


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

Location

The RRII is located on a hillock 8 km east of Kottayam 
town in Kerala State and is easily accessible by road. 
Kottayam is connected to ail major cities in the country 
by rail. There are two International Airports, one at 
Thiruvananthapuram, 160 km south and the oilier at 
Nedumbassery, 95 km north of RRII.

Organization

For the efficient discharge of its functions, the RRII 
has established major research divisions and research 
supporting sections at its headquarters and regional 
research establishments at appropriate locations where 
Hevea brasilietisig is com mercially grown or is likelv 
to be grown.

Continued on inside back cover
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T h e  In d ia n  R u b b e r  B o a r d  w a s  
constitu ted  u n d er the R u bber (P rod u ction  
and M arketin g) A ct, 1947, w h ich  cam e into 
f o r c e  o n  18 A p r il  1 9 4 7 . T h is A c t w a s  
am ended in 1954, 1960, 1982 and in 1994. 
T h e A ct w as fu rth er am ended by the R ubber 
(A m en d m en t) A ct, 2009  w h ich  cam e in to  
force o n  22nd Jan u ary  2010.

O rg an iza tio n

T h e  C h a ir m a n  is  th e  h e a d  o f  th e  
organization . T h e  E xecu tive  D ire cto r  is the 
p rin cip a l e x e cu tiv e  o ff ic e r  an d  e x e rc is e s  
control o v er all D ep artm en ts o f th e  R u b b er 
Board. Th e R esearch  D ep artm en t, R u bber 
R esearch  In stitu te  o f  In d ia  (R R II) w o rk s  
u n d er th e  a d m in is tra t iv e  co n tro l o f  th e  
Board, the D ire cto r  b e in g  th e  head  o f the 
Institute.
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F O R E W O R D

R R I I  m a d e  s o m e  s i g n i f i c a n t  
a c h i e v e m e n t s  d u r in g  th e  y e a r  2 020-21  
w h ic h  in c lu d e d  c o m m is s io n in g  o f  th e  
R u b b e r  P r o d u c t s  In c u b a t io n  C e n t r e ,  
la n d slid e  v u ln erab ility  m ap p in g  o f  rubber 
p lan ta tio n s in K erala , com p letio n  o f the g eo­
re feren ced  soil sa m p le  co lle ctio n , a n a ly sis  
an d  fertility  m ap p in g  o f ru b ber p lan tation s 
in  n o r th  e a s t  In d ia  a n d  d e v e lo p in g  a 
co lla b o ra tiv e  p ro ject w ith  Sp ices B o ard  and 
I I IT M K  fo r  e v o lv in g  a n  o n lin e  fe r tiliz e r  
r eco m m en d a tio n  for card am om  in Idu kki. 
O b ta in in g  a p p ro v a l o f G o v ern m en t o f  India 
to  tak e  up  field  trial o f G M  rubber in A ssam  
w as a n o th er  im p o rtan t d ev elo p m en t in the 
rep o rtin g  year. T h is  a ssu m es s ig n ifica n ce  as 
m o re  G M  ru b ber p lan ts  a re  in th e  p ip elin e  
fo r  w h ic h  R R II w o u ld  b e  a p p r o a c h in g  
G o v e r n m e n t  o f  In d ia  fo r  p e r m is s io n  to 
co n d u ct th eir field  trials.

R R II is a ls o  d o in g  reg u lar  fo llo w  u p  
s tu d ie s  o n  R u b S IS  in the trad itio n a l a reas  
w h ere  th is o n lin e  fertilizer  recom m en d ation  
sy s te m  h a s  b e e n  in  p r a c tic e  fo r  th e  p a st 

co u p le  o f  y ears.

A  s ig n ifica n t d ev e lo p m en t h as b een  the 

d e l in k in g  o f  D R C  t e s t in g  R e g io n a l  
L ab o ra to ries from  RR II and  a ttach in g  th em  
to the R ubber B oard C om p an ies. T h e original

in ten tion  o f th e  R eg io n a l L ab o ra to ries w as 
to  co n d u ct so il tes tin g  bu t in recen t years, 
th ese  labs w ere actin g  m o stly  a s D R C  testing 
c e n tre s . T h e  n e tw o r k  o f  7  D R C  te s tin g  
R eg io n a l L a b o ra to rie s  w as in su ffic ie n t to 
reach  o u t to  th e  n ea rly  1.2 m illio n  ru b ber 
g ro w ers  in th e  c o u n try  to  tes t th e ir  D R C  
sam p les. H ence, R u bber Board  C o m p an ies 
fu n ctio n in g  in  d ifferen t p arts o f th e  co u n try  
w ere  assig n ed  the du ty  o f  D R C  tes tin g  to 
ca ter  to a m u ch  la rg er  sectio n  o f th e  g ro w er 
com m un ity .

In  a s i t u a t io n  w h e r e  c u l t iv a t io n  is  

e x p a n d in g  to  n o n -tra d itio n a l a reas  w h e re  
c o ld ,d ro u g h t, h ig h  te m p e r a tu r e , e tc  a re  
m a jo r  lim itin g  fa cto rs , it is  h e a r te n in g  to 
learn t th e  c lon e, RR II 4 3 0  is p ro v in g  to  be 
h ig h ly  v ersatile , cap ab le  o f ad ap tin g  to th ese 
stressfu l en v iro n m en ts. Poly cro ss b ree d in g  

su p p orted  by M arker A ssis ted  Selectio n  and 
facilita ted  b y  th e  o u tco m e from  the w h o le  
g en o m e se q u e n c in g  p ro je c t w ill go a lon g  
w ay  to ad d ress the issu e o f p o ten tia l y ie ld s 
re a ch in g  a s ta g n a tio n  an d  e v o lv in g  h ig h  
y ie ld in g  c lo n es  m o re  frequen tly . T o leran ce  
to pests, d isea ses  and  c lim ate  resilien ce  are 

in creasin g ly  re lev an t in the c o n tex t o f g lobal 
c lim ate  c h a n g e  w h ich  is se rio u s ly  im p actin g  
ru b be r cu ltiv a tio n  in e n tire  S o u th  E a st A sia.



Stu d ies on cost o f production o f rubber 
in the m ajor rubber g row in g  states o f  the 
country, so c io -eco n o m ic  im p act o f rubber 
cu ltiv a tio n  in T rip u ra , a d o p tio n  o f  g ood  
agricultural practices by rubber grow ers and 
stu d ies on agrarian  d istress  am o n g  sm all 
rubber grow ers are im p ortan t p ro jects that 
n eed  to  b e  a d d r e s s e d  in  a t im e -b o u n d  

manner.

I co n g ra tu la te  th e  D ire cto r , Scien tis ts  

and o th er  o ffic ia ls  o f R R II fo r  th e ir  serv ice  to 
th e  c a u s e  o f  n a t u r a l  r u b b e r  r e s e a r c h . I 
recom m end th is rep o rt for p eru sa l and  study 

o f all s tak eh o ld ers in ru b be r v a lu e  ch a in  w ho 
w ill fin d  th e  c o n t e n t s  to  b e  u s e fu l  and 

in terestin g .
D r. K .N . R agh avan

C h a irm a n  &  E x e cu tiv e  D irector



D I R E C T O R 'S  R E V I E W

\____ !__

A  fe w  im p o r t a n t  p r o je c t s  w ith  
s ig n i f i c a n t  p r a c t ic a l  a p p l ic a t io n s  w e re  
co m p le ted  d u rin g  2020-21 . T h ese  in cluded  
d e v e lo p in g  g e o -r e fe r e n c e d  d ig it a l  s o il 
f e r t i l i ty  m a p s  o f  r u b b e r  p la n ta t io n s  in 
N o rth ea st India and  lan d slid e  s u scep tib ility  
m ap s o f ru b be r h o ld in g s o f K erala , up d ating  
satellite-based  geo-sp atial m ap p in g  o f rubber 
p lan ta tio n s  in th e  en tire  country , a ssessin g  
th e  a g r o -c l im a t ic  s u i ta b il i t y  fo r  n a tu r a l 
rubber cu ltivation  in  d ifferent states, n u trient 
m an agem en t o f root trainer p lan ts in nu rsery 
an d  m o n ito rin g  ch a n g e s  in th e  q u a lity  o f 
cu p -lu m p s d u rin g  storage. C o m m issio n in g  
a R u b b er P rod u cts In cu b ation  C entre  a t R RII 
w as a m ajor m ilestone o f achievem en t during 
th is  year. W ith  th e  so il fe rtility  m a p s  o f  
N o r th e a s t  In d ia  n o w  c o m p le te d , o n lin e  
fe r tiliz e r  reco m m en d a tio n s  fo r  the ru b ber 
h o ld in g s  in th e  re g io n  ca n  b e  la u n ch e d . 
A ssem b ly  and  a n n o ta tio n  o f d e n ovo  en d -to - 
end  w h o le  g en o m e seq u en cin g  o f ru b be r is 

a t  th e  fin al stage.

It w as e v id e n t fro m  th e  g e o -s p a t ia l  
s tu d ie s  th at m a jo r  ch an g es  w ere h ap p en in g  
in  th e  n a tu r a l  r u b b e r  la n d s c a p e  o f  th e  
c o u n tr y .  W h ile  th e  a r e a  u n d e r  r u b b e r  
c u l t iv a t io n  in  t r a d it i o n a l  r e g io n s  h a s  
r e m a in e d  a lm o s t stead y , c u lt iv a tio n  h a s  
e x p a n d e d  in  n o n - t r a d i t io n a l  a r e a s ,

p articu larly  in N o rth e a st In d ia . T h e  geo- 
sp atia l tech n iq u e  em p lo y ed  to  m ap  ru bber 
p lan tation s w ill h elp  m o n ito r fu tu re  chan ges 
in r u b b e r  c u lt iv a te d  a re a . S im ila rly , g eo - 
referen ced  soil fertility  m a p p in g  w ill help 
m o n it o r  lo n g  te r m  im p a c t  o f  r u b b e r  

c u ltiv a tio n  on  so il n u trien t statu s.

E arlier  stu d ies  h av e sh o w n  th a t India 
w ill  n e e d  to  in c r e a s e  d o m e s t ic  r u b b e r  
p ro d u ctio n  to  a ch iev e  se lf-su ffic ien cy  and  
th at th is c a n n o t b e  a ch ieved  u n less th ere  is a 
m issio n  m o d e  ap p ro ach  to  rep lan t th e  large 
sh a re  o f old/senile ru b ber in th e  trad ition al 
reg ion  and ex p an d  cu ltiv a tion  to  n ew  areas 
in  th e  n o n - t r a d it io n a l  r e g io n s  w it h o u t  
c a u s i n g  s ig n i f i c a n t  a d v e r s e  s o c ia l  o r  
eco lo g ica l e ffects . In  th is  regard , th e  results 
o f ag ro -c lim a tic  su ita b ility  a n a ly sis  d o n e  for 
all d is tric ts  in  th e  co u n try  w h e re  ru b be r can 
b e  p o s s ib l y  g r o w n  a s s u m e s  m u c h  
im p o r ta n c e .  N e x t to  t r a d it io n a l  a r e a s ,  
p r o d u ctiv ity  o f r u b b e r  is  lik e ly  to  b e  the 
h ig h est in N o rth east India a n d  cu rren t trend s 
in  g lo b a l w a n n in g  m ay  b rin g  m o re  areas  
b e tte r  su ited  fo r  ru b be r cu ltiv a tio n  in the 

region.

