  P C R  w ith  gen e 

sp ecific  p rim ers w ere carried  out and all the p lants 
tested w ere P C R  p o sitiv e .



1.4. G enetic transform ation o f 11 even  with ipt gene

I he p lan t reg en era tio n  sy stem  fro n t le a f  

e x p la n t s  w a s  u t i l iz e d  fo r  A g r o h a  b lu  r  i  inn  

m ediated g enetic transform ation for incorporation 

o f  iso -p e n te n y  I tr a n s fe ra se  ( ip t )  gen e . T iss u e  
in fectio n  w ere carried  out th rice  with ip t  gene 

u s in g  p r o life r a te d  fr ia b le  fr e sh  c a llu s  and 

em b ry o g en ic  c a llu s  obtain ed  from  le a f  exp lains 
o f  c lo n e  R R II 105 and R R II 4 1 4  as target tissues. 

B a c te r ia l o v erg ro w th  in in fected  tis su e s  w as 

prevented  b y  routine subculture in fresh selection 

m e d iu m  e v e r y  m o n th . S e v e r a l  p u ta t iv e ly  

tra n sg e n ic  lin es w ere obtain ed . Few  lin es from  

th e se  w ere  p ro life ra te d  and so m a tic  em bry o  

in d uction  obtain ed  from  tw o lines incorporated 
with ip t  gen e,

1.5. Development o f antibiotic m arker-free
transgenic H ev ea  plants

1 .5 .1. S y n th es is  o f  a  b in ary  v ec to r  (P ,\S 15) 
h a r b o u r in g  osm otin  g e n e

F o r  d e v e lo p in g  m a rk e r  free  tra n sg e n ics . 

attem p ts w ere  in itia ted  for sy n th esiz in g  a new  

gen e co n stru ct ( P N S 15) contain ing  o sm otin gene 

in P N S 14 v ecto r  w ith  m arker free tech nology. 

Plasm id  D N A  w as isolated from  E .c o l i  ce lls  with 

osm otin  g en e using standard protocol. R estriction 

s ite s :  M lu  I and N o t  I w ere  in tro d u ced  in the 

flan king regions o f  the osm otin g ene through PC R  

am p lifica tio n  and the am p licon  w as g el purified. 

P N S  14 p lasm id  D N A  w as a lso  iso la ted  for 

c lo n in g  o f  o sm o tin  gen e in the sam e restrictio n  

sites  p resent in the vector.

1.5.2. D ev e lo p m en t o f  a n tib io t ic  m u rk e r - fr e e  
tr a n sg en ic  H ev ea  b ra s ilien s is  p lan ts

O n e ev en t from  the previous transform ation 

e x p e r im e n ts ,  u s in g  P N S  15 g e n e  c o n s tr u c t 

harb o u rin g  S O D  g en e w as pro liferated . D N A  

w as iso la ted  from  th e p ro lifera ted  ca llu s  and 

su b jected  to  P C R  using S O D  sp e c ific  and m arker 

s p e c i f i c  p r im e r s .  H o w e v e r ,  n o  p o s i t iv e

am p lification w as obtained with the gen e sp ecific  

and m a rk e r  s p e c i f i c  p r im e rs . T h e  lin e  w as 

assu m ed to be a fa lse  positiv e  and discarded .

2. Propagation o f H evea  elite clones
2.1. Som atic em bryogenesis from im m ature

an th er o f  R R II 400  series clones

In H e v e a , so m atic  e m bry o g en esis  is strictly  

g en otyp e-d ep end ent and thus it is n ece ssa ry  to 

o p tim ize  the system  fo r  ea ch  c lo n e  for further 

u t i l iz a t io n  in t r a n s f o r m a t io n .  S o m a t ic  

e m bry o g en esis  from  im m atu re an th ers o f  4 0 0  

series c lon es w as in itialed . C a llu s  induction from  

im m ature anthers o f 4 0 0  series c lo n e s  ( R R I 1 4 1 4 , 

R R II 4 1 7 ,  R R II 4 2 2  &  R R II 4 3 0 )  w as a ttem pted. 

E x p e r im e n ts  o n  th e  e f f e c t  o f  B A  o n  c a llu s  

induction w ere repealed  and four co n cen tra tio n s 

. o f  B A  (0 .5 ,  1 .0 , 2 .0 .  3 .0  m g L '1) w as tested . 

In clu sio n  o f  B A  show ed a p o sitiv e  resp on se on 

callu s in duction . A t a ll fou r co m b in a tio n s  tried , 

100 p er cen t c a llu s  in d u ctio n  e f f ic ie n c y  w as 

obtain ed , but ca llu s grow th w a s  v ary in g . From  

the e x p erim en t, 2 .0  m g L ' 1 B A  w as id en tified  as 

the optim um  and th is co m bin atio n  w as used for 

in ducing ca llu s  for o th er c lo n e s  viz . R R I I  4 1 7 , 

R R II  4 2 2 ,  R R II 4 3 0 .  P ro life ra te d  c a llu s  w as 

m ade friab le and cultured for em bry o g en ic  ca llu s 
production.

W hite co ty led on ary  em bry o s  induced  from  

the e a rlie r  e x p erim en ts fo r  c lo n e  R R II 4 1 4  w ere 

separated and cu ltured  for m aturation . M atured 

em bry o s w ere  g erm in ated  and  tran sferred  fo r  

full plant develop m en t. W ell rooted  p lan ts w ere 

tran sp lan te d  fo r  h a rd e n in g  in to  e a r th e n  p ots 

co n ta in in g  p ottin g m ixtu re . D u rin g  hard en in g , 

healthy p lan ts survived  and p lan ts e stab lish ed  in 
b ig  p oly b ag s w ere g ro w in g  w ell.

2 . 1. 1. H ard en in g  a n d  a cc lim a tiz a t io n  o f  so m a t ic  
d er iv ed  p lan ts

S in c e  h ard en in g  o f  in  v it r o  p lan ts is still 

d ifficu lt in H ev ea . som atic  p lants w ere d eveloped



with c lo n e  R R II 105. S o m atic  e m bryo induction 

was obtained from  callu s induced in im m ature 

anthers. C oty led on ary  em bry o s a fte r  em bryo  

m aturation w ere transferred for germ ination and 

further for full plant developm ent . A  large number 

o f  p la n ts  w ere  re g e n e r a te d . F o r  im p ro v in g  

h ard en in g , d iffe r e n t m eth od s w ere ad opted . 

D iffere n t p ottin g m ixtu res like , autoclaved  sand 

and s o il, sand, soil and cow  dung and non-sterile 

potting m ixtu res w ere tried . D iffere n t potting 

vessel like , earthen pots, p o lybags, sm all cups 

w ere a lso tried. Experim ents on inclusion o f  P E G  

vary in g  agar co n ce n tra tio n s w ere a lso  tested. 

H ardening o f  plant under in  v itro  cond ition  was 

a lso  attem pted by slightly  lifting the cotton plugs 

and fin ally  fu ll rem oval o f  plugs f o r  tw o w eeks. 

G ood  plant recov ery  as w ell as healthy plants 

w as regenerated in m edium  w ith 3 .0  m g L ' 1 agar. 

W ith the inclusion o f  PEG  in germ ination medium, 

healthy plants w ere obtained. In  v itro  hardening 

o fp la n tie ts  enhanced su rvival. C om pared with 

polybags, plants survived better in earthen pots. 

In a ll experim ents, plant survival w as m ore in 

the in itial phase and after th ree w eeks, leav es 

gradually got dried up. M ore experim ents are 

needed in this direction and experim ents are being 
continued.

2.2. Somatic embryogenesis from leaf explains

S o m atic  em bry o g en esis  from  le a f  explants 
o f  c lo n e  R R II 105 and 4 0 0  series c lo n es  was 

attem pted front cultures initiated during the year. 

C a llu s w as induced in explants co lle cted  from 

g lass house grown bud grafted plants as w ell as 

from  in  v itro  developed som atic  plants. C allu s 

proliferation w as attempted in earlier standardized 

m edium  by repealed subculture. S ilv e r  nitrate/ 

p icloram  was a lso  supplem ented in the m edium  

for proliferation . S ilver nitrate (1  nig  L '1) and 

picloram (3  m g L “ ) helped in texture improvement 
and friable ca llu s form ation .

In  a n o th e r  e x p e r im e n t ,  th e  e f f e c t  o f  2 - 

c h l o r o e t h y l  p h o s p h o n ic  a c id  ( C E P A )  on 

em bryogen ic ca llu s  induction w as studied. Here, 

enh anced  cytok in in  ( 2 'ip/BA ) a lo n g  w ith  auxins 

w as added  to th e  c a llu s  in d u c tio n  m e d iu m . 

C om p act ca llu s  obtain ed  w as m ain ta in ed  in the 

sam e m edium  fo r  tw o to  th ree  m o n th s. C allu s 

p ro lifera tio n  m ed ium  w as su p p lem en ted  with 

d iffe r e n t c o n c e n tr a t io n s  ( 0 - 5  m g  L 1) o f  an 

eth y len e inducer, 2 -ch Io ro  e th y l p h o sp h on ic acid 

(C E P A ). T h e  co m p act c a llu s  w hen transferred  

to m edium  w ith C E P A  (2 m g  L '1) ,  em b ry o g en ic  

callu s induction w as o b tain ed  a fte r  o n e  m onth , in 

c lo n es  R R II 105 and R R II 4 1 4 .  S o m a tic  em bry o  

induction from the proliferated e m bry og en ic callus 

w as obtain ed  in e a r lie r  stan d ard ized  m edium . 

E m b r y o s  a f te r  in i t ia l  o n e  w e e k  c u lt u r e  in 

m a tu r a tio n  m e d iu m  g e r m in a te d  a f t e r  s lo w  

d esicca tio n . D esicca ted  e m b ry o s  en larg ed  w ith 

s im u lt a n e o u s  g e r m in a t io n .  I n  v i t r o  p la n t 

regeneration w as obtained  in ea rlie r  standardized 

medium.

E x p erim en ts w ere co n tin u ed  w ith  m edium  

m od ificatio ns and d ifferen t cu ltu re  c o n d itio n s for 

d irect em bry o  in duction . C u ltu res w ere  in itiated  

w ith le a f  e x p lan ts from  in  v in  o  cu ltu re s  in M S. 

W P M  and C h u N 6  m ed iu m  a f te r  a u x in  sh ock  

p r e t r e a tm e n t .  G lo b u la r  s t r u c t u r e s  and  

p roem bryos w ere induced in 'A M S  and  C h u N 6 

basal m edium  co n ta in in g  p iclo ram / silver nitrate 

in p resen ce  o f  p h y to h o rm o n es B A / T D Z . A u xin  

s h o c k  p r e tr e a tm e n t tr ig g e r e d  s w e l l in g  and 

fo r m a tio n  o f  g lo b u la r  s t r u c t u r e s .  E th y le n e  

inhibitors such as s ilv er  n itrate and a m in o  e th oxy  

v iny! g ly cin e  (A V G ) w ere tried fo r  p ro em b ry o  to 

em bryo  co n v ersio n . In p re se n ce  o f  A V G / silver  

n itrate (1  m g L 1) s iz e  in crem en t o f  th e  em bry o s 

w as o b serv ed  th e se  are  tr ied  fo r  m atu ra tio n . 

E xp erim ents are b ein g  continu ed  f o r  th e ir  further 
developm ent.



2 .2 .1 E ffect ojuiitUgiherrelins on in vitro 
developed  roots

E xp erim en ts in ind u cing  adventitious root 
both in vitro and ex vitro in cultured sh oots w ere 

rep eated . C u ltu res w ere  in itiated  w ith zy g o tic  

em bryos, axillary  buds, sh oot tips o f  seedlings and 
c lo n e s  w ere cultured . B oth  \n vitro and ex vitro 
rootin g  ol seedling/clonal shoots w ere attem pted. 

R o o ted  p lants and in vitro regenerated  som atic  

p lan ts w e ie  cultured  in m edium  supplem ented 

w ith p aclobu trazo l. In presence o fp aclo b u trazo l, 

the p lan ts e x h ib ite d  sh o o t d w arfin g  and root 
th ick en in g  a lon g  w ith branching.

3 .  I n  v itr o  a p p r o a c h e s  to  c o m p le m e n t

c o n v e n tio n a l  b r e e d in g  p r o g ra m m e s

3 . 1. G ynogenic haploids in Hevea brasiliensis

1 h e  e m b r y o g e n ic  c a llu s  and  e m b r y o s  

o b ta in e d  fr o m  th e  e m b r y o  s a c  c e i ls  o f  th e  

un fertilized  o v u le s w as su b  cultured for em bryo  

in d u ctio n , m atu ration  and p lan t regen eratio n . 

F ifteen  p lan tiets  w ere developed  in vitro from 

th e  e m b r y o  s a c  c a l lu s .  T h e  p la n tie ts  w e r e  

tra n s fe rre d  to  sm a ll p o ly b a g s for h ard en in g . 

C y to lo g ica l in vestig a tio n s w ere d one in selected  

p lan ts w hich  co n firm ed  the haploid nature o f  the 
plants.

E m b ry o  s ac  d erived  c a lli o f  c lo n es  R R II 105 

and R R II 4 1 4 ,  gen erated  in the previous year, 

w e r e  p r o l i f e r a t e d  a f t e r  w h ic h  th e y  w e r e  

tr a n s f e r r e d  to  e m b r y o  in d u c t io n  m e d ia . 

E m b ry o g en ic  ca llu s  cou ld  b e  induced in clon e 

R R I I  4 1 4  w h ic h  la te r  g a v e  r is e  to  s e v e r a l 

e m b r y o s .  In R R I I  105  e m b r y o g e n e s is  w as 

ach iev e d  at a low  frequ en cy . T h ese  em bryos 

w ere sub cu ltu red  to  m aturation m edium . Som e 

o f  the m atured  e m b ry o s o f  th e  c lo n e  R R II 4 1 4  

are in th e  g erm in atio n  phase.

E m b r y o  s a c  ex p la n ts  cu ltu red  fo r  d irect 

e m b ry o  in d u ctio n  did not resp ond  p o sitiv ely ,

instead they all dried u p .Iso lation  and cultu ring  
o f  em bryo  sacs o f  all the fou r c lo n e s  R R II  105 , 

R R II 4 1 4 .  RRH  4 3 0  and R R II 4 2 2  in the ca llu s 

in duction m edium  w as carried  out du ring  the 

flow erin g  seaso n in the reporting period. N ew  

m ed ia  co m bin atio n s  for d irect em bry o g en esis  
w ere a lso  attem pted and the results are aw aited.

3 .2 . Development o f polyploids

F resh  em b ry o g en ic  c a llu s  em erg in g  from  
co lc h ic in e  treated ca llu s  o f  c lo n e  R R II 105 w ere 

proliferated  and transferred  to  e m bry o  induction 

m edium . E m b ry o g en esis  from  th ese cu ltu res is 

aw aited. In an earlier standardisation experim ent, 

ca lli derived from zygotic  ex p lain  w ere su b jected  

to co lch ic in e  treatm ent and w ere m aintained  by 

sub culturing to appropriate m ed ia  com binatio ns. 

E m bryo  induction and m aturation  fo llo w ed  by 

em bryo  g erm in ation  cou ld  be o b tain ed .M an y o f  

the germ in atin g  em bry o s have been  transferred  

to  the plant regeneration  m ed iu m . R egen erated  

plan tiets are now  in the a cc lim a tisa tio n  phase.

4 . In  v itro  s c r e e n in g  fo r  d r o u g h t to le r a n c e

A n  in vitro m e th o d  w a s  a tte m p te d  fo r  

screening o t  drought toleran t c lo n es .T h re e  c lo n es  

R R II 4 3 0 ,  R R II 4 1 4  and R R II 105 w ere se lected  

for the study and P E G  -6 0 0 0  w as used to c re a te  

in vitro w ater s tress at f iv e  co n ce n tra tio n s  ( 0 , 5 ,

10. 15 and 2 0 % ).  A  liquid P E G  sup plem en ted  

m edium  w as used. P ro life ra te d  c a llu s  induced 

from  im m ature anthers o f  th ree c lo n e s  w as used. 

F o r  R R II 4 1 4 .  p roliferated  ca llu s  w as cu ltured  in 

liquid P E G  m edium  fo r  five d ifferen t in cubation  

periods (Oh. 111. 2h . 3 h  &  4 h ). A fte r  each  tim e 

p e r io d , c a l lu s  c lu m p s  w e r e  c u l t u r e d  o n  

pro liferation  m edium  fo r  fu rth er c a llu s  grow th. 

E ach  treatm ent co n sisted  o f  fiv e  rep lica tio n s and 

the exp erim en t w as repeated  tw ice  and resu lts 

are aw aited . F o r  the o th er  tw o c lo n e s . R R II  105 

and R R II 4 3 0 ,  ca llu s  p ro life ra tio n  is attem pted  

and the ex p erim en ts are continu ed .



5 . I n  v itro  sc r e e n in g  o f  r u b b e r  c lo n es  
a g a in s t  C o r y n e s p o r a  p a th o g en

5.1. Standardization work on Corynespora leaf fall 
disease in Hevea brasiliensis

C lo n e s  s u s c e p t ib le  an d  to le r a n t  to  
C o r y n e s p o r a  c a s s i i c o l a  w ere  id en tified  and 

four prom inent clon es w ere selected  and included 
in each group for further s tu d }.

5.2. Measurement of chitinase activ ity

C h itin ase  ac tiv ity  in H e v e a  leav es under 

norm al condition s w as assayed  using the leaves 

from  fie ld  grow n  c lo n e s  b e lo n g in g  to  both 

su scep tib le and tolerant groups. In order to study 

die im pact o f  C o r y n e s p o r a  in fection  on chitinase 

activ ity  in H e v e a , leaves o f  the plants belon ging 
to  the se lected  c lo n e s  m entio ned  ab ov e w ere 

exp osed to casss iico lin  tox in  for 12 hrs and the 

induced ch itin ase  activ ity  w as m easured. Under 

norm al conditions, c lones belonging to each group 

sh ow ed  c o n s id e ra b le  d iffe r e n c e  in c h itin a s e  
activity and tolerant clon es had m ore activity than 

die susceptible ones. Upon exposure to cassiicolin , 

there w as sign ificant increase in chitinase activity 
in th e  to le r a n t  c lo n e s  a s  c o m p a re d  to  th e  
su scep tib le  ones.

5.3. Identification of chitinase gene from Hevea 
brasiliensis

Genomic D N A  was isolated from R R U  105 I
using C T A B  m ethod. C h itin ase  g en e sp ecific  

prim ers w ere designed based on the av ailab le 

m R N A  s e q u e n c e s  w ith  a c c e s s io n  n u m b ers 
A JO 10 3 9 7 .1 ,  D Q 8 7 3 8 8 9 .2  &  A J 0 0 7 7 0 1.1 

Forw ard prim er F  -

5 C T T G C A A T A A T G G C C A A A A G  3
R ev erse  prim er R  -  j

5 G G G T G C A C C G A A T A A T r rC T  3 '

P C R  am plification o fth c  full-length chitinase ' 
gene w as earned  out using the designed prim ers 

An flm pltcon o f  4  I k b  size (F ig , B io te c !, i ) w as 
obtained.

ig.Biotech.2. PCR amplification of 
chitinase gene

Lane I -  DNA marker; Lane2- PCR 
amplified product

In order to c o n firm  th e  id en tity  o fa m p lico n . 

it w as purified from  the agarose  gel using Q IA E X

II gel ex tractio n  k it and c lo n ed  in to  p G E M -T  

E asy  vector. A fte r  lig a tio n , th e  p rod u cts w ere 

transform ed into co m p eten t D F I5a  E .co/i cells . 

R ecom binant co lo n ies w ere s e lected  through blue 

w hite screen in g  in X -g a l  +  1P T G  m ed iu m  and 

w ere su b jected  to c o lo n y  P C R  fo r  co n firm atio n  

o f  the clon ed  gen e . T w o c o lo n ie s  w ith ch itin ase  

gen e w ere co n firm ed  w h e rea s  in th e  o th e r  tw o 

c o lo n ie s  th e re  w a s  n o  a m p l i f i c a t i o n  ( F ig .  
B io te c li.3 ).

I ig.Biotech.3, Colony PCR of ehitinasc gene 
‘  ker; 2-5 Recom binant colon ies with 

chitinase gene



P lasm id s P I &  P 2 , harbouring the g en e o f  

in terest, w ere isolated from  the p ositive c o lo n ies 

and w ere seq u en ced . I he  seq u en ces obtained  
w ere trim m ed to  rem ove the vecto r  seq u ences

and w e re  s u b je c t e d  to  B L A S T x  a n a ly s e s .  

Seq u en ce an alysis  o f  P I plasm id revealed  9 9  per 
cen t h o m ology w ith H e v e a  b r a s i l i e n s i s  c h ilin ase  
m R N A  (D Q 8 7 3  8 8 9 .2 ).

II. 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  research  p ro jects  in the G en om e 

A n a ly s is  L a b o ra to ry  are  grouped un d er four 

m a jo r  areas  o f  research  v iz . ( I ) d evelopm ent, 

optim ization and validation o f  m olecu lar too ls for 

th e  a s s e s s m e n t  o f  g e n e t ic  d iv e r s i t y  and  

ev olu tion ary  re la tio n sh ip s in rubber and gen etic  

lin k a g e  m a p p in g  ( 2 ) d ev elo p m en t o f  g e n e tic  

m ark ers fo r  b io tic  and ab io tic  stress to leran ce  

and understanding the stress adaptation processes 

through tran scrip tom e a n a ly sis  (3 )  c lo n in g  and 

characterization ot agronom ically important genes 

and (4 )  rubber w h o le  gen om e seq u en cin g  and 

d e - n o v o  a ssem b ly . B e s id e s  the ab ov e research  

p r o g ra m s , a c o lla b o r a t iv e  p r o je c t  h as b een  

in itia ted  w ith  C S IR -N E E R I  on the im p act o f  

con version  o f  tippical forests to rubber plantations 

in K e ra la  on the so il en v iron m en t and d ifferent 

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  and  
valid atio n  o f m o lecu lar tools fo r the 
a s s e s s m e n t o f  g e n e tic  d iv e rsity  in 
rubber, clonal identification and genome 
mapping

1.1. S S R  m arker developm ent from N BS-LR R  
tran scrip ts ( R  gene) conferring  disease 
toleran ce in rubber

F orty  on e S S R  m arker loci based on N B S -  
L R R tr a n s c r ip ts  ( R  g e n e s )  g e n e ra te d  from  

d is e a s e  t r a n s c r ip t o m e  w e r e  a s s e s s e d  fo r  

polym orphism s using three cultivated clones: R R II 

105 . G T 1 , R R IM  6 0 0  and II. b e n t h a m ia n a  for

m arker developm ent. O ut o f 4 1 S S R  loci, 19 w ere 

lound polym orphic. Segregation  analysis o f  these 

S S R  m a rk e rs  w as p e r fo rm e d  in a m a p p in g  

population derived Irani the hybridization betw een 

R R I I  1 0 5  an d  H . b e n t h a m i a n a  f o r  th e i r  
incorporation in a lin kage map.

1.2. G enetic assessment o f in ternational ru bber 
clones received through clone exchange 
program o f IR R D B

R R JI could  su cce s sfu lly  estab lish  4 0  best 

c lo n e s  im ported from  a lm o st a ll m a jo r  ru bber 

g r o w in g  c o u n tr ie s :  In d o n e s ia ,  C a m b o d ia ,  

T h a ila n d , P h ilip p in e s , V ie tn a m , S r i  L a n k a , 

M yan m ar, G h an a  and C o te  D ’ Iv o ire  th rou gh 

in te rn a tio n a l c lo n e  e x c h a n g e  p ro g ra m . It is 

n ecessary  to  do the g en etic  assessm en t o f  th ese  

c lon es along with the high y ield ing c lo n es  ex istin g  

in R R II, esp ec ia lly  the R R H  4 0 0  series  c lo n e s  

and R R II 105 using m o lecu lar  m arkers. T h is  w ill 

h e lp  in u n d erstan d in g  th e  e x te n t o f  g e n e t ic  

d iversity  e x istin g  am o n g  th ese  c lo n e s  com p ared  

to R R II c lo n es  and a lso  to  d evelop  c lo n e  s p e c if ic  

S S R  p ro files fo r  th eir identity. S o  far  16 S S R  

m arkers w ere used in gen otyp in g  o f  th ese  c lo n es. 

A lle lic  p ro files obtain ed  through d ifferen t S S R  

m arkers are com m on  to the a lle l ic  p ro file s  o f  

R R II c o lle c tio n s  r e fle c tin g  th at a ll So u th ea s t 

A sian rubber clon es had their com m on origin from 

th e  ‘ W ick h a m  c o l le c t io n s ’ . T h e  fo u r  r u b b e r  

c lo n e s  receiv ed  from  C a m b o d ia  sh ow ed  m ore 
variations.



1.3. Single nuclcotjde polym orphism s (SNPs) in R R J I  1 0 5  (high yielder with low disease
Hevea resistance potential) and //. b e i i t l i a i i i i a n a  I--I542

1.3. I. Id en tifica tion  o f  S N P s in la tex  b iosy n th esis  (low  y ield er w ith high level o f  d isease  resistan ce)
g e n e s fr o m  II. b en thu m iu n a  w as used for the co n stru ctio n  o f  high density

Id en tifica tio n  o r  sp e c ie s  level n u cleo tid e  li,,k a8 c m aPs ° f  "  b m s i l k m i s  .......  /,
variation  in la .e s  b iosyn th esis  g en es has bee,, P r e v io u s ly . I .n k a g e  m ap  was

attem pted. Entire g en om ic region  o f  H M G R  and S e " craled  us' " «  P "> P n c la ,y  so ftw a re  d e , elope,I 

G G D P S  fton , //. b e m h a m m m  w as am p lified  bv D lv ers"-v A ,Ta>'s te c h n o lo g y , w h ich  is not 
to  iden tify  m ore polym orphic S N P s betw een H. W ^ la b le  in Ih ep u b licd o m ai,, Therefore, in oidcr 

b e m h a m ia n a and R R II 105 to be used in linkage “  M her m a ik e ls - R  P kL|!>  ’ A S M * *
m ap construction . The com p lete gen om ic region " ' a!l uscd 10 d ev e '° P  d ensity  lin k ag e  map 

o f  R E F  g e n e  fro m  //. b e m h a m i a n a * a s  USI" 8  D A H  S N P s  a ,,d  P '« e „ c c / a h s c n e e  
a m p lifie d  u sin g  th ree  p rim er co m b in a tio n s . ' a lla n ls  (P A V s) m a rk e rs . R e lin e m e iu  o l tlic 

R e p e a t e d  a m p li f ic a t i o n  u s in g  th e  p r im e r  '̂n^aS e  n iaPs  w as ca rr ie d  out b\ e lim in a tin g  

com bin atio n  R E F 2  - F  &  R  gave th ree d istinct s i " S le ’ tlo se  n ia rk e r s  an d  m a r k e r s  sh o w in g  

bands in H . b m l fu m n a n a  contrary  to a sin g le ex cesslv e  segregation distortion. Finally 5 1 * 7  ami 

band observed  in the oth er c lo n e s  belon gin g  to  8 0 8 2  good c|ual,ly , lu ,lU '1'  l" 1' "■ h r a s i H t m h
H . b r a s i l i e n s i s .  T h e  additional bands am p lified  a " d "  h e " lh a m ia " a  resp e c tiv e ly  w e re  used and

m ay be e ith er iso fo rm s o r a lle les  o f  R E F  gen e. lin ^ S e  m aP  " as co n stru cted  lo r  each  parent 

w hich could  be established  through seq u en cin g  AU D A rTsecl taS s ,ila t m apped to p arental maps 
o f  the clon ed  fragm en ts, ^  b r a s i l i e n s i s  and I I  h c / i l lh i i i iu i i i , .! ) w ere
j j  i  /-r>7 . . , b la s te d  a g a in s t  th e  H e v e a  d r a f t  ( ,e n o n it ’
I.3 .2 . C P T g e n e  is o fo rn is  a s so c ia ted  with ru b b er  , a n y n n n n n m w , i > ^  “

b io sy n th es is  ( A J J Z 0 0 0 0 0 0 0 0 0 .1). C o rrec t LCis in th o se  tw o

r• . , p aren ta l m ap s w ere  a s s ig n e d  u s in g  s c a f fo ld
E xten siv e  seq u en ce an alysis  o f  C P T  g en es in form ation  o f t l l e  d raft g en o m e 

fro m  w h o le  g e n o m e , tr a n s c r ip t o m e  and
nu cleotid e  databases revealed  that three m a jo r  U n k a g e  m ap s o f  H . b r a s i l i e n s i s  an d  II .  

groups o f  isofoi-m s o f  the g en e ex istin g  in H e v e a  H n ,lu w " a " a  a ssem b led  into 18 lin k a g e  groups, 

are m ainly  involved in the synthesis o f  ex tra-long m agrcem cnt vvith llie  kn o w #  n u m b er o f  haploid 
ch ain  b ack b o n e o f  natural rubber. T h e  rest o f  ch ro m o so m es in H e v e a  (//= 18 ). T o ta l len gth  o f  

the seq u en ces d esignated  as C P T  Isoform s w ere m 3P W3S 6 6 6 6  ~ an d  8 7 7 9 .9  c M  fo r  I I .  
m o stly  d ehy drodolichyl diphosphate syn thases , a s ^ l e m i s  a i,d I I . b e n t h a m ia n a  resp ectiv e ly , 

a s s o c ia te d  w ith  sh o rte r  ch a in  is o p re n o id s  F 1c . le n 8 th o f  e a c h  l in k a g e  g r o u p  iu I I  
biosyn thesis. b r a s i l i e n s i s  ranged  fro m  1 7 5 .5  c M  (L G  13 ) to

1 4 C onstru ction  o f a m ns ? S 0 ’7 lh e  G l a n c e  b e tw ee n  tw o

S 5 E S Z U 5 S 5 1 5 5 5 amkm " as an averase ’ 28 <M a"d llK
q u a n tita tiv e  tra it loci co n tro llin g  d isease S 1" " ™  SPa c e  b e lw een  u ' o  m arker,, w as 2 5  2
resistance, latex yield and tim ber quality in > e r o e n ta g e  o l m a r k e r s  p a r t ie ip a le d  in
r u b b e r  (H evea  brasilien sis)  m a p p in g  w a s  8 5  p e r  c e n t .  In  c a s e  o f  I I .

A m ap p in g  pop u lation  d e r iv e )  f,- l)L» t h a in i a n a ,  le n g th  o f  e a c h  l in k a g e  g ro u p

interspecific cross between H  h r a s i l i e m l B i  * ”  ‘ ,a" ged ,10m 304 cM ( L °  17 ) to 0 8 5  c M  (L G  5), 
ri. b r a s i l ie n s is  c lo n e  d istan ce  betw een 1...........a ,L e i ,  w a s o „  an average



1.09  cM  with a m axim um  sp ace  betw een tw o 

m ark ers 16 .2  c M . P ercen tag e  o f  m arkers that 
w ere a b le  to m ap w as 71 per cent.

H ie R A P D  ( 9 6 )  and S S R  (4 6 )  m arkers that 

w ere iden tified  e a rlie r  w ere used for m apping 
a lon g  w ith the S N P a n d  PAV data generated from 

D A rT seq u en cin g . In (he H. b r a s i l i e n s i s  m ap a 
total o f  16 (1 2  R A P D  and 4  S S R )  m arkers got 

in tegrated , w h ereas in th e  H . b e n th a m ia n a  map, 

o n ly  seven  (6  R A P D  and 1 S S R )  m arkers got 
in tegrated  in to the m ap.

P h en oty p ic a ssessm en t for d isease response 

to th ree  m a jo r  p ath ogen s: P h y to p h th o r a  m e a d i i ,  

C o r y n e s p o r a  c a s s i i c o / a  and C o l l e t o l r i c h u m  

a c u ta tu m  w as carried  out in controlled  condition 

in th e  laboratory . Parental m ap s w ere used to 

d e le c t Q T L s  u sin g  'q tl so ftw are  in R  package. 

Q T L s  for res is tan ce  to th ese th ree m a jo r  d iseases 

w ere  id e n tif ie d  fro m  th e p atern a l p aren t 11. 

b e n t h a m i a n a , w h ich  is  th e  d ise a s e  res is ta n t 

p aren t. V a lid a t io n  o f  Q T L  m a rk ers  and fin e  

m a p p in g  o f  th e  Q T L  r e g io n s  fo r  d is e a s e  

r e s is ta n ce  w as carried  out using K A S P  m arker 
technology.

1.5. Segregation  analysis o f tlieS N P  m arkers
derived from latex biosynthesis genes

G e n o ty p in g  o f  the in te rsp e c if ic  m ap ping 

p op u lation  w as carried  out using SN P  m arkers 

fo r  se g re g a tio n  a n a ly s is  and a lso  to  establish  

correlation  b etw ee n  g en otyp in g  data w ith the test 

tap  y ie ld  o f  th e  progen ies.

S N P  m a rk e rs  d ev e lo p e d  from  th e g en es  

M V K  (M V K 2 6 2 8 A / G ). P M V K  (P M V K I7 8 6 C /  

T )  H M G S  ( 1 IM G S 3 0 5 9 A / G ) and  C P T  ( c is -  

p re  1 4 3 8 C / T ) w e re  u sed  in g e n o ty p in g  o f  a 

m ap ping  p opu lation  (8 6  p rogen ies) derived from 

the c ro ss betw een R R JI 105 x  1-4542. Segregation 

r a t io  o f  M V K 2 6 2 8 A / G  w a s  fo u n d  to  b e  

approxim ately  I : I a s  expected  ( 4 8  progenies w ere 

h e t e r o z y g o u s  w ith  A/G ty p e  and  3 8  w ere

ho m ozygou s w ith A/A typ e). F o r  P M V K  m arker 

the segregation  ratio  w as highly  skew ed  with 5 6  

progen ies o f  C/T typ e and 3 0  p ro g en ies o f  C/C 

ty p e . It  is  in te r e s t in g  to  n o te  th a t s im ila r  

se g re g a tio n  trend  w as o b serv ed  w ith 3 S N P  

m arkers from  P M V K  g en e in an o th er progen y  

popu lation (R R II  105  x  R R II 118). S N P  m arkers 

gen erated  from  H M G S  (H M G S 3 0 5 9 A / G ) and 

C P I  ( c is -p re  143 8 C / T ) g en es g av e a  seg reg atio n  
ratio  o f  1 :1 in th is progeny.

S im p le  co rrela tio n  a n a ly sis  w ith y ie ld  data 
w as carried  out u sing  the S N P  gen otyp in g  data 

from  the g en es: M V K , P M V K , H M G S  and C PT. 

C orrelation  w ith test lap y ie ld  w as noted  fo r  the 

m arkers from  the g en es H M G S  and C P T .

2 . C h a r a c te r iz a tio n  o f  s t r e s s - to le r a n t  
clo n e s o f H e v e a  u sin g  m o le c u la r  
m a rk e rs  and u n d e rs ta n d in g  gene  
regulation under abiotic stresses

2. 1. I ISPsequence analysis (Stress responsive genes)

H eat S h o ck  P rote in s (H S P s ) are im portant 

chaperon es h av in g  potential ro le in ab io tic  s tress 

to leran ce . G e n e s  en co d in g  17 .5  k D a , 1 8 .2  kD a 

and 15 .7  kD a H SP  fam ily  p rotein s in rubber w ere 

am p lified  and c lon ed . Tw o h eat sh o ck  p rotein s.

18 .2  kD a and 15 .7  kD a w ere co n firm ed  through 

seq u en cin g . D ev e lo p m en t o f  a  b in ary  v e c to r  

c a s s e t te  w ith  1 5 .7  k D a  fo r  A g r o b a c t e r i u m -  

m ediated tran sfo rm ation  is  in progress.

2 .2 . M ethylation dynam ics o f H ev ea  b ra s il ien s is  
genome

Id e n tify in g  a b io t ic  s tre s s  in d u ced  D N A  

m eth ylation  pattern in the p rom oter reg io n  o f  

se le c te d  ru b b e r  b io s y n th e s is  g e n e s  {H M G R .  

H M G S , F D P S  and R E F )  in c o ld  su s c e p tib le  

(R R II  105 . R R IC  10 0 )  and to leran t (R R IM  6 0 0 )  

c lo n es  w as continu ed .

A partial p rom oter reg ion  o f  R E F  g e n e  w as 

am p lified  from  2 4  D N A  sam p les derived  from



the c lon e R R JI 105 . R R IM  6 0 0  and R R IC  100 

before im parting the stress, a fter tw o w eeks o f  

g iv in g  s t r e s s  an d  o n e  m o n th  p o s t s t r e s s  

maintained in grow th cham ber. C loning o f  bisulfite 

P C R  products o f  th is g en e from  16 p lants w as 

com pleted  and plasm id D NA w as isolated from 

m ultip le c o lo n ies and kept ready for sequencing. 

Sim u ltaneou sly , c lo n in g  o f  b isu lfite  converted

11 M G S  gen e p rom oter w as com pleted  from  all 

the 2 4  p lants and plasm ids from 4 -5  co lon ies from 

each sam ple w ere purified for seq u encing .

2.3. DNA methylation analysis o f poly-embryoiiy 
derived plants grafted on different rootstocks

B isu lf ite  seq u en cin g  o f  th e  p o lym orp h ic 

bands derived from  the M S A P  an a ly sis  o f  bud 

grafted  p lan ts w as p erform ed  to  id en tify  the 

e ffe c t o f  rootstock  on D N A  m ethylation in the 

scio n . G en o m ic  D N A  from  the liv e  p lants w as 

treated with b isu lfite  and P C R  w as perform ed 

to  am p lify  the region con tain in g  the th ree bands/ 

f r a g m e n ts  ( E C 8 T A G - 7 .  C 1 9 T A C - 2  and  

C I 9 T A C - 3 )  f r o m  th e s e  f iv e  p la n ts .  T h e  

am p iicon s obtained  w ere purified and cloned  for 

seq u en cin g  to con firm  the m ethylation  status. 

B is u lf ite  se q u e n c in g  o f  th e  th re e  frag m en ts 

revealed  the presen ce o f  C H H  and C G  type o f  

m ethylation  in the C 1 9 T A C -2  and E C 8 T A G -7  

fragm en ts w hereas C H H , C H G  and C G  patterns 

o f  m eth ylation s w ere detected  in the C 19T A C -3  

fragm en t. U nique m ethylation  patterns as w ell 

as co m m o n  patterns w ere observed  in the case 

o f  a l l  th e  th re e  fr a g m e n ts  ap art from  som e 

random  m ethylation  variations.

3 .  C lo n in g  an d  c h a r a c te r iz a tio n  o f  

a g r o n o m ic a lly  im p o rta n t gen es

3 .1 . C lo n in g  and  c h a r a c te r iz a t io n  o f lign in  
biosynthesis genes involved in phenylpropanoid 
pathway for timber quality improvement

B o th  .g e n o m ic  an d  c D N A  s e q u e n c e s  

e n c o d in g  c o n f e r a ld e h y d e - 5 - l iy d r o x y l :r .c

( C A ldS H )  w ere clon ed  and  ch a ra cteriz ed  from  

R R II 105 , w h ich  is know n to p lay  a  k ey  ro le in 

regulating S/G ratio by channeling the interm ediate 

com pounds o f  guaiacyl precursor to syringyl lignin 
pathw ay w ithout any in flu en ce  on total lignin 

c o n t e n t .  M u l t ip le  s e q u e n c e  a l ig n m e n t  o f  

I J b (  A ld S H  w ith rep orted  C A id 511  se q u e n ce s  

from  oth er tre e  s p e c ie s  rev ea led  7 0 - 8 0  per ccn t 

hom ology. T h e  am in o  a c id s seq u en ce  sh ow ed  82  

per cen t seq u en ce iden tity  w ith  C A ld S H J  gen e 

o f  P o p u lu s  I r i c h o c a r p a .  T h e  C A ld S H  protein 

seq u en ce d isp lays a ll the c h a ra c te r is t ic  featu res 

o f  a plant P 4 5 0  protein , in clu d in g  H em e-bin d in g  

ligan d s ( P F G S G R R )  at th e  C  te rm in u s , stop  

tr a n s fe r  se q u e n c e  e t c .  T h e  n o ta b le  s tre tch  

betw een P ro -440  to G ly  4 5 0  reg io n  c o n ta in s eight 

residues that com prise the H em e-bind ing  dom ains 

and arc highly  co n serv ed  am o n g  p lan t P 4 5 0 s . 

Though H bC A IdS H h'ds  high s im ilarity  w ith P 4 5 0  

genes such a s F 5 I1 , the N -te n n in a l 3 4  am in o  acid  

seq u ence o U ib C A ld S H  is h ig h ly  d iv erg en t from  

the F 5I I as it contains a  h ydrophobic region typical 

o f  th e  u n cleav ab le  sig n al p ep tid e  fo r  an ch o rin g  

P 4 5 0  p ro te in  to  th e  e n d o p la s m ic  re tic u lu m  

m em brane.