T h ere  h a v e  b een  e ffo rts  b y b lo ck  ru bber 
p ro ce sso rs  to im p o rt cu p -lu m p s  to  In d ia  
w h ich  w as w elcom ed  b y  the ty re  in d u stry



and objected to by the g row ers . O u r s tu d ies  
c learly  sh ow  th at upon sto rag e th e  p hy sical 
p r o p e r t ie s  o f  e u p - lu m p s  d e t e r io r a t e  
seriously, affectin g  th eir p rop erties, m aking 
th em  a p oor raw  m ateria l for m ak in g  good 
qu ality  b lock rubber. A lso, these cu p -lu m p s 
h a r b o r  n u m e r o u s  m ic r o o r g a n i s m s ,  
m aggots, e tc. T h e C O V ID -19 p an d e m ic  and 
em ergen ce o f som e m a jo r  d iseases in o th er  
r u b b e r  g r o w in g  c o u n t r ie s  a r e  s t r o n g  
p o in te r s  to  th e  r is k s  a s s o c i a te d  w ith  
im p orting  u n p rocessed  rubber. P rocessed  
rubbers su ch  as b lock  o r  R S S  do n o t p ose  
sig n ifican t b io log ical/eco logical risks.

A  few  n ew  p ro jects  w ere  a lso  in itia ted  
d u r in g  th is  year. A new  fie ld  tr ia l w as 
started  a t C E S, C h eth ak k a l in co rp o ra tin g  
five fru it c ro p s  b y  ra d ic a lly  a lte r in g  th e  
p la n tin g  g e o m e tr y  o f  ru b be r. T h e re  are  
d iscu ssion s g o in g  o n  a t  the level o f  th e  state  
gov ern m en t in K erala  to a llo w  cu ltiv a tio n  
of fruit cro p s in ru b ber e sta tes. O u tco m e  o f 
th is  p r o je c t  w ill b e  o f  g r e a t  p r a c t i c a l  
sign ificance for both  sm all and  large  ru b ber 
g ro w e rs . S tu d ie s  o n  s t a te -w is e  c o s t  o f  
p r o d u c tio n  o f  r u b b e r , s o c io  e c o n o m ic  
im p a ct o f  ru b b e r  cu lt iv a tio n  in  T r ip u ra , 
a d o p t io n  o f  r e c o m m e n d e d  g o o d  
a g ricu ltu ra l p ra ctices  by ru b b e r  g ro w e rs  

and agrarian  d istress an d  liv elih o o d  issu es 
o f sm all rubber grow ers are o th er im p o rtan t 
new  research p ro jects  in itia ted  d u rin g  th is 
year.

RRII en tered  tw o new  c o lla b o ra tio n s  
w ith  tw o external agencies, nam ely (i) w ith 

Spices Board and lUTM -Kerala for developing 
an o n lin e  fe r tiliz e r  r e c o m m e n d a tio n  fo r  
card am om  in Idukki d istric t o f K era la  and  
(ii) w ith  C SIR , NEER1 to p ro file  m icro b ia l 

p o p u la t io n  o f  r u b b e r  a n d  fo r e s t  s o i l s  
through m etageno m ics an alysis  In  ad d ition ,

d is c u s s io n s  a r e  p r o g r e s s in g  w ith  M/s. 
M ich elin  T yre  C o m p a n y 's  r u b b e r  p lan tation  
d iv isio n  to  e x ten d  R & D  s u p p o rt w h ich  w ill 
in c lu d e  g e o - r e f e r e n c e d  s o i l  f e r t i l i t y  
m ap p in g , sa te llite -based  m a p p in g  o f  rubber 

h o ld in g s , in te r c ro p p in g , etc. a m o n g  o th ers.

T h is A nn u al R ep o rt w ill b e  th e  fin a l one 
th at 1 am  m a k in g  a s  D ire cto r  o f R R II w h e re  
I serv ed  26  y ea rs , in c lu d in g  m o re  th an  14 

y e a rs  a s  its  D ire cto r. I w a s  g u id e d  b y  the 
f ir m  c o n v ic t io n  t h a t  a p p l i e d  r e s e a r c h  
sh o u ld  b e  s tro n g ly  su p p o rte d  b y  th e  la test 
d e v e lo p m e n t s  in  b a s i c  s c i e n c e  a n d  

tech n o lo g y  to  a ch ie v e  th e  u ltim a te  o b jec tiv e  

o f  sc ie n c e -s o c ie ty  n e x u s . K e e p in g  th is  in 
m in d , n ew  re se a rch  a v e n u e s  w e re  o p en ed  

in d iv erse  f ie ld s  o f  m o d e rn  s c ie n c e  an d  the 
resu lts  h av e been  h ig h ly  sa tis fy in g . S a te llite - 

b ased  g e o -sp a tia l te c h n iq u e s  fo r  m a p p in g  
o f  r u b b e r  p la n ta tio n s  in  th e  c o u n tr y  an d  
g e o - r e f e r e n c e d  s o i l  f e r t i l i t y  m a p p in g ,  

b i o i n f o r m a t i c s  in c l u d i n g  e n d - t o - e n d  
seq u en cin g , asse m b ly  and  a n n o ta t io n  o f  the 

w h o le  g e n o m e  o f  r u b b e r  a n d  m a r k e r  
a ssis ted  b ree d in g , w id en in g  th e  g e n e tic  b ase  

o f  r u b b e r  b y  im p o rt in g  m o re  th a n  4 0  b e s t 

p e r fo r m in g  c lo n e s  f r o m  n e a r ly  a d o z e n  
m a jo r  r u b b e r  g r o w in g  c o u n tr ie s  in  th e  

w o r ld , s t u d ie s  o n  c l im a te  c h a n g e  in  th e  
r u b b e r  g r o w in g  r e g io n s  o f  In d ia  a n d  its  
p o t e n t i a l  im p a c t  o n  g r o w t h  a n d  

p r o d u c t iv i ty  o f  r u b b e r , e c o lo g ic a l  n ic h e  
m o d e l l in g ,  d e v e lo p i n g  1 C T  t o o l s  fo r  
a g r icu ltu ra l e x te n s io n , e tc . a r e  a few  su ch  

in itia tiv e s  th a t h a v e  y ie ld ed  ta n g ib le  re su lts  
a n d  p u t R R II a t  a  p r e -e m in e n t  p o s i t io n  
a m o n g  a l l  r u b b e r  g r o w in g  c o u n t r i e s .  

B re a k th ro u g h  in n o v a tio n s  w e re  m a d e  th at 
m a d e  r u b b e r  c u l t iv a t io n  le s s  r e s o u r c e  
in te n s iv e  an d  m o re  e f f ic ie n t ,  s u s ta in a b le  
and  e n v iro n m e n t frien d ly . A  reco rd  n u m b er



o f h ig h  y ie ld in g  c lo n e s  w ere re leased , and 
th e i r  r e g io n a l  s u i t a b i l i t y  w a s  a ls o  
r e c o m m e n d e d .  M in im a l  c u l t iv a t io n  
p ra c tice s  w ere  ev o lv ed  th at h elp ed  red u ce 
c o s t  o f  p r o d u c tio n , e m p o w e r in g  r u b b e r  
g ro w ers  to  w ith sta n d  m a rk et v o la tility  and 
in stillin g  in th em  a ren ew ed  co n fid e n ce  in 
th e  fu t u r e  o f  r u b b e r  c u lt iv a t io n  in  th e  
cou n try .

V a lu e  a d d it i o n  d u r in g  p r im a r y  
processin g  o f latex and transfer o f technology 
to  th e  r u b b e r  p r o d u c ts  m a n u fa c tu r in g  
in d u s tr y  w e r e  g iv e n  m u ch  im p o rta n c e .

I n n o v a t io n s  le d  to  im p r o v e d  p r o d u c t  
p e r fo rm a n c e  an d  r e d u c e d  c o s ts ,  e n e rg y  
co n su m p tio n  an d  C O , e m iss io n . E con o m ic, 
e n v iro n m e n ta l a n d  s o c ia l s u s ta in a b il i ty  
b e c a m e  th e  h a l lm a r k  o f  In d ia n  r u b b e r  
in d u stry .

L ea d in g  R R II h as b e e n  a ch a lle n g in g  
b u t rew a rd in g  r e s p o n s ib ility  an d  a g re a t 
p r iv ile g e .  I r e c e iv e d  th e  w h o le -h e a r te d  
s u p p o rt a n d  c o o p e ra tio n  fro m  th e  e n tire  
R R I I  f r a t e r n i t y  w h ic h  I g r a t e f u l ly  

ack n o w led g e .
D r. Ja m e s  Ja c o b



M o n ito r in g  s o il f e r t i l i ty  s t a tu s  in 
ru b b e r  p lan ta tio n s  and  tak in g  up  research  
p r o g ra m m e s  to  s u s ta in  s o il f e r t i l i ty  a re  
im p o r t a n t  th ru s t a r e a s  o f  th e  D iv is io n . 
G e n e r a t in g  a d d it io n a l  in c o m e  fro m  th e 
p la n ta t io n  th ro u g h  in te g r a t in g  d iv e r s e  
crops/ tim b er trees in rubber p lan ta tio n s is 
a lso  a m a jo r  area  o f  research . W ith  th ese 
ob jective s, variou s ex p erim en ts o n  n u trien t 
m a n a g e m e n t  a n d  in te r c r o p p in g  w e r e  
con tin u ed . T h e h o m estead  farm in g  pro ject 
w ith  m u ltip le  e n te rp rise s  in itia ted  d u rin g  
2019  w as in p rogress. Fo llow  up stu d ies  o f 
R u b S IS  o n  lim in g  an d  fe r tiliz e r  sk ip p in g  
w e r e  in  p r o g r e s s  a t  d if fe r e n t  lo c a t io n s .  
A n aly sis  o f so il sam p les for fertility  m ap ping  
o f ru b be r gro w in g  reg io n s o f N E  India w as 
com p leted . Soil fertility m ap s w ere generated 
a n d  d e v e lo p m e n t  o f  o n l in e  fe r t i l i z e r  
recom m en d ation  for rubber gro w in g  regions 
o f  N E  In d ia  w as in p rogress. D istrict-w ise  
la n d slid e  su scep tib ility  zo n es (sh ap e files) 
a v a ila b le  in  th e  p la t fo rm  o f  K e ra la  S ta te  
D isaste r  M an ag em en t A u th ority  (K S D M A ) 
w as used  for the ch aracteriza tio n  o f rubber 
p lan ta tio n s in K era la  accord in g  to lan d slid e 
p ronen ess. R u bber grow ing  reg ion s in  K erala 
w ere catego rized  in  to low, m ed ium  and high 
la n d slid e  s u scep tib le  zon es. A  co llab orativ e  
p ro ject w as in itiated  w ith  Sp ice s  B oard  and 
II1 T M K  fo r  d e v e lo p in g  o n lin e  fe r t i l iz e r  
reco m m en d atio n  for card am o m  p lan tation s 
in Id u kki d istrict.

1 . N u tr ie n t m a n a g e m e n t

Th e experim ent on nutrient m anagem ent 
in it ia t e d  to  r e v is e  th e  c u r r e n t  fe r t i l iz e r

re co m m e n d a tio n  fo r  r o o t tra in e r  n u rse ry  
r u b b e r  p la n ts  w a s c o n c lu d e d . T h e  th ird  
ex p erim en t, co n d u cted  in c lu d in g  m o d ified  
trea tm en ts  b a se d  o n  th e  seco n d  tr ia l a lso  
r e v e a le d  th e  s u p e r io r i t y  o f  in te g r a te d  
m a n a g e m e n t  (2 5 %  o f  c u r r e n t  fe r t i l iz e r  
reco m m en d atio n  + P seu dom on as  sp . + slurry, 
fo r tn ig h tly  a p p lic a tio n )  fo llo w e d  b y  th e  
tr e a tm e n t ,  fo l ia r  a p p lic a t io n  o f  s o lu b le  
fe r tiliz e rs  a lo n g  w ith  b a sa l a p p lica tio n  o f 
M g and Ca.

Th e field experim ent a t C ES, Chethackal 
to  s tu d y  th e  e f f e c t  o f  lo n g -te r m  u s e  o f  
in o r g a n ic  a n d  o r g a n ic  m a n u r e s  o n  th e  
g r o w th  a n d  y ie ld  o f  r u b b e r  a n d  o n  th e  
p h y s ic o -c h e m ic a l  p r o p e r t ie s  o f  s o il  w as 
co n tin u ed  w ith o u t a p p ly in g  fer tiliz er  and 
F Y M  to  u n d ersta n d  th e  re s id u a l e ffe c t  o f 
treatm ent.

T h e field  ex p e rim e n t in itia ted  d u rin g  
201 9  a t  T R  &  T  estate , M u n d ak ay am  to  s tu d y  
th e  e f fe c t  o f  a p p lic a t io n  o f  m a g n e s iu m  
fe r tiliz e r  o n  g ro w th  a n d  y ie ld  o f  m a tu re  
ru b be r w as c o n tin u ed . Im p osed  treatm en ts, 
reco rd ed  o b serv a tio n s  an d  co m p iled  d ata .

C o n tin u ed  th e  R h izo sp h e re  s tu d y  and 
b u lk  so il s a m p le s  w e re  c o lle c te d  fo r  th e  
c lo n es  viz . R R II 430 , R R II 4 1 4  an d  R R II 105 
in fo u r lo ca tio n s  to id en tify  a su ita b le  c lo n e  
in  lo w  p H  s o il  a n d  d a ta  a n a ly s is  a r e  in 
p ro g ress.

2. I n t e r c r o p p i n g  a n d  c r o p p i n g
s y ste m s

T h e field experim ent a t CES, C hethackal 
to find o u t the feasibility o f esta b lish in g  cro p s



like co ffee  (Selection  13), pepper, tu rm eric, 
am o rp h o p h allu s, co lo ca sia  and  ch illi, as 
in te r c ro p s  in m a tu re  r u b b e r  p la n ta tio n  
u n d er tap p in g  w as in p ro g ress . P lan ted  
g in ger (IJSR  V arada) and th ree v arieties o f 
tu rm e r ic  v iz . 1ISR v a r ie tie s , P r a th ib h a , 
P r a g a th i  a n d  A lle p p e y  S u p r e m e  a s  
in tercro p s in  m atu re  ru b ber d u r in g  2 0 2 0 . 
B oth  th e  cro p s  g o t e stab lish ed  u n d er th e  
sh ad e o f m ature ru bber u n d er tap p in g . T h e 
p erform ance o f g in g er  w as p oor as th e  cro p  
w a s s e v e r e ly  in fe c te d  w ith  s o f t  ro t . 
H ow ever, the p erfo rm an ce  o f tu rm eric  w as 
very good  and the yield  realized  w as around 
60  p er cen t o f  th at o f m o n o cu ltu re . G row th  
a n d  y ie ld  o f  r u b b e r  d id  n o t  v a ry  
s ign ifican tly  am o n g  treatm en ts.

T h e ex p erim en t o n  D ev e lo p m en t o f a 
m ulti sp ecies ru bber-based  cro p p in g  system  
fo r  Tam il N ad u  re g io n  w a s in  p r o g re s s . 
G r o w th  o f  r u b b e r  c o n t in u e d  to  b e  
s ig n ifica n tly  h ig h er  in in te rcro p p e d  area  
com pared  to con tro l plot.

T h e  e x p e r im e n ts  o n  in te r c ro p p in g  
p erennial cro p s w ith  rubber in itiated  a t  C ES, 
C h eth ackal in 2001 w ere con tin u ed  and  the 
g row th and  y ield  o f r u b be r c o n tin u ed  to be 
n o t in flu e n ce d  b y  c u lt iv a t in g  c o f fe e  o r 
n u tm eg  as in tercrop s.

T h e ho m estead  farm in g  p ro je c t w as 
in itiated  at RR II d u rin g  2 019 . R u b b er (clon e 
RRII 430) w as p lan ted  in p aired  ro w s a t  a 
sp acin g  o f 14x4x 2.4  m . A  con tro l p lo t w as 
a lso  establish ed  a t a sp acin g  o f  6 .7 x 3 .0  m. 
P eren nial in tercro p s, m an g o , cash e w  and 
jack  g ra fts  w ere estab lish ed  as in tercro p s. 
D iv e rse  food  c ro p s  w ere  p la n te d  in  th e  
in terspaces. P iscicu ltu re  w as a lso  in tegrated  
in the hom estead  system . G irth  o f  the p lan ts 
w ere record ed .

T h e  ex p erim en t in itia ted  in  2 0 1 6  in 
M alan kara e state , T h o d u p u zh a  to  stu d y  the 
e f f e c t  o f  r e ta in in g  p in e a p p le  a f te r  th e  
in te r c r o p p in g  p e r io d  w a s  c o n t in u e d .

G row th  a n d  yield  o f  ru b ber w a s  n o t affected  
by re ta in in g  p in eap p le .

Table Ag. I. Effect o f retaining p ineapple on girth 
o f rubber ____________

Year Average girth of rubber trees (cm) (-test
Pineapple Pineapple
retained removed

2020 70.06 68.81 NS

E x p erim en t o n  in ter p lan tin g  o f ru bber 
w ith  tim b er tr e e s  v iz .  teak , w ild  ja c k  and  
m ah o g an y  w a s  co n tin u ed . G ro w th  o f  ru bber 
w as n o t s ig n if ic a n t ly  in f lu e n c e d  b y  row  
sp a c in g  a n d  ty p e  o f  tim b e r  in te rcro p s. N o 
s ig n if ica n t d iffe re n ce  in y ie ld  o f ru b b e r  w as 
o b s e r v e d  b e t w e e n  s p a c in g ,  t y p e s  o f  
in tercro p  a n d  in tera c tio n s .

T o  f in d  o u t  th e  f e a s i b i l i t y  o f  
e s ta b lish in g  fru it tre e s  w ith  ru b b e r  a field 
e x p erim en t w as in itia ted  a t  C E S, C h eth ack a l 
d u r in g  2 0 2 0  a n d  e s ta b l is h e d  r u b b e r  an d  
e x o tic  fru it trees (M a n g o ste e n , A ch ach a iru , 
V ietn am  su p e r  e a r ly  ja c k  fru it, A b iu  and  
L o n g k o n g ) in  th e  e x p e rim e n t area .

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

T h e  fie ld  e x p e rim e n t o n  th e  e ffe c t  o f 
leg u m e co v e rs  a n d  n a tu r a l flo ra  o n  g ro w th  
o f  r u b b e r  a n d  s o il p h y s ic o -c h e m ic a l an d  
b io lo g ica l p r o p e r tie s  la id  o u t a t  th e  C en tra l 
E x p e r im e n t  S t a t io n  o f  R u b b e r  R e s e a r c h  
I n s t i t u t e  o f  I n d ia ,  w a s  c o n t in u e d .  T h e  
h ig h e s t  g r o w th  w as r e c o rd e d  in  P u era r ia  
e s ta b lish e d  p lo ts  fo llo w ed  b y  M u c u n a  and  
w ere  co m p a ra b le .

T h e  s tu d y  o n  d if fe r e n t ia l  e f f e c t  o f 
w eed  flo ra  o n  g ro w th  o f  r u b b e r  a n d  soil 
p ro p e r tie s  w as co n tin u e d . T h e re  w as n o  
s ig n if ica n t d iffe re n ce  b e tw e e n  g r a sse s  and  
s o ft w e e d s  o n  g ro w th  o f  p la n ts . D ry  w eig h t 
o f  ro o ts in th e  to p  3 0  cm  s o il lay er  w a s  h ig h er  
fo r  so ft w eed s.



T h e  ob serv atio n a l trial to find o u t the 
feasib ility  o f e stab lish in g  C. caeru leu m  u n d er 
p artia l sh ad e  (a fter  the in tercrop  p in eap p le) 
in it ia te d  a t  K a liy a r  e s ta te  w as co n c lu d e d . 
C. caeru leu m  e stab lish ed  w ell in th e  field  and  
reta in ed  in the field  in su m m er  a lso . Based  
o n  th e  p erfo rm a n ce  o f C. caeru leu m  in  in itial 
a n d  la t e r  im m a tu r e  p h a s e s ,  th is  is  
recom m en d ed  as an  a ltern ate  cov er cro p  in 
ru b ber plan tations.

4. P la n tin g  te ch n iq u e s

T h e  e x p erim en t to ev a lu ate  d ifferen t 
p lan tin g  sy stem s in  2 007  a t  C heruvally  estate 
w as con tin u ed . C an o p y  g row th continu ed  to 
be  a s y m m e tr ic a l. G ro w th  o f  r u b b e r  w as 
com parab le betw een control (square planting) 
and  tw in  system  o f p lan tin g . In  p aired  row  
p lan tin g , a s trip  o f  w id th  0.75  to 1 m  w as 
a v a ilab le  w ith o u t sh ad in g  for in tercrop p ing . 
Y ie ld  o f  trees in  the p aired  row  system  of 
p lan tin g  w as com p arab le  w ith th at o f control 
(sq u are  sy stem  o f p lanting).

5. D e v e lo p m e n t o f a g r o -m a n a g e ­
m e n t te c h n iq u e s  fo r  r e d u c in g  
th e  g e s ta t io n  p e rio d

T h e  fie ld  ex p e rim e n t in itia ted  at C E S, 
C h e t h a c k a l  to  d e v e lo p  a n  a g r o n o m ic  
p a ck a g e  to  red u ce  th e  im m atu rity  p erio d  of 
r u b b e r  s t a r t in g  fr o m  p la n tin g  m a te r ia l 
o n w a rd s w ith  co m b in a tio n s  o f tw o ty p es  o f 
p la n tin g  m a te r ia l an d  tw o  m a n a g e m e n t 
o p t io n s  a s  t r e a tm e n ts  w a s  in  p r o g re s s . 
D ir e c t - s e e d e d  g r e e n  b u d d e d  p la n ts  
r e c o r d e d  s ig n i f i c a n t ly  h i g h e r  y ie ld  
co m p a red  to g re en -b u d d ed  stu m p s  ra ised  
in  p o ly b a g s  u n d e r  cu rre n t reco m m en d ed  
p ractice .