3.1.1. B a c te r ia l  e x p re s s io n  o f  r e c o m b in a n t  p r o te in

1 he initial exp erim en ts w ith d ifferen t culture 

c o n d i t io n s  l ik e  v a r i a b l e  t e m p e r a t u r e  fo r  

exp ression  o f  fu ll-len g th  C A ld S H  c D N A  using 

p E T  3 2 a  ex p ressio n  in E. c n l i  B L 2 1 ( D E 3 )  ce lls  

did not y ield  any d etectab le  lev e ls o f  recom bin ant 

protein on S D S -P A G E . T h is  m ig h t b e  d ue to lack 

o f internal m e m b ran e  system  in E . c o l i  to  d irect 

th e  p lant P 4 5 0  protein  th rou gh th e ir  h y d rop h ilic  

N -term in us resu ltin g  d e cre a s in g  s o lu b ility  and 

increased  fo rm atio n  o f  in c lu sio n  b o d ie s  and loss 

o f  fu n ction al p ro tein . A n  e f fo r t  w as m ad e to 

induce the h etero lo g o u s p ro te in  e x p re ss io n  with 

the use o f  c h e m ica ls  su ch  as a -a m in o le v u lin ic  

acid  (A L A ) and 0 .5  m M  F e rric  ch lo rid e  (F e C L )



to the grow th m edium  (T errific  B ro lh ) w hich w as 

reported  to  in crease  the ex p ress ion  level o f  som e 

p 4 5 0  fam ily  p rotein s as the addition o f  A L A  to 

th e  culture m edium  stim ulates hem e b iosynthesis 

to  m a tc h  th e  in c r e a s e  in P 4 5 0  p o ly p e p tid e  

sy n th es is . H o w ev er, the ch em ica l stim u lation  

fa i le d  to  p r o d u c e  a n y  d e te c t a b le  le v e ls  o f  

C A ld SH  protein  ex p ression  in E .c o l i .  Th erefore, 

th e  P C R  am p lified  H b C A L d S H  cD N A  region 

d evoid  o f  N -ten n in a l sign al peptide seq u ences 

w as c lon ed  into p E T 3 2  vector and m obilized into 

B L 2 1 ( D E 3 )  c e l l s .  E x p r e s s i o n  o f  p a r tia l 

re co m b in a n t p rotein  w as observed  in E. c o l i

3 .1 .2 . Sen se  and antisense constructs o f CAldSH 
in b inary vector for plant transform ation

S e n s e  and an tisen se  co n stru cts o f  C A ld S H  

w ere c lo n ed  into p C A M B IA  1301 vector. For 

th e  c o n s tr u c t io n  o f  a n t ise n se  c a s s e t te ,  th ree  

co n stru cts  w ere  m ade; rev erse  com p lem en t o f  

the g en e h av in g  len gths o f 4 7 3  bp, 8 4 2  bp and a 

hairpin R N A  (h p R N A ) con stru ct o f  1 200  bp. T h e 

h p R N A  co n s tru c t con stitu tes 5 0 0  bp o f  coding 

reg ion  in forw ard  d irection , a  2 0 0  bp linker D NA  

from  in tro n ic  reg io n  and a rev erse  com p lem en t 

o t the first 5 0 0  bp fragm ent. T h ey  w ere m obilized 

in to  th e  A g r o b a c t e r i u m  l u m e f a c i e n s  

( L B A 4 4 0 4 ) .  T h e  A g r o b a c t e r iu m  strain carryin g 

the s e n se  and a n tisen se  con stru cts o f  H bC A ld S H  

in p C A M B I A I 3 0 1  w e r e  u se d  in g e n e t ic  

tran sfo rm atio n  o f  to b a c c o  p lant. T h e transgenic 

lin es d ev elop ed  are  b e in g  m aintained  in  v itro .

4 .  W h o le  g e n o m e  se q u e n c in g  an d  <k’-n o v o

a s s e m b ly  o f  r u b b e r  ( H e v e a  b r a s i l i e n s i s )
g e n o m e

4 .1. H ev ea  genom e sequencing

G e n o m e  asse m b ly  co u ld n 't b e  perform ed 

d u e to  n o n -a v a ila b ility  o f  high p e rfo rm a n ce  

c o m p u t in g  s e r v e r .  H o w e v e r ,  w e c o u ld  do 

b en ch m a rk in g  fo r  d e  n o v o  a ssem b ly  o f  rubber 

gen o m e u sin g  tw o  a ssem b lers  on IB M  P O W E R

p rocessor to assess the p erform an ce o f  the serv er 

a fter  getting  rem ote a c c e ss  to  th e  sam e. B oth  

bench m arking results helped us to  understand the 

behaviou r o l th ese  a ssem b lers w ith  our w hole 

gen om e seq u en cin g  data and a lso  helped  us to 

roughly estim ate  th e  ru ntim e for assem b lin g  the 
reads.

IB M  H igh P erfo rm an ce  C om p u tin g  serv er  

w ith  fo llo w in g  s p e c i f i c a t io n  w a s  u se d  fo r  

b e n c h m a r k in g : P 8 S 8 2 2 L C  C o m p u te  N o d e  

(M in sk y ), 2 0  co res , 2 .0 6  G H z (up to  4 .0 2  G H z 

w ith  p e r fo rm a n c e  C P U  g o v e r n o r ) ,  5 1 2  G B  

m em ory, 2—Infiniband I OOGbps ( E D R ) ports and 
4  -  N V ID IA  P 1 0 0  G P U s.

4.1.1. B en c h m a rk in g  1 -  M uSuR C A  assem b ly

lllu m in a  trial data o f  180 G B  w ere tested 

w ith  M a S u R C A  a s s e m b ly .  T h e  ru n  w a s  

com pleted  in 12 9  hrs (5 .3  d ay s). G e n o m e  s iz e  o f  

1.3 G b  w as a ssem bled  into 4 2 5 0 4 3  sca ffo ld s  and

1.2 G b  was assem bled  into 4 4 8 7 7 0  co n tig s  w ith
1 K b  m inim um  length cu t-o ff.

4.1 .2  B en c h m a rk in g  I I - S O A  P ile  n o v o  a ssem b ly

In tota l. 2 7 0  G B  o f  paired -end  and m ate- 

paired tria l d ata  w ere tested w ith S O A P  d e  n o v o  

assem bly. G en om e size  o f  1.1 G b  w as assem bled  

into 9 7 2 3 9 6  sca ffo ld s  and 1 .0  G b  w as a ssem bled  

into 10 4 1 8 2 8  contigs with 5 0 0  bp cut o ff. G enom e 

s iz e  o f  7 0 6  M b w as a sse m b le d  in to  2 7 6 5 5 7  

scaffo ld s and 5 7 8  M b  w as assem bled  into 3 3 1 5 0 0  

con tigs w ith 1 K b  cu t o ff. T h e  ben ch m ark in g  

resu lts helped us to  roughly e stim ate  th e  runtim e 
fo r  a ssem b lin g  the reads.

4.1.3. M ate-P a ir  (M P) s e q u e n c in g  d a ta  in s e r t  s iz e  
an alysis

M a te -p a ir  se q u e n c in g  data w ere  su b jected  

to read m ap ping and in sert s iz e  an a ly sis  using 

B W A , P IC A R D  and R  to o ls . L a test R R IM  6 0 0  

w h o le  g e n o m e  s e q u e n c e s  ( t o t a l  s c a f f o ld s :  

1 8 9 3 1 6 )  w e re  used  a s  a r e fe r e n c e  fo r  read



m apping and in sert s iz e  p eaks w ere obtained  foi

2 . 4 . 6  and 8 K b M P  Libraries .

4 .2 . T r a n s c r ip to in c  s e q u e n c in g

B io in fo rm atic  analyses o f  15 transcriptom es 

derived from lea f, root, bark and la iex  o f  rubber 

plant are in progress. P rote in  dom ain detection 

w as carried  out to r  a ll 15 R N A -S eq  assem blies 

w ith  P fam  d a ta b a s e , w h ic h  w o u ld  h e lp  in 

functional annotation o f  the transcripts. H ighest 

Pfam  hit w as obtained  with bark transcrip tom e 

R R I - B A  ( 3 4 3 9 8 )  and  lo w e s t h it w ith  T P D  

a f f e c t e d  b a rk  t r a n s c r ip t o m e  T l  ( 7 9 9 0 ) .  

Identification o f  tissue sp ecific  transcripts, further 

annotation and screen in g  o f  top 5 0  d ifferen tia lly  

expressed  g en es  from  R N A -S eq  p ro jects  have 

been  initiated.

4 .2 .1. R o o t  sp e c i f ic  tran scrip ts  f r o m  root  
t ran scrip tom e o f  ru b b e r

T o  identify root sp ecific  transcript sequences 

using R N A -S eq  assem bly , lea f, la tex and bark 

transcrip t seq u en ces w ere  clustered  with 9 0  per 

cen t seq u en ce  identity. A  to ta l o f  3 8 0 4 7  root 

transcrip t seq u en ces w ere su b jected  to B L A S T  

an d  F A S T A  a l ig n m e n t  s e a r c h  a g a in s t  the 

c lustered  lea f, la tex  and bark seq u ences. A  total 

o f  3 4 4  root transcrip ts, w hich  are not having any 

s ig n ifica n t a lig n m en t w ith o th er tissu es w ere 

ex tracted  u sing  in -h ou se P E R L  scrip ts. Further, 

th ese  3 4 4  se q u e n ce s  w ere su b jected  to Open 

R ead in g  Fram es (O R F s )  search , w hich resulted 

in 3 8  transcrip t seq u en ces w ith full-length O R Fs.

F u rth er, th ese  tran scrip t seq u en ces  w ere 

su b jected  to  g en e annotation. In terestingly, five 

t r a n s c r ip t  s e q u e n c e s  w e re  a l ig n in g  w ith  

“ R h i z o p h a g u s  i r r e g u l a r i s R h i z o p h a g u s  

i r r e g u la r i s  is an arbu scular m ycorrhizal fungus 

(A M F ), w hich penetrates the cortica l ce lls  o f  the 

roots o f  v ascular plants. B ased  on these results 

and literature ev id en ces, we b e liev e  th at there 

m ay be beneficia l in teractions betw een H e v e a

root at th eir earlier  sta g es  o f  d ev elo p m en t and 

R h iz o p h a g it s  i r r e g u la r i s .

4.2.2. D ifferen tia l G en e  E x p ress io n  (D G E )  
sc reen in g

Top 5 0  d ifferen tia lly  ex p ressed  g en es  w ere 

screened  from  fo llo w in g  R N A -S e q  data  using 

in-house P E R L  scrip ts:

• N - B ark  sam p le  fro m  h ea lth y  plant

• T  - B ark  sam p le  fro m  T P D  p lan t (2 0 % , 

5 0 %  an d  8 0 %  T P D  s a m p le s  p o o le d  

tog ether)

• Y A - L a te x  from  high y ie ld in g  g erm p lasm  

access io n

• Y B -  L a tex  from  low  y ie ld in g  germ p lasm  

access io n

• Y C -  L a tex  from  low  y ie ld in g  c lo n e

• P H Y - 6 0 0 - C O :  C o n t r o l  s a m p le

(su scep tib le)

• P H Y -6 0 0 -T P : P h y to p h th o ra  c h a lle n g e d  

sam ple

• P H Y -F X -C O : C o n tro l sa m p le  (to le ra n t)

• P H Y -F X -T P : P h y to p h th o ra  c h a lle n g e d  

sam ple

• C O L - 10 5 - C 0 :  C o n tro l sam p le

• C O L -2 6 0 -C 0 :  C o n tro l sam p le

• C O L -10 5 -T P : C o lle to tr ich u m  ch a llen g ed  

sam ple

• C O L -2 6 0 -T P : C o lle to tr ich u m  ch a llen g ed  

sam ple

4.2.3. R e-an n o ta tion  o f  " h y p o th e t ic a l p r o te in s "  
id en tified  in  la te x  tr a n sc r ip to m e

M any d ifferen tia lly  e x p ressed  p rotein s from 

R N A - S e q  p r o je c t s  w e r e  a n n o t a t e d  a s  

" h y p o th e t ic a l  p r o te in s ”  u s in g  N C B I  “ n r ” 

database. T o  c ro ss  ch e ck  th e  an n o ta tio n , a total 

o f  1 0 5 1 5  tr a n s c r ip t s e q u e n c e s ,  w h ic h  w e re  

a n n o ta te d  a s  “ h y p o t h e t ic a l  p r o t e in ”  fro m



tr a n s c r ip to m e  d ata  o f  Y A - L a te x  from  high 

y ie ld in g  germ p lasm  a cce ss io n  w ere Screened . 

T h e se  tran scrip ts ( 1 0 5 1 5 )  w ere sub jected  to  in- 

ho u se b last search  ag a in st R ic im is  c o m m u n is  

p ro te in  data set. In total 6 1 7 3  seq u en ces w ere 

ann otated  from  b last s earch . A m o n g th ese, m ore 

th an  2 0 0 0  transcripts w ere annotated as “ Putative 

u n ch a ra cte r iz e d  p ro te in ” . A  good n u m ber o f  

P e n ta tr ic o p e p tid e  r e p e a t-c o n ta in in g  p ro tein , 

D N A  b in d in g  p ro te in , A T P  b in d in g  p rotein ' 

T ran scrip tio n  fa cto rs  e tc .  w ere a lso  found in the 

a lig n m en t. D ue to com p u tational lim itation, we 

cou ld  n o t sc re e n  th e  en tire  seq u en ces  again st 

N C B 1 m d atab ase  and on ly  R ic in u s  c o m m u n is  

pro tein  d ata  w as used lo r  in itial screenin g .

A  to ta l o f  7 9 0 4  transcrip t seq u en ces , w hich 

w ere ann otated  a s  “ hyp othetica l protein” from  

tr a n s c r ip to m e  d ata  o f  Y B  - L a te x  from  low  

y ie ld in g  g erm p lasm  a cce ss io n  w ere screened . 

T h e s e  7 9 0 4  tra n scr ip ts  w ere su b jected  to  in - 

ho u se  b la s t se a rch  ag a in st R ic in u s  c o m m u n is  

protein  data  se t . In total 3 5 0 4  seq u en ces w ere 

ann otated  from  b last search . A m o n g these, m ore 

than 1 0 0 0  transcrip ts w ere annotated as “Putative 

u n ch aracterized  p rotein ” .

A  total o f  7 2 2 7  tran scrip t seq u en ces , w hich 

w ere  an n otated  as “hyp oth etica l p rotein” from 

tr a n s c r ip to m e  d ata  o f  Y C  -  L a te x  from  low  

y ie ld in g  c lo n e  w e r e  s c r e e n e d . T h e s e  7 2 2 7  

tr a n s c r ip ts  w e re  su b je c te d  to  in -h o u se  b last 

se a rch  a g a in st R ic in u s  c o m m u n is  p rotein  data 

set. In  to ta l 4 9 7 4  seq u en ces  w ere annotated from 

b la s t  s e a r c h .  U b iq u it in  c a r b o x y l- te r m in a l  

h y d ro lase  w as th e  top  hit in b last results. A  total 

o f  n in e  tr a n s c r ip t s e q u e n c e s  w h ich  w ere re­

a n n o ta t e d  a s  U b iq u it in  c a r b o x y l- te r m in a l  

h y d ro lase  w as ex tracted  and su b jected  to  b last 

se a r c h  a g a in s t N C B I  n r  d a ta b a se  and it was

reconfirm ed that all nine seq u en ces w ere a lign ing 

with Ubiquitin carbox yl-term in al hydrolase.

5 . M ctagenom ics and m icrobe
identification in ru b b er ecosystem s

T h e  p r o je c t  on  m e ta g e n o m ic s  o f  s o i l  

m ic r o b e s  fro m  r u b b e r  g r o w in g  a r e a s  w ith  

d ilferen t cro pping  sy stem s has been in itiated  in 

co llaboratio n  with C S IR -N E E R I .  N agpur. S o il 

sam p les w ere c o lle cted  based on a nested  design 

from 2 0  sites from  a plot. In total 130 s o il sam ples 

w ere collected  from rubber grow n under d ifferent 

m an agem ent p ractices like , on ly  rubber, rubber 

and w eed, rubber and co v e r  cro p , rubber and 

inter crop  (c o c o a ) and native fo rest. T o ta l D N A  

w as iso la te d  Irom  sa m p le s  u sin g  s o il D N A  

isolation k its and the D N A  y ield  w as 2 . 0 - 3 . 5  pg 

from 5 0 0  m g  o f  soil sam ples. D N A  sam p les w ere 

sent to N E E R i fo r  am p lico n  seq u en cin g  using 

N G S  platform  and seq u en cin g  is in progress.

6 . A d v iso ry  w o rk

Clonal identity-' o f  the rubber trees in a holding 

o f  R R I I  1 0 5  s h o w in g  b e t t e r  p e r fo r m a n c e  

com pared to the D N A  o f  R R II 105  a fter  isolatin g 

D N A  from  the le a f  sam p le  o f  tapp ed ,untapped 

and sou rce bush nursery. Iso lated  g en o m ic  D N A  

w as used in S S R  p ro filin g  a lo n g  w ith  tw o R R II 

105 sa m p le s  as re feren ces/ co n tro ls  u sin g  14 

in form ative  S S R  m arker lo c i (h e tero z y g o u s in 

R R II 105). S S R  m arker p ro files o f  s ix  sam p les 
(B W N . T apped, U ntapped I , U ntapped2 and tw o 

R R JI 105 standard) w ith all the m arker loci c learly  

revealed  that the sam p les taken  from  th e h o ld ing 

as w ell as from  authen tic sou rce  bush w ere  very 

sim ilar  to  the re feren ce  sam p le  i . e . ,  th e  c lo n e  

R R II 105. T h u s it w as estab lish ed  d ial the trees 

giv in g  high y ie ld  w ere a lso  R R II 105 and not a 

d ifferen t c lon e.



P la n t  P a t h o lo g y  D iv is io n  f o c u s e s  o n  analysed  during th e  rep o rtin g  year, 

m onitoring the occu rre n ce  and d evelop m ent o l j L e a f  d ise a s e s  

pesls and diseases, their management through , , Abnorma| LcafFlllllUscasc 
chem ical and b iological m eans, evaluation o t ne\«'
c lo n es  for d isease  to leran ce , id en tifica tio n  o f  Stud ies to  assess the im p act o f  ab n orm al le a f 

genes involved in d isease tolerance, identification (a ll (A L F )  011 grow th and y ie ld  o f  ru b be r in four 

o f  qu antitative trait lo c i for d isease to leran ce, m odern c lo n e s  viz. R R II  4 1 4 ,  R R II  4 2 2 .  R R II 

understanding b io tic  e tio log y  o f  tapping panel 4 2 9  and P B  2 6 0  w ere in p ro g ress  in B 0 2  panel 

dryness and use o f  b en eficia l m icroorgan ism s fo r  at C e n tra l E x p e r im e n t  S t a t io n ,  C h e th a c k a l .  

plant grow th. H igh est g irth  w as n o tice d  in P B  2 6 0  and the

In addition to research , the D iv isio n  also  lo w e st in R R I1  4 2 Z  T h e  B ro w th  o f  tr e e s  111 
takes up testin g  o f  sp ray ing  equipm ents, plant s p r a y e d  b lo c k  w as s ig n if ic a n t ly  h ig h e r  than 

p ro tectio n  c h e m ic a ls  and w a te r  sa m p les  fo r  unsprayed in R R II 4 1 4  and R R II 4 2 9 .  H ie girth 

ba cteria l co n ta m in a tio n . T ra in in g  011 d isea se  in crem en t and bark th ick n e s s  did not g iv e  any 

m an agem ent, m ain ten an ce o f  spray eq uipm ent, lrenc* irrespective o fc lo n e s  and trea tm en ts  ( Table 

m ushroom  culture and ap icu lture are the oth er *)• T h e  se v e r ity  o f  A b n o rm a l L e a f  F a ll

a ctiv ities undertaken by the D iv isio n . A d visory  (A L F )  d isease, in g e n e ra l, during  2 0 1 7  d isease 

w ork on d isease  m an agem ent is a lso  undertaken seaso n w as less. A m o n g  th e  c lo n e s , l e a f  fa ll o f  

through field  visits , W hatsA pp and the O nline 3 0 10 4 0 Pe r  cen l w as recorded in unsprayed b lock 

R u b b er C lin ic . A bout 2 4 0 0  ca se s  w ere  attended R R H  4 1 4 ,  w h ereas in o th e r  te s t  c lo n e s  it w as 

through W hatsA pp and 4 3 2  w ater sam ples w ere  111 an(J ranged  b e tw ee n  2 0 - 3 0  p er cen t.

Table Path. 1 Com parison o f  growth parameters in experimental clones under sprayed and unsprayed 
conditions

Clone G irth  (cm ) G irth in crem ent (c m ) B a rk  th ick n e s s
R R I I  4 1 4

Sprayed  
U nsprayed  

R R I I  4 2 9

7 1 .7 * *
69 .6

4 .4
5.1

11.9
13 .0

Sprayed 
U nsprayed  

R R I I  4 2 2

7 1 .2 * *
69.3

4 .1 7
5 .07

11.8
12.1

Sprayed  
U nspraycd  

P B  2 6 0

64.3
63 .2

3 .9
3 .6

10 .6
12.5

Sprayed
Unsprayed

73.5
72.3

6 .2
6 .2

11.2
13.0

* * t  test significant



C 0lls is ,c" |ly m ore in B ^ r h n e n t  to ev aluate the e ffe c tiv e n e ss  o f  
c lo n e  R R II w hich  record ed  y ield  drop in the uursery crow n budding in c lon e P B  2 6 0  at Central 

cu rren t y e a r  a lso . C lo n e s  R R II 4 2 9  and R R II Experim ent Station, w as in progress in B 0 2  panel. 
4 2 2  did not reg iste r  y ield  drop in unprotected T h e  g ir th  and  g ir th  in c r e m e n t  w ere  fo u n d  

b locks due 10 less d isease during the season. D R C  significantly higher in crow n-budded than control 

did not seem  to  get in flu en ced  by A L F . Tapping (T ab le  Path. 2 ). T h e  A L F  and Phytophthora shoot 
panel d iy n ess  (  TP D ) w as m ore in P B  2 6 0  and in rot w ere m ild in crow n-budded trees w here as 

o lhei test c lo n e s , no d ifferen ce  could  be seen , both d iseases w ere m oderate in control. 
B e tw e e n  sp ray ed  and un sp ray ed , no d efin ite  

trend in o c cu rre n ce  o f  T P D  w as observed.

Table Path.2. G row th o f P B  2 60 crown-budded trees

Treatm ent/crow n G irth  (c m ) G irth increm ent (c m ) B a rk  th ick n ess  (m m )

C row n-budded/ F x  5 16 7 4 .8  1 3 7

C o n tro l/ P B  2 6 0  7 2 .7  5 .9 *  12 2

T h e  c r o w n -b u d d e d  t r e e s  

s ig n ifica n tly  h ig h e r  y ie ld , w hereas D R C  did not ti.'e s  (T ab le  P a th ~ 3 ) ~  
sh ow  s ig n if ic a n t v aria tio n . T h e  tapp ing panel

Table Path.3. Y ield, D R C  and T P D  in crow n-budded PB  260

Treatm en t/ C row n  Y ie ld  (g  r 11 1)  D ry  rubber content (% )  T P D  in B O -2  P an el (% )

C row n-budded/ Fx 5 1 6  4 2 .1 * *  38  14

C on tro l/ P B  2 6 0  3 9 .2  4 0  8

Y ie ld  in c re a se  o v e r  co n tro l (% )  7

T h e  e f fe c t  o f  c ro w n  m o d ifica tio n  in clon e 

P B  2 6 0  on raw  ru b ber p roperties w as studied. 

T h e M o o n ey  V isco s ity  w as found less in crow n 

b u d d ed  t r e e s  w h e r e a s  P l a s t ic i t y  ( P o )  and 

P la stic ity  R e te n tio n  In d ex (P R 1) w ere on par.

In an o th er  e x p erim en t, attem pts w ere m ade 

to d ev elop  cro w n-bud d ed  root trainer plants. T h e 

initial a ttem p ts to  d evelop  plants up to the desired 

height (>  10  ft) fo r  c ro w n  budding in root trainer 

cu p s o f  s iz e  up to  1 0 0 0  c c  did not su ccee d . 

T h e re fo re , R T  cu p s w e re  m o d ified  by giv in g  

P V C - p ip e a tta ch m e n ts  o f  3 "  and 4 "  d iam eter 

and w ith a len gth  o f  2 .5  ft. P lant grow th w as 

fo u n d  s a t is f a c t o r y  an d  c ro w n  b u d d in g  w as 

u n d ertaken  at the d esired  height.

Im pact o f  leav in g  trees o f  c lo n e s  R R II 105 , 

R R IM  6 0 0 ,  P B  2 3 5  and P B  5/51 u n protected  

from  A L F  and pow dery m ild ew  d iseases is b ein g  

assessed in B I I  panel at R R S  Padiyoor. P ow dery 

m ildew  d isease w as m ild in R R II 105 and R R IM  

6 0 0 , but m oderate in P B  2 3 5  and sev ere  in P B  5/ 

5 1. A bnorm al L e a f  F a ll d isease  w as m o d era te  in 

R R II 105 , P B  2 3 5  and P B  5/51, but sev e re  in 

R R IM  6 0 0 . T h e le a f  reten tion  w as 7 0  p er cen t 

in the R R II 105 unsprayed area  and it w as 3 0 . 

5 0  and 5 0  per c en t fo r  the c lo n e s  R R IM  6 0 0 ,  P B  

2 3 5  and P B  5/51, re sp e c tiv e ly  a fte r  the A L F  

d isease seaso n . O v erall, crop  loss in R R II 105 , 

R R IM  6 0 0 , P B  2 3 5  and P B  5/51 for the y ear  

w as w orked out to be 6 , 5 4 , 2 9  and 4 6  per cen t,



re sp e c tiv e ly  (T a b le  P ath . 4 ) .  T a p p in g  pane l 

dryness w as lesser in R R IM  6 0 0  than o th er test 

c lo n es. G row th d ifferen ce  w as not sig n ifican t

Table Path. 4. Percentage lea f fa ll and yie ld  (g t 11')  in

Clone le a f  fall (% )

Protected  U nprotected  

R R II 105 2 0  30

R R IM  6 0 0  25  70

P B  2 3 5  25 50

P B  5/51______________ 30____________ 50 _____

E f f i c i e n c y  o f  h a l f - d o s e  ( 2 0 k g  h a 1) 

application  o f  o il-based  C O C  again st A bnorm al 

L e a f  F a ll d isease  in c lo n e  R R II 105 and P B  2 6 0  

w as carried  out in a hot spot area. T h e treatm ents 

w ere 4  kg C O C : 2 0  L  spray o il. 8 k g  C O C : 4 0  L 

spray o il and untreated con tro l. Sp ray in g  was 

undertaken during the secon d  fortn ight o f  M ay 

and le a f  retention w as recorded periodically. T h e 

resu lts  show ed that le a f  reten tion in h alf-dose 

ap p lied  p lo ts  o f  R R II  105  and P B  2 6 0  w as 

com p arab le  to full d ose application o f  C O C .

1.2. Corynespora leaf disease

T h e com patibility o f  antagonist m icrobes with 

recom m ended fu n gicid es w as tested in  v itro. T h e 

a n ta g o n is t en d o p h y tic  b a c te r ia  8 L K  show ed 

t o l e r a n c e  to  th e  r e c o m m e n d e d  fu n g ic id e  

carbendazim  (0 .0 5 %  a .i.). Evaluation o fbioagen ts 

(e n d o p h y tic  b a c te r ia )  and e f f ic a c y  o f  th ese  

o r g a n is m s  in in te g r a te d  c o n tr o l  a g a in s t  

C ory n esp ora  le a f  fall d isease on R R II 105 was

betw een protected  and u n p rotected  tre e s  in all 

test c lo n es.

experim enta l blocks at RRS, Pad iyoor

~  Y ie ld  ( g t  ‘ t - ' ) 2 o T 7 - 18

P rotected U np rotected C ro p  lo ss (% )

58.3 4 7 .0 0 6

3 9 .8 * * 1 9 .58 54

3 6 .7 * 24 .91 29

3 3 .2 * 2 3 .0 9 46

carried out at U lickal nurseiy. T h e  resu lts show ed 

th at th e  in teg rated  co n tro l w ith  carb en d az im  

(0 .0 2 5 % ) and a n ta g o n is tic  en d o p h y tic  bacteria  

w as e ffe c tiv e  and on p ar w ith  reco m m en d ed  

fu n g icid e  (T a b le  P ath . 5 ;  F ig . Path. I ).

Table Path. 5. Effectiveness o f in tegrated  treatm ents 
in C orynespora disease control

C hem ical C o n c e n - D ise a se

tration  in ten s ity  (% ) 

C arbendazim  0 .0 5 %  2 .4

A ntagonistic

endophytic b acteria  1 x  lO Vm l 2 .3

C arbendaziin+

A ntagonistic

endophytic b acteria  0 .0 2 5 % +

l x l  0 7 m l 1.3

C ontrol (u n p rotected ) 4 .7

C D  (P = 0 .0 5 )  0 .2



Unprotected Integrated

Fig. Path. 1. C orynespora disease severity between integrated and unprotected treatm ents

E v a lu a t io n  o f  n ew  g en era tio n  fu n g icid e , in Karnataka d uring2 0 1 7  d isease seaso n. A m o ng 

th iop h an ate  m eth y l at d iffe ren t co n cen tra tio n s the treatm ents, th iophanate m ethyl 0 .0 7  per cen t 

a lo n g  w ith  r e c o m m e n d e d  fu n g ic id e s  an d  w as found s ig n if ic a n t ly  su p erio r  to  a ll o th er  

untreated con tro l w as carried  out at tw o locations treatments in controlling the d isease (T ab le Path.6 ). 

Table Path.6 . E ffect o f  fungicides on C orynespora disease control

D isease  in tensity  (% )

C hem ical C oncen tration  (% )i Sh erad i, K arnataka, Ich ilam p ad i. K arnataka

C arben dazim 0 .05 1.3 1.0

Carben dazim 0.1 1.2 0 .6

T h iop h an ate  m ethyl 0 .0 7 0.5 0.5

T h iop h an ate  m ethyl 0 .1 4 0 .4 0 .5

C on tro l (U n sp ra y ed ) - 4 .2 1.3

C D  (P = 0 .0 5 ) 0 .2 0 .2

In o r d e r  to  s tu d y  th e  v ir u le n c e  o f  th e  

p a th o g en , C . c a s s i i c o l a  in fec ted  leav es  w ere 

co lle c te d  fro m  d iffe re n t ru b ber grow in g  areas o f  

K era la  and K arn atak a  during Jan u ary  to  M arch  

2 0 1 7 .  T h e  v iru le n ce  o f  iso la tes  w as studied by 

le a f  w ilt b io a ssa y  u sin g  cru d e to x in  and spore 

inoculation m ethod . T h e  isolates show ed high and 

faster w iltin g  in su scep tib le  c lo n es  during in v itro  

l e a f  w i l t  b io a s s a y .  T h e  tw e lv e  te s te d

C o r y n e s p o r a  i s o la te s  w e r e  fo u n d  e q u a lly  
a g g r e s s iv e . C a s  1, th e  c a s s i i c o l in  g e n e  w as 

am p lified  from the g en o m ic  D N A  o f  a ll iso la tes 

tested .

T h e clon e F x  5 1 6  show ed high to lera n ce  to 

C o r y n e s p o r a  in spore inoculation/toxin b io assay  
m ethod and no in fection  w as o bserved  in F x  5 1 6  

p lants at U lick a l nursery du ring  peak d isease  

seaso n. T h e  h a lf  s ib s  o f  F x  5 1 6  w ere  screen ed



for (heir to leran ce to C o r y n e s p o r a  using crude 

toxin.

A ssessm en t o f  lev el o f  d isease  to leran ce  

am ong 2 0 2  W ickham  clo n es  o f  rubber a s w ell as 

s ix  s p e c ie s  o f  H e v e a  (11. b r a s i l i e n s i s . H . 

b e n t h a m ia n a ,  H . n it id a ,  11. c u m a r g o a n a .  11. 

s p r u c e  a n a  and H. p a u c  ( f l o r a )  to  C. c a s s i i c o l a  

w as carried  out u sing  crude to x in  derived from 

C. c a s s i i c o l a  under contro lled  in  v itro  laboratory 

condition s. C lo n es w ere ranked based on th eir 

d isease respose reactio n . C lon es sh ow ing  high 

levels o f  to leran ce and high lev el o f  susceptibility 

w ere shortlisted forgenotyp ingto  identify putative 

m arkers linked to resistan ce loci. Seco n d  round 

o f  screen in g  is in p rogress to  confirm  th eir levels 

o f  to le r a n c e .  F o l lo w in g  a n o th e r  rou n d  o f  

screening, genoly ping o f  the selected  set o f  c lones 

( to la r e n t  and  s u s c e p tib le )  u s in g  m o le c u la r  

m ark ers w ill b e  in itiated  to  id en tify  putative 

m arkers linked  to  th e  to leran ce  loci. 117 c lon es 

w ere g en o ty p ed  u sin g  D A rT  se q u e n c in g  for 
association  m apping studies.

A s s e s s m e n t  o f  d is e a s e  to le r a n c e  to  C. 

c a s s i i c o l a  am o ng the progeny popu lation (11. 

b r a s i l i e n s i s  x  H . b e n th a m ia n a )  w as a lso  carried 

o u t. A lth o u g h  s u s c e p t ib le  p r o g e n ie s  w ere  

identified, p rogenies processin g greater tolerance 

than the toleran t parent H. b e n th a m ia n a  w ere 

a lso  id en tified , w h ich  Could be d irectly  used in 
resistan ce  breeding program .

N e x t G e n e ra tio n  S e q u en cin g  tech n o lo g y  

(R N A -S e q )  w as ad op ted  to  g a in  in s ig h t on 

d ifferen tia lly  regulated gen es involved in host 

to lera n ce  to C o r y n e s p o r a  c a s s i i c o l a , through 

tran scrip tom e an alysis  o f  control (h ealth y ) and 

challenged  (in fected )su sce p tib le  (R R II 10 5 )  and 

to leran t (G T  1) cultivated rubber c lo n es. A few  

key gen es involved  in d isease resistan ce w ere 

id en tified  m to leran t c lo n e . S tu d ies  on o v er

ex p ressio n  o f  s e le c ted  g e n e s  and an a ly sin g  the 

ce llu lar  c h an g es fo llo w in g  p ath o g en  in fection  is 

in p ro g ress  th rou g h  r e a l- t im e  P C R  an a ly sis . 

P r e lim in a r y  s tu d ie s  o n  v ir u s - in d u c e d  gen e 

silen cin g  (V IG S )  h a v e  b een  in itiated  to identify 

gen es and k n o ck  dow n e x p re ss io n  o f  selected  

gen es.

1.3. P ow dciy m ildew  disease

In a  d isease  co n tro l e x p e rim e n t in p oly  bag 

p lan ts, e f f 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  r e c o m m e n d e d  fu n g ic id e  

w e t ta b le  s u lp h u r  a n d  a n e w  fu n g ic id e  

trillo xystrob in + tebu conazole (N ativ o ) w as tested. 

A m o n g  th e  t r e a t m e n t s  t r i f l o x y s t r o b i n +  

teb u co n azo le  (N a tiv o ) w-as th e  m o st e ffectiv e . 

A bout 5 0 -7 0  p er c e n t co n tro l o f  th e  d isea se  was 

obtain ed  w ith b a cteria l iso la te  R H  3 4 .

1.4. C o lle to t iic liiim  le a f disease

E v a lu a t io n  o f  s p r a y  s c h e d u le  f o r  the

m a n a g em e n t o f  C o lle to tr ic h u m  l e a f  d ise a s e  

(C L D ) o f  rubber w as un dertaken at T R & T  estate, 

M u n d a k a y a m . A m o n g  th e  fo u r  s c h e d u le s  

e v a lu a t e d , th e  a l t e r n a t e  s p r a y in g  w ith  

C a r b e n d a z im + M a n c o z e b  ( 2 g  L ' 1) and 

f r o f lo x y s tr o b in  +  T e b u c o n a z o le  ( I g  L 1) at 

w eekly interval recorded  low est d isease  intensity.

T h e  le v e l  o f  d is e a s e  t o l e r a n c e  in 2 0 2  

W ickh am  c lo n e s  to  C o l l e t o t r i c h u m  sp p . w as 

assessed  by using c ru d e  to x in  d eriv ed  from  

a c u ta tu m  under co n tro lled  in  v it r o  lab o ra to ry  

conditions. C onsolidation ol th e  results on inherent 

to leran ce  o f  th ese  c lo n e s  re v e a le d  th at on ly  a 

few  c lo n e s  p ossessed  o v e r  7 0  p er c e n t to leran ce  

and m ost o l the c lo n es  fe ll in to the m o d era te  level 

O f resistan ce  c a te g o iy  o r w ere h ig h ly  su scep tib le . 

S e c o n d  round o f  s c r e e n in g  is in p ro g re s s  to 

co n firm  the lev el o f  .resis tan ce . G e n o ty p in g  o f  

th e  s e le c t e d  s e t  o f  c l o n e s  ( r e s i s t a n t  and



s u s c e p t i b l e )  w i l l  b e  in i t ia t e d  f o l lo w in g  

con firm ation  using m o lecu lar m arkers to identify 

putative m arkers linked to the resistan ce loci. 1 17 

W ickh am  c lo n e s  w ere  genotyped  using D A rT  

seq u en cin g , w h ich  provided both SNP and PAV 

m arkers, w h ich  w ould  be used for association  
m ap ping studies.

A s s e s s m e n t  o f  d is e a s e  r e s i s t a n c e  to  
C o l l e t o i r i c h i im  a c u t a lu m  am o n g  the progeny 

pop u lation  (77. b r a s i l i e n s is  x  H  b e n ih a m ia n a )  

w as a ls o  c a r r ie d  o u t. P r o g e n ie s  p ro c e ss in g  

grea ter  r e s is ta n ce  th an  the resistan t parent H. 

b e n ih a m ia n a  and  g rea ter  su scep tib ility  than the 

s u s c e p t i b l e  p a r e n t  H . b r a s i l i e n s i s  w e re  
identified.

1.5. T h read  b lig h t disease

A  su rv ey  on th e  in cid en ce and sev erity  o f  

th read  b lig h t  d is e a s e  w a s  un d ertaken  in th e  

T h od u p u zh a and K oth am an alam  regions. Th e 

in c id e n c e  an d  s e v e r ity  at T h o d u p u z h a  and 

K o th am an g alam  reg io n  w ere 3 0  per cen t and 15 

per c e n t , resp ectiv e ly . A b o u t 10 alternate hosts 

w ere id en tified  during  the survey.

2 . Stem  diseases -  P ink disease

T w o  n e w  g e n e r a t io n  fu n g ic id e s  w ere  

evaluated  fo r  th e  c u ra tiv e  e ffe c t  at T R & T  estate, 

M u n d akayam  o n  3 y e a r  old  p lants o f  the clon e 

R R II 10 5 .  C u ra tiv e  ap p lica tio n  w as carried  out 

b y  s i n g l e  m a n  o p e r a te d  p o w e r  s p r a y e r . 

O b serv atio n  on th e  reco v ery  o f  p lan ts show ed 

th a t b o t h t h e  f u n g ic id e  t r i f lo x y s t r o b in  + 

teb u co n azole  (1 g  L 1) and tebu co nazole ( I ml L '1) 

record ed  b e tte r  p ro tectio n  in ch eck in g  the pink 

d isease  w h en  ap p lied  du ring  the co b -w eb  stage 

o f in fe c tio n .

3 . T apping Panel D ryness

R e c e n t in vestig ation  on T P D  -  a ffected  trees 

s h o w e d  t y p ic a l  b a r k  n e c r o s i s  s p r e a d in g  

d ow nw ards from  tap p in g  cut to  root stock. D A P I

(n u clear  sta in ) stained  T P D  and h ea lth y  bark 

when exam ined  under laser scan n in g  m icroscop e 

show ed p resence o l liv in g  o rg an ism s in phloem  

v esse ls  and th eir ab sen ce  in health y  sam p les. 

Phytoplasm a-en rich ed  D N A  w as isolated from

I PD  and a few  healthy bark sam p les. N ested- 

P C R  assays u sing  tw o universal prim er pairs, 

R 1 6 m F 2 / R I and  R I 6 F 2 n / R 2  y ie ld e d  an 

am p lification  o f - I 3 0 0 b p  in all T P D - a ffec ted  

plants. P C R  am plification was obtained in certain 

healthy plants a lso . C lon in g  and seq u en cin g  o f  

am p lified  P C R  product w ere carried  out and th e  

seq u en ce on optional b lasting  show ed sim ilarity  

to o th er reported  P h y to p lasm as. T h e  h ea lth y  

plants w hich w ere p ositiv e  in P C R  reaction  later 

show ed T P D  sym ptom s.