T h e  field  e x p erim en t in v e stig a tin g  the 
c o m p a ra t iv e  p e r fo rm a n c e  o f  o n e -  w h o rl, 
tw o -w h o r l an d  th re e -w h o rl p o ly b a g  and  
ro o t tra in e r  ru b be r p la n ts  in itia ted  a t  C E S,

C h eth ackal w as continu ed . T h e  y ield  did not 
vary  sig n ifica n tly  a m o n g  d iffe re n t ty p es  o f 
p lan tin g  m ateria ls .

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

F o r th e  d ro u g h t study, rh izosp h ere  the 
so il and  le a f sa m p le s  w ere  co lle cted  from  
th e c lo n e s  R R II 414 , R R II 430  and  R R II 105 
fro m  th e  e x p e r im e n ta l f ie ld  o f  R R II and
an a ly sis  is in  p rogress.

7. S o il fe rtility  m a p p in g  an d  so il  
h e a lth  m o n ito rin g

F ollow  u p  stu d ie s  o f  R u b S IS  w ere  in 
p r o g r e s s .  T h e  b lo c k  tr ia l a t  T h e v e rv e li l  
E s ta te , P e r u n a d u , to  s tu d y  th e  e f fe c t  o f  
lim in g  o n  g ro w th  o f im m a tu re  ru b b e r  and  
s o i l  p r o p e r t ie s  w a s  c o n t in u e d .  I t  w a s  
o b s e r v e d  th a t l im in g  h a d  a s ig n if ic a n t  
in flu en ce  on the g ro w th  o f im m atu re  rubber. 
In th e  treatm ent w ith  lim e application  @  250  g 
p la n t '1, m o re  th a n  6 2  p e r  c e n t  o f  t r e e s  
a tta in ed  ta p p a b le  g ir th  in 6 7  m o n th s  w h ile  
in the c on tro l (no lim e treatm en t) it w as o n ly  
30  p er c e n t (T ab le A g. 2).

Table Ag. 2. E ffect o f lim in g on girth o f rubber plants
Treatments Status of trees after 67 months

Mean girth (cm) 
after 67 months

Trees with girth 
>50 cm (%)

Control 47.3 30
Lime @ 250 g plant^ 50.5 62
Lime #500 g plant 47.8 42

T h e  b lo ck  tr ia l a t  T h e v e rv e lil E state, 
P eru n ad u  to  stu d y  th e  e ffe c t  o f  lim in g  on 
th e  y ie ld  o f  m a t u r e  r u b b e r  a n d  s o il  
p ro p erties  w as co n tin u ed . T h e  d ry  ru b be r 
y ie ld  in  th e  tw o  tr e a tm e n ts  v iz .,  in  lim e  
a p p l ie d  a n d  n o t  a p p l i e d  b lo c k s  w e r e  
s ig n ifica n tly  d ifferen t.

F ie ld  e x p e r im e n ts  in it ia te d  d u r in g  
20 1 8 -1 9  to  s tu d y  th e  e ffe c t  o f  S k ip p in g  of



fertilizers on g row th and yield o f ru b ber and 
on so il p r o p e r tie s  at T h e v e rv e iil  E sta te , 
P eru n ad u  w as in progress. T h e dry ru b ber 
y ield  in the fertilizer sk ip p ed  and app lied  
treatm en ts w ere co m p arab le . H ow ever, in 
th e  fe r t i l iz e r  a p p lie d  p lo t s ig n if ic a n t ly  
h igher con ten ts o f so il av a ilab le  K> C a  and 
M g w ere observed .

T h e  e x p e r i m e n t  in i t ia t e d  a t  
M alan k ara  esta te  T h o d u p u zh a  a s  a p a rt o f 
the fo llo w  up stu d ie s  to  m o n ito r  g ro w th  
and  yield  as w ell a s  so il and  lea f n u tr ien t 
sta tu s  in  ru b ber p la n ta tio n s  fo llo w in g  th e  
A d h o c  r e c o m m e n d a tio n  o n  s k ip p in g  o f  
fe rtiliz ers  w as co n tin u ed .

T h e field  tr ia l to  stu d y  th e  e ffe c t o f 
sk ip p in g  o f fertilizers o n  g ro w th  and  y ield  
o f  m a tu r e  r u b b e r  a t  T h iru m b a d i e s ta te , 
K ozh ikod e w as co n tin u ed . C ollected  data 
on b lock  yield .

F ie ld  e x p e rie m e n ts  in itia ted  a t  fiv e  
location s in  K erala  d u rin g  20 1 8 -1 9  and  at 
o n e location  in K arnataka to s tu d y  th e  e ffe c t 
o f  s k ip p in g  o f  f e r t i l i z e r s  o n  y ie ld  an d  
g ro w th  o f r u b b e r  an d  o n  so il p ro p e r tie s  
w ere in progress.

8. Soil fertility m apping of rubber
grow ing regions of N orth East 
India

S o il f e r t i l i ty  m a p p in g  o f  r u b b e r  
grow ing regions o f N E India w as in p rogress. 
G eoreferen ced  soil sam p les w ere collected  
from  ru b be r g ro w in g  re g io n s  o f  T rip u ra , 
A ssam , M eg h a la y a , M an ip u r, A ru n a ch a l 
Pradesh and W est B engal and  w ere analysed  
in the laboratory  at RRII for d ifferen t soil 
fertility param eters. So il fertility sta tu s  w as 
m ap p ed  u sin g  g e o s ta tis t ic s . D e v e lo p in g  
o n lin e  fe r tiliz e r  re co m m e n d a tio n  w as in 
p ro g re s s  in co lla b o r a tio n  w ith  JIIT M -K , 
Th iru van anthapuram .

8.1. M eg h a la y a

N atu ra l ru b be r is c u ltiv a te d  in  a b o u t 
16330  ha in  M eg h a la y a  a n d  its im p o rta n ce  
is g ro w in g  in th e  S ta te . A lto g e th e r  4 0 4  soil 
sa m p les  (0 -3 0  cm ) w ere  co lle c te d  fro m  the 
S ta te  a n d  su b jected  to  c h e m ica l a n a ly se s  for
13 p a ra m e te rs . F ro m  th e  r u b b e r  g ro w in g  
reg io n s in  th e  d is tr ic ts  o f  N o rth  G a ro  H ills, 
W est G aro  H ills , E ast G a ro  H ills , S o u th  G aro  
H ills , S o u th  W est G a ro  H ills  an d  R iB h oi, 
5 5 ,1 6 2 ,  5 7 , 39 , 59  a n d  3 2  so il sa m p le s  (0  - 3 0  
cm ) w ere  co lle c ted  resp ectively .

8.1.1. S u m m ary  r e su lts

In g e n e ra l, a b o u t 3 5  p e r  c e n t o f  the 
so ils  u n d er ru b be r c u ltiv a tio n  in  M e g h alay a  
s ta te  is  c a te g o r iz e d  a s  e x tr e m e ly  a c id ic . 
M o st o f th e  s a m p le s  (> 9 8  % ) a n a ly z e d  w ere  
m ed iu m , h ig h  o r  v ery  h ig h  in so il O C  statu s. 
T h e  s a m e  tre n d  w a s  o b se rv e d  in  Av. M g 
s t a tu s  a ls o  v iz .,  m o r e  th a n  9 8  p e r  c e n t 
s a m p le s  w e re  m e d iu m  o r  h ig h . M o re  th an  
8 5  p e r  c e n t  o f  th e  s a m p le s  w e r e  e it h e r  
m e d iu m  o r  h ig h  in  Av. K  an d  Av. C a  sta tu s . 
A m o n g  th e  m acro  n u trien ts , Av. P  s ta tu s  w as 
fo u n d  to  b e  d e f i c ie n t  in  a lm o s t  e n t ir e  
sa m p les . D e fic ie n t s ta tu s  o f  a v a ila b le  S , B 
and  C u  w ere  fo u n d  in m o re  th a n  5 0  p er  cen t 
o f  th e  sa m p le s  w h ile  Av. Z n  w as s u ffic ie n t 
in m o re  th a n  7 5  p er  cen t. A v a ila b le  F e  and 
M n  w e r e  s u f f i c i e n t  in  a l l  th e  s a m p le s  
an a ly zed . S p atia l v a ria b ility  o f Av. Z n  s ta tu s  
is g iv en  in F ig . A g. 1

8.2. A ru n a ch a l P ra d esh

A ru n a ch a l P ra d esh  is p r im a r ily  a  h illy  
tra c t n es tled  in th e  fo o th ills  o f  H im alay as . 
N atu ra l ru b b e r  is cu ltiv a ted  in a b o u t 582 0  
h a , sp re a d  o v e r  in  s ix  d is tr ic ts , v iz . E ast 
S ian g , L o w e r  S ia n g , L o w e r  D iv a n g  Valley, 
Lohit, N am sai and  P ap u m  Para an d  covers 
a b o u t 2 .5  p er cen t o f the total cro p ed  area o f 
the state. A lto g eth er, 9 2  so il sa m p le s  (0 -30  
cm  d ep th ) w ere  c o lle c te d  fro m  th e ru b be r 
g r o w in g  a r e a s  a n d  a n a l y s e d  fo r  13



Fig. Ag. 1. Spatial variability of available Zinc in rubber growing soils o f M eghalaya

p a r a m e t e r s  v iz . ,  p H , o r g a n ic  c a r b o n , 
ex ch a n g e a b le  A l an d  a v a ilab le  P, K, C a, M g,
S , B , Z n , C u , F e  an d  M n.

8.2.1. S u m m ary  r esu lts

In g en era l, the s o ils  o f ru b ber g row in g  
a r e a s  o f A ru n a ch a l P ra d e sh  are  a c id ic  in 
r e a c t io n ,  w it h  e ig h t  p e r  c e n t  a r e a  in  
'e x tre m e ly  a c id ic ' ca teg o ry  (3 .5 -4 .5 ), 43  p er 
cen t in  th e  'v e ry  stro n g ly  a c id ic ' ca teg o ry  
(4 .5 -5 .0 ) and  3 9  p er cen t area in  the 'stron g ly  
ac id ic ' catego ry  (5.0-5 .5) and  10  p er cen t area 
in "m o d e ra te ly  a c id ic ' catego ry . M a jo rity  o f 
th e  ru b be r area  is m e d iu m  in O C  con ten t 
w ith  6 3  p er  c e n t o f  the sa m p les  in  'm e d iu m ' 
o rg a n ic  c arb o n  ca teg o ry  (0 .7 5  -  1 .5 % ). O C  
w as 'h ig h ' (1 .5 -2 .5  % ) in 2 8  p er c e n t and  
'v e ry  h i g h '(> 2 .5 % ) in 2  p er cen t a rea . Low  
o r g a n ic  c a r b o n  s t a t u s  (< 0 .7 5  % ) w a s 
o b se rv e d  in se v e n  p er  cen t o f th e  ru b be r 
area . A b o u t 51 p er  c en t o f th e  sa m p les  w ere 
lo w  (<10 p p m ) in a v a ilab le  P co n ten t, w h ile

3 8  p er c en t w ere in  h ig h  (> 2 5  p p m ) ca teg o ry  
an d  11 p er  c e n t in  m e d iu m  (1 0 -2 5  p p m ) 
category. W ith  resp ect to  s o il a v a ilab le  K , 70  
p er  c e n t o f  th e  sa m p le s  w e re  in  m e d iu m  
ca teg o ry  (50  -  125 p p m ) w h ile  2 5  p er cen t 
sa m p les  in lo w  (<50 p p m ) an d  5  p er  c en t in 
h ig h  (>125 p p m ) ca teg o ry  .

M a jo r ity  o f  th e  a r e a  is  h ig h  w ith  
re sp e c t to  a v a ila b le  C a , w ith  7 5  p er  c e n t o f 
the sam p les in 'h ig h ' category, and  1 2  p er  cent 
each  in lo w  a n d  m ed iu m  category. A vailab le 
M g  is a lso  h ig h  in  g en era l, w ith  8 2  p er  c en t 
o f th e  sa m p les  in  'h ig h ' (>25 p p m ) catego ry , 
an d  16 p er  c e n t in  m e d iu m  (1 0 -2 5  p p m ) 
catego ry . A b o u t 71 p er cen t o f  th e  sa m p le s  
w ere  'd e fic ie n t '(<10 p p m ) in  av. S  w h ile  29  
per cen t sa m p le s  w ere  in " s u ff ic ie n t ' (>10 
p p m ) ca te g o ry . R e g a r d in g  m ic ro n u tr ie n t 
boro n , a b o u t 66  p er cen t o f th e  sa m p les  w ere 
'd e f ic ie n t '(< 0 .5  p p m ), w h ile  3 4  p e r  c e n t 
sa m p les  w ere  "s u ff ic ie n t ' (> 0.5 p p m ). W ith  
resp ect to  m icro n u tr ie n t z in c, a b o u t 19 p er



ceni o f  the sam p les w ere 'd e fic ien t'(< I p p m ), 
w h ile  81 p er cent sam p les w ere  "su ffic ien t' 
(>1 ppm ). A s regards to av a ilab le  Cu, abou t 
27  per cent o f the sam p les w ere 'd efic ien t' (<1 
p p m ), w h ile  73  p er  c e n t s a m p le s  w ere  
"su ffic ien t' (>I ppm ). E n tire  ru b be r area in 
A ru nach al P rad esh  is in su fficien t ca teg o ry  
w ith respect to availab le  Fe and  Mn.

8.3. M an ip u r

N atural ru bber is cu ltiv a ted  in  abou t 
4200  ha in M anipur. S ix ty  seven  soil sam p les 
(0-30 cm ) w ere co llected  d u rin g  201 9  from  
die rubber grow ing  a reas in the d istricts viz. 
ji r ib a m , P h e r z a w l ,  T e m e n lo n g  a n d  
Tengnoupal based  on satellite  im ages during  
2017. These soil sam p les w ere su b jected  to 
chem ical analyses for 13 p aram eters viz., pH , 
o r g a n ic  c a r b o n , e x c h a n g e a b le  A l an d  
available form s o f P, K , Ca, M g, S, B, Z n , Cu, 
Fe and M n.

S.3.1. Su m m ary  resu lts

In gen eral th e  so ils  u n d e r  ru b b e r  in 
M a n ip u r  s ta te  w ere  e x tre m e ly  a c id ic  in

reaction. A bout 8 2  p er cen t o f th e  soil sam ples 
w ere ex trem ely  ac id ic  (p H , 3 .5 -4 .5 ) an d  rest 
o f  th e  sa m p le s  w e re  v ery  s tro n g ly  ac id ic  
(pH , 4 .5 -5 .0 ). T h e  soil p H  v aried  from  3 .75- 
4 .96 .

It w as foun d  th at O C  s ta tu s  o f m o st o f 
th e  s a m p le s  w e re  a d e q u a te  w h e re a s  th e  
en tire  sam p les w ere  lo w  in  Av. P. A b o u t 51 
p er cen t sam p les w ere  m e d iu m  (0 .75-1 .5% ),
43  p er cen t o f sa m p les  w ere h igh  (1 .5-2 .5% ) 
and 1.5 p er cen t o f  sa m p les  w ere very high 
(>1.5% ) in O C  sta tu s . T h e  so il sa m p le s  w ere 
lo w  (<50 p pm , 5 4% ) to  m e d iu m  (50 -125  ppm , 
46% ) in Av. K  sta tu s. A b o u t 6 3  p er cen t o f 
sam p les w ere  low  in Av. C a  w h e rea s  70  per 
cen t o f  the sam p les w ere  h igh in Av. M g. H igh 
Av. C a s ta tu s  (> 150 p p m ) w as fou n d  in a bout 
2 5  p er c e n t o f  sa m p le s  an d  1 2  p er  c e n t o f 
sam p les w ere m e d iu m . M o st o f  th e  sam p les 
in the r u b be r g ro w in g  a rea  in th is s ta te  w ere 
d efic ien t in Av. S . A d eq u ate  level o f Av. Z n, B 
and  C u  w ere  fou n d  in m o re  th an  5 0  p er cent 
o f sam p les. Av. F e  an d  Av. M n w ere sufficient 
in  th ese  so ils . M o st o f th e  so ils  w ere  h ig h  to 
v ery  h ig h  in Ex. Al.

FERTILIZER A D V ISO RY G RO U P

T h e fu n ction  o f the g rou p  is to  p rov id e 
s ite-sp ecific  fertilizer  reco m m en d a tio n  on 
the b asis  o f a n a ly sis  o f  so il an d  lea f sam p les 
received from  th e large esta tes  an d  sm all 
and m ed ium  g row ers . T h e  la b o ra to ry  at 
R R II  h e a d q u a rte rs  is  e q u ip p e d  w ith  th e  
facilities for testing the soil an d  le a f sam p les. 
T h e seven  reg ional soil tes tin g  lab o ra to ries 
(R S T L ) th o u g h  in itia te d  w ith  th e  sa m e  
pu rp ose w ere m ain ly  e ng aged  in tes tin g  the 
d ry  r u b b e r  c o n t e n t  o f  la t e x  s a m p le s .  
A d v ices  o n  fe r tiliz e r  u se  w ere  p ro v id e d  
d u r in g  th e  v is it  o f th e  g r o w e r s  to  th e  
laboratory  o r  a s c lar ifica tio n s o n  te lep h o n ic  
en q u iries o r em ail qu eries. A s a part o f the

restru ctu rin g  o f  th e  R u b b er B o ard , th e  seven  
reg io n a l la b o ra to r ie s  w e re  h a n d ed  o v e r  to 
th e  R u b b er B o a rd  m a n a g e d  C o m p a n ie s  in 
th e  re sp e c tiv e  lo ca lity  d u r in g  th e  m id d le  o f 
A u g u st 2 0 2 0 . D e ta ils  o f  s a m p le  a n a ly s is  
d u r in g  th e  re p o rt in g  y e a r  is  p r o v id e d  in 
T ab le  FA G  1 .

Table FAG I. D etails o f

Sam ple details Num ber Revenue (Rs.)

Soil 1823 4,25,526

Leaf 401 1,38,720

DRC of latex sam ples 12110 7.,24,521

Total Revenue 12,88,767



T h is  D iv is io n  m ain ly  s tu d ie s  c lim a te  
c h a n g e  p ro ce sse s  an d  its im p act on ru b be r 
c u l t i v a t i o n  in  t r a d i t i o n a l  a n d  n o n -  
t r a d it io n a l  r u b b e r  g r o w in g  r e g io n s  o f  
In d ia . A n o th e r  im p o rta n t a rea  o f  s tu d y  is  
d e v e lo p in g  in fo rm a tio n  sy stem  o n  ru b be r 
c u l t iv a t io n  u s in g  R S -G IS  p la t f o r m  to  
a c c o u n t  e x i s t i n g  a r e a s  u n d e r  r u b b e r  
cu lt iv a tio n  a n d  id en tify  su ita b le  n ew  areas  
w h e re  ru b b e r  c u ltiv a tio n  ca n  b e  ex ten d ed . 
M e t e o r o lo g ic a l  d a ta  b a s e  m a n a g e m e n t  
s y s t e m  in  r u b b e r  g r o w in g  r e g io n s  is  
r e g u la r ly  u p d a te d  a n d  lo n g -te r m  d a ta  
s e r ie s  a r e  b e in g  u sed  for c lim a te  ch a n g e  
s tu d ie s . E co sy stem  level s tu d ie s  in ru b be r 
p la n t a t i o n s  l ik e  s p e c ie s  d iv e r s i ty ,  
m icro c lim a te  p aram eters , e ffe c t o f lan d -u se  
c h a n g e  e tc . a re  a lso  b e in g  u n d e rta k e n .

G eo -sp atia l m ap p in g  a n d  u p d atin g  o f 
a c re a g e  o f  N R  p la n ta tio n s  in  th e  trad itio n a l 
r e g io n s  v iz .  K era la  and  Tam il N ad u  an d  in 
th e  n o n - t r a d i t i o n a l  r e g io n s ,  A n d h r a  
P r a d e s h  a n d  O d h is h a  w e r e  c o m p le te d  
d u r in g  th is r ep o rtin g  p erio d . A  total o f  3 .75  
la k h  h a  o f  p o te n tia l a d d it io n a l  a r e a  fo r  
r u b b e r  c u lt iv a t io n  w as e s t im a te d  in  th e  
n o n -tr a d itio n a l r e g io n s  in  In d ia . C lim a te  
s u i t a b i l i t y  fo r  N R  c u l t i v a t i o n  in  th e  
p r o je c te d  y e a r s  2 0 5 0  a n d  2 0 7 0  in  1 2 0  
d is tr ic ts  o f  N E  In d ia  re g io n  w as an a ly z ed . 
A lto g eth er, 105 d is tr ic ts  co u ld  b e  id en tified  
in th e  N o rm a l c a te g o r y  fo llo w e d  b y  an  
a d d it io n a l  8  d is t r ic t s  in th e  1 0  p e r  c e n t 
d e v ia tio n  ca teg o ry . For th e  2 0 7 0  scen a rio , 
a m e a n  in c r e a s e  o f  19 p e r  c e n t  h ig h e r  
f a v o u r a b i l i t y  in  c l i m a t i c  f a c t o r s  w a s  
p r e d ic t e d  in  N E  s t a t e s  th a n  fo r  2 0 5 0  
p r o je c tio n s . H is to r ic a l a c c o u n t o f  s tro n g  
an d  w e a k  e p is o d e s  o f  e l n in o  and  la  n in a  
o c c u r re n c e s  an d  th e ir  im p a c t o n  ra in fa ll 
p a ttern  in N R  g ro w in g  reg io n s  o f In d ia  w as 
a n a ly z e d .