Scan n in g  E lectron  M icro sco p ic  stu d ies o f  

Phytoplasm a-positive bark sam ples showed round 

p loeom orphic bodies s im ilar  to  P h y to p lasm a in 

the s iev e tu bes. T h e s iz e  o f  the P h ytop lasm a­

like bod ies ranged betw een 4 0 0 -1 8 0 0  nm.

4 .  Microbial inoculants for growth
improvement

4 .1. Effcct o f PG PR on growth o f young rubber plants

Four P G P R  iso la tes and tw o co n so rtia  w ere 

evaluated in root tra iner p lants at 2 5  and 5 0  per 

c e n t  r e c o m m e n d e d  le v e ls  o f  f e r t i l i z e r .  

U ninoculated plants applied with 2 5 , 5 0  per cen t 

and full fertilizer w ere kept a s  com rols . Inoculated 

plants show ed better girth and height o f  p lants 

than fertilizer applied plants. T h e  h igh est g irth o f  

plants w as recorded in those p lan ts applied  with 

R II  104 at 2 5  per cen t fe r tiliz e r  ap p lica tio n . 

P la n ts  in o c u la te d  w ith  2 5  an d  5 0  p er  c e n t 

fertilizer application did not show  m uch d ifference 

in growth and w as higher than uninoculated plants 

at the sam e levels and w ith full level o f  fertiliser  

a p p lie d  p la n ts . R o o t  g r o w th  w a s  m o re  in 

inoculated plants.



5. C on stru ction  of high density genetic 5 8 0 .7  c M  (L G  10 ), th e  d is ta n ce  betw een  two 

lin k age m ap and m ap p in g  o f m ark ers w as on an av e ra g e  1 .2 8  c M  and the 

Q u a n tita tiv e  T ra it  L o ci (Q T L s ) fo r m axim um  sp a ce  b etw ee n  tw o  m ark ers w as 2 5 .2  

disease resistan ce c M . In  ca se  o ff/ , b e n t h a m ia n a ,  length o f  each

A  m ap p in g  p o p u la tio n  d eriv ed  fro m  an lin kaS «  group ranged  fro m  3 0 4  cM  ( U i  17) t„ 

in tersp ecific  cro ss betw een H  b r a s i l i e n s i s  c lon e c  ̂  ' ( l  -'*• d ' s la i lc e  b etw ee n  tw o m arkers

R R I I  1 0 5  (h ig h  y ie ld e r  w ith  lo w  d is e a s e  w as on a "  a v era g e  1 l|,) w ith a m axim um  

resistan ce potential) and l i .  b e n th a m ia n a  F 4 5 4 2  sPa ce  b etw een tw o m a rk ers  1 6 .2  cM .

(low yielder with high level o f  d isease resistan ce) P h enotypic a sse s sm e n t fo r  d isea se  response

w as used lo r  the con stru ction  o f  high density  to th ree m a jo r  p ath ogen s: I ’h y t o p h t h o r a  m ciiLlii 

g en etic  lin kage m aps o f  H. b r a s i l i e n s i s  and H . C o r y n e s p o r a  c a s . s i i c o / a  . C o l l e t o l r i c l i i in i  

b e n t h a m i a n a .  P o ly m o r p h ic  m a r k e r s  ac u ta iu tn  w a sca rrie d  " in  in co n tro lled  condition 

(hetero zygou s in on e parent and hom ozygou s in in the laboratory. P aren tal m ap s w ere  used to 

th e  o th e r  p a r e n t)  g e n e r a t e d  fr o m  D A r T  d etect Q T L s  u sin g  ‘q t l ’ so ftw a re  in R  package, 

sequencing [both single nucleotide polym oiphism s Q T L s for resistan ce  to th ese  th ree m a jo r  d iseases 

(S N P s ) and presence/absence variants (PA V s)J w ere  id e n tif ie d  fro m  th e  p a te rn a l p a re n t H. 

w e re  u se d  fr o m  th e  s e g r e g a t in g  p r o g e n y  b e n t h a m ia n a ,  w h ic h  is  th e  d is e a s e  res is ta n t 

p opu lation . R efin em en t o f th e  linkage m ap s w as p aren t. V a lid a tio n  o f  Q T L  m a r k e r s  and  fin e 

carried out elim in atin g  sin g le-d o se  m arkers and m a p p in g  o f t h e  Q T L  r e g io n s  lo r  d is e a s e  

m a r k e is  s h o w in g  e x c e s s i v e  s e g r e g a t io n  resistan ce  w as carricd  ou t u sing  K A S P  m arker 
distortion. F in a lly  5 1 8 7  and 8 0 8 2  good qu ality  technology, 

m a r k e r s  fo r  H . b r a s i l i e n s i s  an d  H

b e n t h a m i a n a ,  r e s p e c t iv e ly  w ere  u sed  an d  . 0 f l h e  8 4  F i ll,a l w erc  “ sesscd
linkage m ap w as constru cted  fo r  each  parent. lo r  lo le ,a n ce  ag a in st fou r I 1.8 % )

M apping w as done using  A S M a p  p ackage in R  ' Veie h i8 lll> 'lo le ia n t- 2 7  ( 3 2 . 1 % )  w ere  tolerant, 

sta tistica l env iron m en t. A ll D A rT seq  tags that w e le  m o d e r a t e ly  to le ra n t/

m apped to  p arental m ap s (// b r a s i l i e n s i s  and susceptlb le’ 11 0 3 - l “''° )w e re s u s c e p lib le a n d n in e

H . b e n t h a m i a n a ) w e r e  b la s te d  a g a in s t th e  ( , 0 '7 ^  w ere highly s u s ce p tib le  (F ig . Path 2).

H e v e a  d r a ft  g e n o m e  ( A J J Z 0 0 0 0 0 0 0 0 0 . 1 ). 

C orrect L G s in th ose tw o parental m aps w ere 

assig ned  using scaffo ld  inform ation o f th e  draft 
gen om e.

L in k a g e  m ap s o f  H. b r a s i l i e n s i s  and //.

W ith a ssessm en t u sin g  a cru d e  e x tra c t  o f  toxin  

f io m  C o r y n e s p o r a  c a s s i i c o l a , th e  11 

b e n th a m ia n a  parent w as co n firm e d  to  b e  h ighly  

to leran t and the //. b r a s i l i e n s i s  p a ren t highly  

s u s ce p tib le . 0 1  8 5  p ro g e n y  te s te d  w ith  th is 

e x tract, n ine ( 10 .6 % )  w ere  h ig h ly  res is tan t, 18 

( 2 1 .2 % )  w ere h ig h ly  su s c e p tib le  and 5 8  w ere



a c u t a  turn  to x in  ex tract , 17 w ere h ighly  resistant r-,1 m  go/.

( 2 0 % ), s ix  w ere  highly  su scep tib le  ( S )  “ "d ^  m le™ ed lat‘; <F iS- ^ B ) .

F 'e  PlUh 2  /,'/' ° r“  <li“ a“  r“ P" “ ‘' ba“ d 00  Si“  “ ricsiu"  P rotJucctl O" leaf follow-
seveH lv assessed wfth S J ° rC %  '' ° f  <A >- diseases c u t )  assessed with 84 piogeny. Disease severities o f parents are indicated by a circic  (// 
b ra s ilien s is )  and a triangle (//. b en tlian iia iia )(B )

Fig.Path.3. C ory n esp ora  leaf disease (A) and CoIIetotrichuin leaf disease (B ) assessed with 8 5  progeny 
(//. b ra s ilien s is  x 11. ben thu m ian a). D isease severities o f parents a re  indicated by a c ircle  
( II . b ra s il ien s is )  and a triangle (II. b en tlian iian a)

5-L Q T L s  detected fo r  disease resistance

F o r  P h y t o p t h o r a  r e s is ta n c e ,  th ree  Q T L s  

w ere m ap ped in H . b e n ih a m ia n a :  tw o on LG  8 

and on e on L G  1. F o r  C o r y n e s p o r a  resistan ce, 

three w ere  m ap ped in H  b e n ih a m ia n a :  one on 

e a c h  o f  L G  1. L G  12  a n d  L G  1 3 . F o r

C o lle to tr ic h u m  resistan ce, th ree w ere  m apped 

on LG  10. LG  12 and L G  18 in I t  b e n ih a m ia n a  

and on LG  5 , L G  6 and L G  11 in//, b r a s i l ie n s is ) .  

V alidation o f Q T L  m arkers and fin e  m ap ping  o f  

the Q T L  regions for d isease  res is ta n ce  is b ein g  

carried  out using K A S P  m arker tech nology .



PLANT PHYSIOLOGY DIVISION

T h e m a jo r  areas o f  research  in the Plant 

Physiology D iv ision  are studies on physiology o f  

g ro w th  and y ie ld ,  e n v iro n m e n t and  s tre s s  

p h y sio lo g y , seco n d a ry  m e ta b o lite s  and g en e 

ex p ress ion  an alysis  in re latio n  to  latex flow  and 

rubber b iosyn thesis.

Around twenty introduced clon es from  other 

rubber grow ing countries w ere cvaluated for their 

d r o u g h t t o l e r a n c e  p o t e n t ia l  by a s s e s s in g  

physio log ical param eters. C lonal responses w ere 

studied in H e v e a  under high and low  tem perature 

s tresse s and a  few  stress to leran t c lo n es  w ere 

identified. M an y wild germ plasm  accessio n s and 

ortets  w ere under ev a lu atio n  fo r  to lera n ce  to 

e x tr e m e  c l im a t ic  c o n d i t io n s .  S t u d ie s  a re  

progressing  to  understand th e  e ffe c t o f  a grow th 

regulator (P B Z )  on grow th and developm ent o f  

rubber plants. M olecu lar m echanism  o f  eth ylen e 

in duced la tex  production was deliberated.

1. Environmental and stress physiology
1.1 Dev eloping early screening tools for drought

tolerance in H ev ea

G en e  ex p ress ion  analysis w as perform ed for 

tw o drought resp o n siv e  gen es viz. sH S P 2 3  (23  

k D a  c h lo r o p la s t  p ro te in  co d in g  g e n e ) and 

H b R a b l  ( s t r e s s  in d u ced  c y to p la s m ic  R A B  

protein ). G A P D U  gene w as used as endogenous 

c o n tr o l  fo r  n o rm a liz a tio n  and  q u a n tita tiv e  

ex p re ss io n  o f  th ese  gen es. Q u an titative  g en e 

ex p tess io n  a n a ly sis  indicated up-regulation o f  

ch lo ro p la st s H S P 2 3  g en e  in drought exposed  

plants. D rou ght to leran t clon es. R R IM  6 0 0  and 

R R I I  4 3 0  r e c o rd e d  aro u n d  tw o  fo ld  o v e r  

expression when com pared to  susceptib le clon es. 

R R II I §3  and R R II 4 1 4 . In case  o f  R A B  siene

there w as no d efin ite  trend fo r  g en e ex p ression  

pattern fo r  drought resp o n ses.

1.2. Evaluation o f m odern H ev ea  clones for drought
tolerance

1.2.1. E v a lu a tion  o f  e x o t ic  c lo n e s  f o r  d ro u g h t  
stress  to le ra n c e

T w e n ty  in t r o d u c e d  c l o n e s  f r o m  fo u r  

cou n tries (V ietn am  - 8 ( V 1 - V 8 ), C h in a  - 5 (C l

- C 5 ) , Th ailan d  -  5 ( T l  -  T 5 )  and C a m b o d ia  - 2 

(K I  -K.2 ) w ere tested for th eir resp o n se  to  drought 

s t r e s s ,  b o th  in  v i t r o  an d  in th e  f ie ld .  T h e  

p aram eters  te s te d  w ere  p h o to s y n th e s is  ra te , 

ch lorop h yll f lu o re sc e n c e  ra te  and ch lo ro p h y ll 

content index d uring stress f re e  and s tress  p eriods 

(so il m oistu re co n ten t w as around 11 .7 % ) .  C ell 

m em bran e s tab ility  and re la tiv e  w ater c o n te n t in 

detach ed  le a f  d is c s  w e re  a ls o  a n a ly s e d  a fte r  

incubating in an o sm o ticu m  (4 0 %  P E G ).

E x ce p t in a few  c lo n e s , th e  p h o to sy n th e tic  

C O , assim ilation  rate ( P N) d eclin ed  by m o re  than 

70  per cen t in m o st o f  the c lo n e s  tested . Stom atal 

con d u ctan ce  and tran sp iration  rate  a ls o  d eclin ed  

sign ificantly  in a ll the c lo n e s  d ue to  s o il m oisture 

d efic it stress. C lo n e s  v iz . T 2 .  T l ,  V 4 .  V I and 

V 2  reco rd ed  r e la t iv e ly  b e tte r  g a s  e x c h a n g e  

param eters under d rought co n d itio n s  in the field, 

w h ile  C 2 ,  C 4 , V 5  and  V 6  w e re  fo u n d  poor. 

Th ough the rate o l red u ctio n  in Fv/Trn and  O P S

II w as sm all under stress , c lo n e s  V 4 .  T l .  T 2 , 

V 2 , V I and T 4  record ed  b e tte r  p h o to  ch em ica l 

e ff ic ie n c y  under dark a s  w ell a s  ligh t adapted 

conditions, w hereas V 6 , V 5 , V 7 , C 4  and V 8  w ere 

sh ow ing a low  rate  o f  p h o to ch e m ica l e ffic ien cy . 

C lon es T l . V 3 , V 4 , T 3 ,  C 4 . V 2  and V I  had low er



m em bran e d am ag e under P E G  stress w hile V 7, 

V 8 , K 2 , T 5  and K 1 had in flicted  with higher level 

o f  m e m b ra n e  d am age . C lo n es , T 5 ,  1 1 . K l ,  K 2 

C 4 , V 7  and V 5  sh ow ed  better le a f  chlorophyll 

content under s tre ss  co n d itio n s. R elativ e  w ater 

c o n te n t (R W C )  o f  le a f  d isc s  w ere  an aly sed  

during th e  stress  p eriod  and it w as found that 

clon e T 5  m ain tain ed  m o re than 9 0  per cen t R W C  

in le a f  and V 7 , V 3 , V 6 , T 3 ,  V 7 , V I and V 4  are 
the o th er c lo n e s  h av in g  h ig h er R W C .

V a ria tio n s w ere  m o re am o n g  the c lo n es  for 

each  p aram eter, and v ery  few  c lo n e s  show ed 

stability  in to le ra n ce  potentia l for m o st o f t h e  

p aram eters tested . O n e c lo n e  e ach  from  Vietnam  

( V 4 )  and T h a ila n d  ( T l )  sh ow ed  co n s isten tly  

b e tte r  p e r fo r m a n c e  u n d e r  s t r e s s  s itu a tio n , 
com p ared  to  o th er  clo n es .

1-2.2. E ffe c t  o f  h ig h  t em p era tu re  stress on  Hevea

The e f fe c t  o f  high tem p era tu re  s tre ss  in 
young plants o f  / l e v e a  and their tolerant cap acity  

w as studied in four popular c lo n es  (R R II  105 , 

R R II 4 1 4 , R R II 4 3 0  and T jir  1 ) under contro lled  

cond ition s in a w alk-in  grow th ch am ber. T h e 

pho tochem ical e ffic ie n cy  and E T R  acro ss  P S  I 

and PS II declined in le a f  d iscs ex p osed  to  high 

tem perature conditions com pared to c on tro l. G as 

exchange param eters d eclined  s ig n ifican tly  in all 

the c lon es on exposure to h igh tem perature for 5 

days (Fig . Phy. I )  A ntioxidant enzym e activity and 

lipid peroxidation rate in itially increased and then 

declin ed , in dicatin g the p rocess o f  a cc lim atio n  

upon exposure to high tem perature stress. A m o ng 

the c lon es tested, R R II 4 3 0  show ed co n s isten tly  

better adaptation to high tem perature s tress  w ith 

respect to m ost o f  the param eters studied.

■ R R II  4 3 0  

□ R R II  103 

□ R R II  4 1 4  

■ T J IR  1

C on U ol H T 3 d a 7 s  H T S d a y s

Fig.Phy. 1. C O , assim ilation  rate  in rubber clones subjected to high tem perature stress under controlled 
conditions

1.3. Stud ies on ad aptive m echanism s iu H ev ea  for 4 3 2 , RRH  4 2 9 , R R II 4 3 0 .  R R IM  6 0 0 ,  R R IC  10 0  

d rought and  cold stresses allj  SC A T C  88/13. T h ree  sets  o f  ex p erim en ts

T h e  ex p erim en t w as initialed w ith nine H ev ea  w ere carried  out using p o h b a g  g ro w n  yo u n g  

c lo n es  w -  R R JI  10 5 . R R II  2 0 8 .  R R I U I 4 .  R R II plants. A tier  10 days under con tro lled  cond ition



PLANT PHYSIOLOGY DIVISION

T h e  m a jo r  areas o f  research  in the Plant 

P in  siology  D iv ision  are studies on physiology o f  

g ro w th  and  y ie ld ,  e n v iro n m e n t and  s t r e s s  

p h y sio lo g y , seco n d a ry  m e ta b o lite s  and gen e 

ex p ression  analy sis  in relation  to  la tex  How and 

rubber biosy nthesis.

Around tw enty introduced c lon es from  other 

rubber grow ing coun tries w ere evaluated for their 

d r o u g h t t o l e r a n c e  p o t e n t ia l  by a s s e s s in g  

physio log ical param eters. C lon al responses w ere 

studied in H e v e a  under high and low tem perature 

s tresse s and a few  stress to leran t c lo n e s  w ere 

identified. M any w ild germ plasm  accessio n s and 

o rtets  w ere under ev a lu atio n  fo r  to le ra n ce  to  

e x tr e m e  c l i m a t i c  c o n d i t io n s .  S t u d ie s  a re  

p rogressing  to  understand th e  e ffe c t o f  a grow th 

regulator (P B Z )  on grow th and d evelop m ent o f  

rubber p lants. M olecu lar m echanism  o f  ethylene 

induced la tex  production w as d eliberated .

1 . E n v ir o n m e n ta l  a n d  s t r e s s  p h y sio lo g y

1.1 D eveloping early screening tools for drought
tolcran cc in I le v e a

G en e exp ression  a n alysis  w as perform ed for 

tw o drought resp o n siv e .g en es viz. sH S P 2 3  (23 

k D a  c h lo r o p la s t  p ro te in  co d in g  g e n e ) and 

H b R a b l ( s t r e s s  in d u ced  c y to p la s m ic  R A B  

p rotein ). G A P D I1  g en e w as used as endogenous 

c o n tr o l  fo r  n o rm a liz a tio n  and  q u a n tita tiv e  

e x p ress io n  o f  th e se  g e n e s . Q u an titativ e  g en e 

e x p ressio n  an a ly sis  in d icated  up-regulation o f  

ch lo ro p last sH S P 2 3  g en e in drought exposed  

p lants. D rought to leran t c lo n es, R R IM  6 0 0  and 

R R I I  4 3 0  r e c o r d e d  a ro u n d  tw o  fo ld  o v e r  

expression when com pared to  suscept ib le  clon es, 

R R II 105 and R R II 4 1 4 .  In ca se  o f  R A B  gene

there w as no d efin ite  trend fo r  g e n e  ex p ressio n  

pattern fo r  drought resp o n ses.

1.2. Evaluation o f modern I l e v e a  clones for drought
tolcrancc

1.2.1. E v a lu ation  o f  ex o t ic  c lo n e s  f o r  d ro u g h t  
s tress  to le ra n c e

T w e n ty  in tr o d u c e d  c l o n e s  f r o m  fo u r  

cou n tries (V ietn am  - 8 ( V 1 - V 8 ), C h in a  - 5 ( C 1

- C 5 ). T h ailand  -  5 ( T l  -  T 5 )  and C a m b o d ia  - 2 

(K l -K 2 ) w ere tested fo r  th eir resp onse to  drought 

s t r e s s ,  b o th  in  v i t r o  an d  in th e  f ie ld .  T h e  

p a ra m eters  te s te d  w e r e  p h o to s y n th e s is  rate , 

ch lorop h yll flu o re sc e n c e  ra te  and ch lo ro p h y ll 

content index d uring stress free  and stress periods 

(so il m oistu re co n ten t w as around 1 1 .7 % ). C ell 

m em bran e s tab ility  and re la tiv e  w ater c o n ten t in 

d etach ed  le a f  d is c s  w e re  a ls o  a n a ly se d  a fte r  

in cubatin g in an osm o licu m  (4 0 %  P E G ).

E x ce p t in a few  c lo n e s , the p h o to sy n th e tic  

C O , assim ilation  rate (P N) d eclin ed  by m o re  than 

7 0  p ercen t in m ost o f  the c lo n e s  tested . S tom atal 

cond u ctance and tran sp iration  ra le  a lso  d eclin ed  

sign ifican tly  in all the c lo n e s  due to  s o il m oistu re 

d e fic it stress. C lo n e s  v iz . T 2 ,  T l ,  V 4 ,  V I  and 

V 2  reco rd ed  r e la t iv e ly  b e tt e r  g a s  e x c h a n g e  

param eters under drought co n d itio n s  in the field , 

w h ile  C 2 . C 4 , V 5  and  V 6  w e re  fou n d  poor. 

Though the rate  o f  red u ctio n  in Fv/Fm  and O P S

II w as sm all under stress , c lo n e s  V 4 , T l .  T 2 , 

V 2 , V I and T 4  record ed  b e tte r  p ho to ch em ica l 

e f f ic ie n cy  under dark as w ell as ligh t adapted 

conditions, w hereas V 6 , V 5 ,  V 7 ,  C 4  and V 8 w ere 

sh ow ing a  low  rate o f  p h o to ch e m ica l e ffic ie n cy . 

C lo n e s T I .  V 3 ,  V 4 ,T 3 ,C 4 ,  V 2  and V 1 had low er



m em brane d am ag e u n d er P E G  s tre ss  w h ile  V 7 , 

V8 K 2 ,T 5 a n d K  i had in flic ted  w ith h igher level 

o f  m em bran e d am ag e . C lo n e s . T 5 ,  T l ,  K l ,  K 2 , 

C4, V 7 and V 5  sh o w ed  b e tte r  l e a f  ch lo ro p h y ll 

content under s tre ss  c o n d itio n s . R e la t iv e  w ater 

content (R W C )  o f  l e a f  d is c s  w e r e  a n a ly se d  

during the s tre ss  p erio d  and  it w as found that 

c l o n e ®  m ain tain ed  m o re  th an  9 0  p e r c e n t R W C  

in lea f and V 7 .  V 3 ,  V 6 , T 3 ,  V 7 . V I  and  V 4  are 

the o th er c lo n e s  h a v in g  h ig h e r  R W C .

V ariation s w ere  m o re  a m o n g  th e  c lo n e s  for 

each p aram eter, an d  v e ry  few  c lo n e s  sh ow ed  

stability in to le ra n c e  p o ten tia l fo r  m o st o f  the 

param eters tested . O n e  c lo n e  e a ch  from  V ietnam  

(V 4 ) and T h a ila n d  ( T l )  sh o w e d  c o n s is te n tly  

b e tte r  p e r f o r m a n c e  u n d e r  s t r e s s  s i t u a t io n ,  

com pared to  o th e r  c lo n e s .

1.2.2. E f f e c t  o f  h ig h  t em p era tu re  s tress  o n  Hevea 

T h e  e f f e c t  o f  h ig h  te m p e ra tu re  s t r e s s  in 

you n g  p lan ts o f  H e v e a  and th eir to leran t ca p a c ity  

w as studied  in fou r pop u lar c lo n e s  (R R I I  1 0 5 , 

R R I I  4 1 4 ,  R R II  4 3 0  and T ji r  1) u n d er c o n tro lled  

c o n d itio n s  in a w a lk -in  g row th c h a m b er. T h e  

p h o to ch e m ica l e f f ic ie n c y  and E T R  a c ro ss  P S  1 

and P S  II d eclin ed  in l e a f  d iscs  ex p o se d  to  high 

tem perature c o n d itio n s com p ared  to  c o n tro l. G as 

ex ch a n g e  p aram eters d eclin ed  s ig n ifica n tly  in all 

th e  c lo n e s  on ex p o su re  to  h igh  tem p eratu re  fo r  5 

days (F ig . Phy. 1) A ntiox id ant en zy m e activ ity and 

lipid p eroxidation ra le in itia lly  in creased  and then 

d eclin ed , in d ica tin g  th e  p ro ce ss  o f  a c c lim a tio n  

upon ex p osu re  to  high tem perature s tress. A m o n g 

th e  c lo n e s  tes ted , R R II 4 3 0  sh ow ed  co n s is te n tly  

b e tter  a daptation  to  h igh  tem p eratu re  stress  w ith  

resp ect to  m o st o f  the p aram eters  stu d ied .

■ RR II 430 

□R R II 105 

□R R II 414 

■ T JIR l

- T f t p

Conttol H T3 days H T 5 days

Fig.Phy. l . C O j assim ilation  ra te  in ru b b e r  clones sub jected  to high tem p eratu re stress under controlled  
conditions

••3. Studies on ad ap tive  m ech an ism s in H e v e a  for 4 3 2 . R R II 4 2 9 ,  RRH  4 3 0 ,  R R IM  6 0 0 .  R R I C  100  

drought and  cold stresses aild S C A T C  88/ 13. T h re e  sets: o f  e x p e rim e n ts

Hie e x p erim en t w as initiated with nine l i c v m  w ere  carr ied  out u sin g  p o ly b a g  g ro w n  y o u n g  

clon es viz. R R II  1 0 5 . R R II  2 0 8 .  R R I I  4 1 4 ,  R R II  plan ts. A fte r  10 d ays under co n tro lle d  co n d itio n



(30°C /22°C  day/night, I3 h  photoperiod), these 

p la n ts  w e re  s u b je c t e d  to  lo w  te m p e r a tu r e  

condition by gradually low erin g  the tem perature 

to  15°C/7L'C (day/ nigh t). D rou gh t s tre ss  w as 

im posed in another set o f  plants under controlled 

condition by w ithhold ing irrigation  for ten day s. 

M e m b r a n e  d a m a g e  o n  e x p o s u r e  to  low  

tem perature stress was found re lativ ely  less in 

R R IM  6 0 0 . R R II 2 0 8  and SC A T C  88/13. L e a f  

m ass p er area  (L M A )  and s p e c if ic  l e a f  area 

(S L A )  w ere h igher in R R II 2 0 8  and R R II 4 3 0 . 

T h e level o f  an tiox id an t en zy m e activ ity  was 

in cre a se d  a f te r  tw o  w e e k s e x p o s u r e  to  low  

tem p eratu re . A m o n g  th e  c lo n e s , h igh  rate  o f  

activ ity  w as observed  in SC A T C  88/13 and low  

rate in R R II 105 . G en oty p ic variation s to  low  

tem perature responses w ere w orked out in one 

co ld  to leran t (S C A T C  88/ 13) and su scep tib le  

(R R II  1 0 5 ) c lo n es . S ig n ifica n t variation s were 

o b s e r v e d  w ith  r e s p e c t  to  m o r p h o lo g ic a l ,  

p h y sio log ica l and b io ch e m ica l param eters. T h e 

c lo n e  SC A T C  88/13 show ed fast rate o f  recover) 

from  co ld  stress w hen com pared  to R R II  105.

C ell viability test indicated that R R II 2 0 8  and 

SC A T C  88/13 w ere fu n ction in g  w ell under co ld  

s tre ss  am o n g  th e  c lo n e s  stu d ied . T h e re  w as 

s ig n ifican t reduction in ch loroph yll content o f  

le a v e s  e x p o s e d  to  c o ld  o r  d ro u g h t s tr e s s .  

X an th o p h y ll c y c le  p igm ents analysed in H e v e a  

c lo n e s , R R II 4 2 2 .  R R II  105 and R R IM  6 0 0  

rev ea led  s ig n ifica n t c lo n a l variation in plants 

ex p osed  to  low  tem perature. Th e level o f  U V 

absorbin g  com pound such as anthocyan'in was 

in cre a se d  under low  tem p era tu re  co n d itio n . 

R R IM  6 0 0  and R R II 2 0 8  show ed relatively  high 

cellu lar m etabolic  activ ity  w hereas R R II 4 3 0  and 

S C A T C  88/13 w ere on par with L c h  oth er for 

th e  r a te  o f  m e ta b o l ic  a c t iv i ty  u n d e r  lo w  

tem p era tu re  co n d itio n . U nd er d rought stress

condition a lso s im ilar pattern o f  m etabolic  activity 
was observed  in th ese  clo n es .

D orm ancy  w as n o ticed  during  th e  period  o f  

low  te m p e r a tu r e  e x p o s u r e .  N e w  w h irl w as 

started appearing a fter a llo w in g  a reco v ery  period 

to  tro p ica l c o n d itio n s , but th e  ra te  o f  grow th 

recovery varies w ith c lo n e s . U nder drought stress 

such a cond ition  w as no t o b serv ed  but during the 

stress reco v eiy  period the form ation  o f  new  whirl 

w as very fast w hen com p ared  to  r e c o v e iy  from 

cold stress. B io ch e m ica l an a ly sis  o f  le a f  sam ples 

co lle cted  from  d rought and co ld  im p osed  plants 

is in progress.

1.4. Evaluation ofniodern H e v e a cloncs fordrouglit
toleran ce: S tu d ies  on  d ro u g h t  e f fe c t s  o n  Hevea
in re la tion  to  o x id a t iv e  s tr e s s  a n d  u n tiox id an t
r esp o n ses

T h e  p r e s e n t  s tu d y  w a s  u n d e r ta k e n  to  

ev aluate the drought a sso c ia ted  o x id a tiv e  stress 

an d  a n t io x id a n t  r e s p o n s e s  in  g e r m p la s m  

access io n s . W ild  a c c e s s io n s  (M T  5 1 0 0  and  M T  

4 7 8 8 )  w ere  a sse s se d  a lo n g  w ith  e l i te  H e v e a  

c lo n es  such as R R II 105 , R R II  2 0 8 ,  R R IM  6 0 0 , 

S C A T C  88/13 and R R II 4 0 0  s e r ie s  at R R I I  farm . 

P lants w ere su b jected  to  d rou gh t s tre ss  fo r  ten 

days. L e a f  sam p les w ere c o lle c ted  a fte r  assessin g  

th e  p h y s io lo g ica l p e r fo rm a n c e  o f  th e  p lan ts. 

G row th p erform an ce o f  g erm p lasm  lin e s  w as on 

par with H e v e a  c lo n e s  un d er d rought con d ition . 

T h e  level o f  a n tiox id an t a c tiv ity  w as estim ated  

in c o n t r o l  an d  s t r e s s e d  p la n t s .  B o th  

m a lo n d ia ld e h y d e  ( M D A )  a n d  g lu t a t h io n e  

con ten ts in creased  in s tre ss  ex p o se d  p lan ts and 

d e c r e a s e d  in  c o n t r o l  o n e s .  T h e i r  q u a n ti ty  

in c r e a s e d  fu r th e r  w h e n  th e  d r o u g h t  s t r e s s  

extended fo r  m o re  than o n e  w eek . C e ll v iab ility  

test reflected  th at th e  g erm p lasm  a c c e s s io n  M T  

5 10 0  w as on par with R R II 208  and S C A T C  88/13. 

A n a ly s is  o f  c r u c ia l  b io c h e m ic a l  p a r a m e te rs



r e l e v a n t  to  o x id a t iv e  s t r e s s  r e s p o n s e s  and  

antioxidant m e ta b o lism  are  in p ro g ress.

1.5. Evaluation o f environm ental stress tolerance and 
physiological a d ap ta tio n  o f  cold  and drought 
tolerant o rtets n n d er vary in g  agro-clim ates in 
India

A m u lti-lo ca tio n  tr ia l w ith  s ix teen  ortets and 

se v e n  c h e c k  c l o n e s  w e r e  p la n te d  a t  th re e  

d iffe re n t lo c a t io n s  in  2 0 1 2 ,  in w h ic h  C E S ,  

C h eth ackal is  co n s id e re d  a s  co n tro l lo ca tio n . 

Plant girth at 5 0  cm  h e ig h t fro m  th e  bud union 

and y ie ld  re co rd in g  by te s t  tap p in g  w as done 

every F e b ru a ry  and  S e p te m b e r , s in c e  2 0 1 5  at 

C E S , C h eth a ck a l. M e a n  g irth  d u rin g  F eb ru ary  

2 0 1 8  ranged from  2 5 .0  c m  fo r  o rte t G H  I to  4 3 .7  

cm for R R S A  9 8 ,  w h ich  is h ig h er  than th a t o f  

check c lo n e . R R I 4 3 0 .  C u m u la tiv e  y ie ld  o f  ten 

test tapp ings w a s  reco rd ed  in S e p te m b e r  2 0 1 7  

(peak y ie ld in g  p e r io d ). T h e  h ig h e s t y ie ld  w as 

recorded in c lo n e  R R I I  4 3 0  fo llo w e d  b y  c lo n e  

R R II 4 1 7  a m o n g  th e  c lo n e s  a n d  R R S A  9 8  

fo llow ed b y  R R S A  5 8 5  an d  D A P  I reco rd ed  

higher y ie ld  w h e re a s  R R S T  2 4 ,  N G K  6 9  and 

D A P 3 4  reco rd ed  th e  lo w e s t y ie ld  am o n g  th e  
ortets.

1.6. Proteom ic stu d ies o f H e v e a  b r a s il ie n s is  under 
ab io tic  s tresse s

F iv e H e v e a  c lo n e s  h a v e  b e e n  su b je c te d  to 

cold treatm en t in s id e  a gro w th  ch am b er. A m o n g 

these c lo n e s , R R I C  1 0 0  and  R R I M  6 0 0  w ere  

found to b e  the m o st c o ld  su s ce p tib le  and toleran t 

c lo n e s ,  r e s p e c t i v e l y  b a s e d  o n  c h lo r o p h y l l  

fluorescen ce (O P S 1 I )  and  n et p h o to sy n th e sis  (A ) 

m e asu rem en ts. T o ta l p r o te in s  w e r e  e x tra c te d  

hom  leav es o f  th e s e  tw o  c lo n e s  fo r  c o m p arativ e  

studies on s tre ss  re la ted  p ro te in s  th rou gh L C - 

M S/M S. U p -re g u la tio n  o f  se v e ra l p ro tein s viz. 

superoxide d ism u ta s e  [C u -Z n ] -  ch lo ro p la s tic  

isoform  X 3 ,  b e ta -g lu c o s id a s e  2 4 - l ik e  p ro tein , 

P d oxid ase  1 2 -lik e  and  triosep hosp h ate isom erase

and d ow n -regu lation  o f  sev era l p ro tein s lik e  acy l 

ca rr ie r  p rotein  I -  ch lo ro p la s tic -l ike iso fo rm  X 2 ,  
g ly c in e  c le a v a g e  sy stem  I I p rote in  w ere  found 

in both the c lo n e s  a fte r  co ld  ex p o su re .

1.7. G row th regulation and high density  plan tin g
(H D P ) in n a tu ra l r u b b e r  fo r  p ro d u ctiv ity
enhancem ent

Field  p lan tin g o f  c lo n e  R R II  4 3 0  w as carried  

out in Ju n e -Ju ly  2 0 1 5  w ith  th ree  d e n s itie s  u sing  

tw o ty p es  o f  p lan tin g  m ateria l viz . p o ly b a g  and 

root-u a in er p lants. F irs t a p p lication  o f  th e  grow th 

regu lator, p aclob u trazo l (P B Z )  w as carried  out 

in the m onth  o f  Ja n u a ry  2 0 1 7 .  D ata  on g irth  and 

p lan t h eig h t h av e been  record ed  fo r  s u c c e s s iv e  

th ree  y ears. P h en o ty p ic  o b se rv a tio n s  in d icated  

th at p rofu se  b ran ch in g  and co m p a ct can o p y  in 

p lan ts treated  w ith P B Z . E x p re ss io n  a n a ly sis  o f  

g en es  en co d in g  tw o en zy m es G A , o x id a se  and 

a lk a lin e  in v e rta s e  in H e v e a  b r a s i l i e n s i s  w a s  

carried  out. T h e  grow th reg u la to r, P B Z  b lo c k s  

th e  b io sy n th e sis  pathw ay o fg ib b e r e llin s  in plant 

sy stem . T o  ascerta in  th is  in H e v e a ,  q u a n tita tiv e  

e x p re s s io n  a n a ly s e s  o f  tw o  g e n e s  v iz . G A 3 -  

o x id a s e . in vo lv ed  in g ib b e r e ll in  b io s y n th e tic  

pathw ay and a lk a lin e  in vertase g en e , resp o n s ib le  

fo r  s u c r o s e  c a ta b o lis m  in r u b b e r-p r o d u c in g  

l a t i c i f e r s  in  H e v e a  w e r e  m a d e  b y  q P C R  

tech n iq u e . G A 3 -o x id a s e  g e n e  w as fou n d  to  b e  

s ign ifican tly  d ow n-regulated ( 1 7 .4 % )  in d ie  P B Z - 

U eated you n g  fie ld  p lants than the c o n tro l p lan ts. 

S im ilarly , reduced ex p ress ion  lev e ls w ere n o ticed  

in c a se  o f  a lk a lin e  in ve rtase  g e n e  b y  1 6 .5  per 

cen t in P B Z -tre a te d  plants.

1 . P h y s io lo g y  o f  g ro w  th a n d  y ie ld

1.1. Yielding pattern in double budded H ev ea  clones

E a r ly  w in terin g  c lo n e s  (R R I M  6 0 0  and P R  

1 0 7 ) and late w in terin g  c lo n e s  (R R I I  105  and 

G T  1) w ere  budded on a s in g le  s to ck  to  study 

th e  c o m m u n ic a t io n  b e tw e e n  e a r ly  a n d  la te



w intering sc io n s and to check  w hether o ne scion 

in flu e n ce s  the o th er  in th e  co m b in a tio n  fo r  

w intering pattern. A fte r  i 7 years o f  grow th, the 

sc io n s o f  double budded plants did not show  any 

d ifferen t pattern o f  w in tering  from th eir sin g le 

budded counterparts! indicating that th ere is no 

m arked com m un ication  betw een sc io n s  in term s 

o f  w intering behaviour. E arly  w intering c lo n es  

took m ore tim e fo r  refoliation than late w intering 

c lo n es. Y ield  data show ed that early  w intering 

c lon es had lesser rubber yield  com pared  to  late 

wintering clon es in both single and double budded 

plots. D ou ble budded trees are p ractica lly  not 

v iab le fo r  co m m ercia l purposes. T h erefo re , the 

p ro ject w as concluded  during th e  reporting year.

2.2. Inter-cropping with tree crops in rubber

H ie grow th and y ield  param eters o f  rubber 

planted with tree in tercrop s w ere m onitored  by 

m easuring the annual trunk girth and cup  lump 

yield fortnightly. T he mean girth o f  rubber trees was 

7 1 .5  cm  for con tro l, 7 0 .2  cm  and 6 9 .3  cm  for 

rubber w ith three row s o f  M ah ogany and rubber 

with on e row  o f  M ah ogany  trees and one row  o f  

Palhim ugom  trees, resp ectively . T h e trees were 

continu ously  tapped fo r  s ix  y ears under S/2 d3 

sy stem  o f  tapping and from  A pril 2 0 17 onw ards 

th e  ta p p in g  s y s te m  w a s  c o n v e r te d  to  lo w  

fr e q u e n c y  ( L F T )  i . e . ,  S/2 d 7  and  m o n th ly  

stim ulation given  sin ce  Septem ber 2 0 1 7  onwards. 

Y ie ld  betw een rubber plants alon e and rubber 

in tercropped w ith tree sp ecie s exhib ited  sign i­

fican t variation  with 6 9 .3 . 5 6 .6  and 5 8 .4  g r ' r 1 

fo r  con tro l, with th ree row s o f  M ah ogany and 

tw o  ro w s o f  M a h o g a n y  tr e e s , re sp e c tiv e ly . 

A m o n g the in tercrop s, the P alh im ugom  stand 

was poor w ith m any trees drying and poor grow th 

due to shading effect o f  mature rubber trees, w hile 

M ahogany trees (5 2 .8  cm ) were found grow ing 

better as intercrop in th is trial at C E S , C hethackal.

2 .3 . Clonal variation and effect of,stimulation on latex
regeneration m echanism  in H ev ea  brasilien sis

E xp erim en t on stim u la tio n  induced changes 

in la tex reg en era tio n  m e ch a n ism  w as continued 

at C E S  C h eth ack a l in c lo n e s  R R II 105 , P B  2 1 7 , 

P B  2 6 0 , R R IM  6 0 0 .  T 'jir  1. R R I I  33  and RR[| 

3 8 . The trees w ere under d3 sy stem  o f  tapping 

w ith recom m end ed  stim u la tio n  sch e d u le . L a tex  

s a m p le s  w e r e  c o l l e c t e d  f r o m  c o n t r o l  and  

stim ulated  trees (w ith 2 .5 %  e th ep h o n ) a fte r  each 

stim ulation . B io c h e m ic a l p aram eters  re lated  to 

r u b b e r  b io s y n t h e s i s  ( s u c r o s e ,  in o r g a n ic  

phosphorous, th io ls  and  A T P  in la te x ) , ox id ative 

s t r e s s  in d ic a to r s  ( p e r o x i d a s e ,  g lu ta th io n e  

reductase, th io ls  in C -se ru m , p ro lin e  and protein 

co n ten t) w ere an a ly sed . D ry ru b be r y ie ld  and 

dry ru b ber co n te n t (d ie )  w ere  a ls o  record ed . 

L a te x  ATP, th io l m e ta b o lism  and a n tio x id an t 

en zy m es a c tiv itie s  in creased  a fte r  s tim u la tio n  in 

c lo n e s  R R II 105  and P B  2 1 7  co m p ared  to  PB  

2 6 0  and R R IM  6 0 0 . T h e se  p aram eters  w ere  not 

altered in  lovvyield ing c lo n e s  ( R R I I  3 3  and R R II 

3 8 )  a fter stim u lation  and th ere  w as no s ig n ifican t 

in crease  in y ie ld  a lso .

2.4. Relationship o fA T P sta tu s o f latex with rubber
yield

F ie ld  e x p e r im e n t  w ith  f iv e  p o ly c lo n a l  

s e le c tio n s  based  on  h igh  la te x  A T P  and th ree 

control e lite  c lon es (R R II  10 5 , R R I1 4 1 7  and R R II 

4 3 0 )  w ere continu ed  at R R II  fa rm  to  ev aluate 

the y ield  and stress to le ra n ce  p o te n tia ls  o f  these 

s e l e c t i o n s  c o m p a r e d  to  c o n t r o l  c lo n e s .  

B io ch e m ica l p aram eters re la ted  to  an tiox id an t 

d efen se  m e ch an ism  w ere stud ied  in th e se  c lon es 

during stress and stre ss  free  se a so n s . R R II  4 3 0  

and  s e le c t io n  6 3  sh o w e d  b e tt e r  a n t io x id a n t 

ca p acity  (b ased  on s tre ss  in d ic a to r s )  th an  the 

o th e r  c lo n e s / s e le c tio n s  fo r  s u c c e s s iv e  th ree  
y ears.



2 .6 . L ocation  sp ecific  stim u lan t a p p lica tio n  and 

ethylene induced stress response in the tapping 

panel o f  H ev ea

Y ield  and b io c h e m ic a l p aram eters  ( in  la tex  

and  b a rk )  re la ted  to  s t re s s  e f f e c t s  c a u se d  by 

tap p in g  and eth ep h o n  s t im u la tio n  at d iffe re n t 

p o s itio n s  and  d if fe r e n t c o n c e n tr a t io n s  in th e  

tap p ing  panel w ere c o m p iled  and a n a ly zed . O v er 

s tim u la tio n  w ith  5 per c e n t e th ep h o n  a b o v e  and 

b e lo w  r e g io n s  o f  tap p in g  p an e l led  to  h ig h e r

2.5. M olecu lar and b io ch e m ica l basis o f  ethylene 
induced latex production in H ev ea  bra silien sis-  
E lh ylene recep to rs  and  sig n al transd u ction
mechanism

W illi th e  o b je c t i v e  o f  u n d e rsta n d in g  th e  

m olecular m e ch a n ism  o f  e th y le n e  induced  latex 

production, qu an titative  g e n e  e x p ress io n  an alysis  

o f  e th y le n e  r e c e p to r s ,  E T R 1  an d  E T R 2  w as 

carried out in d ifferen t c lo n e s ; R R II  105 , P B  2 17 ,

R R IM  6 0 0 .  T j i r  1. R R I I  3 3  a n d  R R I I  3 8 .

C om parison o f  e x p re s s io n  le v e l o f  E T R 1  and 

E T R 2  g en es a m o n g  s ix  c lo n e s  in d ica ted  th at th e  
expression  o f  th e se  g e n e s  w ere  in d u ced  in c lo n e s  utl lz a t ' on  o f  s u c r o s e  c o m b in e d  w ith  h ig h  

R R I I  1 0 5  a n d  P B  2 1 7  im m e d ia t e ly  a f t e r  m etab o lic  rate ( hiS h in organ ic p ho sp hate) in latex 

s t im u la tio n  an d  c lo s e ly  r e la te d  to  its  y ie ld  ant* ‘n creased level o f M D A , p ra lin e  and  cy an id e 

in creasing tren d . E T R 2  e x p re ss io n  w as h ig h er  c o n te n t  a n d lo w  le v e l o f  ( i - c y a n o a la n in e  

in R R IM  6 0 0  a f te r  s t im u la t io n  h o w e v e r, not syn thase activ ity  (P -C A S ) in  the bark. S tim u lation  

reflected in y ield  in crease . In low  y  ield ing c lo n es, w '1*1 h igh  d o se  o f  eth ep h o n  lead s to  m o re  s tre ss  

the ex p ression  o f th e s e  g e n e s  w ere  n o t s ig n if ica n t e f fe c ts  in th e  tree  and h ig h  in c id en ce  o f  T P D  

b e t w e e n  c o n t r o l  a n d  s t i m u l a t e d  t r e e s  c o m p a re d  to  r e c o m m e n d e d  p r a c t i c e  ( 2 . 5 %  

(T a b le  Phy. I ) .  • eth epho n panel a p p lica tio n ) in c lo n e  R R I I  105

Table Phy. 1. R elative qu antification  o f expression o f under S 2  d3 sy stem  o f  tap p in g . T h o u g h  h ig h er  

L I  R1 and E T R 2  m ethylene stim ulated y ie ld  w as o b ta in ed  d u rin g  in itia l y e a r s  w h en  
sam ples o ld u feren t clones com pared to , , . , -
unstim ulated control stim u lated  w ith 5 per c e n t eth ep h o n  a b o v e  and

b elo w  reg io n s o f  tap p ing  p an e l, T P D  in c id e n c e  

w as severe in th is treatm ent. Eth ephon a p p lication  

(5 % )  at the bottom  region a lo n e (ab o v e  bud un ion) 

s h o w e d  le s s  s t r e s s  e f f e c t s  (b a s e d  o n  s t r e s s  

in d ic a to r s )  a n d  s u s ta in a b le  y ie l d  in c r e a s e  

(T a b le  Phy. 2 & 3 ) .

nible Pliy.2 . R u b b e r  y ield and  b iochem ical indicators a fter  stim ulation (m ean o f  th ree y ears) 

f ie a tm e n ts  Y ie ld  (g  t 1 r 1) S u cro se  (m M ) Pi (m M )

C lo n e s __________ E T R 1 E T R 2

RRII 105 1.8 8 ± 0 .1 2 1 .5 9 ± 0 .1 6
P B  2 1 7 2 .9 5 ± 0 .17 2 .0 5 ± 0 .2 7
R R IM  6 0 0 0 .9 8 ± 0 .0 8 3 .2 ± 0 .0 9 7
T jir  1 0 .8 4 ± 0 .0 9 0 .9 1 ± 0 .2 4
RRII 33 0 .8 5 ± 0 .0 6 0 .5 2 ± 0 .0 6
R R II 38 0 .6 9 ± 0 .1 4 0 .4 3 ± 0 .0 9
Un-stim ulated
control 1.0 1.0

T l (5 %  eth ep h o n  1 5 0  c m  a b o v e  from  the bud un ion) 

f2  (5 %  eth ep h o n  ju s t  a b o v e  th e bud u n ion) 

r3  (5 %  eth ep h o n  both  T l  &  T 2  p o sitio n )

T4 (2.5%ethephonpanel application)
^ J w istim u lated  c o n tm h  _________________________

6 2 .0 5 b 5 .4 2 b 1 6 .0 5 '

8 2 .2 a 4 .8 9 b 1 5 .0 3 1

7 3 .1 ab 3 .6 8 " 17 .91-

6 9 .6 ab 5 .5 7 c 15 .0 3 '

5 9 .2 b 7 .1 3 ' 1 1.8 8 c



T reatm ents M D A

(p M )

Proline

(m M )

Phenol

(m M )

C yanide

(pM/g)

p - C A S

(un its)
P ero x id a se

(un its)
H ,0 ,

(pM/g)

T l (5 %  ethephon 150  cm  

above from the bud union) 4 .8 4 ji' 0 .0  9 h 11.9 2 .2 9 " 5 0 - 0 7 * 3 .8  l a 3 .5 7

T 2  (5 %  ethephon ju st 

above the bud union) 3 .52" 0.1 l l 10.15 2 .9 7 bc 5 6 .5 7 “ 3 .8 7 * 3.53

T 3  (5 %  ethephon both 

T l  & T 2 p o s itio n ) 5 .5 9 “ 0.17* 10.85 4 .7 6 a 45.58**' 2 . 10 b 4 .1 8

T 4  (2 .5 %  ethephon 

panel application) 4 .0 4 1* 0 .0 9 " 10.05 3 .7 7 Jb 5 8 .4 2 “'' 1 .7 7 b 4 .2 7

T 5  (unstiinulated contro l) 3 .62" 0 .0 9 b 10.17 3 .9 7 al> 4 0 .4 7 c 1 .7 3 b 3 .24

N S N S

3 .  E c o lo g ic a l im p a ct o f  n a tu r a l  r u b b e r  
cu lt iv a tio n

3 .1. Estimating carbon footprint of rubber production 

Various potential sou rces o f  C O , em ission  

in ru b be r p la n ta tio n  a c t iv i t ie s  s tartin g  from  

n u r s e r y  p r a c t i c e s ,  la n d  c le a r a n c e ,  f ie ld  

establish m en t to  production o f  fresh  la tex  was 

accounted. A lm ost all farm a ctiv ities are em itting 

considerable level o fG H G s . In rubber plantations 

prim ary farm m anagem ent p ractices are em itting 

s ig n ifican t am ount C O .. M ech an ization  o f  farm 

m an agem ent practices like land clearance, felling 

o f  old trees, transport o f  wood logs, pit m aking 

fo r  new  p lan tation , transp ortation  o f  p lanting 

m ateria ls  and fertilizers, spraying a ctiv ities e ic .

consu m es carbon  in tensive fo ssil fuels like d iesel 

and petrol.

F ertilizer application and fu n gicid es spray are 

th e  m a jo r  s o u r c e s  o f  e m is s io n  fro m  ru b be r 

plantations. A ssu m in g  m o st o f  d ie  ru b ber grow ers 

in the traditional reg io n  fo llo w  th e  recom m end ed  

p ack ag e  o f  p ra c tice s  p rescrib ed  by th e  R ubber 

B o a rd . In d ia , a ll th e  re c o m m e n d e d  d o se s  o f  

fertilizers, w eed ic id es and fu n g ic id e s  and their 

p o t e n t ia l  C O ,  e m is s io n  e q u i v a l e n t s  a re  

accoun ted . Total p o ssib le  e m iss io n  due to  various 

farm  activ ities  w as w orked  out to  b e  around 2 6 .7  

M T  C O , ha-1 in a life  c y c le  a n a ly s is . F u rth er 

a c c o u n tin g  o l e m is s io n  fro m  p r im a r y  la te x  

p ro cessin g  unit is p rog ressin g .



D iv is io n  c o n tin u e d  re se a rc h  a c tiv it ie s  on 

applied asp ects  o f  c ro p  h a rv estin g  in rubber. T h e  

program m e o n  p o p u la r iz in g  w e e k ly  ta p p in g  

among sm all and m edium  hold ings w as continued 

and progressed w ell during th e  p eriod under report 

with p rom ising  resu lts . N ew  ex p erim en ts  on Low  

Frequency T ap p in g  ( L F T )  under d lO  w ere  laid 

out in tw o lo ca t io n s  in c lo n e  R R II  1 0 5 . O th e r  

than th ese the D iv is io n  w as a lso  a ctiv e ly  involved 

in testing and e v alu ation  o f  variou s p roducts, farm 
m echanization, advisory and training on all aspects 

o f  crop  h a rv e stin g  in rubber.

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

1.1. Program m e on popularizing weekly tapping

D u rin g  th e  p e r io d , h o ld in g s  th a t h a v e  

follow ed w eek ly  tap p in g  u n d er v ario u s  reg ion al 

o ff ic e s  sh o w e d  p r o m is in g  r e s u lt s . H o w ev er, 

tap p ing  d a y s  r e a l iz e d  sh o w e d  c o n s id e r a b le  

v a ria tio n  a m o n g  lo c a t io n s  d u e  to  p r a c t ic e s  
followed.

1.2. Low frequen cy (d 10) tapping system in clone
R R II 105

1.2.1. L a r g e  s c a l e  t r ia l  o n  tl it I  f r e q u e n c y  o f  
tap p in g  in  d o n e  R R I I  105

O n ce in 2 0  d a y s  s tim u la tio n  w as im posed  in 

10 ta p p in g  b lo c k s  u n d e r  d lO  fr e q u e n c y  o f  

tapping. M ea n  dry ru b b e r  y ie ld  o f  1 858  k g  ha' 1 

could be o b ta in e d  u n d er d lO  fre q u e n cy  o f  at

K an th im ath y  E sta te . K u la se k h a ra m , and T a m il 

N adu during 2 0 1 7 - 1 8  as ag a in st esta te  a v era g e  
(g lo b a l m e an ) o f  1 9 4 0  k g  h a 1.

1.2.2. E x p lo ra to ry  t r ia l o n  L F T  (d i l l )  in  c lo n e  
R R II  105

In th is  tr ia l, tre e s  w ere  tap p ed  u n d er d7 

freq u en cy  o f  tapp ing w ith m o nth ly  s tim u la tio n  in 

B O -2  panel during  2 0 0 2 - 2 0 0 4 .  F ro m  A p ril 2 0 0 4  

on w ard s th e  lap p in g  freq u en cy  w as ch an g ed  to  

d lO  frequ en cy  o f  tap p in g  w ith  o n ce  in 2 0  d a y ’s 

stim u lation . T h e  ex p lo ra to ry  tria l at C E S  under 

d lO  fr e q u e n c y  o f  ta p p in g  co n tin u e d  to  g iv e  

p ro m isin g  y ie ld  during 2 0 1 7 - 1 8  a lso . C U T  w as 

p racticed  during  N o v e m b e r  o n w a rd s.Y ie ld  o f  

2 2 7 2  kg 4 0 0 ''  trees w as ob ta in ed  in the sev en th  

y e a r  o f  B l-1  p an e l. L o w  y ie ld  w as o b ta in e d  

during  th e  m onth  o f  Ju n e  and F eb ru ary  due to 

m iss in g  o f  on e tapp ing day.

1.2.3. L a r g e  s c a l e  e x p er im en t o n  L o w  F r e q u e n c y  
Tupping (dlO) in  d o n e  R R I I  105 (P an e! B O -1)

A  large sc a le  e x p erim en t on d 10 freq u en cy  

o f  tapp ing from  op en in g  on w ard s (P a n e l B O -1 )  

w a s  la id  o u t a t  K a n th i m a th y  E s t a t e ,  

K u lasek h aram , T am il N adu w ith f iv e  trea tm en ts 

and d ifferen t le v e ls  o f  s t im u la tio n . D ry ru b ber 

y ie ld  w as o b serv ed  to  b e  h ig h er  under w eek ly  

tapp ing com p ared  to  d 10 freq u en cy  o f  tap p ing  in 

the first y ea r  o f  tap p in g  (T a b le  L H T . I)

I able LH I I .Yield  response o f  Low Frequency Tapping (S/2 il 10) in clone R R I I 105 (P an el B O -2)

Treatm ent v icld

(g  f 1 t ' ! ) (k g  r 1 y e a r 1)

T l -  S/2 d 6  E T  2 .5 %  24/y (2 w )  106 .5  a 4 .8  a
T 2- S/2 (16 E T  5 %  12 /y  (m )  1 0 2 .5  a 4 .6  a
T 3 -  S/2 d 10  E T  2 .5 %  18/y 8 9 . l b  2 .5  b
T<t- S/2 d 10  E T  5 %  1 S/y * 6 .1  b 2 .3  b

I g ;_ S /2 d 10 E T  2 .5 % .  5 %  18/v_____________________________________ 9 1 . 5 b _________________ 2 . 5 b
V alues f o l l o w e d  b y  com m on  le tters  a r c  n ot s ig n ifican tly  d ifferen t



1-2.4. L a r g e  s c a le  ex p er im en t on  L ow  F req u en c y  (E T .2 .5 % ) show ed sig n ifica n tly  h igher yield  than 

Tapping (dlO) in c to n eR JU I W s t ^ i ic lB O - 2 )  o n ce  in 10 days tapp ing. Y ie ld  o f ^ f ,  ka loi'i 

A nother large sca le  R B D  with 4  rep lication  trees w as ob tain ed  in th e  I “'y e a r  o f  B O -2  panel 

experim ent on Low  F req u e n cy  T apping (d 10 ) in (T ab le  L H T . 2 ). O n ly  3 9  tap p in g  w ere  realized 

clon e R R II 105  at C E S , C hethackal w as initiated under d7 tapping. F requ en cy  under d 10 with once 

during Ju ly  2 0 1 7 . T h ere  w ere s ix  treatm en ts j„  JO d a y s stim u la tio n  sh ow ed  In gliei y ield  l!n „

c o m p ris in g  K 7 (w ith  m o nth K  stim u la tio n  as m onthly stim ulation . M ean  dre w as ..................... ..
c o n trab an d  d 10 frequency o f  lev els tapping with i

' ; , d 10 fieq u en cy  w ith m o n th ly  s tim u la tio n  (4 3 % )
d ifferen t stim ulation* N in e  m o nth s y ield  data , ,  , ,no v ’
, , , ,  . . .  than w eekly  tapp ing ( j S .7 % ).
under w eekly  tapping with m onthly stim ulation

Table LMT.2. Yield response o f Low Frequency Tapping (S/2 d 10) in clone R R II  I OS (P an e! B O -2) 

Treatm ent

"t T -  S/2 d7 E T  2 .5 %  12/ y(m )

T 2 -  S/2 d lO  E T 2 .5 %  36/y 

T 3 -  S/2 d lO  E T  2 .5 %  18/y 

T 4 -  S/2 dlO  E T  5 %  18/y 

T 5 -  S/2 d 10 E T  2 .5 %  12/ y(m )

T 6 - S / 2  d lO  E T  5 %  12/y (m )

Y ield  (k g  4 0 0 '1 trees) D R C  (% )

2 3 2 6  a 3 8 J

1 854  b 4 0 .0

1 5 0 0 cd 4 1 .0

1 7 7 6  be 4 0 .9

1 1 9 0  e 4 3 .0

1 38 9  de 4 1 .4

n ot s ign ifican tly  d ifferen t

1.3. Demonstration trial on L F T (d 7 ) in RR|| |05 Po, , „  . , ,
E ast m onsoon, su sta inab le y ie ld  w as obtain ed  due

D u r in g  2 0 1 6 .  tw o  m o re  b lo c k s  o f  Jo  fix in g  o fm in i raingu ard in g  d u rin a  the period

em ou strat,0 „  plot on w eekly tapping m c |011e T h ere  is no d iffe re n ce  in drv r u b b j,  eo n leu t o f

w e ie  under w eek ly  tap p in g  from  Ju ly  2 0 1 6

onw ards. D uring 2 0 17 - 18, tw elve rounds o f  yield ln al1Qlller d em o n stra tio n  trial in lield  91C

with stim ulation w ere im posed at monthly interval unc êr w eek ly  tapp ing at C l 'S ,  ( hethneknl during

2. s per cen t ethephon. Y ield  o fb o th  b lock s gave l l l c P ‘™ d  the y ield  w as I :-!)(, k ,  d o tllrces  I o »

— l e r ld 0 f  1967  (b lo ck  »  a " d 2 3 5 2  y W d  w as due to  m is s in g ,,I  e le v e n  la p p a ,,  davs 

4  9  a “d I T k o  V y  dUri" 8 2 0 1 7 - 18 w aS <•«« «0 a b s e n c e  o f  r e g u la ,  t , p p , i  and 

m o nth s o f  la p p in r H ir h P r c l'Vu  U' i,' g l ' VelVe U" l lV a i la b i l i t5' r e s e r v e  ta p p e r  ( K h a l i ,



2 . Controlled U p w a r d  T a p p in g  (C U T )

T h e  s h a r e  o f  o ld  a n d  s e n i le  t r e e s  h a s  

increased a la rm in g ly  fo r  th e  last few  y ea rs  in 

India and  is  o n e  o f  th e  m a jo r  r e a s o n s  fo r  

productivity d e c lin e  in m an y  p lan tation s. A n all-  

out effort o f  proper im p lem e n ta tio n  o f  C ontro lled  

Upward T ap p in g  (C U T )  ca n  ad d ress th is d e c lin e  

to a great e x ten t.

2.1. Large scale  on farm  tr ia l on Low  Frequ ency  
C ontrolled  U pw ard  tap p in g  (L F C U T ) under 
weekly tapping

T h e large s c a le  on farm  tria l on L F C U T  w ith 

periodic panel ch a n g e  u n d er w eek ly  tap p in g  w as 

continued at K a n th im a th y  e s ta te  in 12 tap p in g  

b lock s (8  b lo c k s  m ix e d  c lo n e  an d  4  b lo c k s  

se e d lin g  p o p u la t io n ) .  T h e  L o w  F r e q u e n c y  

C o n tro lled  U p w a rd  T a p p in g  ( L F C T )  u n d er 

w eekly tap p in g  s e e m s  to  b e  p ro m is in g  even  for 

mixed c lon e and seed lin g  p opu lation  Y ield  ranged 

from 6 4  to 139  g  r 1 r 1 in m ix e d  c lo n e  w h e reas as 

it ranged fro m  8 2  to  191 g  f 1 r '  in se e d lin g  
population.

3 .  O t h e r  E x p e r im e n t s

3.1. R esponse o f  R R II  4 0 0  series c lones to yield
stim ulation

A t C E S , C h eth a ck a l, R R I I  4 0 0  s e r ie s  c lo n e s  

( R R I I  4 1 4 .  R R I I  4 2 2  a n d  R R I I  4 2 9 )  w e r e  

identified for the experim ent. T h e  statistical design 

w as com p lete ly  random ized s in g le  tree  s in g le  plot 

c o n s is t in g  o f  m o re  th a n  1 0 0  t r e e s  o f  e a c h  

c lo n e .T ap p in g  s y stem  adopted in th is tr ia l S/2 d3 

6d/7. T h re e  rounds o f  s t im u la tio n  ( E T 2 . 5 %  P a) 

w as g iven  d uring 2 0 1 7 -1 8  in com p arison  w ith  the 

u n stim ulated  co n tro l tre e s  (5 0 %  tre e s  and  5 0 %  

trees un stim u lated , fo r  ea ch  stim u la ted  c lo n e ).

S ig n if ica n tly  h ig h er  y ie ld  w as reco rd ed  in 

s t im u la te d  t r e e s  o f  c lo n e  R R I I  4 2 2  th a n  

un stim ulated  trees. N o  s ig n if ic a n t y ie ld  in crease  

w as n o ticed  in stim u lated  tre e s  o f  c lo n e s  R R I I  

4 1 4  and R R II  4 2 9  (F ig . L H T . I ) .  P an el ch an g e 

e f fe c t  w as in c lo n e  R R I I  4 2 9  th an  o th e r  tw o 

c lo n e s  viz. R R II 4 1 4  and R R II  4 2 2  in B O - 2  (2 )  

panel.

Fig .LU  T. I . C um ulative yield perform ance o f R R II 400 series



T h ere  is no d ifferen ce  in annual m ean drc 

o f  c lo n e  R R II 4 2 9  both under stim ulated  and 

u n stim ulated  situ a tio n s (3 6  % ). B u t in d o n e  

R R II 4 1 4  and R R II 4 2 2 ,  annual m ean drc was 2 

p er  c e n t h ig h e r  in u n stim u la te d  tre e s  th an  

stim ulated  trees. T P D  p ercentage w as h igher in 

stim ulated  trees o f  c lo n e  R R II 4 1 4  than other 

tw o clon es.

3.2. Response o f R R I I 430 clone to yield
stimulation under L F T

In  ano ther ex p erim en t at H M L . P alapilly  

E s ta te , resp o n se  o f  R R II 4 3 0  c lo n e  to  y ield  

s tim u lation  under L ow  F req u e n cy  o f  T apping 

(d 3, d4 and d 7) w as com m enced  from Jun e 2 0 1 7 . 

T h e  s t a t is t ic a l  d e s ig n  w as R B D  w ith  fou r 

treatm ents and fiv e  rep lications. Each replication 

c o n s i s t s  m o r e  th a n  4 0 0  t r e e s .  T h e  fo u r  

trea tm en ts  co m p rised  d3 (w ith o u t s tim u la tio n  

a s  co n tro l) .  d3 (2/y), d4 (4/y) and d7 (12/y)

f r e q u e n c ie s  o f  t a p p in g .D u r in g  th e  p e r io d  

y ie ld  w as recorded  from  A p ril 2 0 1 7  to  M arch 

2 0  IS .

Y ield  w as not s ig n if ic a n t ly  h ig h er  u nder d3 

f r e q u e n c y  o f  ta p p in g  w ith  tw o  ro u n d  o f  

s t im u la t io n  th a n  u n s t im u la t e d  d3 an d  d4 

f r e q u e n c ie s  o f  ta p p in g  w ith  fo u r  ro u n d s o f  

stim ulation  (F ig . L H T .2 ). O n ly  5 p er c e n t yield 

could be increased in stim ulated d3 tapp ingsystem  

when com pared to  control (d 3  w ithout stim ulation) 

during tw elve m onths o f  tapp ing. B reak ev en  yield 

o f  8 7  p ercen t w as obtain ed  under w eekly  tapping 

w hen com pared  to  d3 freq u en cy  o f  tap p in g  with 

stim ulation . L ow  y ie ld  under d 7  fre q u e n c ie s  o f  

tapping w as d ue to fa ilu re  o f  p ro p er th ick n ess  o f  

bark sh aving and leak in g  o f  trees. T h e  drc values 

o f  tre e s  tapp ed  u n d er lo w  fre q u e n c y  tapping 

system  (d 7 ) are h ig h er th an  th e  d3 freq u en cy  o f  

tapping.

2500

Fig. LHT.2. Yield perform ance o f clone RH 1143(1 under L F T  systems 

I allies f ol l owed by a  common al phabet  are no,  signi f i  ,m h



A D V A N C E D  C E N T R E  F O R  R U B B E R  T E C H N O L O G Y

A dvanced C e n tre  (o r  R u b b e r  T e ch n o lo g y  

(A C RT) esta b lish ed  d u rin g  th e  10 U' plan period 

by in t e g r a t in g  d i f f e r e n t  u n i t s  in r u b b e r  

tech nology/processing d isc ip lin e s  under R u b b er 

Board started  fu n c tio n in g  in th e  p re se n t form  

from  2 0 0 6  o n w a r d s  a n d  a  n e w  b u i ld i n g  

com m issioned in F e b r u a ry  2 0 0 9 .  N o w  A C R T  

com prises o f  tw o  D iv is io n s  n a m e ly , R u b b e r  

T e c h n o lo g y  D i v i s i o n  ( R T )  a n d  T e c h n ic a l  

C onsultancy D iv is io n  (T C ) .  T h e  C en tre  m ain ly  

focu ssesresearch  o n  th e  d o w n stream  a c tiv itie s

o f  rubber se c to r  lik e  p rim ary p ro cessin g , ru b ber 

tech n o lo g y  resea rch , qu ality  co n tro l o f  rubber 

prod u cts, product d ev elo p m en t e tc . T h e  C en tre  

a ls o  c o n d u c ts  r e s e a r c h  w o rk  o n  lo n g -te r m  

p ro je c ts  w hich  has ind u stria l im p o rtan ce . T h e 

C e n tre  is a ls o  en g ag ed  in th e  p rep ara tio n  o f  

p r o je c t  r e p o rts , d e fe c t  a n a ly s is  an d  tr o u b le  

sh o o tin g s o f  ru b ber products/factory p ro cesses. 

B e in g  a r e c o g n iz e d  r e s e a r c h  c e n t r e  o f  

U n iv e r s it ie s ,  A C R T  h a s  r e g is te re d  s c h o la r s  

fo r  P h .D  p rogram m es.

I. R U B B E R  TEC H N O LO G Y DIVISION

In the c u rren t y ea r , a c tiv i t ie s  o f  th e  D iv is io n  

were fo cu se d  m a in ly  o n  e v o lv in g  im p ro v ed  

techniques in p ro c e ss in g  o f  ru bber, p roduction  o f  

solid d e p r o te in is e d  n a tu r a l r u b b e r  (D P N R ) ,  

recovery o f  q u a lity  ru b b e r  fro m  sk im  la tex , la tex 

stage in co rp o ra tio n  o f  f i l le r s  su ch  a s  s il ic a  and 

carbon b la ck  in n atu ral ru b be r, re in fo r c e m e n t o f  

NR using p o ly m e r ic  f il le r ,  b le n d s o f  N R  and 

EPD M  ru b b e rs  and  d e v u la c a n is a tio n  o f  used 

rubber p roducts.

L Processing

•1. Optimization o f solid deproteinised natural
rubber process

The d e p ro te in iz a tio n  w a s  ca rr ie d  o u t with 

th ed ep rotein isation  m ix tu re  d ev e lo p e d  at R R II. 

The attem pt w a s  to  m in im is e  th e  d ete rg en t and 

the e n z y m e  c o n c e n t r a t i o n  w it h in  th e  

depiotenisation m ix tu re  d ev e lo p e d  last year. T h e 

Mg content in th e  f ie ld  la te x  w a s rem ov ed  by 

DAMP a d d itio n . E f f e c t  o f  h igh  am m o n ia  (H A )

and L A T Z  preservation  on d ep rotein iza tion  w as 

a lso  tried.

1.3. Solid D PNR preparation using a new detergent
and com bination o f detergents

L a s t  y e a r  w e  h a v e  r e p o r t e d  th e  

developm ent o f  a deproteinisation m ixtu re at R R II 

for e ffe c tiv e  d ep rotein isation  o f  fie ld  la tex  with 

d e te rg e n t 2  (M e th o d s  A  to  F ) .T h e  d e te rg e n t 

co n ten t w ith in  the d ep roten izatio n  m ix tu re  w as 

on h igher side. H en ce, a  new  d eterg en t 1 and 

d etergen t 2  co m bin atio n  (tw o ty p e) w as added 

to  the d eproten ization  m ixtu re.

D etergent com bin atio n  reduced the n itrogen 

co n ten t s ig n ifican tly  than d eterg en t 1 a lo n e. T h e  

e f f e c t i v e  a m o u n t o f  d e te r g e n t  w it h in  th e  

d eproteinisation m ixtu re cou ld  b e  reduced  to  h a lf  

th at o f  th e  p rev iou s y ea r  rep ort b y  u sin g  the 

com bin atio n  (5 0 %  reduction  in d ete rg en t). R aw  

rubber p roperties o f  th e  D P N R  sam p le  is g iv en  

in T ab le  C h e m .I .



Table (Them. I Raw rubber properties o f the DPNR samples evaluated

Sam p le by preparation 

method

D eproten isat ion N itrogen

tim e (h )  content (% )

P . P R  I M o o n ey  V iscosity

(M l ( I + 4 )  100»C

D ) D PN R with D etergent 2 24 0.12 4 2 .5 19 77 .6

C ) D P N R  with D etergent 1 and 2 24 0 .082 4 6 16 78 .8

B )  C ontrol with D etergent 1 and 2 2 0 .4 4 8 4 5 .5 05 8 0 .4

1.4. Evaluation o fcu rc behaviour o f the newly 
developed DPNR

T h e  D P N R  prepared by tw o m ethods (C  

and D ). w as com pared w ith th e  control rubber 

(A )  prepared from  H A  preserved latex without 

d e p r o te n is a tio n  and  w ith o u t th e  d e te rg e n t 

ad d itiv es and co n tro l ( B )  prepared from  H A 

preserved la tex  w ithout deprotenisation and with 

th e  d e te r g e n t  a d d it iv e s .  A  s e m i e f f i c i e n t

Table Chem. 2. Comparison o f m echanical properties o f DPNR vulcanizates w ith i

vulcanisation system  w ith IS A F  a s the b lack tiller 

w as em ployed . T h e  fo rm u la tio n  o f  both D PN R 

(C  and D ) and co n tro l ru b b e r  sa m p le s  (A  and 

B )  - 10 0  phr w ith s te a ric  ac id  - 2 ,  z in c  o x id e  -  5, 

in ern o x  6 C -2 ,  I S A F  -  5 0 ,  n a p h th e n ic  o il -5 , 

sulphur -2 .1  and C B S  -2 .1  p hr w as used in the 

study. T a b le  C h e m .2  s h o w s  th e  m e ch a n ica l 

properties o f  th e  D P N R .

Sam ple n 2% Modulus

100%

M P a

Modulus

2 0 0 %

M P a

Modulus 

3 0 0  %  

M P a

E lon gation  at 

B re a k , %  

M P a

T en sile

stren gth

M P a

T ea r

strength

N/mm
A 0.43 3 .4 7 .7 13.1 5 8 4 .9 27 .1 95 .9
B 0 .4 4 3 .0 6 .9 12.1 5 2 3 .0 2 4 .4 104.8
C 0 .08 2 .6 5 .8 10.2 5 9 2 .5 2 5 .5 104.5
D 0.12 2 .5 5.8 10.4 5 6 8 .0 2 6 .3 103.9

2 .  L a te x  te c h n o lo g y

2 . 1. Recovery o f rubber from skim latex

A new  Sim ple, e ffic ie n t and co st e ffe c tiv e  
p rocess w as d eveloped lo r  (he r cco ve iy  o f  rubber 

from  skim  la le x .T h e  skim  latex after tiea .m em  

with a ch em ica l is acid ifed . Skim  rubber -e ts  

coagulated  as lump with com p lete  recoveiy Th e 

p ilo t sca le  evaluation o f  tile new  p rocess carried 

out at fou r cen trifu g in g  units for nearly 10.0U 0L

2.2. Studies on blends o f  skim ru b b e r  recovered by 
the new process w ith r u b b e r  from  field latex

B ien d s o f  skim  rubber w ith ru b ber from  lield 
latex at v arying ratios o f  3 :9 7 .6 : 9 4 ,  1 0 :9 0 ,2 0 :8 0 .  

3 0 .7 0  p rep are d  at th e  d ry  r u b b e r  s ta g e  and 

com pared  w ith ru b be r from  fresh  fie ld  la tex  as 

con tro l. B len d  prepared a t the dry sta g e  o f  the 

m o d ified  skim  rubber and  the ru b be r from  field
la tex  in a  tw o ro ll m ill.



f i  preparation o f ru b be r com pounds with skim i n i h n c , , , ,  ru • ■ ,
l -y  1 er m 1116 s lu d>. Hus is a lso  com p ared  w ith  a  ru b ber

111 co a g u la te d  fro m  fre sh  f ie ld  la te x  w ith  sa m e
Two roll m ill w as used for co m  pound in g .T h e form ulation.

formulation w ith b le n d s o f  ru b ber reco v ered  2.4. Technological p roperties o f lh e  blends o f  skim 
from skim  la tex  th ro u g h  n e w  m eth od  and ru b ber rubber with ru b ber from  fresh field lalex
from fresh field  la te x  - 1 0 0  p hr each  w ith , stearic  -n  •
acid- 2 , z in c  o x id e  -  4 ,  I S A F  -  5 0 .  n a p h th cn ic  „  ,p "  o f  sk im  d ecreases th e  tear

Oil-5, su lp h u r -1 .5 an d  C B S  - 1 .5  phr w as used E  s « m flc “ ' t|y- bul p ro p erties a re
a lm o st co m p arab le  (T a b le  C h e m .3 ).

Table Chem. 3. T ech nolog ical prop erties o f the b lends o f  skim  ru b ber and fresh field latex

Sample M odulus
1 0 0 %

( M P a )

M odulus
2 0 0 %

( M P a )

M odulus
3 0 0 %

( M P a )

Elongation
at

B re a k , (% )

T en sile
strength

(M P a )

T e a r
stren gth

( N m m 1)

Control(Field la te x ) 2 .5 2 5 .8 9 10.51 5 9 3 .2 5 2 7 .1 1 36 .9

10:90 2 .3 7 5 .3 6 9 .71 6 0 0 .7 2 5 .6 3 111.4

20:80 2 .4 6 5 .5 6 9 .8 7 5 8 5 .1 6 2 5 .2 2 1 04 .6

30:70 2 .6 7 5 .7 5 10 .09 5 6 7 .9 2 4 .3 9 104 .4

2. R u b b er T ech n o log y  
3.1. Rubber reinforcem ent
3. 1.1. N R /P oly  m e r ic  f i l l e r  sy s tem

t r e a d  f o r m u la t io n  c o n s i s t s  o f  6 0 : 4 0  N R/ 

P o l y b u ta d ie n e  b le n d . H e n c e ,  t r ia l s  w e r e  

c o n d u c te d  u s in g  N R / P F  a lo n g  w ith  

N R  p o ly m eric  f ille r  sy s te m  ( P F )  tried in tyre p olybu tadien e. Polybutad ien e used fo r  th is study 

tread a p p lic a tio n  sh o w e d  c o m p a r a t iv e ly  lo w  w as m aster  batch o f  p o lybu tad ien e w ith carbon  

a b rasio n  a n d  f l e x  r e s i s t a n c e  c o m p a r e d  to  b la ck . T h e  fo rm u lation  o f  th e  m ix e s  is g iv e n  in 

conven tion al tre a d  co m p o u n d . C o n v e n tio n a l T a b le  C h em . 4.

Table Chem. 4. F orm u lation  o f  the mixes

Ingredients C on tro l 100/10

N R / P F

80/10/20

N R /P F/P B

70/10/30

N R/PF/PB

60/10/40

N R /P F/P B

50/10/50

N R /P F/P B

NR 60 100 80 70 60 50

PF 0 10 10 10 10 10

PB 4 0 0 20 30 40 50

'SA P 5 0 0 6 9 .9 13.2 16

Other c o m m o n  in g re d ie n ts : Z n O -5 ,  s ta rc i a c id -2 , T D Q -1 , IP P D -1 .5 , C B S - 1 .5 , su lp h u r-1.5

C ure c h a r a c te r is t ic s  o f  th e  c o m p o u n d s w ere in cre a se d  w ith  in c re a s in g  th e  p o ly b u ta d ie n e  

•‘•most co m p a ra b le  to  th a t o f  c o n tro l co m p o u n d , concentration . T ech n ological properties are given  

axiinum  to rq u e  an d  m in im u m  to rq u e  s lig h tly  in T ab le  C h em . 5.



Properties Control 100/10

NR/PF

80. Ii' 20 

N R/PF/PB

70/10/30

N R /P F/P B
60/10/40 50m V 50 

N R / P F/ P B  N R/PF/PB

T en sile  strength. M Pa 27 .2 26 .8 26 .2 2 6 .0 2 6 .0 25 .8

M odu lus. 1 00% . M Pa 2.14 4 .2 4 .0 3 .8 3 .7 3 .7

M odu lus, 3 0 0 % , M Pa 10.2 11.2 10.7 10 .7 10 .4 10.2

T ear strength. N/mm 78 76 76 75 76 75

H ardness, Sh ore  A 62 60 60 60 60 62

H eat build-up, A T °C 24 8 8 9 10 12

D IN  A brasion  loss, mm 5 52 120 102 87 73 56
D em attia

C rack  in itiation, Cys 55 0 0 0 24 0 0 0 270 0 0 3 8 0 0 0 4 2 0 0 0 4 8 0 0 0

3 ,1 .2 . .XR L a leM 0cartton  b la ck m a s te rh u tc h  fresh  la te x  in stead  o f  p reserv e d  fie ld  to

Stu d ies  on th e  p rep ara tio n  o f  N R  la tex  -  ' cd u ce d eg rad atio n , in p r e s e n c e  o f  su rfactan ts  

ca rb o n  b la c k  m a ster-b a tch  w as co n tin u ed  as S la n d  S 2 .  T h e  fo rm u la tio n  used  w as / n o -4 .5 , 

a c o lla b o r a tiv e  p r o je c t w ith  a tyre industry. S te a r ic  a c id -3 , T M Q -1 , 6 P P D -2 .7 5 .  T B B S - 1 .6 , 

M a ste r-b a tch  sa m p les  w ere  p repared  and sen t s u l p h u r - 1 2 f o r  1 0 0  p a r t s  r u b b e r .  C u re  

to  th e  c o l la b o r a t o r  fo r  e v a lu a t io n  o f  th e  < *» n W *r is tiC 5 o fv ..iim .|  (d ry  m ix )  and m aster • 

te c h n ic a l p ro p erties at th e ir  end . B ased  on the H o l i e s  w ith  su rfa c ta n ts  S I  and  S 2  at 150"C  

fe e d b a c k  fro m  th e  c o l la b o r a to r ,  w e  h a v e  a fc  a lso  sh ow n  below  i la b lc  C h em  6 ). 

p rep ared  la te x -c a r b o n  b la ck  m a ster-b a tch es  

Table Client. 6 . C u r tc h a ra clcm ticso fih cc iin im .i.n .1.