1. D e v e lo p in g  ru b b e r  b a se d  
information system using Remote 
Sensing and GIS

1 .1 . G eo -sp a tia l m a p p in g  and  u p d a tin g  o f 
a cre a g e  u s in g  la te s t  s a te llite  data

1.1.1. K e r a la  a n d  K a n y a k u m a r i  d i s t r i c t  o f  
T am il N adu

U pd ation  o f en tire  ru b ber p lan tations 
(aged  3 y ears and  above) in  the trad itional 
r u b b e r  g r o w in g  r e g io n s  in  K e r a la  an d  
K an y ak u m ari d is tr ic t o f  T am il N ad u  w as 
com p leted  u sin g  sa te llite  data  as o f M arch

2019. A s per the sa te llite -based  estim ation , 
trad itional ru b ber g ro w in g  reg ion s in K erala 
and K an yakum ari d istrict o f Tam il N adu had 
a n  area o f a ro u n d  606425 h a  (Table C C E S  1). 
A rea  u n d er N R  w as the h ig h est in K ottayam  
d istric t (107708 ha) fo llow ed b y  E rnakulam  
(6 3 0 7 3  h a ) ,  K a n n u r  (5 5 9 5 3  h a )  a n d  
P athanam th itta  (54468 h a) d istricts . A rou nd  
47825  ha o f area has e x p an d ed  in  th is  region 

betw een  2013  (sate llite -based  area) a n d  2019 
and m o st o f the area  ex p an sio n  o ccu rred  in 
th e  n o rth ern  d istric ts  o f K erala . O u t o f the 
total exp ansio n  (47825 ha), around 6 5  p er cent 
o f  area  (31068  h a) in creased  b etw ee n  T rissu r 
and K asaragod  d istric ts . A s  o f  2 019 , ru b be r 
p lan ta tio n s  a cco u n ted  fo r  15 .3  p er cen t o f 
th e  to ta l g eog rap h ica l area  an d  22 .6  p er cen t 
o f the gross cro p p ed  a rea  in th e  S tate. C ritical 

in terp retation  o f  th e  sate llite  d a ta  revealed  
th at rep lan ta tio n  h a s  tak e n  p lace  in m an y  
lo c a t io n s  in  K a n y a k u m a ri, T r iv a n d r u m , 
K o llam , P ath an am th itta , K ottayam , Id u kki 
an d  K o z h ik o d e  d is tr ic ts . S p a t io -te m p o ra l 
ch an g es o ccu rrin g  in  th e  ru b ber p lan tation  

lan d scap e in the trad ition al reg io n s is being  
reg u larly  m o n ito red .



Tah‘<- Cl F1'  ' Satellite-derived acreage o f  NR (aged 3 
years and above) in different districts 
o f Kerala and Kanyakumari district of 
Tamil Nadu as of March/April 2019

St. No. Districts_______________ Area under NR (ha)

1 Kanyakumari (TN)

2 Trivandrum
3 Kollam
■1 Pathanamthitta

5 Alappuzha
6 Kottayam

7 Idukki
p Emakulam
9 Trissur

10 Patakkad
11 Malappuram

12 Ko/hikkode
13 Wayanad
14 Kannur

15 Kasaragod
TOTAL 6,06,425

1.1.2. O d ish a

M a p p in g  a n d  u p d a t in g  o f  N R  
plan tation s in  O d ish a w as co m p le ted . N R 
p la n ta t io n s  w e r e  m a p p e d  u s in g  la te s t  
sa te llite  data  as o f the y ear  2 020  (Sen tin el 
2A/2B, M arch/A pril 2020). In O d ish a , N R  
p la n ta t io n s  a r e  s p a r s e ly  d is t r ib u t e d  in 
M ayurban j, Balesw ar, C uttack, G a jap th i and  
D hen kanal d istricts . M ay u rb an j d istric t is 
th e  d o m in an t N R  g ro w in g  d is tr ic t in th e  
S ta te . A round 80  p er  cen t o f  N R  h o ld in g s  
a re  fro m  th is  d is t r ic t .  S a te llite -d e r iv e d  
acre ag e o f N R  in th is S ta te  as o f M arch  202 0  
w as 681 h a  (aged  3 y ears and  ab o v e). D ue 
to the scattered  n a tu re  o f h o ld in g s  it w ould 
be im p o rtan t to  u p d ate  N R  p la n ta tio n s  in 
the S ta te  u sin g  h igh  resolu tion  sate llite  data.

1.1.3. E a s t  G o d a v a r i  d i s t r i c t  in  A n d h r a
P rad esh

U pdating and m ap ping  o f e x istin g  N R 
p la n ta tio n s  in E a st G o d a v a ri d is t r ic t  o f 
A n d h ra P rad esh  w as co m p le ted . S a te llite

d ata  as o f A p ril 2 0 2 0  w as u sed  fo r  th e  w ork 
(52  A M SI, A p ril 202 0 ). A ro u n d  3 3 9  h a  o f N R 
w as e stim ated  fro m  th e  d is tr ic t (a g e d  3  yrs 
and  above). R u b b er p lan ta tio n s  a re  sp arsely  
d is t r ib u te d  in  R a m b a  C h o d a v a r a m  an d  
A d d a t ig a la  t a l u k s  in  E a s t  G o d a v a r i .  
S a te llite -b a sed  e s tim a tio n  o f  N R  area  in th is 
d istr ic t as o f  2 0 1 2  w as 2 3 9  h a  sh o w in g  an 
in crease  o f 100 h a  o f  a re a  b e tw ee n  th e  years 
201 2  and  2 0 2 0 .

2. C ollaborative studies

2 .1 . Id e n t if ic a t io n  o f  p o te n tia l a r e a s  for
ru b b e r  c u lt iv a tio n  in  In d ia

A W orkin g  G ro u p  (W G ) for estim atio n  
o f  p o t e n t i a l  a r e a  a v a i la b le  f o r  r u b b e r  
c u lt iv a t io n  in  In d ia  w a s  c o n s t i t u te d  by 
C h a ir m a n  a n d  E x e cu tiv e  D ir e c to r  o f  th e  
R u b b e r  B o a r d  in  2 0 1 9 .  A c c o r d in g ly ,  
a d d i t i o n a l  a r e a  a v a i la b le  fo r  r u b b e r  
c u ltiv a tio n  w as estim a ted  fo r  d iffe re n t states 
in  In d ia  for ex p a n sio n  o f N R  cu ltiv a tio n . T h e 
w o rk  h a s  b een  c o m p le te d  a n d  th e  tech n ica l 
re p o rt w as s u b m itte d . A s p er  th e  s tu d y  the 
W G  e stim a te d  an  a re a  o f  a ro u n d  3 .7 5  lakh 
h a  in th e  co u n try  sp rea d  in  th e  se v e n  s ta te s  
o f N o rth e a s t In d ia  (S u b -H im a la y a n  sta tes), 
th ree  sta tes  in th e  K o n k an  reg ion  (W estern 
G hats) and three states in  Eastern India (Eastern 
G hats) for e xpansion o f  N R  cultivation .

2 .2 . C I S  b a se d  s o il  f e r t i l i ty  m a p p in g  o f
N R  in  N o rth -e a s t  In d ia

A s  p a rt o f  d e v e lo p in g  o n lin e  fer tiliz er  
r e c o m m e n d a t i o n  fo r  r u b b e r  g r o w in g  
re g io n s  in  N o r th -e a s t  In d ia  (R u b b e r  So il 
In fo rm atio n  S y stem  R u b S IS ), G IS  b a se d  soil 
f e r t i l i t y  m a p p in g  o f  T r ip u r a ,  A s s a m , 
M e g h a la y a ,  W e s t B e n g a l,  M a n ip u r  an d  
A r u n a c h a l P ra d e sh  w a s  c o m p le te d . S o il 
fe r tility  m a p s o f  O rg a n ic  C a rb o n  (O C ), Soil 
p H , A v a ila b le  P h o sp h o ro u s  (P ), P o ta ss iu m  
(K ) C a lc iu m  (C a), C o p p e r  (C u ), Iro n  (Fe),

21.933
40,078
46,935

54,468

8,490
1,07,708

37.806
63,073

21,045
40,308
47,115

23,085
9,534

55,953
28,894



M a g n esiu m  (M g), M a n g a n e se  (M n ), Z in c 
(Z n ) ,  S u lp h u r  (S )  a n d  B o r o n  (B )  w e r e  
p rep are d  in G IS  p la tfo rm . Soil fertility  data 
s e ts  o f  a ll th e s e  s ta te s  (g rid  f ile s  o f  so il 
fe rtility  m ap s, a d m n istra tiv e  b o u n d ary  at 
d is t r ic t / t a lu k  le v e l )  w e r e  s t r u c t u r e d  
a cco rd in g  to  th e  fo rm at o f R u b S IS  (g eo tiffs  
an d  sh a p e file s) a n d  tran sfe rred  to  In d ian  
In s titu te  o f In fo rm a tio n  T e ch n o lo g y  and  
M a n a g e m e n t - K e r a la  (H IT M -K )  fo r  
d e v e lo p i n g  R u b S I S  p la t fo r m . R u b S I S  
p la tfo rm  w a s d e v e lo p e d  b ased  o n  th ese  
m a p s  f o r  N o r t h - e a s t  In d ia  (h ttp s:/ /  
r u b s is .r u b b e r b o a r d .o r g . in ). T h is  w a s  a 
co lla b o ra tiv e  w ork  by R R II an d  IIT M -K .

2 .3 . G IS  d a ta b a se  c re a tio n  o f  p a n ch ay at
le v e l s o il  f e r t i l i ty  s ta tu s  o f  r u b b e r
p la n ta tio n s

D ev elop in g  G IS  based  p anch ayat level 
in fo rm a tio n  on soil fertility  sta tu s  fo r  N R 
g ro w in g  reg io n s  in K era la  w as co m p leted . 
G eo -sp a tia l d a ta  o n  so il fertility  sta tu s  (14 
p aram eters) fo r  706  N R  g ro w in g  p anch ayats 
in  d i f f e r e n t  d i s t r i c t s  in  th e  S t a t e  a n d  
c o rresp o n d in g  p ercen t a rea  w ere estim ated . 
A b o u t 988 4  grid  files (o f so il fertility ) w ere 
g e n e ra te d  fo r  th e  w o rk  (7 0 6 x 1 4 ) . S p a tia l 
in fo rm a tio n  on th is d a ta  w ould  b e  u sefu l to 
u n d ersta n d  th e  so il fertility  s ta tu s  o f ru bber 
p la n ta tio n s  a t P an ch ay at level. B esid es, th is 
o u tco m e  w ou ld  ac t as a stro n g  g eo -sp atia l 
in fo r m a tio n  o n  r u b b e r  s o il in fo rm a tio n  
sv ste m  a t th e  lo ca l sca le .