--------- T s^ m in t)--------- T^90(m int) M ^

T *  ™  ' 7-41 t 75(;  — . j —

S2 ' 641 ^  2.21 14 78
I  ~ —  ---------------------------------------------------------------------------------------------------------------------------- — ----------- 6 ’9 0  _________  1 7 .7 0 _  2 . 3 1 15 . 3(,

fo r  all the m a ster-b a tch es and ^ re simihn^to^Iuu “ ' " ' T '  ' °  ™ ltro1, " ,,W !VCr
o f  the dry m ix  (co n tro l). M ech a n ica l prop erties 8  '  S l,UVL' r ln l h u ' h s  1,lul s :
o r  m a s te r -b a tch e s  and co n tro l a re  sh ow n in i ti,c cm t' 0 1 1 '- 'rd n css , heat buildup and 

T a b ic  C h e m .7 . T e n s ile  s tre n g th s  o f  m a s t-  a s , ° "  r e ^ ' » n c e  w e re  c o m p a r a b le  w ith

b a tch e s  prepared w ith  the su rfactan t S I  h as ^0 , , ‘r o 1- c ornp ressio n  set w u ss liy lit iy  h igher for 

better ten sile  stren gth, e lo n g atio n  at break and sttm P les  co m p a re d  to  co n tro l .



Table Chem.7. Mechanical properties of master batches and control

Tests S I S 2 C onlrol

Tensile stren g th , M P a  2 5 .3 2 4 .7 2 4 .3

E longation at b rea k , %  548 538 5 2 6

M odulus, 1 0 0 % , M P a  2 .7 2 2 .3 8 2 .6 5

M odulus, 2 0 0 % .  M P a  6 .4 8 6 .03 6 .5 5

M odulus, 3 0 0 ,  M P a  12.01 11.7 11.90

Tear stren gth , N/mm 123 136 142

H ardness, S h o re  A  66 65 63

C om pression S e t , %  38 39 34

Heat build -u p , D T  °C  24 26 21

DIN A b ra sio n  lo ss , m m 3 116 116 114

C u t g r o w th  r e s i s t a n c e 3 .1 .3  S ilic a  r e in fo r c e m e n t  o f  N R

L a te x  b ased  m a s te r -b a tc h e s  sh o w ed  b e lte r 3.1 .3 .1 . N R  L a tex -s ilic a  m a sterh a tc h
cut g r o w th  r e s i s t a n c e  a n d  f l e x  r e s i s t a n c e  

com pared to  th e  dry m ix .
C om p ared  to carb o n  b la c k , s il ic a  h as p oor

in teraction  and d isp ersio n  n i n o n -p o lar  ru bbers.
In d u str ia l e v a lu a t io n T h e  su rfa ce  o f  p recip itated  s il ic a  is h ig h ly  p olar

L a te x -ca rb o n  b la c k  m a s te rb a tch e s  o f  f ille r and hyd rop h ilic  due to th e  p resen ce  o f  sila n o l

content 10 phr, 2 0  phr, 3 0  phr, 4 0  phr, 5 0  phr. 6 0 groups. In order to  im prove th e  co m p a tib ility  o f

phr and 7 0  p h r w e re  p rep ared  in f iv e  b a tch e s silica  with non-polar rubber and to ensure its good

each and w ere  se n t to  th e  in d u stria l co lla b o ra to r bondin g to  the rubber m atrix, cou p lin g  agen ts are

for ev alu ation . T h e  r e su lts  a re  aw aited . used. In the present study in co rp o ra tio n  o f  s il ic a

into natural rubber w as d on e th rou gh la te x  s tag e

m aster-ba tch  m ethod  (T a b le  C h em . 8 ).

Table Chem. 8 . N R  L a te x -s i l ic a  m astcr-batch  Form ulation o f mixes

Com pound identification

Ingredients S 4 0  (U ltras il V N 3 ) S S 4 0  (C ou p sil 8 1 1 3 )

n r 100 m o

Silica 40 4 0

ZnO / S te a r ic  a c id  / M e r n o x  6 C/ N ap h th en ic  oil 4 / 2 7 2 / 5 4  / 2 1 2 !  5

C B S /  DPG/ S u lp h u r 1.5/1.5/2 1.5/1.5/2



Table G iem . 9. N R latex-siliea niaster-bateli coi

Property

M axim um  torqu e(M H) -  dNm 

M in im u m  to r q u c (M ,) -  dNm 

S co rch  tim e, ts2 , (m in )

O ptim um  C u re tim e t9 0 , (m in)______________

Table Chem. 10. Technological properties 

Prop erty

100 %  M od u lus, M P a 

3 0 0  %  m odulus, M Pa 

T en sile  stren gth , M Pa 

E lo n g atio n  at break , %

H ardness, Sh o re  A  

A b rasio n  loss , m m 3 

T ea r  Stren gth . N/min 

M eat build -u p , A  °C 

C om p ression  set, %

T w o la tex  based  m a s te r -b a tch e s  o f  N R  - 

s il ica  w ere prepared fro m  preserved  field latex. 

In on e o f  the m aster-batch  N R  - L a te x  w as m ixed 

with d ispersions o f  silica  ‘ U ltrasil V N 3 ' w as used 

as th e  f ille r  at a loadin g o f  4 0  phr. In the second 

on e. silan ised  s il ic a  ‘C ou p sil 8 1 1 3 -  an Evonik 

prod u ct' w as used as f ille r  at a loading o f  4 0  phr. 

In  both  th e  c a s e s  d isp e rs io n s  o f  s il ic a  w ere 

prepared and in corporated  in to the preserved 

N R  L a te x . L a te x  and s i l ic a  d isp ersio n s w ere 

m ixed  w ell, coagulated  and dried at 6 0  °C . Th ese 

com posites a re  m arked a s S 4 0  (W ith U ltrasil V N 3 

at 4 0  phr loading) and S S 4 0  (W ith C ousil 8 113 at 

4 0  phr loading). W ith U luasil V N 3, heal treatm ent 

w as given  in a R Jieo co rd  internal m ixer. With 

regard to  the pre-treated s ilica  no heat treatm ent 

w a s  g iv e n .  M a s t e r - b a tc h e s  w e re  fu r th e r  

co m p o u n d e d  w ith  n ew  fo r m u la t io n . C u re

Is -C u r e  characteristics

Com pound identification 

S 4 0  (1 Jltrasil V N 3 ) S S 4 0 (C o u p s il 8 1 1 3 )

16 .7  2 0 .2

0 .3  1.2

1.8  1.0

4 .8  4 .0

Com pound identification 

S 4 0  (U ltrasil V N 3 ) S S 4 0 (C o u p s il  8 1 1 3 )

2 .1 7 3.

10.32 11.

2 6 .4 3 0

586 6 0 6

61 66

116 131

78 128

11 20

30 42

ch aracteristics o f  th ese  co m p o u n d s are  g iv en  in 

T able C hem . 9  and th e  te c h n o lo g ica l prop erties 

are  g iv en  in T ab le  C h em . 10. S ila n ise d  s il ica  

show ed som e p ro cessin g  d ifficu lty  in m ak in g  o f  

the dispersion. From  the vu lcan izate tech nological 

properties it is o bserved  that silan ised  s il ica  based 

sam p les ex h ib ite d  im proved  p ro p erties su ch  as 

m odulus, ten sile  and tear  stren gth . H ow ever, heat 

build-up and co m p ress io n  set w ere  h ig h e r  than 
the unm odified silica .

3.2. Recycling o f  R u b b er: D cvulcanisation

3.2.1. P u l e ii I f i l in g

T he a p p lication  p ro cess  o f  th e  In d ian  patent 

on stable  Iree rad ical ass is ted  d ev u lcan istio n  o f  

c a rb o n  b la c k  f i l le d  r u b b e r  v u lc a n is a t e ” is 

com pleted and an India patent a pplication num ber 

2 0 1 7 4 1 0 1 7 6 3 3  d a te d  1 9 / 0 5 / 2 0 1 7  h a s  b een



a ss ig n e d  to th e  p aten t a p p lica tio n .

3.2.2. Developing cycle tyre fo rm u la tion  using the  
dev ilIciinised trend ru bber  bu ffing  dust and  
whole tyre o r  g rou n d  tyre p ow der (G T R )

W ith th e  o b je c t iv e  o f  in d u stria l use o f  the 

new d ev u lcan isa tio n  te ch n o lo g y , d ev u lcan ised  

rubber prepared  both  from  retread  b u ffin g  dust 

and G T R  w e re  u se d  fo r  p r e p a r in g  d if fe r e n t 

form ulation s and  d e te rm in in g  th e  v u lca n isa te

a ch iev in g  c o m p arab le  v u lca n isa te  p rop erties.

3 .3  NR/EPDM blends

T h e  broad o b jectiv e  is to study the possib ility

o f  su bstitu tin g  N R/PB blend  (5 0 / 5 0 ) in tyre sid e

w a ll w ith  N R / E P D M  b le n d s . S in c e  su lp h u r

v u lc a n iz a tio n  o f  N R / E P D M  b le n d s  le a d s  to

v u lcan isa te  w ith p oor m e ch a n ica l p ro p erties due

to  th e  cu re  m ism atch  o f  N R  and E P D M , p ero xid e

. ,i f  i i ^ r  • , vulcanization is utilized. B u t peroxide vulcan isates
properties to sh ow  the fe a s ib il ity  o f  using the n ew  H icp  in w »  n «  i -  
1 . ,  . . .  . °  , h av e >ower i le x  c ra ck in g  r e s is ta n c e  and  th ese
tech nology . A c c o r d in g ly ,  v a r io u s  co m p o u n d s r n m n ft lm j c . . r  • ■

■ , - ■ , , , 1 , c o m p o u n d s  h a v e  lo w  s c o r c h  s a fe t y ,  io n ic
n em o  ih p  n p .v n lr.n n ip r  r i in h p r  vvf*rf» o u r . . .  Jusing the d ev u lca n ied  ru b b e r  w ere  p repared  and 

com pared w ith  th e  p ro p e rtie s  o f  a  standard c y c le  

tyre v u lc a n is a te s .  It w a s  o b s e r v e d  th a t it is 

possible to p repare v ariou s c y c le  tyre form ulations 

having d iffe re n t r a n g e  o f  p ro p erties  u sin g  the 

d ev u lcan ised  r u b b e r  p rep a re d  u s in g  th e  n ew

c ro sslin k s  w ill be introduced w ith the addition o f  

z in c  d im eth acry la te  c o -a g e n ts  and  s ta b le  free  

ra d ica ls  fo r  sco rch  co n tro l. N R / E P D M  at 60/40 

ratio  is reported to have g ood  ag e in g  res is ta n ce  

an d  e x c e l le n t  o z o n e  r e s is ta n c e .  D C P  is  th e  

p ero xid e used for vu lcan iza tio n . T h e  e ffe c t  o f• • -  p ciu M u e useu lo r  vu lcan iza tio n , th e  e t le c t  o f
technology. It m a y  b e  n o ted  th at th e  p er  c e n t o f  in tro d u cing  th e  io n ic  „ o ss  , m k 0 „  v u lc m iM te

regenerated ru b be r ,s  o n ly  3 5  in ty p ica l c y c le  propel1ies are g iv e „ Tab|e t| , em  , ,

tread fo rm u la tio n  w h ile  it ca n  b e  in crea sed  to

6 0 -S 0  p e r  c e n t  u s i n g  th e  n e w  te c h n o l o g y

Table Chem. 11. E ffect o l

Property

H ardness, S h o re  A  

Tensile s tren g th , M P a  

M l0 0 , M P a 

M2 0 0 , M P a  

M 300 ,M P a 

F.B, %

Tear S tren g th , N/ram 

Heat buildu p, A °C  

C om p ression  set, %

oducing ionic crosslinks in NR/EPDM b len d s- Vulcanisate properties

NR/EPDM, NR/EPDM, GPF NR/EPDM,HAF NR/PB*
G PE2DCP 2DCP, 5 Zinc 2DCP, 5 Zinc 50/50),

d im eth acry late d im eth acrv late (G P F

50 55 59 58

13.5 15.6 17.7 17.3

1.58 1.32 1.88 1.7

3 .7 4 2 .6 4 3 .8 6 3 .2

6 .6 3 4 .7 5 6 .6 8 5.1

5 2 7 724 663 895

2 4 .6 3 0 .2 3 6 .7 4 0 .7

21 25 3 0 12

19.8 3 8 .6 3 2 .7 5 6 .6

C o l la b o r a t iv e  p r o je c t

C o lla b o r a t iv e  s tu d y  w ith  re g a rd s  to  th e  

P 'o jects  N R  la te x -c a r b o n  b la c k  m asterbatch  and 

D pN R  are in p ro g ress .

3 . D ev e lo p m e n t/a d v iso ry  w o r k /p r o je c t  
w ork

T ested  and report g iv en  fo r  th e  d am aged  

ty res  referred  from  variou s co n s u m e r  d isp u tes 

red ressal forum  in the country.



II. TECHNICAL CONSULTANCY DIVISION

T e ch n ica l C o n su ltan cy  (T C )  D iv is io n  o f  cream ed  la tex-b ased  ad h es iv es.

A C R T  w as set up at R u bber R esearch  In stitu te T |,e  ro le  o f  d iffe ren t tille rs  on ,|,t. adhesive 
of India in the y ear  1986. to cater the rubber based p roperties o f  cream ed  N R  la tex  based  ad h esn  e 
industrial grow th o f  o m  co u rtly . T h e  activ ities sIl0w ed „ la l th e  v jSQOS;n  and  , ,cc] M|V||„ ^  "

o f  the D iv ision  are designed in such a w ay that fo iin d  , 0  j l l c r e a s e  w ith  in c r e a s e  in th e  

the rubber based units o f  our country am ounting co n cen tra tio n  o f  the filler. R o le  o f  Z n O  on the 

to o v er = 0 0 0  ,n num ber w ill be able to tap the ad hesive p rop erties o f  N R  fie ld  hu ex and blends 

b en efits  o f  applied research  and d evelopm ents o f  N R  field  la te .x -m etln l m e th a e iv la te  r a f te d  
b ein g  con d u cted  rts laboratory. T h e m a jo r  N R  , a te x  b|cnd w a s  a|so s (u tJ  T h erm al 

a c t iv i t i e s  o f  th e  T C  D iv is io n  a r e  tes tin g /  r u s is ta n c e  o f  N R  rio|d h|tcx aJ|l|^ v c  ,  

certifica tio n  o f  ru bber products as per relevant d ecreased  by the addition  Z „ c  l 
standards i .e . IS O , B IS .  A S T M , E N , A S R T U  e tc .
in ad d ition  to  R  and D  a c tiv it ie s . T e ch n ica l S y n th e tic re x in  s u b stra tes w ere  bonded with 

C o n su ltan cy  d iv isio n  is an N A B L  accred ited  d '^ le ie n t  c â y in c o r p o r a t e d  N R L  b a se d  

la b o r a to r y  ( C A B  N o .3 0 3 2 )  an d  d u e  to  a d h esiv es- It sh ow ed  th at at h igh  c la y  loadings, 
a ccep tan ce  o f  test reports, c lien ts can very w ell fa ,*Ure in ,lie  rexin  ad h eren ts o b serv ed  w hich 

com p ete in the e x p o n  m arket. T h e D iv isio n  is incIicates the h igh adh esion  s tren g th  o f  N R L -c la y  

con d u ctin g  research  p ro jects  fo r  the ben efits  o f  ad llesive system . N R  cre am ed  la tex  ad hesives 

in d u str ie s  in th e  m ic ro ,  sm a ll and  m ed iu m  w eie  used t0  bon£l sy n th e tic  r e x in  su b stra tes  and 

E n terp rises (M S M E ) ca teg o iy . T h ese  p ro jects  llle  p ecl s tren 8 th w a $ lo w e r  co m p a red  to  N R 
w ere undertaken on industrially im portant areas. c e n *r ifu g e d  la te x  a d h e s iv e .  S im i l a r  to  N R  
T h e  h igh ligh ts o f  the p ro jects  are given below . ccn tr ' f uged latex ad h esiv es, in corp oration  o f  clay

1. R e s e a r c h  P r o je c t s  fille rs  into cream ed  la tex  s lig h tly  im p roved  the

M .  L atex based adhesives adhesion p eel stren gth  on re.xiti jo in ts. I .f le e t  ol
_ _  c . adhesion p i.......o ter p o ly v in y l a lco h o l (P V A l on
h l le c t  o f  v ariou s f ille rs  on the v isco sity  and N R  ctstam ed latex/ e la s  a d h e s iv e  w as noted

ad hesion  strength o f  natural rubber latex (N R L  U5'" E  syn th etic  rex in  ad heren ts. In corp o ration  o f
and  c e n tr i fu g e d  la te x  o f  6 0 %  D R C ) b ased  |JV A  g r e a tly  e n h a n c e d  th e  v i s c o s i h  ..............

ad hesives w ere exam in ed . B oth  the viscosity and adhesive w hereas the sp read ab ility  d ecreased  
a d h e s io n  s tre n g th  o f  la te x  a d h e s iv e s  w e re  T h ,  h

a ffe c te d  b y  th e  f i l l e r  a d d itio n . T h e  re su lts  adhe iv • f " f l   N K  h l lc x / d ll>
ind icated  that addition o f  filler  to a D artic .ih r I r  i ^  Ied u sin^ C ourier Transform  

concentration can im prove the adhesion strength ™ " " , „ T C . h  and
A d h esiv e  p ro p erties o f  cen trifu eed  latpv ^ I i • m etl lc  a n a ly sis  ( 1 G A ) .  N R -b ased  

cream ed  latex ad hesives w ere com pared it has w e r e 0 ” adheS]V e s fo r ly r e ^ ^ a d in g a p p lic a t io n  

b een  found  that v is c o s i ty  o f  c re am ed  la L x  T f  t , P' T  a " ‘ ' 'm U m
a d h es iv e  w as h ig her than th at o f  cen trifu «ed  ‘ r . a d h e s ,v c  • «  te s te d  a s  p e, A S K  1'U

latex-based  ad hesives. C entrifuged la t e v - h ,t , i  ' .. .  c a l l 0 , ,s ' T h e  e f f e c t  o f d i f l  'e re n t  cu re
a d h e s iv e  sh o w ed  b e tte r  p e e l s tren u th  tl,»  ® * tem s 011 the phy sical p rop erties o f  N R  based

s tre n g th  th a n  s.1,on ad hesive w as studied S tu d ies  revealed
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that llie p rop erties g re a tly  depen d o n  the cu rativ e  

system used.

1.2. Binary blend for tread  application

S ix  fo rm u la tio n s  b ased  o n  n atu ral rubber 

(N R ) and p o ly b u ta d ie n e  ( B R )  fo r  t i re  tread  

com pounds w ere  d e sig n e d . T h e  e f fe c t  o f  b lend - 

ratio on ten sile  s tren g th , a b ra sio n  r e s is ta n ce  and 

h ard ness w e r e  s tu d ie d  a c c o r d in g  to  A S T M  

standards. T h e  a b ra sio n  re s is ta n c e  and hard ness 

were found to  in c re a s e  w ith  B R  co n te n t and the 

increase in th e  te n s ile  stren g th  w as attribu ted  to 

the in crease  in th e  N R  co n ten t.

1.3. Prcvuicanisation o f  n atu ral ru b be r latex

A study on  th e  e f fe c t  o f  d iffe re n t rad iation  

doses on th e  p ro p e rtie s  o f  ra d ia tio n  v u lcan ised  

natural ru b ber la te x  (R V N R L )  w as con d u cted . 

Results re v ea led  th a t th e  o rd e r  o f  ad d ition  o f  

antioxidant h a s  in f lu e n c e  o n  th e  p ro p erties o f  

R V N R L .

1.4. F in g e r  p r in t in g  o f  n a t u r a l  r u b b e r  la te x

E f f e c t  o f  a d u lt e r a n ts  o n  N R  la t e x  w as 

studied in d eta il. T h e  a d u lteran ts used w ere  S B R

la te x , p r e c ip ita te d  c a lc iu m  c a r b o n a te  (P C C )  

d isp ersio n  and sk im  latex. Stu d y  w as co n d u cted  

on various d o ses  o f  ad u lteran ts lik e  h igh  ( 0  to  10 

p h r), m edium  (0  to  2  p h r) v ery  sm all ( 0 .1 to  I 

phr) d ose . In  all p roced u res to ta l so lid  co n te n t o f  

the la tex  w as kep t at 5 0  p er cen t. E f fe c t  o f  S B R  

la tex  ( 0 .0 6 9 3  m icro n  s iz e )  on b le n d in g  w ith  

cen trifu g ed  la tex  ( 0 .5 5 5  m icro n  s iz e )  a t high 

do sag es w as in vestigated . T h e  trend sh ow ed  th at 

as  the am o unt o f  S B R  in creases th e  p a r tic le  s iz e  

d ecrea ses  and m ean tim e  s p e c if ic  su rfa ce  area  

get in creased . T h is  tren d  is ju s t  th e  o p p o s ite  o f  

the trend show n by p recipitated calciu m  carbon ate 

( P C C -N R )  b le n d . T h e  tre n d  in v a r ia tio n  in 

v isco sity  and M S T  sh ow ed  th at a s  th e  am o u nt 

o f  adulteran t in creases ab o v e  1 phr th e  v isco sity  

in c re a se s  from  2 5 c P  to  8 5 c P . M S T  w as a lso  

in creased  from  1 3 0 0 s  to  1 7 8 6 s  w hen th e  la tex  

w as adulterated in high d osage o f  S B R .  T h is  trend 

is ju s t  the o pposite o f  the beh av ior show n by PC C  

disp ersio n . T h is  im plied th at d iffe re n t ad u lteran t 

blending with natural rubber latex and accordingly  

th ey  c a n  be identified .

|
c
03

W ave nu m ber, e n r 1 

Fig.TC . I . F T IR s p e c tr a  o f latex films casted with N R-PC C  blend



I .  R u b b e r  In d u s tr ia l P ro m o tio n  an d  d e s ig n e d  an d  in s t a l le d  a  s m o k e  h o u s e  at

E x te rn a lly  F u n d ed  P r o je c t s  E la v a m p a d o m  R u b b e r  P r o d u c e r s  S o c ie ty  at

2.1. Technology Business Incubation Unit Vadakkacheiry, Palghat. I he sm o k e h ouse utilises

n e r  ■ , <* .i j -  • - . , ■■ soIar energy, b io  g a s  and w o o d  g a s if ie r  unit fn,-
O ff ic ia ls  o f  th e  d iv is io n  d iscu ssed  w ith  ,,,u u  r i, . »  r  • ■

,s  , c ,  . i i in , i dry ing  o h u b b e i sh ee ts . P re lim in ary  data on the
K erala State Industrial D evelopm ent Corporation .• , ,
, „ c i n r . . , , , operation o f  th e  sm o k e  ho u se w e re  co lle c te d  li
(K S ID C ) about the e stablishm ent o fT ech n o lo u v  • ,  . 11
n r i * — IS observed  that fu rth er tr ia ls  a rc  rouuired in
B u sin ess Incubation ( T B I )  unit a t R R II fo r  rubber , r  , , , . , . . 1

p r o d u c t ,  A  p ro p o sa l w as s u b m il ,e l  fo r  th e  t *  ‘I- ,h '  T , ' " " ’ 8  ‘ °  T ™ " "  and
c o m m is s io n in g  o f  a T B I  u n i, a t R R I I ,  fo r  X 01 lh“ '"oke Louse and ............ . o f

p r o m o t in g  th e  in n o v a t io n  and  b u s in e s s  ^  ° '  ' h c  p a r l ' , :" h t c  sm o U ’ ..........
o p p o rtu n ities am o n g  y ou n g  en trep ren eu rs in

ru bber products. An area o f  1 0 .0 0 0  sq. feet w as T c s t in g  a n d  c e r t i f ic a t io n

ear m arked fo r  the proposed T B I  unit. For the testing o f  rubber com pounds/products

2.2. P ro ject report on surgical gloves and raw  'Materials, co n sisten t sup port w as offered

A p ro je c t report w as prepared for settin g  up ®Special|y 10 s";al> «*d medium level 
a m ed ical g lo v es m an ufactu rin g unit fo r  M/s e i, ' r^ le n e m s ' Tota number ol samples tested 
S P S M  P h arm aceu tica ls , G ujarat and collected ^  •'**?'“* C°"CCll;li du""8 Ihe repotting
R s.50 .000/ - tow ards the con su ltan cy  fee. Pe a le  8 lv e"  111 1 C . 1.

2 .3 . Development ofru bber product-Flow er pots 1 -^ u m b ero rsa m p les  tested and the
and rubber fly u heel revenue collected  (2 0 1 7 -1 8 )

A  p r o je c t  w a s  u n d e rta k e n  fo r  th e  N o o f c , l e m s  362

d e v e lo p m e n t o f  ru b b e r  p ots fo r  a g ricu ltu ra l N ° ’ ° f  sam P les ' “ ted 7 X;

p urposes sp on sored  by M/s. N avasak li T ru st N o - o f  p aram eters an aly sed  3 0 3 3

K o lla m  and co lle c te d  R s .1 .9  lakhs tow ards the C onsu ltan cy  letters/e-m ail 1 4 5 ,
c o n su ltan cy  fee . _

1 rou b le  s h o o tin g  o f  facto ry  p ro ce ss  2 0
2 .4 . Analysis report ... .

No. o l test rep orts issued 536

Prepared a  detailed  an alysis  report on the C om ponent an a ly sis  ,.i
d e f e c t s  o l  r u b b e r  m a ts  e x p o r te d  b v  M/c T<Mii

K e r a f .b e r te x  In tern a tio n a l (P )  L td . K o ch i on 2 1  ’ 1 4 ’4 0 6

co n su ltan cy  basis. 4 . P r o d u c t  d e v e lo p m e n t

S lielf-life study o f gloves T h ed iv is io n  o ffers  serv ices  ,o  entrepreneurs

Stu d y  on the s h e lf-life  o f  g lov es based on f w d l 25 e x is l i" S  ru bber based  in d u stries in the 
sp ecifica tio n s  is in progress. d evelopm ent o f  ru bber p ro d u cts based  on both

2 .6 . Evaluation o f the smoke house designed bv i y " ,h e llc  ai,d  natural ru bber. In  th is  a rea , the
Tam il Nadu Agricultural University v ices given  arc ca teg o rized  as fo llo w s (T ab le

A s an ex p erim en ta l d esign  T am il N adu SorIle ° *  Ih e m a jo . c iien ts  w h o are avaiiin j;

A gricultural U niversity in consultation w itl^R JU l B r M L ^ P C L  k ’V m " 0 "  “  ^  ' B S K
’ v-iv, tvocn i M etro  e t c .



Table TC.2. Know-how transfers to industries 

Type of rubber products developed Number

Adhesives 2

Autom obile c o m p o n en ts  6

Fire resistan t m a ts  I

Latex based d ipped  and  fo am ed  g o o d s 3

Expanded ru b be r sh e e ts  and  s o le s  3

Rubber m o ld s 2

Pre-cured tread , b o n d in g  gu m  and 

tube valve (A S R T U  s p e c if ic a t io n )  5

Rubber based  a g r o -m a c h in e r y  
com ponents I

Rubber based  e n g in e e r in g  c o m p o n e n ts  for 

railway, d e fe n ce , B S F ,  K o c h i M e tro  e tc .  1

5. P ro ject profilcs/T ech n ieal bulletins

A s p er  th e  r e q u e s t  o f  th e  e n tre p re n e u rs , 

pro ject p r o f ile s  an d  te c h n ic a l  b u lle tin s  w ere  
issued on p ay m en t b a sis .

6 . A d visory  serv ices

M a tte rs  r e la t in g  to  v a r io u s  a s p e c t s  lik e  

se le ctio n  o f  raw m ateria ls , d o sag e o f  in gred ien ts, 

red esig n  o f  fo rm u la tio n , p ro ce ss in g  co n d itio n s , 

le c e n t regu lation  e t c .  w ere  a lw a y s a  m atter  o f  

con ce rn  am o n g  the clien ts . D iv is io n  has g iv en  

appropriate g u id an ce in all th ese  a sp ec ts .

7 . Training program m e im parted

T ra in in g  c la sse s  on ru b ber te ch n o lo g y  w ere 

p ro v id ed  to  stu d en ts  in B .T e c h  and  M .T e c h  

p r o g r a m m e s  an d  h a n d s - o n - t r a in in g  an d  

c o n s u l t a n c y  s e r v i c e s  w e r e  p r o v id e d  to  

m an u factu rers o f  sp e c if ic  products.

8 . A cadem ic collaborations

B a s e d  o n  th e  a c a d e m ic  c o l la b o r a t io n  

b etw een the T ripura U n ive rsity  and R R II , the 

D iv isio n  has condu cted  tw o w eek s tra in in g  cum  

p ractica l c la sse s  fo r  the B V o c  students.

9 . A w ards/A ppreciation

D iv isio n  receiv ed  th e  N A B L  A ccre d ita tio n  
c e r tif ica te  as per 1S 0 / IE C  17 0 2 5 :  2 0 0 5 .

EC O N O M IC S DIVISION

I he D iv ision  co n tin u ed  its research  activ ities 

in th e  b r o a d  a r e a s  c o m p r i s i n g  o f  fa rm  

m anagem ent, p rim ary  p ro c e ss in g  and  m arketin g , 

lubbei p ro d u cts  m a n u fa c tu r in g  in d u stry  and 

loieign trade, and  in te rcro p s  a n d  b y -p ro d u cts . In 

Dese a ie a s  in te r -d iv is io n a l co lla b o r a te  p ro je c ts  

" e ,e  a 1s °  u n d e r t a k e n  f o r  c o m p r e h e n s i v e  

understanding o f  th e  r u b b e r  se c to r. F iv e  p ro jects  

~.Cle co m P lcted  and  rep o rted  d u rin g  the period .

je  su m m aries o f  th e  r e su lts  a re  g iv en  in th e  
tallowing sectio n s .

1. Study on block rubber plantations in
M ayurbhanj D istrict o f Odisha

A  study w as taken up in M ayurbhan j d istrict 

in O disha w here the R u b b er B oard  in a sso cia tio n  

w ith the G overn m en t o f  O disha has im plem ented  

R u b b er B lo c k  P lantation  P ro jec ts  fo r  th e  s o c io ­

e co n o m ica lly  m arginalized  scheduled  tr ib es . Th e 

study revealed  that the a v erag e ann ual in co m e 

o f  d ie tribal households w itli in com e from  rubber 

(R s .  1,0 0 ,1 9 5 / -) w as th ree tim es h ig h er than the 

tribal households w ithou t in co m e from  rubber.



T h e av erage exp en d itu re  o f  ho u seho ld s w ith under the R C E P  are lim ited  fo r  e x p o rt o f  rubber 

incom e from rubber w as 6 5 .8  p ercen t h igher than and rubber products from  In d ia .T h ere fo re  it js 

th e ir  counterparts w ithout in co m e from  rubber, argued th at the p ro sp ects  o f  m ark et a cce ss  to 

A transform ation w as n o ticed  in the type o f  maj ° r  exp ort item s o l In d ia , su ch  as products 

houses constructed from the traditional mud huts u n d e r  H S  4 0 1 1  a n d  H S  4 0 1 6  a r e  la r g e ly  
to  p a k k a  houses h av in g  m odern a m e n ities to  d ePendent on c ie a t io n  o l trad e com p etitiv en ess 

enh ance the standard o f  living, as in com e from th a n  m a r k e t  a c c e s s  d u e  to  t a r i f f
rubber started to flo w .T h e study revealed  that ,ibe ra I'sa tio n . T h e  p resen t stu d y  observed  that 

additional in com e earned from  rubber laid the *urdier ta r if f  lib era lisa tio n  u n d er the proposed 

loundation tor a  d iscern ib le  ch an ge in the s o c io - ^-CEP a g ieem en t m ay w iden the trade d efic it o f  

eco n o m ic  status o f  the li ibal com m u n ities and lndia in mbbe| and rubber products. T h is  w ill have 

overall developm ent o f  the region . ^  rea chm g im p lica tio n s on th e  d o m e stic  rubber

2 .  I n d ia 's  e x p o r t  p o ten tia l u n d e r the a"d ru b b c r Prad u‘: l s m an u factu rin g  industry.

R eg io n al C o m p reh en siv e  E co n o m ic  ^ O v e r-d e p e n d e n c e  ol In d ia n  ru b b e r
P a rtn e rsh ip  (R C E P ) A greem ent: T he industry on im ported n atu ral rubber: the
ease of rubber and rubber products question of long-term  sustainability

Negotiations leading to a  larger trade Natural rubber (|i§L) h a s  a  d o m in an t ro le  in

agreement with ASEAN and its s ix  FTA  partners 1,16 ln d la"  rubbel' m d u stiy  as it c o n s titu tes  6 6  per 

viz. India, China, Japan, Australia. New Zealand Cent lb e  lo ta i am o u n t o f  rubber th e  industry 

and South Korea called Regional Comprehensive co n su m es- ln  recem  ) * » '» .  N R  prod u ction  ho.
E co n o m ic  Partn ersh ip  (R C E P )  agreem en t are bCe"  d e d i l " 'nS  in  Die c o u n tr y  a s  a re su lt o f  
fast ad van cin g . T h e  ag reem en t is ex p ected  to  g ,o w e r s  a b s ta in in g  fro m  ta p p in g  th e  tre e s  

have far tea ch in g  im p acts on the world rubber b eca u se  0 1’ n o n -rc iitu n ci.it;', ,: p rice . D esp ite  its 

industry as it co v ers the m a jo r  producers and d ecbm n8  d o m estic  prod uction . N R  consum ption 

exp orters o f  raw  rubber and rubber products in a" d U leru bber industry con tin u ed  to grow , albeit 

th e  w o rld . T h e  c h a l le n g e s  o f  R C E P  on th e  81 ,ow er ra tes . w ith  su b stan tia l im p orts o f  N R.

domestic rubber and rubber products industry o f  J 1,ere are c le a J in d ica tio n s  that In d ian  rubber 

India are evident from the higher rate of growth il ,d lls t l 'y ' s  losing i t s  m o m e n tu m  a n d  its
in im ports ( 2 0 % )  than exp orts ( 1 1% ) with these COnl" buiKJns to  th e  e co n o m y  are  on th e  d eclin e  

c o u n tr ie s .  T h e  p r e se n t s tu d y  a n a ly se d  th e  le c e m  >'e a ls  even  as the industry started  to
c h a l le n g e s  and  s c o p e  o f  ru b b e r  and ru b be r b c“ mL‘ over|y d e p n id c i ,i1,i.......ported N R  there

p roducts o f ln d ia  in th e  R C E P  region . T h e  study !“*  st™ctural c h a n g e s  h ap p en in g  to the ntbhei 

found that am ong die m a jo r  export items o fln d ia  ,ndllstrief  o f  m a jo r  N R  e x p o rtin g  co u n tr ies  and 

o n ly  n e w  p n e u m a t ic  ty r e s  ( I I S  4 0 1  H a n d  o f  c b e a P N R  '»  th e  in tern atio n a l
rec la im e d  ru b bers (H S  4 0 0 3 )  show ed ex p o rt 'n a ,k c t  ca m >ol be taken fo r  granted  in defin ite ly , 

potential in the region and the p rod u ctsclassilied  ' Ubbe' industry  is t0 °  im portant fo r  the

under other articles of vulcanized rubber other eC° l’ ° m >' 10 b c  the u n c e r ta in t ie s  and
than hard rubber (HS 4 0 1 6 )  had comparative * ,g a n e s  o f N R  su PPLv in th e  g lo b a l m arket for 

disadvantage in the R G E P market Moreover th e  g ' r a b ' e  E c o ' 1 s h ° w s lh e  8 'o w th  in N R  
benefits due to trade creation and t S  diversion f  nsum Pt l o n m ajo rN R p ro d i jc in g  countries vis-

a -v is  w orld consu m p tion .



fable lc o . I. D om estic consum ption o f  N R  in m a jo r  N R  exporting coun tries ( ‘000  tonnes)

Year In d o n esia Thailand Vietnam M alay sia Total W orld

2005 2 2 1 ( 9 .7 ) 3 3 5 (1 1 .4 ) 6 0 (1 2 .5 ) 3 8 7 (3 4 .4 ) 1 0 0 3 (1 4 .7 ) 9 2 0 6
2006 3 5 2 (1 3 .4 ) 3 2 1 (1 0 .2 ) 6 5 (1 1 .7 ) 3 8 3 (2 9 .8 ) 1 1 2 1 (1 4 .7 ) 9 6 8 8
2007 3 8 3 (1 3 .9 ) 3 7 4 (1 2 .2 ) 8 0 (1 3 .2 ) 4 5 0 (3 7 .5 ) 1 2 8 7 (1 6 .9 ) 10175
2008 4 1 2 ( 1 5 .0 ) 3 9 8 (1 2 .9 ) 1 0 0 (1 5 .2 ) 4 6 9 (4 3 .8 ) 1 3 7 9 (1 8 .2 ) 10187
2009 3 5 2 (1 4 .4 ) 3 9 9 (1 2 .6 ) 1 2 0 (1 6 .9 ) 4 7 0 (5 4 .8 ) 1 3 4 1 (1 8 .7 ) 9 2 8 9
2010 4 2 1 ( 1 5 .4 ) 4 5 9 (1 4 .1 ) 1 4 0 (1 8 .6 ) 4 5 8 (4 8 .8 ) 1 4 7 8 (1 9 .3 ) 10764
Growth (% ) 9 .9 6 .8 19.7 4 .4 7 .5
2011 4 7 4 ( 1 5 .9 ) 4 8 7 (1 4 .4 ) 1 4 5 (1 7 .9 ) 4 0 2 (4 0 .4 ) 1 5 0 8 (1 8 .4 ) 10997
2012 5 4 8 (1 8 .2 ) 5 0 5 (1 4 .4 ) 1 5 0 (1 7 .4 ) 4 5 9 (4 9 .7 ) 1 6 6 2 (2 0 .0 ) 11048
2013 5 7 9 (1 7 .9 ) 5 2 1 (1 2 .5 ) 1 5 4 (1 6 .2 ) 4 4 7 (5 4 .1 ) 1 7 0 2 (1 8 .5 ) 11386
2014 5 8 0 (1 8 .4 ) 5 4 1 (1 2 .5 ) 1 5 7 (1 6 .5 ) 4 5 9 (6 8 .5 ) 1 7 3 7 (1 9 .1 ) 12136
2015 5 4 1 (1 7 .2 ) 6 0 1 (1 3 .4 ) 1 7 6 (1 7 .4 ) 4 8 4 (6 7 ) 1 8 0 1 (1 9 .3 ) 12140
2016 5 9 0 ( 1 8 .4 ) 6 2 0 (1 3 .9 ) 2 0 7 ( 2 0 .1) 4 8 2 (7 1 .5 ) 1 8 9 9 (2 0 .2 ) 12589
Growth (% ) 3.1 5 .2 6 .7 3 .2 4.1 3 .0
Overall g row th  ( % )  7 .5 6 .2 11.1 1.5 5 .4 2 .8

Source: Natural Rubber Trends and Statistics, A N RPC (various issues); Rubber Statistical Bulletin, 
IR S G  (various issues).

Figures in parentheses show dom estic N R consumption as a percentage o f  dom estic production

With the current per capita N R  consumption 4 . C o m p a ra tiv e  a d v a n ta g e  and e x p o r t  
in India being one o f  the low est in sim ilar perform an ce of India’s ru b b er se cto r: 
economies, the country will require unhindered An e*p l°»ato ry  analysis 

access to this critica l raw  m aterial for the Despite India’s positive balance o f  trade in 
continued g row th  o f  the in d u stry . O ver- rubber and rubber products since the 1970’s there 
dependence ol the Indian rubber industry on has been considerable deterioration in the balance 
imported NR may pose serious challenges to its o f  trade over time. As a result o f  higher growth 
sustainable growth and com petitiveness. The in imports and lower growth in exports in the last 
°nget the p resen t declin e in dom estic NR ten years ending in 2016-17 , rubber and rubber 

Induction continues, the more difficult it will be products showed negative balance o f  trade 
to leverse the trend because o f  the perennial consistently. In 2 0 1 6 -1 7 , the country had a 
nature ol this crop. Therefore, proactive steps to negative balance of trade o f US$ 4 1 4 .7 6  million 
sustain the dom estic N R  production base with dollars. The study show ed that desp ite a 
1 equate public investment are urgently required comparative disadvantage of the rubber sector 

ensure sustained domestic supply o f N R  to at the aggregate level in the world market, the 
lc ndian rubber industry. three product groups, viz. reclaimed rubber in



prim ary form s o r  in p lates, sh eets o r strip (U S  o f  r u b b e r  (H S  4 0 1 1 ) a n d  o i l ie r  a r t ic le s  ol 
4 0 0 3 ) ,  in ner tu bes o f  ru b ber (H S  4 0 1 3 )  and vu lcan ised  ru b ber o th er  th an  hard rubh , 

h y g ien ic  o r pharm aceu tical a r tic le s  (in clu d in g  4 0 1 6 )  w hich  acco u n ted  fo r  6 8 .7  pei cen t o t the 

tea ts jo fv u lca n ised ru b b ero th crlh a n  hard rubber, total v alu e o f  e x p o rts  fro m  the se c to r  sh tm Jd  

with or w I thou I lilt tugs o f  hard rubber (H S  4 0 1 4 )  varied tre | | . T h e  slu dy in d icated  the lim itations 

exhib ited  com p arative  advantage co n s is ten tly  o fllid ia n r u b b e rse e to r w h ic h  w asn u rtu red  under

throughout the tw enty one y e a r  period. T h e tw o a larger d o m estic  m arket lo  e n tc ra c  as .......... . .
m ajor product groups viz. new  pneum atic tyres p layer in the w orld  m arket.

QUALITY CONTROL DIVISION

H ie C en tra l Q u ality  C o n tro l L ab o ra to ry , o fim p o rted  and ex p orted  i tibbei and the issue o f 
established  in 198 0 . is undertaking various tests N O C  for im port 

fo r  raw  natural rubber, ch e m ic a ls , fe r tiliz e rs , i - i t , - c ■
w ater, e fflu en t w a t e r s ,  w hich is b en efic ia l to C o n ,n ,c ,t M l  T e s " » S  & « ' " « «

the grow ers, p rocessors and the gen eral pu b lic. D ‘v ‘ s ' 011 '̂:i ' co n d u cte d  co m m e rc ia l
T h e  la b o r a to r y  is  IS O :  17 0 2 5  c e r t if ie d  and H eW la tex ,co n cen tra ted la te x

accredited b y  N A B I. fo r  p eifo im in g  various tests (Cen<St a " d C ream t:d ). dry ru b be r (1 S N R , R S S , 

in natu ral ru b be r and w ater. Q u ality  C o n tro l S^*m  c le Pe ) c h e m ic a ls  used in rubbei pro-

D iv ision  jo in tly  w ith Bureau b f  Indian Standards cessu l* m t,b er  p rod uct m an u factu rin g  and plant 

( B I S )  im p lem e n ts and m o n ito rs IS I  m ark in g  protec,ion' fei1ilize)s a tidorganie iiia iiu i-es.ell]u enl 

process fo r  the p rocessed  rubber in the country " ' ille rfro m  ru b ber p ro ce ssin g  un its  and d rinkin g 

and c o n d u cts  in sp e c tio n s  lo  su ch  un its. T h e  ' va'e r  and w ater fo r  ci\ il co n s tru c tio n . D etails  ul 

D iv is io n  p la y s  a  m a jo r  r o le  in th e  q u a lity  sa m p les  tested  d u rin g  2 0 1 7 - I S  are  presen ted  

en fo rcem en t o f  processed  natural rubber, quality ( l a b l c Q c - 1 ) .  A n am ount o l R s 3 3 . 5 1.679/- was
co lle cted  as tes tin g  fe e  during  Ih e vcar.

Table QC. I-D eta ils  o f  sam ples tcsieil durin.. 7i in .n i  

S I. N o. Type o f  sam ples

I F ie ld  latex

D ry rubber

3 C oncen trated  latex
4  W ater

5 Effluent
6  C hem icals 

Total

Testin g  d etails dur i n g t h e F Y  2 0 17 - 18
N o .o f  sam p les N o. o f  p aram eters

5793 6 100
3 193 10 7 6 5

2 3 6 16 2 0
5 I2 5663
106 7 0 0
295 5 94

______ 10 135 2 5 4 4 2



2 . Specification Section
2.1. B IS  s c h e m e  o f  te s t in g  a m i in s p e c tio n

t h e  B u re a u  o f  In d ian  S ta n d a rd s ( B I S )  in 

association w ith  th e  R u b b e r  B o a rd  is o p era tin g  a 

Schem e o fT e s tin g  and In sp ectio n  (S T I )  fo r  b lo ck  

rubber and ce n tr ifu g e d  la tex . A  p ro ce ssin g  unit 

that becom es a  m e m b e r  o f  th is s ch e m e  is licen sed  

to use the B I S  stand ard  m ark  ( I S I )  on its produce 

which co n fo rm  to  sta n d a rd s p rescrib ed  in the 
relevant IS  sp e c if ic a tio n s .

T h e  o f f i c e r s  o f  B I S  a n d  R u b b e r  B o a r d  

( s p e c i f i c a t io n s  o f f i c e r s )  c o n d u c t  p e r io d ic  

in sp ectio n  to  e n s u r e  p r o p e r  m a in te n a n c e  o f  

quality in th e  p r o c e s s in g  u n its . S o  th e  B I S  

certification  m ark  sta n d s a s  a  to k en  o f  assu red  

quality. T h e  p ro d u ct w ith  th e  ce r tif ic a t io n  m ark 

will be w elco m ed  in th e  m ark et. T h e  co n su m ers 

o f raw ru b ber c o v e re d  b y  B I S  C e rt ific a t io n  can  

get p r o te c t io n  fr o m  e x p l o i t a t i o n  an d  f r e e  

replacem ent in c a s e  th e  p ro d u ct is found to  b e  o f  
substandard qu a lity .

Fo r  im p lem e n ta tio n  o f t h e  s ch e m e  o f  testin g  

and in sp ectio n  ( S T I ) ,  B I S  h as ap p o in ted  R u b b er 

Board as th e ir  a g e n t and  6 6 .6 7  p er  c e n t o f  the 

m arketing fe e  c o lle c te d  is paid  to  th e  R u b b er 

Board. T h e  s c h e m e  c o v e r s  th e  natu ral ru b be r 

processing un its  in th e  fo u r  s ta te s , viz . K era la , 

Tamil N adu, K a r n a ta k a  and  T rip u ra .

In s p e c t io n s  w e r e  c o n d u c te d  d u r in g  th e  

period under B I S  s c h e m e  and an am o u n t o f  R s. 

-6 ,1 j , 732/- w a s re c e iv e d  a s  sh a re  o f  m ark in g  
fee from  B I S .  .

2-2- P relim in ary  in sp ectio n  to issue B IS
certifica tio n  licen se

A p ro ce ss in g  u n it th a t in ten d s to  b e c o m e  a 

m ember o f  S T I  h as to  a p p ly  to  B I S  to g e t lice n se

10 use the IS I  s tan d ard  m a rk  o n  h is  p rod u ce. A  

Preliminary j o j m  in sp ectio n  b y  th e  o ff ic e r s  o f  B IS  

and the R u b b e r  B o a r d  is co n d u cted  p rio r  to  issu e

o f  L ic e n se  by th e  B I S .  O n e  su ch  in sp ec tio n  w as 
cond u cted  during th e  year.

2.3. Q uality control inspections at rubbe r

processing units (not covered by B I S ’s S T I )

Random  surprise in sp ectio n s are  con d u cted  

a t the rubber p ro cessin g  un its fo r  c h e c k in g  the 

qu ality  .o f  p ro cessed  b lo c k  rubber/ concen trated  

la te x .D u rin g  th e  re p o rtin g  p erio d  7 2  q u a lity  

con tro l in sp ectio n s w ere carried  out c o v e r in g  41 

dry rubber and 31 la tex  p ro cessin g  units.

2.4. Quality enforcement for T S R

U nder R u le  4 8  o f  th e  R u b b er R u le s  1 955 , 

e v e iy  p r o c e s s o r  sh a ll g ra d e  and  m a r k e t h is  

products in co n fo rm ity  w ith  such standards as 

a ie  sp ecified  by the B u reau  o f  Indian Stand ards 

fio m  tim e to  tim e. Further, the T S R  purchased, 

so ld  o r o th erw ise  acq u ired  o r  d isp o sed  o f  or 

p o s s e s s e d  b y  a n y  o w n e r  o f  e s t a te ,  d e a le r , 

processor, m an ufactu rer, im porter and ex p o rter  
sh all fu lfill the a foresaid  norm .

F o r  the e n fo rcem en t o f  the ab o v e  ru le in the 

p ro cess in g  sector, the R u b b er B oard  d ecid ed  to 

in u od u ce com pounding o f  o ffe n c e s  fo r  v io lation  

o f  qu ality  norm s by the p ro cesso rs w ith e ffe c t  

from  l a Janu ary 2 0 1 3 . T h e com pounding am ount 

is R s . 15 ,000/ - fo r  th e  firs t o f fe n c e  and  w ill 

in crease  in arith m etic  progression  fo r  rep etitio n  

o f  o ffe n ce s  till the 6 lh o ffe n ce  b e fo re  rev o catio n  

o f  the licen se  o f th e  p rocessor. E ig h t p ro cessin g  

un its w ere com pounded fo r  v io la tion  o f  qu ality  

norm s during th e  fin an cia l y e a r  and an am o u n t 

o f  R s. 2 ,2 5 ,0 0 0 / - w as co lle cted  from  th ese  units.

2.5. Import ofnatural rubber

It is m andatory that natural ru bber im ported 

to  In d ia  s h a ll  c o n fo rm  to  In d ia n  S ta n d a r d  

S p e c i f i c a t i o n s  o r  a n y  o th e r  N a t io n a l  o r  

In tern ation al Standard S p e c ifica tio n s . N O C  fo r  

im port o fn a tu ra l rubber for ow n consum ption  by 

m a n u fa c tu re r s  h a v in g  v a lid  M a n u fa c tu r e r s ’



L icen se  (M  licen se ) is issued by R u bber B oard , 

provided a ll th e  d o cu m en ts  v/r.bill o f  entry . 

In voice, test certifica te  and the request from  the 

im porter are in order. In sp ection s w ere carried 

out at random  to ensure co n fo rm ity  with th ese 

standards. H ow ever, in die ca se  o f  first tim e 

im port, in spection  o f  the consignm ent/collection 

o f  sam ples for qu ality  ch eck  is a lw ays carried 

out by ail authorized O ffice r  o f  the B oard  prior 

to  the issue o fN O C  (T ab le  Q C . 2 ) .  A  total o f  73 

in sp ectio ns w ere cond u cted  during the y ear  and 

th is in cludes in sp ectio ns by o ffice rs  from  other 
o ff ic e s  a lso.

Table QC. 2. Details o fN O C  issued for im port o f 
__________N R during 2017-18

Sl.N o T ype o f  N R Q u an iily (M T )

1 B lo ck  R ubber 3 8 4 3 3 2 .2 7

S h eet R u bber 78 6 6 2 .9 7
3 C rep e R ubber 126.417
4 L atex 224 3 .4
5 O thers 18.5

Total 4 6 5 3 8 3 .6

N o. o f  con sign m en ts o f  im port : 4 68 5

2.6. Export o f natural rubber

R u bber Board  con d u cts qu ality  c h eck in g  to 

ensure the qu ality  o f  rubber exported from  the 

country. N R  can be exp orted  either under the 

brand nam e “ Indian N atural R u b b er" with logo 

o r  a s  a n  in d iv id u a l e x p o r t  w ith o u t lo g o . 

C o n s ig n m e n ts  fo r  e x p o rt a re  in sp ected  and

sam ples drawn by the o ffice rs  o f  Market 
Promotion Department in the case o f export with 
logo. All samples are analyzed at the Central 
Testing Laboratory for conform ity with BIS 
Specifications. Quality certificates are issued 
based on test results. This procedure is applicable 
to both block ru b b er and con cen trated  
latex.Thirty four latex samples and two TSR 
samples were tested at the Central Testing 
Laboratory during the reporting period.

3 .  O t h e r  a c t iv i t ie s

O fficers o f  the D ivision functioned as 
resource personnel in various training programs 
organized by the R u b b er T raining  
Idstitute.(i)lmparted training to M.Tech (Polymer 
Technology) & B.Tech (Rubber Technology) 
students o f  CUSAT and conducted practical 
examination for them, (ii) Imparled practical 
training to students o f  M adras Institute of 
Technology, Chennai, B.Tech students o f  M.C. 
University, Government Engineering College, 
fliodupuzha, M .Sc. Students o f  S .B . College. 
Changanacherry and entrepreneurs from various 
rubber goods manufacturing sector.

■J- A d v is o r y  w o r k

Natural rubber processors approach the 
D ivision frequently for ad v ice  on q u alm  

improvement, reducing wastage, reducing cost 
of production,better environment management 
systems etc. Individual cases were studied and 
appropriate measures were suggested.



T h e C en tra l E x p e rim e n t S ta tio n , C h eth ack a l 

is situated a t a d is ta n c e  o f  a b o u t 5 6  km  from  

Kottayam . T h e  sta tio n  h a s  a to ta l land area  o f  

254 .76  ha, o f  w h ich  2 4 .5 8  h a  is  u n d er im m atu re 

rubber, 1 6 9 .3 0  h a  u n d er m atu re  r u b be r and 2 0 .3 5  

ha area is u n d er bud w o o d  n u rsery  and  c lo se  

planting.

Field e x p erim en ts  and ev a lu atio n s o f  various 

D ivisions a re  c o n d u cte d  at C E S .  T h e re  are  85 

field exp erim en ts in the S ta tio n . B reed in g  for high 

yield and o th e r  b e n e f ic ia l  se co n d a ry  ch a ra cters , 

ev aluation  o f  c lo n e s ,  in te r c ro p p in g , p la n tin g  

sy s te m s , g o o d  a g r ic u l t u r a l  p r a c t i c e s ,  lo w  

frequency tap p in g  s y s te m s , d isea se  m an agem en t 

etc. are th e  m a jo r  a r e a s  o f  re se a rch  un dertaken

in th e  S ta tio n . C o n sid erab le  area  is a ls o  under 

G erm p lasm  ev a lu ation , bud w ood  n u rseries and 

n u rsery  e x p e rim e n ts . T h e  E d d y  c o v a r ia n c e  

to w er in stalled  in th e  S ta tio n  co n tin u es to  g iv e  

m ic r o  e n v iro n m e n ta l d a ta . T h e  s ta tio n  a ls o  

fu n c tio n s  a s  a ce n tre  fo r  tra in in g  g ro w e rs  in 

v ariou s asp ects  o f  fa rm in g  o p eratio ns.

D u ring  the rep orting  p eriod , th e  total cro p  

realized  w as 183 .1  M T. T h ere  w ere 2 9 8  tapp ing 

d ays and 73  tapp ers w ere eng aged  fo r  tapp ing. 

T h e  to ta l m an -d ay s  en g ag ed  in th e  y e a r  w as 

4 3 ,2 3 8 .  T h e  d ispensary attached  to th e  S ta tio n  

ca ters to  the m ed ical needs o f  th e  w o rk ers and 

4 ,1 0 3  patients w ere g iv en  m ed ica l ca re  during 

th e  period under report.

R E G IO N A L  R E SE A R C H  STATION, GUWAHATI, ASSAM

1. C ro p  im p r o v e m e n t

1.1. Performance of clone RRII 429 in grower’s 
field in Assam

G irth  o f  R R I I  4 2 9  w a s  s im ila r  to  th a t o f  

R R IM  6 0 0 .Y ie ld  o v e r  fo u r  y e a rs  fo r  R R II 4 2 9  

was s ig n if ic a n t ly  h ig h e r  th a n  R R I M  6 0 0  in 

G oalp ara , A s s a m . T h e  in c r e a s e  in y ie ld  w as 

m aintained b y  R R I I  4 2 9  th rou g h ou t the y ear  and 

the in crease  in a v e ra g e  y ie ld  w as around 2 7  per 

cent h ig h er  co m p a re d  to  R R I M  6 0 0 .

1.2. On-Farm evaluation of selected ortets of 
Hevea in Assam

Th e b e s t th re e  se le c te d  o rte ts  fro m  A ssam  

VVeie c u lt iv a te d  in M o r ig a o n , A ssa m  d u rin g  to 

evaluate th e  p e r fo rm a n c e  o f  th ese  prim ary ortets 

vh-  R R S G  9 ,  R R S G  3 and R R S G  1, R R I M  6 0 0

and R R II  4 2 9  w ere th e  ch e ck  c lo n e s . G irth  o f  

o r te t s  a t  3 0  c m  h e ig h t  w a s  o n  p a r  w ith  

R R IM  6 0 0  a fter  2 0  m onth s o f  p lan tin g . G irth  in 

R R S G  3 ranked first fo llo w ed  by R R S G  I .

1.3. On-farm evaluation of potential clones /ortets
under the agroclimate of Arunachal Pradesh

Continued the tw o trials initiated during 2 0 1 5 -  

16. In trial I, p lan tin g  o f  11 p ro m isin g  c lo n e s  viz. 

R R I M  6 0 0 .  R R II  2 0 8 ,  R R I I  4 2 9 .  R R I I  4 1 7 ,  

R R II 4 3 0 .  R R JI 4 2 2 ,  R R II  105 , P B  2 3 5 ,  P B  2 6 0 ,  
S C A T C  88/13 and H aiken  1 w as co m p le ted . In 

trial II, budding o f  R R S G  1. R R S G  9 ,  R R S G  8 , 

R R S N  1, R R S N  4 7 ,  R R S N  6 9 .  R R S A  1 1 4 , 

R R S A  5 S 5 , R R S A  3 1 5 .  R R S A  114 , R R S A  5 8 5  

a n d  R R S A  3 1 5  a lo n g  w ith  c h e c k  c l o n e s  
R R I M  6 0 0  and R R II 4 2 9  com p leted  aud p oly  bag 

planting finished.



2 .  C ro p  m a n a g e m e n t

2.1. Soil fertility  m apping in A ssam , A runaclial 
Pradesh, West Bengal, Manipur, M izoram and 
Nagaland

Fifty so il sam ples w ere collected  in the initial 

phase. Soil sam ple collection from K am m p (M & R ) 

d istric t o f  A ssam  w as co m p leted  and started  

co llection  from G oalpara d istrict o f  A ssam .

2.2. Ground cover management

T h e study on spread o f  M ik a t i ia  m ic r a n ih a  

from  the rubber plantations o f  A ssam  indicated

th at r u b b e r  p la n ta tio n s  a re  an  id ea ] p la c e  for 

g ro w th  and  sp rea d  o f  M ik a n ia .  T h e  in ten s ity  

o f  in fe s ta t io n  w a s fo u n d  to  b e  m o re  w ith in  

and lo c a l i t ie s  c lo s e r  to  th e  p la n ta t io n s  and 

red u ced  w h en  m o v in g  a w a y  o u tw a rd s. T h e  

p o p u la tio n  load  o f  M i k a n i a  w a s  h ig h  in ru bber 

p la n ta tio n  and  r e s u lte d  in its  sp re a d  to  the 

n e a r b y  a r e a s  th o u g h  th e  in te n s ity  o f  spread  

red u ced  a s  th e  d is ta n c e  in c r e a s e d  fro m  the 

p lan ta tio n .

REGIONAL RESEA RCH  STATION, A GARTALA, T R IPU R A

e research  program s o f  the S ta tio n  are E v a lu a tio n o fc lo n e sfo r th e ira d a p ta b ility a n d  
m ain ly  focused  on ev aluation  o f  c lo n e s , crop  y ie ld  p erfo rm an ce u n d ertak en  in tw o  ( )ii Farm 

m an agem en t, la tex  h arv estin g  and eco sy s tem  T ria ls  (O F T )  and tw o  L a rg e  S c a le  T r ia ls  (L S T )  

stu d ies. A d v iso ry  se rv ice s  on d iscr im in a to ry  are in progress. In the lirst L S T . DD/6/5 s| ,„ » u l 

fertiliza tio n  to  grow ers and la tex  an a ly sis  fo r  l > « $ ^ ( l ™ c m ) d m i n g l h i r d v e a ,  o fp la n ti, ,,  
m  u stn es are b ein g  continued. com pared  to co n tro l R R IM  6 0 0  1 1.5.1 n,

I .  C r o p  im p ro v e m e n t ^1e o t îe r  r 1 tr ia l) ,  h ig h e st y ie ld  was
t ,  , , o b s e r v e d  in c lo n e  R R I I  |;i> , 7 4  ; „ . .. , ,

ev a lu a T ,o n VeI0r M O r 'UCati0" SPL' CiliCCl0,KS- f° " ° ' Ved by R R “  4 2 2  ( 6 4 3  B <■'' < ’ ) and“co „tro l e v a lu a t io n  o f  p r o m is in g  c lo n e s  an d  th e  RRIM  600 (62 .2  g  r 1 t 1),

i n o ^ S e t ; , r ; ; ; : : ; ; t o F r  ■ : : :
I I .  Development and evaluation o f cloncs R R I1  ‘, 2 ')  < ecord ed  th e  h ig h e s t  m e a n  y ie ld

T h e  crop  im provem ent program m es w ere 
undertaken fo r  develop m en t and r  r  r g  ) 111 t ,lc  fourth  year

ones  for  the reg ion . To develop  c lon es fo r ,| ,it  , ' J , ,0 1 h e r l  11 r -H irap tir.
region , 131 locally  recruited  selected  c lo n e s , n an°m erG x E  trial with 4 5  pipeline clones
2 0  h ybrids. 21  O P  p ro g en ies and 9 0  h a l f  sih !'U i"" c I°nes, high yield performance
progenies are under evaluation in six c lo n a l", i a O f  ? , ™ ved P 6 °  Cl 0 7  g f  f « )  followed by 
seed lin g  nurseries. ’  * lo n a l a n f  N  (9 7  g  f  , " ,  Twenty six clones had bel.e,

...................llia iI R R IM  600  (check elune) u  hile



nine clon es w ere b e tte r  th an  R R I I  4 3 0  (an o th er  

check c lo n e).

The fie ld  tr ia l in v o lv in g  5 7  c lo n e s  fo r  the 

identification o f  r e l ia b le  ju v e n i le  and  m atu re  

ch a ra cteris tics  fo r  c lo n e  id e n t i f ic a t io n  is  in 

progress. A  g erm p la sm  g ard en  h a v in g  2 1 3  w ild 

He ve a  a c c e ss io n s , s o u rc e  b u sh  n u rse r ie s  and a 

breeding o rch ard  are  b e in g  m ain ta in ed  in the 

Station.

2. Crop m an agem en t

2.1. Soil fertility m ap ping

To p repare a s o il fe r tili ty  m ap  fo r  ru b ber 

growing r e g io n s  o f  N o rth  E a s t  In d ia  and  to  

develop an o n -lin e  fe r t i l i s e r  reco m m en d a tio n , 

collection o f  c o m p o s ite  s o il  sa m p le  p er 5 0  ha o f  

area w as in itia ted  in th e  s ta te  o f  T rip u ra . T h e 

details o f  th e  s a m p lin g  lo ca tio n  lik e  c lo n e , ag e  o f  

plantation, p lanting history, cu ltivation p ractice and 

location c o -o r d in a te s  are  b e in g  reco rd ed  using 

GPS. Total 6 7 7  c o m p o s ite  so il sa m p le s  at the 

depth o f  0 -3 0  cm  w ere  c o lle c te d  du ring  th e  y ear, 

covering th re e  d is t r ic t s  o f  T r ip u ra  vi z .  W est, 

Sepaijhala and K o w h a i. A n a ly s is  o f  so il sam p les 

showed th at 5 6  p er  c e n t  o f  th e s e  sa m p les  w ere 

medium in O C  c o n te n t , 8 5  p er  c e n t w as low  in 

available P and 6 0  p er  c e n t lo w  in a v a ila b le  K.

2.2. Development of cropping system and
management practices

In the c ro p p in g  sy s te m  m o d e l, a fte r  nine 

years, the g irth  o f  ru b be r in th e  in tercropping plots 

(57.8 cm  5 8 .4  c m , re sp e c tiv e ly , for M o d el I and 

•0 and in m o n o cro p p ed  p lo ts  (5 9 .2  cm  and 5 9 .5  

cm resp ectively  fo r  M o d e l 1 and  II )  is s ta tistica lly

011 par. Intercropping w a s  ca rr ie d  ou t fo r  entire 

'mmaturity p eriod in M o d e l I (P aired  row sy stem ) 

a°d 01,ly fo r fiv e  y e a r s  in M o d e l II (u su a l 

octangular p la n tin g ). In th is  trial, p in eap p le  w as 

'Gained and y ie ld  w as 5 6 7  k g  h a '1 in th e  ninth 
year.

G row th  o t rubber p lants sh ow ed  that p its o f  
la ig e r  d im en sio n s have no ad van tage com p ared  

to sm aller  d im ension  pits s ix  years a fter  planting. 

The m ean g irth s w ere  4 0 .2  cm  for no rm al pit 

and 3 9 .4  and 3 7 .8  cm  fo r  tw o reduced  s iz e  p its, 

resp ectively . F o r  co n firm atio n  o f  th is  resu lts  an 

on farm  trial w as in itiated  o n  reduced  p it s iz e  at 

T w a is a p la n g -I  b lo c k  p la n ta tio n  u n it. G ir th  

record ed  a fter secon d y e a r  o f  p lan tin g  sh ow ed  

no d ifferen ce  b etw een no rm al and red u ced  pit 

size . T h e m ean girth w as 2 2 .4  cm  fo r  norm al 
and 2 1 .8  cm  fo r  reduced  pit size.

R e s u lts  o f  th e  e x p e r im e n t  o n  s p e c i f i c  

p ack ag e o f  p ra ctices , sh ow  th at the m ean girth 

o f rubber in v ertica l and co n v en tio n a l m u lch in g  

is sta tis t ica lly  on par but it is su p erior to  con tro l 

w ith  a  g ir th  o f  4 7 . 4 ,  4 8 .1  an d  4 2 .5 c m  fo r  

co n v en tio n a l m u lch in g , v ertica l m u lch in g  and 

c o n t r o l ,  r e s p e c t iv e ly .  A p a rt fro m  th a t, th e  

p ercen tag e o f  p lan ts less a ffe c te d  by su m m er 

stress is least in vertical m ulching plots. M oreover, 

m o istu re p er c e n t in 0 -6 0 c m  layer o f  so il w as 

h ig h e r  in v e r t i c a l ly  m u lc h e d  p it s  th a n  in 

conven tion al m u lchin g and con tro l i . e.  1 5 .3 , 14 .5  

and 12.3 per cen t, resp ectiv e ly  in th e  s ix th  year.

An ob serv atio n a l trial w as in itia ted  during 

the p eriod  under report w ith a v iew  to  study the 

in fluen ce o f  silt pits on grow th and y ield  o f  rubber 

grow n in the h illo ck s  (s lo p e  o f  5 -7 % )  o fT r ip u ra . 

N o  s ig n ifica n t im p rovem en t in girth o f  the p lants 

w as recorded . H ow ever, so m e in crea se  in y ie ld  

w as observed due to im position o fs i l t  pits. P lants 

under silt pit reg istered  annual y ie ld  o f  106 3  kg 

ha*1 and w ithout pit reg istered  an 9 1 6  k g  ha*1 

during I s' y e a r  o f  tapp ing. A n am o unt o f  3 .5 6  

ton nes o f  soil ha*1 w as recov ered  in o n e  year.

3. L a te x  harvesting

T h e  low  frequ en cy  tapp ing in c lo n e  P B  2 3 5  

has been  con tin u in g  in th ree  sy stem s o f  tapp ing 

viz.  d3 , d4 and d6. H igher y ie ld  w as o b serv ed  in 

d3 com pared  to d4 and d7 system .



Yield stim ulation sludv in R R II  4 0 0  series  in dicated  lhat the rea lized  n ie lic s  ol'//, ,

c lon es are being continu ed  in tw o system  o f  in its n a t iv e  ra n g e  and  m tio d u ce d  r a n l V "  

tapping i * .  d2 and d3. Y ield  o f  d3 system  o f  d i f f e r e n t .  H e n c e ,  th e  c o n c e p t  o'l ^ i d  "' 

lapping w ith stim u lation  and d2 system  w ith  c o n s e rv a tism  a c ro s s  th e  d iffe r e n t ml 

tapping res! was com parable. C lo n e  R R II 4 2 9  ra n g e  is o b se rv e d  lo  b e  c h a l le n g e d  and ii"'. 

continued to be the highest y ie ld er am o ng the prop osition  o f  n ich e  sh iftin g  is  e v id en ced  m • *  

c lo " es o f / A v a r  tre e s  |„di;l " ‘  SC

Study on the e ffe c t o f  planting d ensity  ou.d3 M a x en t m o d ellin g  o f  SU]| lbi|ilv .

" " "  C l0ne B io e l ir n a t ic d a ta o f
-  H igh er yield  w as observed  m high th is  reg io n  (A n d rap rad esh , B ih a r, Chattisgarh 

d ensity  p lan tin g  com p ared  to  lo w er d en sity  M a h a r a s h tr a ,  M a d h v a p r a d e s I ,  o d i  I n '  
A no ther exp erim en t on b lock trial on d3 and d7 T eie n g an u . U ttarp rad esli and  B e n - „

W U M  60° ta P P ' " 8  WaS " " ' la ted  Cl° n e  reSPe“  l °  2 0 5 0  d im atC  sc e n a ™  ™ ' e  used for
p red ictin g  su itability  o f/ / e i™  in E W E  r e a .....

4. E c o s y s te m  s tu d ie s  T h e  ex istin g  rubber p lantation o f  K ere la  and som e

In v asiv e  p o ten tia l o f  th e  c u lt iv a te d  tr e e  ‘° Cati° ,ls  1,1 0 J i s l , a ' A n d ra P rad esh  and West 

s p e c ie s  ( H e v e a )  an d  th r e e  w e e d  s n e c i e s  ' a!' ‘ T e r e n c e  c lim a te o fr u b b e r

differing ill h abit and bio -geoarap hic origin  w ere Wh|le  1,lter|>ol;,llnS Hie m o d ellin g  resu lts o f  LW E 

assessed  th rou gh e c o lo g ic a l n ich e  m o d ellin g  in reS1° " '

the 2 0 0 0  and 2 0 5 0  c lim a te  sce n a rio s  in  N o rth - A n “ “ lo g ica l study w as in itia led  in 2 0  year 

E a s t  In d ia . It w as o b se rv e d  th a t A g e r a t u m  old  in tercro p p in g  tr ia l at laranagur

c o n y z o i d e s  and H e v e a  b r a s i l i e ns i s  w ith  So u th  fara1' 11 * # »  o b serv ed  th at e ig h t w eed s p e c ic , 

A m erican  o rig in  ex h ib ited  h ig h er  p o ten tia l to  w ere found in •he le a  ro w s and 14 w eed  sp ecies 

■nvade/distribule in N orth eastern  reg io n  o f  in ru b bcr  ' ° w s  o v e r  tw o  se a so n s . In  an o th er 30

India by 2 05 0 . On the other hand, though U r e m ,  * *  old  Pure ru b ber p lan ta tion . 25  sp e c ie s  o f
l o b a t a  and  J m p e r a t a  c y l i n d i c a  a re  o f  S o u th  w ced s *  o b serv ed  w hen the p lan tation  w as 
A sian  origin , th eir p oten tia l to in vade fu rth er in u n w eeded fo r  2 0  y ears

North E a st In d ia  by 2 0 5 0  is  lim ited  co m p a red  5 .  A d v is o r y  w o r k  
to  its d istribution in 2 0 0 0 .  A d v is o r y  w o r k

In another study, ch a lle n g e s  fo r  n r .  i; .■ u lp ,s c " minal[>ry  fertilizer recommendation 

distribution o f  H e v e a  h r a s i l i e m k  in India based . “ " “ f  aTO ,ysi*  ° ffe red  10 147 rubber
on its native range w as analysed  r v  I growers m the state ol 1 ripura. \ t.ilai o fon  lales 
sh iftin g  n ich e m t a s e ^ ^

assisted  m igration  w as o btain ed  o th e r  Ii I' PaW ® ete rs. io la i  3 0 8 0  m  o l  bud w ood  o f  high 
obtain ed . O th e r  f in d in g s y ie ld in g  d u n e s  w ere su p p hed  .......................... ....



The S ta tio n  co n tin u ed  its r e se a rch  a c tiv itie s  

on evaluation o f  c lo n e s ,  p o ly c lo n a l p op u lation , 

crop p h y siology, la te x  h a rv e s t te ch n o lo g y  and 

crop m a n a g e m e n t p r a c t ic e s  s u i ta b le  fo r  th is  

region.

1. Crop Im p rovem en t

1.1. Poly-cross progeny evaluations

Thirty  p er c e n t  o f  th e  p ro m is in g  p o ly cro ss  

progenies f r o m  2 0 0 8  a n d  2 0 1 1  t r ia ls  w e re  

maintained in nursery. A  n u rseiy  trial w as initiated 

from 2 0 0 8  se le c tio n s .

1.2.On-farm evaluation of selected clones

Three on farm  tr ia ls  w e r e  started  d uring 2 0 0 9  

and 2 0 1 0 . T r ia l 1 in c lu d e s  b lo c k s  o f  s ix  c lo n e s , 

v/~ R R II 4 1 7 ,  R R I I  4 2 2 ,  R R H  4 2 9 ,  P B  2 3 5 ,  R R II 

203 and R R IM  6 0 0 ,  in M e n d ip a th a r  (N o rth  G aro 

Mills) and T r ia l-II  in c lu d e s  fo u r  c lo n e s  v iz . R R II 

417 , R R II 4 2 2 ,  R R I I  4 2 9  an d  R R I M  6 0 0  in 

Bolchugre, W est G a ro  H ills . In N orth  G a ro  H ills 

2nJ year tap p in g  w a s s tarte d  d u rin g  A u g u st 2 0 1 7  

onwards in both the tria ls . T h e  h ighest m ean annual 

yield w as reco rd ed  in R R I I  4 2 9  (3 5 .0  g  r 1 t*1) 

followed by R R I M  6 0 0  (3 2 .9  g  r 11 ')  and R R II 

422 (32 .0  g  t 11' 1) and m inim u m  y ield w as recorded 

in PB 2 3 5  (2 2 .1  g f r 1)

1-3. Nurseiy evaluation of poly-clonal seedlings 
(2013 and 2014)

T h e p oly  c lo n a l se e d s  c o lle c tc d  from  P oly  

Clonal Seed  G a rd e n , M iz o ra m  w e re  p lan ted  in 

toe field d uring 2 0 13 at tw o location s viz. G anolgre 

l‘iim  o l R R S  a n d  R u b b e r  B o a r d  c a m p u s . 

^ ak °p g re , T u ra . O n  th e  b a s is  o f  test tap  y ie ld , 

°P b est p e r fo rm in g  p ro g e n ie s  w ere  se le cted  

m aintained in the budvvood n u rsery  at R u bber 
Board cam p u s, T u ra .

1.4. Germplasm arboretum at Teksragre farm

To m a in ta in  th e  G e rm p la sm  A rb o re tu m  

under th e  ag ro -c lim a tic  co n d itio n  o f  G a ro  H ills 

o f  M e g h alay a  5 3 4  p oly  b ag  p lants (b e lo n g in g  to 

178  A c c e s s io n s )  w e re  p lan ted  in th e  f ie ld  at 

Teksragre farm  n ear  A n  o g re  and m a in ta in ed . 

From  a total o f  6 9 2  budded stum ps b elo n g in g  to 

8 2  a c ce ss io n s  and 10 con tro l c lo n e s  sp routing 

su cce s s  w as o n ly  2 4 .3  per cen t. F ield  plan tin g 

w ill be carried  out d uring M ay/June. 2 0 1 8 .

2. C rop Physiology/Latex H arvesting
Technology

2.1. Effect of low winter temperature on yield of
rubber at high altitude

S ev ere  low  w in ter tem perature is o n e  o f  the 

m a jo r  reason s for y ield  d ep ression  and low  dry 

ru bber co n ten t in H e v e a  under the ag ro -c lim a tic  

c o n d it io n  o f  G a ro  H ills . L o w  te m p e r a tu r e  

adversely  a ffected  the yield  and D R C . T h e  annual 

m ean y ie ld  (3 4 .6  g r 1 f 1) and D R C  (3 3 .8  % )  

w as recorded  for the year. E a r ly  d efo lia tio n  and 

re fo liation  w as observed  and D R C  ranged  from  

2 8 .5 -2 9 .2  per cen t during  w in ter sea so n . S o il 

m o istu re co n ten t w as th e  low est in th e  m o nth s 

o f  February and M arch .

2.2. Location specificstimulant application

T h e  stu d y  o n  e th y le n e  in d u c e d  s t r e s s  

resp on ses in tapping panel o f  rubber tre e s  w as 

continued. S ix  treatm ents w ere adopted w ith  bark 

ap p lica tion s o f  ethaphon (5  % )  in R R IM  6 0 0 . 

R esu lts show ed that h igh est y ield  (4 6 .9  g  f '  r 1) 

and low D R C  (3 3 .5  % ) w as recorded in T 3  (B a rk  

application o f  5 per cent ethaphon at 150 c m  above 

the bud union and near bud union and low est yield 

( 3 2 .0  g  t '1 tr1)  and  h igh  D R C  ( 3 4 .5  % )  w a s 

recorded  in T 6  (u n stim uled  trees). T h e re  w as no 

sign ificant d ifference in D R C  betw een treatm ents.



3 .  C r o p  M a n a g e m e n t

3 .1. Analytical/advisory w ork fur fertilizer 
recommendation

A  total o f  2 4  so il sam p les from  the rubber 

grow ing  areas indicated that organ ic carbon (O C ) 

co n ten t v\as at m edium  range (0 .8 5  to 1.24 % ) 

in the surface soil (0 -3 0  cm ), available phosphorus 
was at low  range (2 .8  to 7.1 m g k g  ' )  and available 

potassium  w as at m edium  ran g e (7 2 .0 -9 4 .5  m g 

k g  ')- T h e  so il is gen erally  ac id ic  in nature with 

pH  r a n g in g  fr o m  4 . 2 - 5 . 8  an d  f e r t i l i z e r  

recom m en d ation  w as g iven  accord ingly .

3 .2 . Evaluation o f soil fertility status and mapping 
soil fertility in M eghalaya

T h e  c o l l a b o r a t i v e  p r o je c t  w ith  C ro p  

M a n a g e m e n t g ro u p  o f  R R I I ,  K o tta y a m  w as

continu ed  and 1 1 1 C om posite so il sam p les (0 -3 0  
cm  depth) w ere co lle c ted  during  the y e a r  from 

th e  r u b b e r  g r o w in g  a r e a s  o f  G a r o  h i l ls  o f  

M egh alaya (W est, N orth. E a s t  and South-west 
d istric t) u sin g  G P S  sy ste m , w ith  th e  h e lp  o f  

R u b b er B o ard , R e g io n a l O ff ic e ,  T u ra . S o  far 

around 194  soil sam p les w ere c o lle c ted . A nalysis 
o f  so il sam p les w ill b e  co m p le ted  w ith in  tw o 

y ears. A ll th e  so il sam p les w ere  a ir  dried and 

p ro cessed  and a re  rea d y  fo r  a n a ly s is  at S o il 
T estin g  L aboratory , R R I I ,  K o tta y a m .

3.3. Generation o f advance planting m aterials by ///- 
situ  budding on stocks raised in root trainers in 
(he G aro Hills conditions o f M eghalaya

T h e  e x p e rim e n t is r e p e a le d  w ith  a ll  the 

treatm ents for fu rth er c o n firm a tio n  o f  th e  best 
p erform ing p ollin g  m ediaA reatm en ts.

REG IO N A L EX PER IM EN T STATION, NAGRAKATA, BE N G A L

1. C rop Im provem ent planting,IninkgirtliofclonesWr, P R  1 0 7 ,SC A T C

1.1. Evaluation of clone 93/ 114, R R IM  7 0 3 , R R IM  6 0 5 ,  R R II  118 and

Tw enty s ix  p rom ising c lon es w ere evaluated ^ s i g n i f i c a n t l y  h ig h er  than R R IM

u n d er th e  a g r o -c i im a t ie  c o n d it io n s  o f  su b  ' r  P B  3 10 a,u l l>u 2SIJ r e c » ' J e d

H im alayan  W es, B en g a l. A , 2 6 *  - 2 7 *  y e a r  o f  ^  " *

TableNag. 1 .Pattern of yield in different clone trials 

Trial I and II Yield (g f ' r 1) Trial III
R R IM  6 1 2  

G L  1

R R II 105  

R R IC  104 

R R IC  102 

R R IM  6 0 5  

P B  2 6 0  

SC A T C  93/114 
P R  261

2 1 .7

23 .8

2 6 .7

2 7 .3

3 1 .9

3 2 .4

3 3 .8  

3 4 .6

3 5 .8

* Significant at 0 .0 5 %  level:

PB  86 

R R II 2 0 3  

P B  5/51 

G T  1 

R R II 3 0 8  

P R  107  

H K  1 

R R II 3 0 0  

P B  311

* Significant at 0.01% level

Y ield  (g  i-' t 1) Tria l IV Y\c\d ( g r ' r 1)
36~6 R R II [| 8  ~ 4 1 .7
3 6 .9 P B  2 3 5 4 2 .6
3 7 .2 R R I M  7 0 3 4 2 .8
3 7 .2 R R II 2 0 8 4 3 .5
3 8 .0 S C A T C  88/13 4 5 .4
3 8 .2 P B  2 8 0 4 7 .0 *
38 .3 P B  3 1 0 4 8 .1 * *
4 0 .5 R R IM  6 0 0 3 8 .9
4 0 .9 C D  (P = 0 .0 5 ) 6 .7 9



1.2. Evaluation o f germ  plasm

A  total o f  21 g erm p la sm  a c c e s s io n s  w ere 

evaluated  un d er th e  a g ro c lim a te  o f  N ag rak ata . 