2.4. D e lin e a tio n  o f  la n d s lid e  p ro n e n e ss
o f  r u b b e r  p la n ta tio n s

In o rd e r  to  e stim a te  th e  s p a tia l ex ten t 
o f  N R  p la n ta tio n s  a cco rd in g  to p ro n en ess 
to  la n d s lid e  in K era la , a s tu d y  w as in itia ted  
in S e p te m b e r  2020. S a te llite -b a sed  N R  area  
(ag ed  3 y e a r s  an d  ab o v e) w as g e o -sp atia lly  
a n a ly se d  w ith  la n d slid e  su s ce p tib le  zo n es 
o f  K e ra la  and  the d istric t-w ise  e x ten t o f N R  
s u s ce p tib le  to  la n d slid e  (low , m e d iu m  and

h ig h )  s u s c e p t ib i l i t y  in  th e  S t a t e  w e r e  
estim a ted . R esu lts  sh o w ed  th at o u t o f the 
to ta l rubber a rea  in K erala, 1.6 p er cen t (9485 
h a) w as in  th e  h igh  s u scep tib ility  zon e, 6  p er 
c en t (32398 h a) in th e  m e d iu m  and 2 per cen t 
(13 0 7 2  h a) in th e  low  su scep tib ility  zo n es 
(T ab le C C E S. 2). M o re  th an  90  p er  cen t o f 
N R  h o ld in g s are  n o t s itu a ted  in  lan d slid e 
p ron e reg io n s . A rea  u n d er N R  in  the h ig h ly  
su s ce p tib le  lan d slid e  z o n e  w as th e  h ig h e st 
in K o tta y a m  d is tr ic t  fo llo w e d  by Id u k k i, 
K a n n u r ,  P a la k k a d  a n d  P a t h a n a m th it t a  
d is t r ic t s .  T h is  in fo r m a tio n  is  u s e fu l fo r  
p la n n in g  a p p r o p r ia te  c o n s e r v a t io n  an d  
m a n a g e m e n t  s t r a t e g ie s  f o r  r u b b e r  
p lan ta tio n s in  th e  h ig h ly  v u ln era b le  a reas. 
R u b b er fa rm e rs  ca n  b e  b e tte r  a d v ise d  to 
m itig a te  th e  r isks d u e  to lan d slid es.

2.5. C h a ra c te r iz a tio n  o f  N R  a cco rd in g  to
A g r o -E c o lo g ic a l Z o n e s  (A E Z s) an d
so il fe r tili ty  statu s

S p atia l ex ten t o f  N R  a rea  a cco rd in g  to 
d iffe re n t A g ro -E co lo g ica l Z o n es  (A E Z s) in 
K era la  w as an a ly sed  geo -sp atia llv . O u t o f

Table CCES 2. Th e spatial exlent o f NR area susceptible 
______________ to landslide in Kerala__________
SI. Districts \'R area (ha) in the landslide
no. susceptibility zones

Low Medium High
1 Trivandrum 162 12 3
2 Kollam 364 443 9b’-'

3 Pathanamthitta 3814 1668 512'

4 Alappuiha 0 0 0
5 Kottayam 3266 7491 2371

6 Idukki 0 4961 2132
7 Ernakulam 2,99 900 65

8 Trissur 0 439 15
9 Palakkad 0 2479 909

10 Malappuram 0 2576 287
11 Kozhikode 0 2903 495

12 YVayanad 0 495 0
13 Kannur 0 7976 2121
14 Kasaragod 5167 55 485

Tot a! 13072 (2V) 32 398 (6%) 'H85



24 A EZ s in K erala, the m ajor sh are  o f area 
un d er N R  w as h ig h est in the Sou th ern  and 
C entral footh ills  (28% ) fo llo w ed  by Sou th  
C entral L aterites (26% ), N orthern H igh H ills 
(12% ), N orthern F o o t H ills (10% ), N orthern  
L a ter ites  (8 % ), an d  S o u th e rn  H ig h  H ills  
(7% ). A EZ s are  d e lin ea ted  u sin g  a ltitu d e, 
rainfall pattern , soil typ e and top ograph y. 
T h u s the data can b e  u sefu l for s tu d y in g  
w h e th er  th ere  a re  an y  d iffe re n ce s  in N R 
p rod u ctivity  a ccord in g  to d ifferen t A E Z s in 
Kerala.

S o il p H , A v a ila b le  C a lc iu m  (C a ), 
A vailab le P otassiu m  (K), O rg a n ic  C arb o n  
(O C) and A v ailab le  M agn esiu m  (M g ) w ere 
c h a ra c te r iz e d  g e o -s p a tia lly  a c c o r d in g  to 
d iffe re n t A E Z s. R esu lts  sh o w ed  th a t so il 
fe r tili ty  s ta tu s  o f th e  a b o v e  p a r a m e te rs  
v a r ie d  a c c o r d in g  to  d i f f e r e n t  A E Z s , 
pred om inantly  in the th ree  zo n es i.e. Sou th  
C e n tr a l  F o o t  H il ls ,  S o u th e r n  C e n t r a l  
Laterites and N orthern  H igh H ills . T h e  low  
statu s o f C a (<300 k g  ha'1)  and  K  (< 150 kg 
h a 1) w as e x h ib ite d  in  th ese  th re e  z o n e s  
w hich accou n ted  for arou nd  50  p er cen t o f 
the total N R  area  in  K erala . O C  sta tu s  w as 
m e d iu m  (2 2 5 0 0 -4 5 0 0 0  k g  h a 1) and  h ig h  
(45000-75000 kg h a 1) in th ese  th re e  zo n es 
w hich accou n ted  for aro u n d  6 0  p er  c e n t o f 
the total N R  area in the S tate. S ta tu s o f  M g 
w as m edium  (30-75  k g  h a  ') and  h igh  (>75 
kg ha ') and pH  w as ex tre m ely  a c id ic  (3 .5- 
4 .5) and very s tron g ly  ac id ic  (4 .5 -5 ) in th ese  
th ree zones.

2.6. D ev e lo p in g  G IS  b ased  s o il fe r tili ty
statu s o f card am om  so ils

In  o r d e r  to  d e v e lo p  o n l in e  s o il  
fe r tiliz er  reco m m en d a tio n  fo r  ca rd a m o m  
plan tation s in K erala, a co n su ltan cy  p ro ject 
w as in itiated  b etw een R u b b er B oard , RRII 
and In d ian  C ard am o m  R esea rch  in stitu te  
(IC RI)* Idu kki. A s p art o f th is p ro g ram m e 
so il sa m p le  d is tr ib u tio n  m a p s in Id u k k i 
d istrict w ere p repared  in G IS  p la tfo rm  to

c h e c k  sp a t ia l d is t r ib u t io n  p a tte rn  o f  soil 
sam p les co llected  from  d iffe re n t p an ch ay ats 
in Id u k k i. T h e  m ap  c a n  b e  u s e d  a s  referen ce 
for so il sa m p le  co lle c tio n  in  th e  card am o m  
g r o w in g  r e g io n s  o f  th e  d is t r ic t  to  co lle c t 
g rid -w ise  sa m p le s  u n iform ly .

3. Identification of agro-climatically
suitable areas for NR cultivation 
in India

In  th e  co n tex t o f fast ch a n g in g  clim ate  
scen arios, con d ition s a ffectin g  ru b be r grow th 
and  y ield  w ere  an a ly z ed  for a sse s s in g  the 
s u i ta b il i t y  o f  r u b b e r  c u lt iv a t io n  fo r  th e  
im m ed ia te  fu tu re  an d  up  to  209 0  u tiliz in g  
stand ard  c lim ate  m o d e ls  fo r  th e  In d ian  su b ­
con tin en t. T h e  m e th o d o lo g y  u tilized  for the 
cu rren t sce n a rio s  w a s a d o p ted  fo r  th e  future 
m odel based  g lo b a l c lim a te  ch a n g e  scen arios 
th rou gh an  a p p ro p ria te  G en era l C ircu lation  
M o d e l (G C M ) f o r  th e  r u b b e r  g r o w in g  
d is t r ic t s  in  th e  s t a t e s  o f  In d ia .  A G C M  
c o n ta in s  p r o g n o s t ic  e q u a t io n s  th a t  a r e  a 
fu n c t io n  o f  t im e  ( t y p i c a l ly  w in d s , 
tem p eratu re , m o istu re , a n d  su rfa ce  p ressure) 
to g eth er  w ith  d ia g n o stic  e q u a tio n s  th at are 
e v a lu a te d  fro m  th e m  fo r  a s p e c i f i c  tim e 
p eriod . T h e  G C M  w h ich  h a s  b een  stu d ied  
fo r  th e  In d ian  su b c o n tin e n t ea rlie r , know n 
a s  G F D L -E S M 4  w as a d o p ted  fo r  th e  study. 
D ata  p e r ta in in g  to  ra in fa ll a n d  te m p e ra tu re  
w a s  o b ta in e d  fo r  th e  p r o je c t io n  y e a r s  o f 
2 0 5 0 ,2 0 7 0  and  2090. T h e  d ata  e x tra c t io n  w as 
fa c il i ta te d  b y  u t i l iz in g  th e  G IS  s o f tw a re  
Q G IS  3 .6 . T h e se  are  co n s id e re d  a s  th e  m ean 
y ear  fo r  p erio d s 2 0 4 0 -2 0 6 0 , 2 0 6 0 -2 0 8 0  and 
2 0 8 0 -2 1 0 0  re sp e c tiv e ly . T h e  a n a ly s is  w as 
in itia lly  carr ied  o u t fo r  th e  N E R  w ith  a total 
o f  1 2 0  d is t r ic t s  o v e r  8  s t a t e s  o f  th e  NF. 
R eg io n .

T h e  m e th o d  o f a n a ly s is  fo r  su ita b ility  
w as co n d u cted  b y  fo llo w in g  tw o  d iffe re n t 
a n a ly t ic a l  p r o c e d u r e s .  T h e  f ir s t  m e th o d  
e m p lo y s th e  g ra p h ica l a rea  e s t im a te s  o f an



an n u al cu rv e  know n a s  A rea-U n d er-C u rv e 
(A U C ) fo r  e a c h  p a r a m e te r . T h e  A U C  is 
d efin ed  a s  the total area  u n d er a cu rve in 
g ra p h  u n its . T h e  a g ro -c lim a tic  co n d itio n s  
p rev a ilin g  in K o ttay am  and K an yaku m ari 
d is t r ic t s  in th e  tr a d it io n a l  N R  g r o w in g  
reg io n  is g en era lly  consid ered  as the m ost 
op tim u m  and is ad op ted  as the s tan d ard . 
C o n sid erin g  the total grap hical area o f these 
tw o d istricts sep arately  a s the b ench m ark for 
a p articu lar  c lim atic  p aram eter, th e  ex ten t o f 
d ev ia tio n  in the c lim a tic  p aram eter  o f the 
n o n -trad itio n a l d istricts from  K ottayam  and 
K a n y a k u m a r i  w e r e  d e te r m in e d . T h e  
percen tage variations in A UC for each  d istrict 
from  th e resp ective  chosen  stand ard  curves 
w ere calculated separately. Selection o f a district 
w as m ad e if die A U C  gives a 100 per cent or 
above m atch w ith th at o f either Kottayam  or 
K anyakum ari district, w hich is considered here 
as the N orm al category. Percentage d eviation 
o f  A U C  v a lu e s  from  th e  stan d ard , fa lling  
w ith in  th e  10  an d  2 0  p e r  cen t v a ria b ility  
categ o ries  w ere a lso  con sid ered  in the study. 
A d istr ic t is n o t co n sid ere d  su ita b le  if any 
o n e  o u t o f th e  s ix  c lim a te  p aram eters  fall 
b e y o n d  th e  2 0  p e r  c e n t  d e v ia t io n  lim it 
(to le ra n ce  lim it d e fin ed  for the p u rp o se  o f 
c o m p a riso n ). T h e  seco n d  m eth od  em p lo y s 
th e  "C r o p  C rite r ia "  fo r  g ro w th  and  yield  
to lera n ce  in term s o f  the C lim a te  T o leran ce  
L im its  (C T L ) ,  w h ic h  is  d e f in e d  a s  th e  
e x tre m e to leran ce  lim it o f  im p ortan t c lim atic  
p a ra m e te rs  a ffe c tin g  g ro w th  an d  y ie ld  o f 
ru bber. S u itab ility  o f  a d istric t is d eterm in ed  
o n ly  i f  it  fa lls  in  e ith e r  th e  A U C  o r C T L  
catego ry .