B e n g a l .  M a x im u m  g ir th  w a s  r e c o r d e d  in 

R O  2 6 2 9 ,  M T  4 4 ,  R O  5 4 3 0 ,  R O  2 6 3 5 ,  M T  19 6 , 

M T 2 2 2 9 , A C  6 1 9 ,  R O  5 5 5 7 ,  R O  2 8 9 0 ,  R O  3 1 7 2  

and R O  5 3 4 8 .  D ry  ru b b e r  y ie ld  o f  A C  7 6 3  w as 

s ig n ifica n tly  h ig h er  th an  c h e c k  c lo n e , R R II  105 . 

In g e n e ra l, th e  g ro w th  and  y ie ld  p e r fo rm a n ce  

o f  M a to  G ro s s o  a c c e s s io n s  w ere  found b etter  

th an  A c r e  an d  R o n d o n ia  a c c e s s io n s  in  th is  
station .

1.3. P erfo rm an ce o f  polyclonal seedlings

S in c e  1 9 9 0 ,  a s tu d y  o n  p e r fo rm a n c e  o f  

p o ly clo n a l se e d lin g s  h as been  under p rogress in 

N agrakata  in a  b lo c k  o f  2 4 0  trees in C R D . A fte r  

2 7  y ears o f  p lan tin g , m ean  g irth  o f  the population 

w as 7 9 .3  c m . T h e  a v e ra g e  b lo c k  y ie ld  o f  the 

p op u lation  w as 2 8 .5  g  f ' t r 1 w h ere  3 6  p er cen t 

p lan ts sh o w ed  a b o v e  a v e ra g e  y ie ld . S e le c te d  

O rtets  a re  m ain ta in ed  at th e  n u rsery  fo r  further 
evaluation.

1.4. M ulti tra it screen in g  o f  h a lf s ib  progenies for

cold to leran ce  and yield attribu tes

H a lf  s ib  p r o g e n ie s  w ere  ra ised  fro m  sev en  

d iffe r e n t c lo n e s  in 2 0 1 4 .  T h e  ju v e n ile  y ie ld  o f  

p ro g en ies  ra ise d  fro m  se e d s  o f  S C A T C  88/13 

d uring  n o n -w in te r  p erio d  sh o w ed  the h ig h e s t 

y ie ld  fo llo w e d  b y  R O  5 3 6 3 .  N u m b er o f  p lan ts 

h av in g  a b o v e  a v e ra g e  ju v e n ile  y ie ld  a lso  show ed 

sa m e tren d . D u rin g  w in te r  p erio d , th e  a v era g e  

ju v e n ile  y ie ld  o f  S C A T C  88/13 p ro g e n ie s  w as 

h ig h e r  th a n  th a t o f  R R I M  6 0 0 .  fo llo w e d  by 

R R II 4 1 7  and  R R I I  4 2 9 .  N u m b er  o f  seed lin g  

p lan ts s h o w in g  a b o v e  a v e ra g e  ju v e n ile  y ield  was 

a lso  h ig h e r  in S C A T C  88/ 13. T h e  p o te n tia l o f  

h a l f -s ib  p r o g e n ie s  o f  S C A T C  88/13 w as sh ow n 

to  be p ro m in e n t fro m  th is  study.

1.5. P e r fo rm a n ce  o f  new g en era tio n  clon es u n d er 
the agroclim ate ofsu b-H im alayan  W est Bengal

E v alu ation  o f  fiv e  p ro m is in g  n ew  g en eration  

c lo n e s  u n d e r  th e  c o ld  a g r o c l im a t e  o f  s u b - 

H im alayan W est B e n g a l sh o w ed  th at g irth  and 

yield  o f  all the c lo n es  w ere  on p ar w ith R R IM  6 0 0 . 

H o w ev er, y ie ld  o f  R R I I  4 2 2  w as fo u n d  high 

fo llo w ed  by R R II 4 2 9  and R R II  4 1 7  d u rin g  th is  

year. C o m p a ra tiv e ly  R R I I  4 1 4  reco rd ed  lo w er 

y ie ld  than o th e r  c lo n e s  in th is  reg io n .

2. C rop  Physiology

2 .1 . P e r fo rm a n ce  o f  p o ly cro ss p ro g en ies  ra ised  
from  seeds o f  locally  adapted  m atu re  r u b b e r  
plantation

M ean rubber y ield  o f  th e  p opu lation w as 3 4 .6  

g t - 'r 1 and a v era g e  y ie ld  o f  se e d lin g s  r a ised  from  

seed s c o lle c te d  from  fo u r  d iffe re n t p la c e s  w ere 

sim ila r  ran g in g  from  2 .5  g  t ' r '  to  1 1 7 .6  g  f lr ‘ . 

T w en ty  p ro m is in g  ortet m o th er  p lan ts reco rd ed  

an y ie ld  potentia l o f  around 6 0  g  r ' f 1 on  2 nd y e a r  
o f  tapping.

2 .2 . Physiological evalu ation  o f  r u b b e r  c lon es in 
abandoned tea grow ing a reas o f  D ooars belt o f 
North Bengal

A  to ta l o f  fiv e  c lo n e s  w ere  u n d er e v a lu a tio n  

in high pH  so il. G ro w th  o f  a ll f iv e  c lo n e s  w as at 

par w ith th at o f  R R IM  6 0 0  in h igh  pH  so il ex ce p t 

R R I I  4 2 2  w h ich  sh o w e d  s ig n if ic a n t ly  lo w e r  

g ro w th . In n o rm al s o il ,  g ro w th  o f  a ll th e  fiv e  

c lo n e s  w as at p ar w ith  R R I M  6 0 0  in d ica tin g  high 

pH se n sitiv e n e ss  o f  c lo n e  R R I I  4 2 2 .

2 .3 . Evaluation o f O rtets for ab iotic stress to leran ce 
in d ifferent a g ro-clim atic  regions

Ju v e n ile  y ie ld  o f th e  ch e ck  c lo n e  R R I M  6 0 0  

w as high in both n o n -w in ter  and  w in ter  p erio d s 

fo llo w ed  by R R S T  2 4 ,  R R S G  I and  R R S T  3 7  

d u rin g  n o n -w in te r  and  (T a b le  N ag . 2 )  d u rin g  

w in ter p eriod  R R S T  3 7 ,  R R S G  1 and  R R S N  6 9  

record ed  b e tter  y ie ld  fo llo w in g  th e  c h e c k  c lo n e  
R R IM  6 0 0 ,



Fable Nag.2. G irth  and yield ofortels/elones

Ortet/Clone Ju v en ile  y ie ld  ( g r 1 r 10) 

N on -w in ter W inter
Ortet/Clone Ju v e n ile  y ie ld  (g  r 1 f ' ° )  

N o n -w in ter  W inter
R R S D  I 51 .8 142.0 R R S T  24 6 2 .6 146.1
R R S D  34 16.6 95 .3 R R S T 3 7 5 9 .0 2 8 1 .3
R R S D  35 4 3 .6 124.0 R R S T 3 9 4 1 .6 8 5 .4
R R S D  3 6 2 7 .5 121.9 R R II 4 1 4 4 4 .4 2 0 3 .2
R R S G  I 60 .7 2 7 6 .6 R R J I  4 1 7 3 8 .9 2 3 8 .9
R R S G  3 4 7 .0 165.4 R R II  4 2 2 6 2 .4 190.6
R R S G  9 2 8 .6 210.1 R R II 4 2 9 55.1 2 5 6 .8
R R S N  1 3 3 .7 141.3 R R II 4 3 0 2 3 .5 126.3
R R S N  4 7 4 4 .9 165.3 R R II 105 2 8 .5 2 3 0 .5
R R S N  69 4 4 .0 2 3 6 .5 R R II 4 1 4 4 4 .4 2 0 3 .2
R R S A  3 1 5 2 8 .9 104.5 C D  (P = 0 .0 5 ) N S N S
R R S A  5 8 5 3 9 .5 147.1
R R S A  98 3 0 .8 95 .6

RRSG  -  Source to m  N ag,aka,a; m i » ' Sou, ie IV,Tm »apcl,ari

R E G IO N A L  R E E S E A R C H  S T A T IO N , D A P C H A R I, MAHARASHTRA

I lie  m an d ates o f  th is S ta tio n  are to develop  

s u i ta b le  c lo n e s  an d  lo c a t io n  s p e c i f i c  a g io  

tech n o lo g y  fo r  the p rev a ilin g  drought condition . 

T h e  ex p erim en ts on ( i)  crop  im provem ent viz. 

screen in g  o f  vs ild H e v e a  a c ce ss io n s , evaluation 

o f  c lo n e s , p o ly clo n e , p ip elin e  c lo n es, selected  

ortets and w ild H e v e a  a c ce ss io n s  for grow th and 

yield  p erform ance under D apchari cond ition  and 

( it )  env iron m en tal p h y sio lo g y  viz . physio log ical 

e v a lu a t io n  o f  s e le c te d  o r te ts  fro m  v a rio u s  

a g io c lim a le s  o f in d ia  are being  carried  out.

I .  C rop  Im provem ent

A to t a l  o f  12  e x p e r im e n t s  a r e  b e in g  

co n d u cted  to  e v a lu a te  th e  grow th  and y ie ld  

p erform ance o f  c lo n e s , p ipeline c lo n es , hybrid

clo n es , ortets. w ild H e v e a  a c c e ss io n s , h a l f  sib  

progeny, p o ly cro ss s eed lin g s, d ifferen t root stock  
plan ts and root tra iner p lan ts.

1.1. Large scale trials

1.1.1. E v a lu a tion  o f  s e le c t e d  a r te ls

A trial started during 2 0 0 8  to  ev a lu ate  the 

grow th and y ie ld  p erfo rm a n ce  o f  o rtets  se lected  

from  p o ly cro ss  se e d lin g  p lan ted  at th is  s ta tio n  

w ith con tro l c lo n e s . S ig n if ic a n t d iffe re n c e  w as 

noticed in g irth. G irth  am o ng the o rtets and ch eck  

c lo n e s  ranged from  2 6 .7  cm  (O S  4 2 )  to  4 0 .2  cm  

(O S  2 3 6 ) .  A m o n g  the ch e ck  c lo n e s , R R J I  4 3 0  

record ed  highest g i r t ,  o f  3 7 .7  cm  w h ile  low est 

girth was n o ticed  in c lo n e  R R JI 10 5  (3 3 .0  cm ). 

A ll o rtets  are at par w ith O S  2 3 6  ex ce p t O S  4 2



and R R II 105 . It  w a s  a ls o  n o liced  th at a ll o rtets  

were su p erior in g irth  than c lo n e  R R II 105 excep t 

ortet O S  8 (28 .7  c m ). S ig n if ic a n t d iffe re n c e  

was n o ticed  in b ran ch  h e ig h t and it ranged  from  

198.0 cm  (O S  13 6 ) to 28 8. 6  cm  (R R I M  6 0 0 ). All 

co ln e s  a re  a t  p a r  w ith  O S  136 e x c e p t O S  8 

O S 30 . O S  4 2 , O S  135, O S  173 and R R II  2 0 8 ' 

S ig n ifica n t d iffe r e n c e  w as n o ticed  in test tapping 
yield  and ran g ed  fro m  11.7 g (O S  4 2 ) to 34 .7  g  

(O S  136). A m o n g  th e  c h e c k  c lo n e , R R II  430 
gave th e  h ig h est test lap  y ie ld  o f  3 1.2 g  and c lo n e  

R R II 105 reco rd ed  16.9 g  on ly . M o re  than 25 g 

was record ed  in O S  I. O S  3 5 , O S  37 , O S  136°  
O S  173, O S  230  and R R I I  4 3 0 .

1.2. F u rth er  Held evaluation trial

A  to ta l o f  th re e  e x p e rim e n ts  c o m p ris in g  o f  

2 5 ,4 7  and 11 se le c tio n s  a re  b ein g  evaluated sin ce  

2 0 0 7  and  is a t  in it ia l  s ta g e . A  to ta l o f  th ree  

e x p e r im e n ts  c o m p r is in g  o f  2 5 ,  4 7  a n d  11 
se le c tio n s  are  b e in g  ev a lu ated .

1.2 .I. F i e / d  e v a lu a t io n  o f  s e l e c t e d  H evea c lo n e s  
f o r  d r o u g h t  t o l e r a n c e  (2007)

T h e  e x p e r i m e n t  w a s  la id  o u t u s in g  2 5  

potential d rought to leran t w ild  H e v e a  a c ce ss io n s  

lor drought u n d er D a p ch a r i c o n d itio n  a lo n g  w ith 

five H P  c lo n e s  and  R R I I  10 5 .  R R IM  6 0 0 ,  T ji r  I , 

R R II  4 3 0  an d  R R I I  2 0 8  a s  c h e c k  c lo n e s  in 

A u g m en ted  R B D . In o rd e r  to  c o n firm in g  the 

d ro u g h t to le r a n c e  p o te n tia l o f  s e le c te d  w ild  

a c c e s s io n s  fr o m  v a r io u s  p r e l im in a r y  f ie ld  

screen in g s  and  f iv e  I I P  c lo n e s  th ey  w ere  grow n 

al no rn »al sp a c in g  a t d rought p ron e reg ion  and 

subjected  to  d etailed  stu d ies and m ature y ield  was 
record ed .

• I he a c c e s s io n s  sh o w e d  w id e  v a r ia b ility  

f o r  a l l  th e  c h a r a c t e r s  s t u d ie d ,  a f t e r  

ex p e rim e n tin g  n in e  su m m er period s from  

2 0 0 8  to  2 0 16. Fou r w ild a ccess io n s  recorded

girth h igher than the proven drought toleran t 
c lo n e  R R IM  6 0 0 .

• M T  4 0  reco rd ed  h ig h e s t g ir th  at 9 ,hy e a r  

un d er d ro u g h t. R R I I  4 3 0  and  R R I I  4 1 4  

sh o w ed  s ig n if ic a n t ly  b e tte r  g ro w th  th an  

R R IM  6 0 0  u n d er th e  p rev a ilin g  d rought. 

H ybrid 9 3/ 270  reco rd ed  th e  h ig h est g irth .

1.2.2. S m a ll  s c a l e  fu r t h e r  f i e l d  ev a lu a t io n  tr iu l o f  
s e le c t e d  w ild a c c e s s io n  f o r  d ro u g h t  to le r a n c e  
(2010)

E x p e rim e n t w as in itia ted  w ith  4 7  se le c tio n  

fro m  w ild  H e v e a  a c c e s s io n s  a lo n g  w ith  fo u r  

ch e ck  c lo n e s  (R R I I  1 0 5 , R R II  2 0 8 ,  R R II  4 3 0  

and R R IM  6 0 0 )  to  c o n firm  th e  d rought to lera n ce  

potentia l o l  se le c ted  se v e n  w ild  a c c e s s io n s  from  

p relim in ary  fie ld  s c re e n in g  in 2 0 0 3 ,  by g ro w in g  

th em  at no rm al sp a c in g  a t d rou gh t prone reg io n  

and su b jectin g  them  to  d etailed studies a lo n g  w ith 
reco rd in g  m ature y ie ld .

1.3. C lonal nursery evaluation

A total o f  five c lo n a l nu rsery  ev a lu atio n s  are 

in in itia l s ta g e  fo r e v a lu a tio n  o f  h a l f  s ib  progeny , 

p o ly cro ss , h a l f  s ib  p ro g en y  o f  p rep o ten t c lo n e s  

and p ip elin e  c lo n e s . C o n tin u ed  th e  e x p erim en t 

on id en tifica tio n  o f  re lia b le  ju v e n ile  and  m atu re  

c h a ra c te r is tic s  for c lo n e  id e n tifica tio n , in H e v e a  

and standardization o fd is t in c t  u n iform  and sta b le  

( D U S )  te s t in g  n o rm s  fo r  e v o lv in g  s p e c i f i c  

g u ide lin es fo r  varieta l reg istra tion .

1.4 .2  C lo n a l  n u r s e r y  e v a lu a t i o n  o f  p r o m is in g  
H ev ea  c lo n e s  ( h a l f  s ih  p r o g e n y  o f  p r e p o t e n t  
c lon es) in h o t s p o t  a r e a s  f o r  d ro u g h t  t o le r a n c e

C lo n a l n u rse ry  e v a lu a t io n  o f  p r o m is in g  

H e v e a  c lo n e s  ( h a l f  s ib  p ro g en y  o f  p re p o te n t 

c lo n e s )  fo r  d rou gh t to lera n ce  ( 2 0 1 0 )  to  e v a lu a te  

th e  c lo n e s  a n d  a d v a n c e  th e  p o t e n t ia l  o n e s  

sh ow ing drought to leran ce a lon g  w ith ru b be r y ield  

to L S  T and P C E  to  red u ce th e  b ree d in g  c y c le  is 
in progress.



1.3.3. C lo n a l n u rsery  ev a lu a tion  o f  p ip e l in e  c lon es  
(2011)

T ria l laid out in 2 0 1 1 in rectangu lar la ttice  

ex p erim en t w ith p ipeline c lo n es  (5 0  c lo n es  with 

2  c h e c k  c lo n e s  R R II  105  and R R IM  6 0 0 )  to 

id e n t i fy  d r o u g h t t o le r a n t  c lo n e s  fo r  th e ir  

adap tab ility  and stab ility  to  th is agro  clim a tic  

con d ition  o f  M ah arash tra  is in progress. C lon al 

responses fo r  field  estab lish m en t w ere  assessed . 

Standard cultural p ra ctice  fo r  estab lish m en t and 

early  grow th w ill be carried  out. R eco rd in g  o f  

a l l  g r o w th , b io c h e m ic a l  an d  p h y s io lo g ic a l  

p aram eters are b ein g  carried  out.

1.3.4. E v a lu a tion  o f  I tu lf s ib  p ro g en y  o f  c lo n es  in  
n u rsery  (2011)

A h a l f  s ib  p ro g en y  o f  15 c lo n e s  p lanted  in 

2011  in the S tation  to r  se lection  o f  prim ary ortets 

to  study th e  grow th  and y ie ld  p erfo rm a n ce  o f  

p o ly c lo n a l seed lin g  at e arly  stag e in the nu rsery 

and to  e x a m in e  th e  s co p e  fo r  th e  early  se le ctio n  

based on d ependable ju v e n ile  traits under rainfed 

co n d itio n  is a lso  in p ro g ress. T h e  ev a lu atio n  o f  

p o ly  c ro ss  p ro g en y  th rou gh nursery' screen in g  

o f t h e  seed lin g s  ob ta in ed  from  open pollinated  

p o ly c lo n e  ev a lu atio n  tr ia l is a step  tow ard s the 

n u rse ry  s e le c t io n  and  id e n tif ic a t io n  o f  few  

su p erio r  lo ca lly  adapted  c lo n e s . T est tap p ing  in 

p eak  w in ter  and  p e a k  su m m er se a so n  w ere  
d on e .

/ .3.5. E v a lu a tion  an ,I  s e le c t io n  f r o m  p r o g e n ie s  o f  
p o ly c lo n a l  s e e d  g a r d e n s  uni! m u lti-c lon e  
p o p u la t io n s  (2015)

T ria ls  aim ed  at ev alu ation  o f  progenies for 

prom ising individuals, selection and m ultiplication 
o f  sup erior individuals, study o fy ie ld . grow th and 

oth er seco n d aiy  characters o f  se lection s in clonal 

n u rseries and ev o lv in g  lo ca lly  adaptable c lon es 

are  in p ro g ress . S e e d s  w ere c o lle c te d  from  

mult/clonal trials, p olycross seeds and p olyclonal

seed  garden o f  M izo ram , K arn atak a  and  Tam il 
N adu.

1.3.6. D ev elop m en t o f  d ro u g h t  to le ra n t  r o o t  s to c k  
f o r  t h e  n o n -tra d it io n a l a r e a s  (2015)

T ria l aim ed at d ev e lo p in g  d rought toleran t 

ro o t s t o c k s  fo r  th e  n o n - tr a d it io n a l  a r e a  by 

evalu ating  the drought to le ra n ce  c a p a c ity  o f th e  

seed lin gs from  seed s o f  d rought to le ra n t c lo n es  

and seeds from  trees grow n in  drought prone non- 

trad itio n a l a reas  as a g a in s t th e  s e e d lin g s  fo r  

trad itional a reas is  p ro g ressin g .

1.4. Germ plasm  screening

1.4.1. F ie ld  ev a lu a tion  o f  s e l e c t e d  w ild  a c c e s s io n s  
f o r  d ro u g h t  t o le r a n c e  (2014)

T rial with rectan g u lar  la ttice  d esign  w as laid 

out w ith 11 w ild  H e v e a  a c c e s s io n s  a lo n g  with 

tw o ch e ck  c lo n e  (R R H  105  and R R I M  6 0 0 )  to 

evalu ate  ju v e n ile  and m ature p erfo rm a n ce  under 
drought condition.

A  screen in g  for w ild  H e v e a  a c c e s s io n  (1 3 0 )  

fo r  drought under D ap ch ari co n d itio n  w h ich  w as 

laid out in 2 0 0 3  w ith  R R II  1 0 5 , R R IM  6 0 0  and 

T jir  I in augu m ented  b lo ck  d esig n . M a to  G ro s so  

a cce ss io n s  w ere found su p erio r  fo r  a ll  g row th  

ch aracters studied th an  th o se  from  R o n d o n ia  and 

A cre  p rovenan ces. T w en ty five p otentia l drought 

to leran t access io n s  w ere id en tified  based on  three 

to  four years o f  fie ld  p e r fo rm a n ce  and fu rth er 
studies are in progress.

2. Environm ental Physiology

2 . 1. Evaluation of environmental stress tolerance anti 

physiological adaptations o f cold and d rought 
tolerant ortet selections unde r v a ry in g  agro - 
climates in India

T h e  tr ia l started  in 2 0 1 1  to  e v a lu a te  the 

physiological and biochem ical, adaptation potential 

and co m m o n  m e ch an ism s in vo lv ed  in co ld  and 

drought tolerant traits using m o lecu lar  physiology/



b io ch e m ica l to o ls  fo r  o r te t s e le c tio n s  from  cold  

and d ro u g h t b y  in te r c h a n g in g  th e  c lo n e s  to  

d ifferen t a g r o -c lim a i ic  re g io n s  and to  study the 

G x E  in te r a c tio n  f o r  g ro w th  and  y ie ld  un d er 

varying a g ro -c lim a te s .

S ig n if ica n t d iffe r e n c e  in g irth  w as record ed . 

G irth ranged from  11.2  cm  in R R S T 2 4  to  2 0 .7  cm  

in R R I I  4 1 4 .  A m o n g  th e  o r te t s  R R S A  3 1 5  

recorded h ig h e r  g irth  o f  2 0 .6  c m  in Sep tem b er

2 0 1 7  and  c o n tin u e d  to  a tta in  h ig h e r  g ir th  in 

M arch  2 0 1 8  ( 2 6 .4  c m )  and  clon es/ o rte ts i . e . ,  

R R IM  6 0 0 ,  R R I I  4 1 7 ,  R R I I  4 2 2 ,  R R I I  4 2 9 ,  

R R II 4 3 0 ,  D A P  3 5 ,  a ll o rtets  from  R R S A  and 

N G K , R R S T  3 7  are  at p ar w ith  R R II  4 1 4 . In 

genet a l, o r te t R R S A  w as found su p erio r  in g irth  

( 1 9 .6 ,2 4 .2  cm  during Sep tem b er 2 0 1 6  and M arch

2 0 1 8  (T a b le  D ap . 1) w ith  N G K  o ccu p y in g  I Ind 

rank and D ap  o r te ts  o ccu p y in g  I I I rd ran ks. G H  

o rtets  w e r e  p o o r  p e r fo rm e r  u n d er th is  a g ro - 

c lim a tic  co n d itio n . A  s ig n if ic a n t d iffe re n ce  w as 

noticed in b ran ch  h e ig h t and  th e  h ig h est branch 

height w a s n o tic e d  in R R S T  3 7  ( 2 6 2 .6  c m )  and 

low est in G H  9  ( 1 8 3 .3  cm ). R R II  4 1 4 ,  R R II  

4 2 2 , R R II  4 3 0 ,  D A P  3 5 ,  R R S A  9 8 , R R S A  3 1 5 , 

R R S A  5 8 5  and  R R S D  3 9  are  at par w ith  R R S T  

3 7 . In g e n e ra l R R S A  reco rd ed  b e tter  grow th 

p e r f o r m a n c e  ( 2 3 8 . 4  c m )  w h i le  G H  o r te ts  

recorded lo w e st ( 1 9 4 .0  cm ).

S ig n if ic a n t d if fe r e n c e  in te s t tapp ing y ield  

w as a lso  o b serv ed  and  it ranged  from  8 .7  g  in 

G H 3 to  9 6 .2  g  in R R I I  4 1 7 .  In g en era l, R R S T  

record ed  th e  h ig h e st te s t tap  y ie ld  (6 3 .1  g ) and 

N G K  record ed  th e  low est test lap y ie ld  o f  3 5 .8  g.

Table Dap. 1. G row th p aram eters in v arious ortets 
selected from various location o f  India 

__________(2017-18)____

Clones/ortets Girth (cm ) Branch Test

_____________  h t.(cm ) tapping (g)

S e p - 17 M a r - 18 M a r -18 N o v -17

R R II  105 1 5 .1 2 1 .7 169 .8 6 1 .8
R R IM  6 0 0 16.4 19 .7 2 2 1 .7 5 2 .5
R R I I  4 1 4 2 0 .7 2 5 .6 2 3 1 .0 63.1
R R II  4 1 7 19.9 2 4 .5 2 0 9 .3 9 6 .2
R R II  4 2 2 17.9 2 1 .1 2 5 4 .0 5 6 .7
R R II  4 2 9 2 0 .6 2 4 .7 2 0 7 .7 4 8 .2
R R II  4 3 0 18.2 22 .1 2 4 0 .8 7 3 .7
D A P  1 13.2 2 1 .0 196.3 5 6 .3
D A P  3 4 13.8 17 .0 2 2 6 .3 22 .1
D A P  3 5 15.8 19.5 2 5 6 .3 4 7 .8
D A P  3 6 11.7 15 .8 1 97 .8 17.5

• R R S A  9 8 19.6 2 3 .2 2 5 6 .8 4 0 .2
R R S A  3 1 5 2 0 .6 2 6 .4 2 2 7 .5 6 5 .4
R R S A  5 8 5 18.6 23 .1 2 3 0 .8 6 9 .6
N G K  1 16.4 19 .7 1 9 9 .9 2 7 .3
N G K  4 7 14.2 17.2 1 88.3 4 1 .7
N G K  6 9 14.8 17.5 2 1 5 .8 3 8 .3
G H  1 14.9 17.4 2 0 6 .8 4 1 .2
G H  3 12.2 15 .9 1 9 2 .0 8 .7
G H  9 12.0 16.8 1 83 .3 9 1 .3
R R S T  2 4 11.2 19 .0 169.5 4 1 .0
R R S T 3 7 15.8 2 1 .2 2 6 2 .6 7 1 .2
R R S T  3 9 13.1 2 1 .7 2 3 8 .8 7 7 .0
D A P 13.7 18.3 2 1 9 .2 3 5 .9
R R S A 19.6 2 4 .2 2 3 8 .4 5 8 .4
N G K 15.2 18,1 2 0 1 .4 3 5 .8
G H 13.0 16 .7 1 94 .0 4 7 .0

R R S T 13.4 2 0 .6 2 2 3 .6 63 .1

M ean 15.9 2 0 .5 2 1 6 .7 5 2 .5

C D  (P = 0 .0 5 ) 5.1 5 .9 4 2 .9 37 .3



The Station continu ed  its research  activ ities p erform ed  w ell in the re g io n . S C A T C  9 3 -1 4  

with the objective o f  id en tify in g  c lo n es  suited to  recorded com paratively  lo w er y ie ld  ( 4 1 .8  g  r 11 1) 

the dry sub humid clim ate reg ion . H ow ever, SC A T C  9 3 -1 4  recorded  h ighest grow th

1 • C rop Im provem ent in {erm s o f  8 irlh » fo llo w ed  by S C A T C  8 8 - 13 and
R R II 2 0 8  (T a b le  O d i. 2 ).

F iv e  c lo n e  evalu ation  tria ls are in progress. „  ,

T h e tria ls  w ere laid out to s cree ,, and e volve m ost 2  ^ * " d yicld o f

h ig h  y ie ld in g  c lo n e s  under the dry su b  hum id ------------------------------------;----------------------------------- —
climate. C l o n e ___  Y ie ld  (g  r ' t ' )  G irth  (cm )

1.1. Clone evaluation lla ik e n  1 5 4 .5  88 .5

In trial I (1 9 8 7 ) ,  the e lite  c lo n e  R R II 105 K R 1 M 6 0 °  71 s  8 6 .2

record ed  h ig h est m ean y ie ld  o f  4 2 .2  g r ' r 1 and R R 1M  701 5 5 .8  s 8  7

G T  1 recorded  the low est y ield  (3 3 .4  g  f 1 f ) .  R R II 5 5 5 ,2

H ow ever, G T  I record ed  s ig n ifica n tly  h ig h er  S C A T C  8 8 -1 3
m ean girth ( 8 2 .7  cm ) o v er  R R II  105 ( 7 5 .8  cm ) . . .  ,  ,  !
and R R I M  6 0 0 .  In term s o f  g row th a ll th ree  S C A T C 9 3 -1 4

clo n es perform ed w ell in the region (T ab le O di. 1). p B  3 10 5 6 .0

8 8 .9

7 5 .5  9 4 .5

4 1 .8  95.1

I able Odi. 1. G row th and yield p erform an ccof elite R R II 2 0 8  71
clones

C lon e Y ie ld  (g  r ' t ' 1) G irth  (c m )

R R II 105 4 2 .2 75 .8

R R IM  6 0 0 36 .6 79 .9

G T  1 33 .4  . 8 2 .7

C D (P = 0 .0 5 ) - 4 .6

89.1 

89 .3

P C K  1 5 8 .3  8 9 .U

RRI1 J Q O ____  5 5 .2  89.1

C D  ( IM l .0 5 )  n . 9  ___

In  th e  1 991  e x p e r im e n t ,  c lo n e s  d i f f e r  

sign ificantly  in m ean y ield . R R II 2 0 8  ( 8 5 .9  g  r 111) 

and R R II 105 ( 7 8 .8  g  f  f )  and R R I C  102  (7 5 .0

In  a n o th er d o n e  tria l ( 1 9 9 0 )  S C A T C  8 *~ l 3 » '  ' ?  T * 1 h ig h e“ '  ' c U ................. ...............
(7 5 .5  g r '  n  R R JI 2 0 8 ( 7 1 .1  g  l '  , - ' , a n d R R ,M  , ^ ' 7  S“ d li ',g  1>0pl' la t i0 "  <5 6 -4  8  ' ' ‘ '> 

6 0 0  (7 1 .8  g t "  I - )  w ere found to  be the m ost a 'th n H  h " '  7 ® ! ’  l,aV " ’ g £ r ° ' Vtl1 ° " d 

high y ie ld in g  clo n es . O th e r  popular c lo n es  a lso  ( S e  O dL 3 )  * “



Table Odi. 3. P erfo rm an ce  o f  d ifferen t clones in ihe 
region

Clone Y ie ld  (g  r 1 r 1) G irth  (cm )

G T l 6 5 .1 100.1

R R II 105 7 8 .8 87.1

R R II 2 0 8 8 5 .9 9 7 .0

R R II 5 69 .1 9 0 .3

R R II 3 0 0 6 8 .0 95.1

PR 261 6 3 .6 8 8 .2

P R  255 6 5 .9 9 5 .4

R R IC  102 7 5 .0 9 6 .6

R R IM  6 0 0 7 1 .7 88.1

Polyclonal 5 6 .4 113.2

C D  (P =  0 .0 5 ) N S 8.93

In  th e  m o d e rn  c lo n e  t r ia l  o f  2 0 0 0 , th e  

h ig h e st m e an  y ie ld  w a s  o b se rv e d  in R R I M  6 0 0 . 

(6 5 .7  g  t 1 t 1) and  IR C A  1 1 1 ( 6 3 .3  g  f  r 1) and 

the lo w est m e a n  y ie ld  w as re co rd e d  in R R II  51 

(2 7 .1  g  t' 1 t ' 1) .  H ig h e s t  g ro w th  in te r m s  o f  

g irth  w a s o b s e r v e d  in R R I I  3 0 0  ( 6 8 .8  c m )  
(T a b le  O d i. 4 ) .

Table Odi. 4 . Yield and growth p erform ance o f 
clones

C lon e Y ie ld  ( g t -1 r 1) G irth  ( c m )

R R U 3 0 0 4 7 .9 6 8 .8
R R II  2 0 8 53.1 5 9 .2
R R II 3 5 7 42 .5 5 8 .9
R R II  3 5 2 55.1 5 8 .2
P B  28/ 59 5 9 .0 61.1
R R IM  6 0 0 65 .7 6 2 .3
R R II  351 5 7 .4 5 7 .6
R C A  109 4 7 .6 4 9 .0
R R II  105 4 2 .4 55.1
R R I I 511 27.1 5 8 .0
R C A  111 63 .3 63 .1

C D (P = 0 .0 5 ) 18.6 N S

1.2. Polyclonal o rtet evaluation

O rtet c lo n es  D N K L  3 and D N K L  4  recorded  

co m p arativ e ly  h ig h er y ie ld  and w e re  a lm o st at 

par with high y ield ing clon e R R II 2 0 8  in the region. 

T h e  o ite t D N K L  4  ( 4 1 .0  cm ), fo llo w ed  b y  O R  5 

( 4 0 .5  cm ) ex h ib ite d  co m p a ra tiv e ly  g o o d  girth 
attainm ent.

R E G I O N A L  R E S E A R C H  S T A T I O N ,  P A D I Y O O R

Identification o f  locally adaptable clones 
suited lor com m ercial cultivation in the region, 

evaluation o f  clonal tolerance to drought/disease 
incidence and developm ent o f  suitable agro- 

management techniques for reduction o f gestation 

period in rubber are the m ajor thrust areas o f  

research in the Station. A  source bush nursery 

° l  promising clones/selections is established in 
the Station for further breeding programs.

I .  C r o p  M a n a g e m e n t

L I .  Response to applied fertilizers in high yielding
clones

T h e  treatm en ts co m p rised  o f  th re e  c lo n e s  

(R R I I  105 , R R II 4 1 4  and R R II  4 2 9 )  and fo u r  

levels o f  fertilizers applied v iz . recom m ended dose 

( D l ) .  t w i c e  ( D 2 )  a n d  t h r i c e  ( D 3 )  th e  

recom m end ed  dose and a z ero  fertilizer  (co n tro l). 

T r e a t m e n t  d i f f e r e n c e s  in  y ie l d  w e r e  n o t  

s ig n ifica n t (T a b le  Pad . 1).



Table Pad. I E ffect o f applied fertilizer on yield 

Y ie ld  (g  t' 1 f ' )

T reatm ent

R R II 105 R R II  4 1 4 R R II 4 2 9

7 8 .8 7 7 .4 82,1

84 .7 84 .3 7 5 .4

113.3 92 .5 9 4 .7

83.1 89.1 9 9 .6

D1

D 2 

D 3

C ontrol

C D  (P = 0 .0 5 )  N S 

2 .  C r o p  Im p r o v e m e n t  

L I .  Large scale evaluation o f clones

M ean  annual y ie ld  in th e  renew ed bark o f  

P B  3 3 0  (Table Pad .2) w as the highest (63 .4  g  f 111) 

and w as on p ar w ith IR C A  130  (5 9 .2  g  r 1 r 1). 

S u m m e r  y ie ld  o f  P B  2 5 5  w as th e  h ig h e s t at
3 6 .8  g t_l r '  and  w as on par w ith  IR C A  130 

(3 2 .8  g r ' t ') ,  P B  3 3 0  (3 1 .9  g  r 1 r ' )  and R R H  105 
( 3 0 . J g r ' t - 1).

Table Pad. 2. Yield perform ance o f m odern H ev ea  
clones

C lon es M ean annual 

y ield  (g  r ’ f ' )
S u m m eryielc 

(g  t 1 r 1)

P B  2 5 5 5 5 .6 3 6 .8
P B  3 1 4 55 .4 17.7
P B  3 3 0 6 3 .4 31 .9
P B  28/59 5 1 .8  .: 2 4 .5
R R IM  703 2 8 .9 17.8
IR C A  18 3 9 .7 2 2 .6
IR C A  109 4 1 .5 2 7 .0
IR C A  111 3 5 .0 2 1 .8
IR C A  130 59 .2 3 2 .8
IR C A  2 3 0 5 0 .6 19.9
R R II  105 4 4 .4 30.1

C D  ( P - 0 .0 5 ) 11.2 9 .5

1.2 . Evaluation o f ru b ber clones/selections a t high 
altitude region

T h e average annual y ield  o f  c lon es R R II 2 0 3 , 

R R IC  10 0  and P B  8 6  and th e  o ite ts  P  2 1 3 ,  P  2 7 0  

and Ir itty  w ere on par and s ig n ifica n tly  su p erior 

to that o f  R R II 105 and o th er  clones/ortets tested. 

Su m m er yield  o f  c lo n es  R R II 2 0 3 .  R R IC  10 0  and 

P B  86  and the ortets P 2 1 3 . P 2 7 0  and Ir itty  w ere 

on par and s ig n ifica n tly  su p erio r  to  R R II 105 
(T ab le  Pad. 3).

Table Pad.3. Yield perform ance in high a ltitude 
region Am balavayal

M ean y ie ld  (g  r 1 r ' )  
C lon es ___________________

Annual yield Summer yield

R R JI 105 28X) 2 0 5 ------

R R II 2 0 3  5 8 .0  3 9 .4

R R IC  100  6 3 .3  4 5 .6

R R 1 C 1 0 2  10.5 9 .0

P B  86  6 9  9  £

^   ̂ 3 0 .9  2 4 .9

P 2  2 6 .0  19.8

P 9 0  3 7 .2  2 6 .4

P 1 2 I  3 | 5  2 2 .5

11 * 55  3 6 . 1 2 2 .9

P 2 J 3  5 9 0  5 ] 9

' ’ 2 7 »  5 2 .7  38 .5

P 2 8 0  3 1 .2  2 , ,5

P296 3 3 ^ 2 1 ) 9

lriuy  6 0 .9  3 8 .7

C D  (P = 0 .0 5 )  3 3 .9  2 4 5



So u th  co a s ta l K a r n a ta k a , a n o n -tra d itio n a l 

r e g io n  f o r  r u b b e r  c u l t i v a t i o n  in  I n d ia ,  

ex p erien ces c lim a te  s im ila r  to  th at o f  trad itional 

area e x c e p t fo r  p ro lo n g e d  d ro u g h t and  s e v e re  

in c id e n c e  o f  d i s e a s e s  v iz .  p in k  d i s e a s e ,  

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  f a l l  

d iseases. T h e  S ta tio n  w a s  e s ta b lis h e d  in  1 9 8 6  

to d ev elop  s u ita b le  c lo n e s  fo r  th e  reg io n  w ith a 

resea rch  fa rm  h a v in g  an  a r e a  o f  4 7 . 6  ha at 

N ettana. C ro p  im p ro v e m e n t p ro g ra m m es in the 

Station a re  a im e d  a t d e v e lo p in g  and  scre e n in g  

clon es h a v in g  h ig h  g ro w th  and  y ie ld  a lo n g  w ith 

to l e r a n c e  t o  a b i o t i c  a n d  b i o t i c  s t r e s s e s .  

Id en tifica tio n  o f  h ig h  y ie ld in g  v ig o r o u s  c lo n e s  

a c h ie v e d  th r o u g h  b r e e d in g  s t r a t e g ie s  l ik e  

h y b r id iz a tio n , p o ly c r o s s  b re e d in g  and  o rte t 

se lection , w ill h e lp  in re le a s in g  c lo n e s  su ited  for 

co m m ercia l cu lt iv a tio n  in th is  re g io n .

1. L a rg e  sca le  clone tria l (1990)

In th e  la rg e  s c a le  c lo n e  tr ia l ( 1 9 9 0 A ) ,  14 

c lon es w ere  e v a lu a te d  a lo n g  w ith  c h e c k  c lo n e  

R R II 105 . C lo n e  H P  3 7 2  reco rd ed  th e  h ig h e st 

gm h ( 1 0 9 .8  c m )  and  w as s ig n if ic a n t ly  s u p erio r  

to ch eck  c lo n e  R R I I  105  ( 7 7 .9  c m ). C lo n e s  H P 

-2 3 ,  P B  2 3 5 ,  P B  2 6 0 ,  M il 3/2, H P  185 , P B  2 1 7 ,

G T I and P B  3 1 1  a ls o  reco rd ed  s ig n if ic a n t ly  

hi8 her g irth  th an  R R I I  1 0 5 . In c lo n e  tr ia l 2 0 1 7 ,  

HP 3 7 2  ( 100 .1  g  t: 1 r ' )  had  s ig n if ic a n t ly  h ig h er 

mean y ie ld  th an  R R I I  1 0 5  (6 7 .1  g  f 1 t '1) under 

S/2 d6  6d/7 sy s te m  o f  ta p p in g  w ith  stim u la tio n . 

M ean y ie ld  o v e r  14  y e a r s  w as s ig n if ic a n t ly  

h 'g h er fo r  c lo n e  H P  3 7 2  (6 9 .4  g  f 1 f 1), P B  2 3 5  

(6 6 .4  g  f  > t i) , H P  2 2 3  (6 5 .8  g  f  f 1)  and P B  2 6 0  

(63 .0  g  r 1 1->) com p ared  to  R R I I  10 5  (5 3 .6  g  r 1 r 1).

2 .  S m a l l  s c a le  c lo n e  tr ia ls  o f  p o p u la r  c lo n e s
(1 9 9 1  A , 199 1  B  a n d  1 9 9 1  C )

In th e  tr ia l 1 9 9 1 A  w ith 3 6  c lo n e s , P B  2 8 0

recorded the highest yield (119.3 gr1 r1) in 2017,
u n d e r  S/2 d 6  6d/7 s y s te m  o f  ta p p in g  w ith  

s tim u la tio n , fo llo w ed  by P B  2 3 5  and  R R I I  2 0 3  

w hich  w ere s ig n if ic a n t ly  su p erio r  to  R R II  105 

(4 3 .1  g  f 1 f ) .  C lo n e  P B  2 8 0  r e c o rd e d  th e  

h ig h e s t m e an  y ie ld  o v e r  13 y e a r s  o f  ta p p in g  

( 8 4 .0  g  r 11- ')  fo llo w ed  by P B  2 3 5  (7 8 .3  g  f  r 1), 

and R R II 2 0 3 .  P B  3 1 4 ,  P B  3 1 2  and R R II  3 0 0  

w h ich  a lso  record ed  s ig n ifica n tly  su p erio r  y ield  

th an  R R II 105 (4 9 .8  g  r 1 r ) .  A m o n g  the 10 c lo n es  

w h ich  record ed  s ig n ifica n tly  h ig h e r  g irth  th an  

R R II 105 (7 0  c m ), c lo n e s  R R II  2 0 3  (1 0 1 .1  cm ), 

P B  2 3 5  ( 9 7 .3  c m )  a n d  P B  2 1 7  ( 9 4 .1  c m )  

record ed  h ig h est g irth .

T h irte e n  c lo n e s  w ere  ev a lu a ted  in 1991 B ,  

o f  w h ich  R R I I  5 ( 1 0 2 .0  g  r 1 f )  fo llo w e d  by 

R R II  3 (7 4 .9  g  f ‘ t*1)  reco rd ed  th e  h ig h e s t y ie ld , 

w h ile  c h e c k  c lo n e s  R R I I  1 0 5  and  G T  1 had a 

m e an  y ie ld  o f  4 2 .3  g  f 1 r 1 and 5 4 .7  g  f  r 1, 

r e sp e c tiv e ly  in 2 0 1 7 .  M e a n  y ie ld  o v e r  13 y e a rs  

o f  ta p p in g  w as a ls o  th e  h ig h e s t  fo r  R R I I  5 

( 7 4 .7  g  r ' t " 1) fo llow ed by R R II 3 (6 0 .5  g  t~‘ r 1), 

w h i le  R R I I  1 0 5  r e c o r d e d  a m e a n  y ie l d  o f  

4 2 . 6  g r 1 e .

In trial 1991 C  with 13 c lo n es, P B  2 8/ 59 ( 8 7 .9  

g  f  r ' )  had th e  h ig h est y ie ld  in 2 0 1 7 ,  w h ile  

G T  1 and R R IM  6 0 0  record ed  7 4 .6  g  f 1 r '  and

4 2 .9  g f 1 r \  re s p e c tiv e ly  d u rin g  th e  p erio d . 

C lo n e  P B  28/ 59 had th e  h ig h est g irth  in th e  trial 

( 1 0 3 .9  c m )  w hile R R IIM  6 0 0  had 6 8 .4  c m  girth 

at 2 6  y ears a fter  p lan tin g.



3 .  L i * g e  s c a le  tr ia l  (2 0 0 0 )  j„  2 0 1 7 ,  R R II 4 3 0  reco rd ed  th e  h ig h e st m ean

T h e  la r g e  s c a le  t r ia l  p la n te d  f o r  th e  v ie ld ( 1 2 1 . 1 g r 11 ')  fo llo w ed  l.\ K K II 4 1 4  (8 7 .1

e v a lu a t io n  o f  R R I I  4 0 0  s e r ie s  c lo n e s  v iz  S  1 ')  (T a b le  Kad. I) . M ean y ie ld  o v er nine

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 V> y e ^  w as the h ig h est in R R II 43(1 ( 8 0 .4  g t - ' n

RRH  4 2 9  and R R II 4 3 0  a lon g  w ith th eir parent’ “ d “ 8 T  f ‘8 " f  “ n .ly  su p erio r  to R R II I

c lo n e s  v ,i . R R IC  10 0  and R R II 105 in the y e a r  (f  ® g ' '  ' '  >' MC” "  S " " '  17 yCnlS
onnn • • . , planting was significantly superior in clones
- 0 0 0  is in progress Although there was no RRI| 4 I4  ( 8 ? J  cm) and R R II 4 3Q ^  tQ
significant difference between the tested clones R R j j  ] 05 (<39 g cm )

Table Kad. I . \ ield and growth perform ance o f clones in large scale tria l (2000)

Clone
M ean  y ield  in 2 0 1 7  

(g  f  r 1)
M ean y ield  o v er  9  y ears 

(g  f  f )
M ean  g irth  at 17 year: 

a fte r  p lan tin g  (cm )

R R IC  100 6 9 .5 5 1 . 9 * 7 7 .3  ̂
R R II 105 74.3 5 3 .8 bcJ 6 9 .8 CC)
R R II 4 0 3 81.3 5 6 .2 bcd 6 5 .5 “
R R II  4 0 7 5 1 .9 7 .7 d 7 2 .8 bcd
R R II 4 1 4 87.1 7 2 .4 ab 8 7 .3 a
R R II 4 2 2 7 7 .7 7 2 .2 ab 6 7 . 1d
R R II  4 2 9 7 3 .9 6 8 . 0 abc 7 3 .2 bcd
R R JI 4 3 0 121.1 8 0 .4 a 8 0 .9 ab
C D (0 .0 5 ) N S 19.29 8 .7
Values followed by. „ ,e sm e ltUtr „  „0, statmimUy d/ffem  ^

4. Polycross garden (1995) 73 rh is i ,
S  Jn d C l1  -A )  l.‘i being  m .uiil,lined  for c o llcc ti.m  

p o ly cro ss seed garden planted as per o f  seed s fo r  screen in g  and se le c tio n  
Sim m o n d s ( 1 9 8 6 )  design in 199 5 . co n s istin g  o f  T l

n ine p r e p o te n t c lo n e s  (R R JI  105 , P B  2 1 5  P B  . . M h r V H T i  f a “ "  al:>0 Ik ls  a w d l '

2 17, P B 2 4 2 ,  R R II 2 0 3 , P B  5/ 51 P B  28/83 A V T  Q b  8



1 . G e n e t ic  I m p r o v e m e n t

1.1. Conventional breeding

Four p ro je c ts  are b e in g  pursued in the Station 

viz. c lon e e v a lu a t io n , h y b rid iz a tio n  and c lo n a l 

selection , n ew  g en era tio n  p o ly c lo n a l seed  garden 
and p articip atory  c lo n e  ev a lu atio n .

1.1.1. C lo n e  e v a lu a t io n

F ie ld  p e r fo r m a n c e  o f  th e  m o d e rn  h ig h  

yielding c lo n e s  in v ario u s  tr ia ls  w as studied . T h e  

b lock tr ia ls  in it ia te d  in  P a la z h i and  B e th a n y  

estates w ere u n d er fou rth  y e a r  o f  tap p in g . G irth  

o f  the tria l c lo n e s  a lo n g  w ith  R R I I  105 a fte r  11 

years o f  grow th in d icated  th at h ig h est grow th was 

recorded fo r  c lo n e s  R R I I  4 2 9 ,  R R II  4 1 4  and 
R R II 4 2 2 .

T h e  c o m m e r c ia l y ie ld  d ata  o v e r  fou r y ears 

indicated c lo n e s  R R I I  4 2 2  and R R II  4 3 0  to  be 

the top  y ie ld e r s  w ith  5 7 .9  an d  5 7 .8  g  t*1 r \  

resp ectively  in th e  b lo c k  tr ia l at B e th a n y  estate.

T h e  y ie ld  d ata  o v e r  fou r y ea rs  o f  tapping 

icco rd ed  at P a la z h i e s ta te  in d ica te d  th at the 

clon e R R II  4 3 0  w as th e  h ig h est y ie ld e r  w ith  93.1 
g t-1 1 «.

D u r in g  th e  s a m e  p e r io d ,  th e  y ie ld  o f  

R R II 105  w a s 5 1 .3  g  f 1 f '  and  8 2 .2  g  f 1 r \  

le sp e c tiv e ly , a t  B e th a n y  and P a la z h i e s ta te s , 

l'urther, co n s id e ra b le  d am ag e  w as in flic ted  to  the 

tices in both  th e  tr ia ls  a s  a c o n s e q u e n c e  o f  the 

c y c lo n e  O c k h i w h ic h  h it th e  r e g io n  d u rin g

N ov em ber 2 0 17.

A b lo c k  tr ia l w as p lan n ed  fo r  ev a lu a tin g  the 

yield p e r fo rm a n ce  o f  th e  h igh  y ie ld in g  c lo n e s  o f  

the reg ion  v iz . P B  2 5 5 ,  P B  3 1 4 ,  IR C A  109 , IR C A  

l n > R R II 2 0 3 ,  R R I I  4 1 4 ,  R R JI  4 1 7 ,  R R II  4 2 2 , 

R RH 4 3 0  an d  R R I I  1 0 5 . B u d  g ra ftin g  o f  the

c lo n e s  w as un dertaken in th e  cen tra l nu rserv  o f  

A ra su  R u b b e r  C o r p o r a t io n  ( A R C )  L td .,  a t 

K u ttiy a r  during the p eriod  under report. P lan tin g  

ol the tria l is p roposed  to  b e  taken  at C h ith ar  

D iv ision  o f  A R C  L td ., during the e n su in g  seaso n .

1.1.2. H y b rid ization  a n d  c lo n a l  s e le c t io n

T h e  tw o breeding o rchard s c o m p ris in g  o f  51 

p arental c lo n e s  w hich  w ere  p roperly  m ain ta in ed  

at th e  r e s e a rc h  farm  o f  T h a d ik k a ra n k o n a m . 

D u ring  th e  rep ortin g  year, flo w erin g  w as v e iy  

sp a r s e  and  d u e to  th e  h igh  d ay  te m p e ra tu re  

fo llo w ed  by a sp ell o f  su m m er sh ow er, th e  entire 

f lo w ers in th e  se le cted  parents w ere  lost. T h e  

h y b rid s o b ta in ed  d u rin g  2 0 1 7  w ere  ra ised  in 

seed lin g  nu rsery fo r  prelim inary  evalu ation . T w o 

hybrids Irom  the prev iou s s ea so n s  w ere cu t back  

and m aintained fo r  further evaluation. T h e  hybrids 

o f  2 0 1 6  w e re  te s t  tap p ed  to  e v a lu a t e  th e ir  

p erfo rm an ce .

1.1.3. ,\ ew  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

T h e  seed  gard en a t N ew  A m b a d y  E s ta te  

w as m aintained  w ell. T h e  p o ly co n a l seed lin g s  

raised out o f  p o ly cro ss  seed s  co lle c te d  during  

2 0 1 6  w ere test tapped and th e  p ro m is in g  o n es  

w ere pollarded fo r  m u ltip lica tio n . A rou n d  1 5 0 0  

health y  p o ly clo n a l seed s  w ere  co lle c te d  and a 

seed lin g  nu rsery w as raised  fo r  ev a lu atio n .

1.1.4. P artic ip a to ry  d o n e  ev a lu a t io n

T h e  annual grow th o f  11 p ip elin e  c lo n e s  and 

th ree ch e ck  c lo n e s  p lan ted  a t T h a ru v a iy a r  esta te  

w ere recorded  and the data tabulated . T h e  c lo n e s  

P  10 (5 4 .4  c m ) and P 21 ( 5 4 .4  c m ) w ere  m o re  

v ig o ro u s based  on the data a fte r  n in e  y e a rs  o f  

grow th. H ie  average tapp ability  w as o n ly  around 

7 6  p er cen t. T h e  trial is p roposed  to  b e  open ed  

fo r  tapping in the en su in g  seaso n .



In the O F  T at B eth an y  estate planted during 

2 0 1 0 , o f  (he 14 tria l c lo n e s  assessed  for g row th, 

c lo n e s  P  4 4  ( 5 6 .5  c m )  and  P 2 7  (5 5 .4  cm ) 

recorded relativ ely  h igher girth . T h e  trial w as 

opened fo r  tapping during Ju n e  2 0 1 7 . H ow ever, 

sev ere  dam age w as in flicted  to  th e  trial due to 

the cy c lo n e  O ckh i during N o v em b er 2 0 1 7  and 

tapping w as stopped.

A sse ssm e n t o f  Ihe an n u al g irth  o f  th e  11 

tria l c lo n e s  in the O F T  a l B e th a n y  esta le  planted 

in 2 0 1 2  in d icated  th at th e  tr ia l c lo n e s  P 102 

( 3 8 .9  cm ), P  104 (3 8 .0  c m )  and P 4 9  ( 4 0 .0  cm ) 

w ere better than th e  rest o f  the c lo n e s  in re la tiv e  
grow th.

LIBRARY AND DOCUMENTATION CENTRE

T h e  L ib r a ry  and  D o cu m e m a tio n  C en tre  

attached  to  R u b b er R e se a rch  In stitu te  is w ell 

m aintained  with a c o lle c tio n  o f  2 2 9 5 3  books, 

2 3 8 0 2  b ou n d  v o lu m e s  o f  p e r io d ic a ls ,  6 0 0 3  

s la n d a r d s ,  1 5 6 3  r e p r in ts ,  1 8 9  T h e se s/  

D isserta tio n s and 1 2 0 0  M icro fich e/ M icro film s. 

S u b je c t  b ib lio g r a p h ie s  and  c o m p u te r  based  

b ib lio g rap h ic d a tab ases o f  a ll books, research 

a r t ic le s ,  s la n d a rd s . th e s e s , re p rin ts  a re  a lso  
a c c e ss ib le  lo  the users.

L ib r a r y  co n tin u e d  th e  in fo rm a tio n  and 

literature support to  its in -house and institutional 

users by p rov id in g  re feren ce  serv ices , curren t 

aw aren ess serv ices  and rep rograph ic serv ices. 

Fourteen  b o o k s and on e standard w ere added lo 

th e  sto ck . R ece iv ed  and registered  170  issu es o f  

jo u rn a ls  a s subscription/exchange.

C o m p i le d  in f o r m a t io n  b u l l e t i n s ,  v iz .  

D o cu m em atio n  U s l  (1 - 4 )  2 0 1 7 ,  N ew  A d d itions 

L is t  2 0 1 7 ,  S t a f f  P u b lic a tio n s  lis t 2 0 1 7 - 2 0 1 8 .  

C u m u lative  in d ex  lo  R u b b e r  S c i e n c e  Vol. 1 -30 , 

and L ibrary  m e m b ers  D ire cto ry  w ith  d eta ils  o f  

8 8 4  m em b ers . D a ta b a ses  w ere updated w ith the 

d etails o f  19 bo o k s, 158  a r tic le s , 6 3  th eses , 2 4 3  

reprints and 7 5 0 0  bound jo u r n a ls . B o u n d  and 

access io n ed  3 5 3  v o lu m es o f jo u r n a l i  c ircu la te d  

7 2 6  books, filed  2 4 6 7  p ress c lip p in g s  o f  re lev an t 

a rtic les  and p rov ided  6 5 5 8  p h o to co p ie s . L ib rary  

m em b ersh ip  issu ed  to  4 4  u se rs and  ex ten d ed  

lib rary  serv ices  lo  4 4 9  ou tsid ers.

A s  a p a r t o f  s a le s  p r o m o t io n  o f  R R II  

p u b lica t io n s , lib r a ry  o r g a n iz e d  th e  s a le  and 

d istribu tion  o f  4 4 2  c o p ie s  o f  th e  jo u r n a l R u b b e r  

■ Science  and 2 4 6  o th er  p u b lica t io n s  in c lu d in g  
R R II  A nn u al R ep ort.



D u rin g  th e  r e p o rt in g  y e a r , th e  fo llo w in g  

r e c o m m e n d a t io n s  w e r e  a p p r o v e d  b y  th e  

Scienli fie  A d v iso ry  C o m m itte e  o f  R R II.

1. Paired row  sy s te m  o f  p la n tin g  ( 3 .2  x  5 .0  m 

w ithin th e  p a ired  row  and 9 .0  m  betw een  the 

paired r o w s  w ith  4 4 0  p la n ts  h a 1) ,  ca n  be 

reco m m en d ed  a s  an a ltern ate  p lan tin g  system  

for the g ro w e r  w h o  w an ts to  rem u n erativ ely  

cu ltiv ate  in te rc ro p s  fo r  th e  en tire  im m atu rity  

period in tra d itio n a l (K e r a la )  area  and N orth 

East In dia.

U pland r ic e ,  m a iz e , co w p e a  and tu ber cro p s 

like c o lo c a s ia  and  e le p h a n t fo o t yam  ca n  be 

grow n a s  s u i ta b le  in te r c ro p s  in im m atu re  

rubber in N o rth  E a s t In d ia .

2. R e c o m m e n d a tio n  o f  u se  o f  w a te r -b a s e d  

fu n g ic id e  th io p h a n a te  m e th y l ( 0 .0 7 % )  fo r

Rcgion-Spccific C lon e Advisory:

R eg io n  

North E a s t In d ia

e f f e c t i v e  c o n t r o l  o f  C o r y n e s p o r a  L e a f  

D is e a s e  ( C L D )  in im m a tu r e  r u b b e r  

p lan tations. Ih e  c o s t  o f  the new  fu n g ic id e  is 

o n  p a r  w ith  r e c o m m e n d e d  f u n g ic id e ,  

carben d azim .lt a lso  adopted recom m en d ation  

o f  a c o m b i n a t io n  f u n g ic id e ,  ( S A A F )  

con tain in g  carben dazim  ( 12% )  and m an co zeb  

( 6 3 % )  a t  0 .2  p er c e n t o f  th e  p ro d u ct fo r  

e f f e c t i v e  c o n t r o l  o f  C o r y n e s p o r a  L e a f  

D isea se  in im m atu re ru b ber p lan tations.

A  n ew  reg io n  s p e c if ic  a d v iso ry  o f  c lo n e s  

su ited  to each  o f  the n ine agro  c lim a tica lly  

d is t in c t  z o n e s  in th e  tra d itio n a l and  n o n - 

trad itional reg io n s o f  ru b ber cu ltiv a tion  India 

w as form ulated and approved  in the rep orting  

y e a r  fo r  c o m m u n ic a t in g  to  th e  r u b b e r  

p lantation sec to r

States/ D istr ic ts C lo n es  recom m en d ed

E ast and W est C e n tra l In d ia

Sou th-W est K a rn a ta k a  
and G oa

North K e ra la

North C en tra l K e r a la  

C entral K e ra la

South K e ra la

top ical high altitude regions 

South Tam il N adu

T rip u ra . A ssam , N orthern 

W est B e n g a l. M egh alaya 

M ah arash tra , O disha

G o a  and  D aksh in a 

K an n ad a

K ozh ikod e, M alappuram , 

K an nur, K asargod e 

T rich u r. Palakkad  

E rn aku lam , K ottayam , 

P athanam th itta , A lapuzha 

K o l lam . Trivandrum  

W yanad, Idukki, 

K u lathupuzha, Vithura 

K an yaku m ari ____________

R R II 2 0 8 ,  R R II 4 2 9 ,  R R I M  6 0 0  

R R II  4 2 9 .R R U  2 0 8 ,  R R I I  4 3 0 ,  

R R IM  6 0 0

R R II 4 3 0 ,  R R II  4 1 4 ,  G T  1,

R R II 2 0 3

R R II 4 3 0 ,  R R II 4 1 7 ,  R R II  105 

R R II 4 1 7 ,  R R II 4 2 9 .  R R II  4 3 0

R R II 4 3 0 .  R R II 4 1 4 ,  R R II  4 1 7  

R R II 4 2 2 .R R I1  4 3 0 .  R R II 4 1 7

R R II 4 2 2 ,  R R II 4 2 9 ,  R R II  4 1 7  

R R II  4 3 0 ,  R R II 105 , R R I I  4 2 9



In the O F T  at B eth an y  estate planted during 

2 0 1 0 . o f  the 14 U ial c lo n e s  assessed  for g row th , 

c lo n e s  P  4 4  ( 5 6 .5  c m )  and  P  2 7  ( 5 5 .4  c m )  

recorded  re la tiv ely  h igher girth . T h e  tria l w as 

opened  fo r  tapping during Ju n e 2 0 1 7 . H ow ever, 

sev ere  dam age w as in flic ted  to the tria l due to 

th e  cy clo n e  O ck h i during N o v em b er 2 0 1 7  and 

lapping w as slopped.

A ssessm en t o f  the an n u al g irth  o f  th e  1 1 

tria l c lo n e s  in the O F T  at B e th an y  esta te  p lanted 

in 2 0 1 2  in d icated  th at th e  tr ia l c lo n e s  P 102 

( 3 8 .9  cm ), P 104 ( 3 8 .0  c m )  and P 4 9  (4 0 .0  cm ) 

w ere better than th e  rest o f  the c lo n e s  in re la tiv e  

grow th.

LIBRARY AND DOCUMENTATION CENTRE

T h e  L ib ra ry  and  D o c u m e n ta t io n  C e n tre  

attached  to  R u b b er R esea rch  In stitu te  is w ell 

m aintained  w ith  a c o lle c tio n  o f  2 2 9 5 3  books, 

2 3 8 0 2  b o u n d  v o lu m e s  o f  p e r io d ic a ls , 6 0 0 3  

s t a n d a r d s ,  1 5 6 3  r e p r i n t s ,  1 8 9  T h e s e s /  

D isserta tio n s and 1 2 0 0  M icro fich e / M icro film s. 

S u b je c t  b ib lio g r a p h ie s  and  co m p u te r  b ased  

b ib lio g rap h ic  d atab ases o f  a ll  bo o k s, research  

a r t ic le s ,  s ta n d a rd s , th e s e s ,  re p rin ts  a re  a lso  

a c c e ss ib le  to the users.

L ib r a ry  co n tin u e d  th e  in fo rm a tio n  and 

literature support to its in -house and institutional 

u sers by prov id ing  re fere iice  serv ices , current 

aw aren ess se r v ic e s  and reprograp h ic serv ices. 

Fou rteen  b o o k s and on e standard w ere added lo 

th e  sto ck . R e ce iv e d  and reg istered  170 issu es o f  

jo u rn a ls  a s  subscrip tion/ exch ange.

C o m p i le d  in f o r m a t io n  b u l le t in s ,  v iz .  

D ocu m entation  L is t  (1 - 4 )  2 0 1 7 ,  N ew  A d d ition s 

L is t  2 0 1 7 ,  S t a f f  P u b lic a tio n s  l is t  2 0 1 7 - 2 0 1 8 ,  

C u m u lative in d ex  to R u b b e r  S c i e n c e  Vol. 1 -30 , 

and L ibrary  m e m b ers D ire cto ry  w ith d eta ils  o f  

8 8 4  m em bers . D a ta b a ses  w ere updated w ith the 

d etails o l  19 bo o k s, 158  a r tic le s , 6 3  th e se s , 2 4 3  

reprints and 7 5 0 0  bound jo u r n a ls . B ou n d  and 

access io n ed  3 5 3  v o lu m es o f  jo u r n a ls , c ircu la te d  

7 2 6  books, filed  2 4 6 7  p ress c lip p in g s  o f  re lev an t 

artic les  and provided 6 5 5 8  p h o to co p ie s . L ibrary  

m em b ersh ip  issu ed  to  4 4  u se rs and  ex ten d ed  

library s e rv ice s  to  4 4 9  ou tsid ers.

A s  a p a r t o f  s a le s  p r o m o t io n  o f  R R I I  

p u b lica t io n s , lib ra ry  o r g a n iz e d  th e  s a le  and 

d istribution  o l 4 4 2  co p ie s  o f  the jo u r n a l R u b b e r  

S c i e n c e  and 2 4 6  o th er  p u b lica tio n s  in c lu d in g  

R R II A nn ual R eport.



D u rin g  th e  r e p o rt in g  y e a r , th e  fo llo w in g  

r e c o m m e n d a t io n s  w e r e  a p p r o v e d  b y  th e  

Scienli He A d  v iso ry  C o m  m  ittee  o f  R R I I .

1. Paired row  sy s te m  o f  p lan tin g  ( 3 .2  x  5 .0  m 

w ithin th e  p aired  ro w  and 9 .0  m betw een  the 

paired ro w s  w ith  4 4 0  p la n ts  h a 1) ,  ca n  be 

recom m en d ed  a s  an a ltern ate  p lan tin g  system  

for the g ro w e r  w h o  w a n ts  to  rem u n erativ ely  

cu ltiv a te  in te rc ro p s  fo r  th e  en tire  im m atu rity  

period in tra d itio n a l (K e r a la )  area  and N orth 

East In d ia .

Upland r ic e ,  m a iz e , c o w p e a  and lu b er  cro p s 

like c o lo c a s ia  and  e le p h a n t fo o t y am  can  be 

grow n a s  s u i ta b le  in te r c ro p s  in im m atu re  

rubber in N o rth  E a s t In dia.

2. R e c o m m e n d a tio n  o f  u se  o f  w a te r -b a s e d  

fu n g ic id e  th io p h a n a te  m e th y l ( 0 .0 7 % )  for

Region-Spccific C lon e A dvisory:

e l f e c t i v e  c o n t r o l  o f  C o r y n e s p o r a  L e a f  

D is e a s e  ( C L D )  in im m a tu r e  r u b b e r  

plan tations. T h e  c o s t  o f  th e  n ew  fu n g ic id e  is 

o n  p a r  w ith  r e c o m m e n d e d  f u n g ic id e ,  

carben d azim .lt also  adopted recom m end ation  

o f  a c o m b i n a t io n  f u n g ic id e ,  ( S A A K )  

con tain in g  carben dazim  ( 12% )  and m an co zeb  

( 6 3 % )  at 0 .2  p er c e n t o f  th e  p ro d u ct fo r  

e f f e c t i v e  c o n t r o l  o f  C o r y n e s p o r a  L e a f  

D isease  in im m atu re rubber p lan tations.

. A  n e w  reg io n  sp e c if ic  a d v iso ry  o f  c lo n e s  

suited  to  each  o f  the n ine a g io  c lim a tic a lly  

d is t in c t  z o n e s  in th e  tra d itio n a l and  no n - 

trad itional reg ion s o f  ru bber cu ltiv a tion  India 

w as form ulated and approved  in the rep orting  

y e a r  fo r  c o m m u n ic a t in g  to  th e  r u b b e r  

p lantation secto r

R eg io n States/ D istr ic ts C lo n es  recom m en d ed

N onh E a s t In d ia

East and W est C e n tra l In d ia

Sou th -W est K a rn a ta k a  

and G oa

North K e ra la

N orth C en tra l K e r a la  

Central K e ra la

South K era la

to p ic a l  h igh  a ltitu d e r e g io n s  

SouthTainiiNadu

T rip u ra , A ssa m , N orthern 

W est B e n g a l, M egh alaya 

M ah arash tra . O disha

G o a  and D aksh in a 

K a n n ad a

K ozh ikod e, M alappuram , 

K an nu r, K asargod e 

T rich u r, Palakkad  

E rn ak u lam , K ottayam , 
P athanam th itta , A lapu zha 

K o lla m , Trivandrum  

W yanad, Idukki, 

K ulathupuzha, Vithura 

K an yaku m ari______________

R R II 2 0 8 .  R R II 4 2 9 ,  R R I M  6 0 0  

R R JI  4 2 9 .  R R II  2 0 8 ,  R R I I  4 3 0 ,  

R R IM  6 0 0

R R II 4 3 0 ,  R R II 4 1 4 ,  G T  1,

R R II 2 0 3

R R II 4 3 0 .  R R II 4 1 7 ,  R R II 105 

R R II 4 1 7 .  R R II 4 2 9 .  R R I I  4 3 0

R R II 4 3 0 .  R R II  4 1 4 ,  R R II  4 1 7  

R R II 4 2 2 ,R R II  4 3 0 ,  R R II  4 1 7

R R II 4 2 2 ,  R R II  4 2 9 ,  R R II  4 1 7  

R R II 4 3 0 ,  R R II 105 , R R II 4 2 9



4 . C o n s e r v a t io n  p it s  @  2 5 0  h a _i m a y  b e  

m aintained in im mature rubber to facilitate rain 

w a te r  h a r v e s t in g  a n d  s o i l  m o is tu r e  

c o n s e rv a tio n . T h e  p its  m ay  b e  op en ed  in 

b e tw e e n  tw o  p la n ts , a lte r n a t iv e ly  in th e  

in tersp ace and c lo se r  to  the p latform . F o r  

th e  in itia l th re e  y e a r s  o f  im m atu re  p h ase  

fork ing  th e  plant basin  during th e  m onth o f  

Ja n u a r y  fo l lo w e d  b y  h e a v y  m u lc h in g . 

M in im u m  th re e  ro u n d s o f  m u lch in g , i.e ., 

im m ed iate ly  a fter p lan tin g, after the end o f  

rainy seaso n  and a fter  fork in g  the basin  in 

Jan u ary  - fo r  in itial th ree  years.

5 . R eco m m en d ed  T A F E  co m p a ct tra c to r  M F  

6 0 2 8  m an u factu red  by M/s. T ra c to rs  and 

Farm  E q u ip m en t L im ited  (T A F E ), C hen nai,

as  su itab le for low  volu m e sp ray in g  in rubber 

plantations u sin g A sp ee -R R II tractor-m ounted 

high tree  m istb low er. T h is  co m p a ct tracto r  

can  be used for low  v olum e spraying in m ature 

rubber p lan tation s fo r  d e liv erin g  sp ray  fluid 

upto 8 0  feet h eig h t w ith a d isch arge o f  1 000ml 

per m inute.

6 . R ecom m en d ation  o f  an ad d ition al ro llin g  o f  

w et ribbed  sh eet co a g u la  (a fte r  tu rn in g  the 

sh eet upside d ow n ), th rou gh a ro lle r  se t w ith  

upper plain and  lo w er g rooved  ro lle rs  o r a 

ro lle r  set h av in g  p air o f  g ro o v ed  ro lle rs  that 

can  red u ce th e  sh eet th ick n e s s  and in crease  

the surface area. T h is  leads to  s av in g  o f  drying 

tim e  by 2 5  p er c e n t w ith o u t a f fe c t in g  the 

sh eet quality.



Annual Expenditure 2017-18

Expenditure at a glance

Expenditure (Rs. in lakhs)

P la n

North East 513.17

Other than North East 2,402.69

Total 2,915.86

Non-Plan 1,291.74

G ra n d  T otal 4 ,2 0 7 .6 0

Head of Account
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C. Krishnan 
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Tapan Kum ar Pal, M .Sc.
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C o n t in u e d  f r o m  in s id e  f r o n t  c o v e r

R esearch  divisions and functions

T h e  m a jo r  research  d iv ision s are Agronom y/ 

So ils . B io tech n o lo g y , Botan y , C lim ate  C h an g e  &  

E co sy stem  S tu d ies , G erm p la sm , L a te x  H arvest 

T ech n o lo g y , P lan t Path olo gy , P lan t Ph ysio lo gy , 

R u bber T ech n o lo g y . T e ch n ica l C o n su ltan cy  and 

E con o m ics. Studies on C lo n e  Evaluation. G enom e 

A n a ly s is  an d  D R 1 S  F e r t i l i s a t io n  a re  d e a lt  

sep arately .

T h e  th ru st a reas  o f  research  o f  A gronom y/ 

S o ils  D iv ision  are in vestigations on the nutritional 

requ irem en ts o f  rubber, irrigation , in tercropping , 

co v e r  cro p  m an ag em e n t, w eed  co n tro l and the 

study o f  th e  ru b ber g ro w in g  s o ils . D ev elo p m en t 

o f  tissu e cu ltu re  and an th er  cu ltu re  sy stem s for 

propagation and d evelopm ent o f  transgenic plants 

in corporating ag ro n o m ica lly  im portant g en es for 

im p rovem en t o f  H e v e a  a re  the im portant areas 

in w hich  the B io te ch n o lo g y  D iv is io n  is engaged . 

T h e  A d vanced  C entre  for M o le cu la r  B io lo g y  and 

B io tech n o logy  ( A C M B B )  is a  functional grouping 

o f  s c ie n tis ts  w o rk in g  in th e  areas  o f  M o le cu la r  

B io lo g y ,  B io t e c h n o lo g y , G e n o m e  A n a ly s is .  

M o le cu la r  P h y sio lo g y  and M o le cu la r  Pathology. 

T h e  im portant f ie ld s  o f  r esea rch  o f  th e  B otan y  

D iv is io n  are breed in g , ev alu ation  and se le ctio n  

o f  new  c lo n e s , p rop agatio n  tech n iq u es , p lan tin g  

m e th o d s , a n a to m ica l s tu d ie s  and  c y to g e n e tic  

i n v e s t ig a t io n s .  T h e  C l im a t e  C h a n g e  &  

E co sy s te m s  S tu d ies  D iv is io n  is p ursuing studies 

on c lim a te  ch an g e process in trad itional and non- 

trad itional ru bber g ro w in g  reg io n s  o f  India and 

d e v e lo p in g  in fo r m a t io n  s y s te m  on  r u b b e r  

cu ltiv a tio n  u sin g  rem o te  sen sin g  ( R S )  p latform  

to  id en tify  area  u n d er ru b be r cu lt iv a tio n  and

su itab le  area  w h ere  ru bber p lan tation s can  be 

e x te n d e d .  T h e  G e r m p la s m  D iv is io n  is 

c o n ce n tra tin g  on th e  in troduction , con serv ation  

and e v a lu atio n  o f  H e v e a  germ p lasm . T h e  Plant 

P a th olo gy  D iv is io n  is eng aged  in in vestig a tion s 

o n  th e  d is e a s e s  a n d  p e s t s  o f  r u b b e r  an d  

a sso c ia te d  c o v e r  cro p s  and th e ir  co n tro l. T h e  

P lan t P h y sio lo g y  D iv is io n  co n d u cts studies on 

both fu n dam en tal and applied  asp ects  o f  H e v e a  

tree  p hy sio logy . T h e  L a te x  H arvest T ech n o lo g y  

D iv isio n  is co n ce n tra tin g  on a ll applied asp ects 

o f  c r o p  h a r v e s t in g  in  r u b b e r . T h e  R u b b e r  

T e c h n o lo g y  D iv is io n  c o n c e n t r a t e s  on  

im provem ent in primary' p ro cessin g  o f  rubber, its 

c h e m ic a l  m o d i f i c a t io n ,  r u b b e r  p r o d u c t 

m an u factu re  and qu ality  co n tro l o f  p ro cessed  

ru bber. T h e  T e c h n ic a l C o n s u lta n c y  D iv is io n  

p rov id es c o n su lta n cy  s e rv ice s  fo r  the p rom otion  

o f  the ru bber industry. T h e  R u b b er T ech n o lo g y  

D iv is io n  and T e c h n ic a l co n s u lta n cy  D iv is io n  

to g eth er  fo rm s th e  A d v an ced  C en tre  fo r  R u b b er 

T e c h n o lo g y (A C R T ) .T h e  E c o n o m ic s  D iv is io n  

un dertakes stu d ies on e co n o m ic  asp ects  related  

to  rubber p lan tations.

T h e  research  su p p ortin g  se c tio n s  in clu d es 

L ib ra ry  and D o cu m e n ta tio n , In stru m en ta tion , 

S ta tis t ic s , C o m p u ter  and M a in te n a n c e  W in g . 

T h ere  is a lso  a  sm all ex p erim en ta l farm  o f  33  

ha. a l the head q uarters o f  R R II .

C entral E xperim ent Station

T h e  2 5 5  ha. C entral E x p erim en t S ta tio n  at 

C h eth ackal (R an n i). 5 0  k m  aw ay from  K ottayam , 

w as started in 196 6 . F ield  tr ia ls  laid out by the 

research  d iv isio n s co v e r  a lm o st the en tire  area.



Regional R esearch  Stations

R R I I  h a s  e s t a b l is h e d  a  N o r t h -E a s t e r n  

R esearch  C o m p lex  w ith headquarters at A gartala 

h av in g  reg io n a l research  station s at A garta la  in 

T r ip u r a ,  G u w a h a t i  in A s s a m  an d  T u ra  in 

M eg h alay a . T h e  R R II has a lso  set up reg ional 

r e s e a r c h  e s t a b l i s h m e n t s  a t  D a p c h a r i  

(M ah arash tra ). D hen kan al (O rissa ), N agrakata  

(W est B e n g a l). T h ad ikaran konam  (T am il Nadu), 

K ad aba (K a rn a ta k a ) and P ad iyoor (K era la ).

R eg io n a l so il testin g  lab oratories h av e been  

e s t a b l i s h e d  a t  K o z h ik o d e .  T h r is s u r ,  

M uvattupuzha, Pala . K an jirap p ally , A d oor and 

N ed u m an g ad . M o b ile  u n its  fo r  s o il and le a f  

an a ly sis  are a v a ilab le  at K o zh ik o d e laboratory, 

apart fro m  th at at the headquarters.

N a tio n a l/ In te rn a tio n a l c o lla b o r a tio n

R R I I  is a m e m b e r  o f  th e  In te r n a tio n a l 

R u b b e r  R e s e a r c h  an d  D e v e lo p m e n t  B o a r d  

(IR R D B ) ,  an association  o f  national organizations 

devoted  to  research  and d evelop m ent on natural 

ru b b e r. R u b b e r  B o a r d  is  a  m e m b e r  o f  th e  

A s s o c i a t io n  o f  N a tu r a l R u b b e r  P r o d u c in g  

C o u n tries  (A N R P C ) and In tern ation al R u bber 

Study G rou p (1 R S G ).

T h e  R R II h as research / acad em ic lin k ag es 

with the B a n a ra s  H indu U n iv e rs ity  (V aran asi), 

K era la  A gricu ltu ral U n iversity  (T h rissu r), K erala  

U n iv e rs ity  (T h iru v a n a n th a p u ra m ), M ah a tm a  

G andhi U niversity (K ottayam ), C ochin  University 

o f  S c ie n c e  and  T e c h n o lo g y  ( K o c h i) .  In d ian  

A g r icu ltu ra l R e s e a r c h  In stitu te  (N e w  D e lh i) , 

Indian In stitu te o f  S c ie n c e s  (B a n g a lo re ) . Indian 

In stitu te o f  T e ch n o lo g y  (K h arag p u r), N ation al 

C h em ica l L ab o ra to ry  (P u n e), S r e e  C h in a  Tirunal 

In stitu te  o f  M e d ica l S c ie n c e s  and T ech n o lo g y  

(T h iru van anth apuram ), Tam il N adu A g ricultural 

U n iv e r s i t y  ( C o i m b a t o r e ) ,  U n i v e r s i t y  o f  

Agricultural S c ie n ce s  (B a n g a lo re ) and U niversity 

o f  G o a  (G o a).

C o r r e s p o n d e n c e

T h e  D ire cto r  o f  R e se a rch  

R u b b er R esea rch  In stitu te  o f  In d ia  

K ottayam  -  6 8 6  0 0 9 .  K e ra la . India 

Phone: 9 1 4 8 1 2 3 5 3 3 1 1 - 2 0  

91 4 8 1 2 3 5 2 7 7 0 -7 1  

9 1 4 8 1  2 3 5 2 7 7 3 - 7 9  ( 2 0  lin es)

F ax : 91 4 8 1 2 3 5 3 3 2 7

Em ail: rrii@ ru bb erb o ard .o rg . in

W ebsite: w w w .ru bberboard .org .in

mailto:rrii@rubberboard.org
http://www.rubberboard.org.in
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