A  to ta l o f 120 d is tric ts  w ere  s u b jected  
to  s u i t a b i l i t y  a n a l y s i s  fo r  th e  c l im a te  
p ro jectio n  y e a r  2 050  b ased  o n  the stip u lated  
G e n e ra l C ircu la tio n  M od el (G C M ) d ata  o f 
th e  N E  r e g io n . A lto g e th e r , 105 d is t r ic t s  
cou ld  b e  id en tified  in the N orm al ca teg o ry  
(w ith  th at o f  K an y ak u m ari d istrict) follow ed 
by an  a d d itio n a l 8 d istric ts  in the 10 p er cen t

catego ry . O u t o f the 7  d istric ts  w h ich  w ere 
beyond  the 2 0  p er cen t catego ry , 6 d istricts  
b e lo n g ed  to  the s ta te  o f  A ru n ach al P rad esh . 
Fo r  th e  2 0 7 0  scen ario , a m e a n  in crease  o f 19 
p er cen t is seen  for the A rid ity  In d ices w hich  
s h o w s  a h ig h e r  f a v o u r a b i l i ty  fo r  2 0 7 0  
com p ared  to 205 0  p ro jectio n s. T h e p ro jected  
y ear  o f 207 0  in the N E In d ia  rev ea led  th at 
11 4  d is t r ic t s  q u a l i f ie d  fo r  th e  N o rm a l 
ca teg o ry  w h ere  it is  co m p a ra b le  to  th at o f 
th e  K an yaku m ari c lim ate . T h e sam e n u m b er 
o f d istric ts  h o ld s  g ood  fo r  th e  10  p er  cen t 
d e v ia tio n  an d  o n ly  a s in g le  d is t r ic t  w a s  
a d d e d  t o t a l in g  1 1 5  d is t r i c t s  w h e n  th e  
d e v ia tio n  w as co n s id ere d  fo r  2 0  p er cen t 
ca te g o ry . C o m p a r in g  th e  2 0 5 0  a n d  2 0 7 0  
p ro jected  y ears, c lim atic  fav ou rab ility  o f N E 
d istric ts  fo r  ru b be r in creased  fro m  8 8  to  95  
p er cen t in th e  N o rm al ca teg o ry  w h ich  is 
c o m p a r a b le  to  th a t  o f  K o t ta y a m  a n d  
K an y ak u m ari d istric ts . T h e  s tu d y  w ill b e  
ex ten d ed  to  2 0 9 0  o f the m o d el d ata .

4. Characteristics of rainfall during  
2020 for rubber grow ing regions 
in the traditional belt

R ealized  an n u al ra in fall d u rin g  2020 
w as 101 p er c en t (3005 .0  m m ) o f  th e  no rm al 
in R R II, K o ttay am . A n e a r  n o rm al ra infall 
w as ex p erien ced  d u r in g  a ll sea so n s  w ith  a 
total o f 128 d ays. T h e  S W  m o n so o n  rain fall 
a m o u n t sh o w ed  an  e x c e s s  o f  11 p er cen t 
fro m  th e  n o rm a l,  w h ile  th a t o f  th e  N E  
m o n so o n  sh o w ed  a d e fic it o f  2 2  p e r  cen t. 
Peak ra in fa ll ac tiv ity  w as seen  d u rin g  the 
m id d le  o f  f i r s t  a n d  s e c o n d  w e e k s  o f  
S e p te m b e r , 2 0 2 0 . In C E S , C h e th a k a l, th e  
an n u al ra in fa ll receiv ed  w as 98  p er cen t o f 
the n o rm al (33 3 2  m m ) w ith in  125  d ay s. A n 
e x ce ss  o f 121 and  111 p er  c e n t w a s  o b serv ed  
d u r in g  th e  P re -m o n so o n  and SW -m o n so o n  
p e r io d s  r e s p e c t iv e ly .  O n e  d a y  h ig h e s t  
r a in fa ll w as o b se rv e d  o n  8 th A u g u st 2020 . 
T h e  ra in fa ll for R R S, P ad ivo or a m o u n ted  to



14 p er cen t (3718 m m ) in ex cess o f its lo n g ­
term  average. E xcepting for the P re-m onsoon 
season w hich w as d eficien t by 61 p er cent, 
a ll o th er seaso n s received  ra in fa ll in ex cess 
o f  8 3  p e r  c e n t  d u r in g  th e  N o r t h e a s t  
m o n so o n  se a so n . In V a ik u n d a m  E sta te , 
K an y ak u m ari, the total r a in fa ll w as 2219 
m m  o v er 113  d a y s . T h is  w as 115 p er  cen t 
o f  th e  n o r m a l r a in f a l l  w it h  a m a jo r  
co n tribu tio n  o f  148 and  127  p er  cen t fro m  
th e  P re -m o n so o n  an d  M o n so o n  ra in fa ll 
resp e c tiv e ly . T h e  w in te r  p erio d  d id  n o t 
rece iv e  any  ra in fa ll w h e re  an  a v erag e o f  3 
d ays is u su ally  received .

T h e P re -m o n so o n  ra in fa ll rece iv ed  in 
th e  S ta te  w as n o rm al w ith  a d e p a rtu re  of 
10.3 p er  cen t fro m  th e  n o rm a l. T h e  a ctu a l 
r a in fa ll rece iv ed  d u r in g  th e  p e r io d  w as
4 04 .7  m m . P ath an am th itta  (8 5 6  m m ) and  
T h iru v an an th ap u ram  (5 9 2 .2  m m ) d is tr ic ts  
rece iv ed  la rg e  e x c e ss  r a in fa ll d u r in g  th e  
p e r io d . T h e  a c tu a l  r a in fa ll  r e c e iv e d  in  
K erala  d u rin g  th e  S W  m o n so o n  sea so n  w as
2246 .0  m m  as ag a in st th e  n o rm a l ra in fa ll 
o f  2 0 3 8 .7  m m  w h ich  w as n o rm a l w ith  a 
d ep artu re  o f  1 0 .2  p er  c e n t fro m  th e  n o rm al. 
H ow ever, d u rin g  th e  N E  m o n so o n  sea so n
2020, th e  S ta te  receiv ed  314 .9  m m  o f ra infall 
ag a in st norm al ra in fall o f  4 45 .8  m m  w h ich  
w as deficien t w ith  a p ercen tag e  d ep artu re  
o f 29.4 per cen t from  the no rm al.

5. El N ino/La N ina episodes and
re g io n a l c lim a te  in  ru b b e r  
grow ing regions of India

M on th ly  m ean  all In d ia  ra in fall (1.950- 
2015) w as stud ied  for p erio d s o f E l N ino/La 
N ina. Th e m o nth ly  v ariation s in  the ra in fa ll 
clearly p oin ted  o u t th at th ere  w as a d eficit 
in rainfall d uring  the El N ino year and  a sh ift 
w as observed  in the su b seq u en t year.

M ean m o nth ly  an o m a lies  o f  ra in fall 
w ere studied  sep arately  fo r  all the m o n soon

m o n th s o f  El N in o  a n d  La N in a  e p is o d e s  for 
the year o f  occu rre n ce  an d  su b seq u en t years. 
It w as n o ted  th at ra in fa ll w a s  sh o w in g  an 
in ve rse  re la tio n  in th e  El N in o  year. Excess 
ra in fall cou ld  b e  o b serv ed  w h e n  th e re  w as 
La N in a  e p iso d e . T h e  m o n th ly  v a lu es o f  Sea 
S u rface  T em p era tu re  (S S T ) a n o m a lie s  and 
th e  r a in f a l l  a n o m a l ie s  r e v e a le d  th a t 
m ax im u m  N in o  3 .4  in d e x  o ccu rre d  d u rin g
1 982 , 1 9 9 7  an d  2 0 0 5 . M a x im u m  n e g a tiv e  
an o m a ly  w as o b serv ed  d u r in g  1972, w hich 
w as a s tro n g  El N in o  ep iso d e .

M o d e ra te  El N in o  e p is o d e  in th e  year
2 0 0 2  a ls o  s h o w e d  n e g a t iv e  a n o m a ly .  
M a x im u m  p o sitiv e  a n o m a ly  w a s fo u n d  in 
th e  w eak  La N in a  e p is o d e  d u r in g  th e  year
1983. S ig n if ic a n t p o s it iv e  a n o m a lie s  w ere 
o b s e r v e d  in  th e  L a  N in a  e p is o d e s  an d  
n e g a t iv e  a n o m a lie s  d u r in g  th e  E l N in o  
ep is o d e s . D u rin g  El N in o  y e a r  ra in fa ll w as 
le ss  in  a ll th e  m o n th s  d u r in g  m o n so o n  in 
th e  y e a r  o f  o c c u r r e n c e ,  w h e r e a s  d u r in g  
s u b s e q u e n t y e a r  r a in fa ll w a s  le s s  d u rin g  
Ju n e. In crease d  ra in fa ll w as o b serv ed  during  
th e  re s t o f  th e  m o n so o n  m o n th s . Seaso n a l 
ra in fa ll w as low  d u r in g  E l N in o  an d  high 
d u r in g  L a  N in a  e p is o d e s  d u r in g  th e  y e a r  of 
o c c u r re n c e . R e v e r se  w a s  th e  c a s e  fo r  the 
s u b s e q u e n t y e a r s ' r a in fa ll.  A b o v e  n o rm al 
p re -m o n so o n  ra in fa ll w as o b se rv e d  d u rin g  
La N in a  e p is o d e s  in th e  y e a r  o f  o ccu rre n ce  
a n d  s u b s e q u e n t  y e a r s .  D u r i n g  th e  
s u b s e q u e n t  y e a r  o f  a n  E l N in o , r a in fa ll 
in cre a se d  fro m  n e g a tiv e  a n o m a ly  th ro u g h  
Ju n e  to  S e p te m b e r  a n d  fu r th e r  a n o m a ly  
tu rn in g  to  p o sitiv e  till D ecem b er. S o  it was 
c lea rly  n o te d  th a t th e re  is a sh ift in ra in fall 
p a ttern  d u r in g  th e  su b se q u e n t y e a r  o f  an El 
N in o  ep iso d e .

D u rin g  an  El N in o  p e r io d , ra in fa ll is 
d e c re a s in g  fro m  s tro n g  to  w e a k  e p is o d e s  
d u r in g  m o n so o n  a n d  v ic e  v ersa  in th e  case 
o f La N in a  ep iso d es .



E v o lv in g  h ig h -y ie ld in g  c lo n e s  w ith  
resilien ce  to  b io tic  and  ab io tic  stress  is  the 
p rim e m an d ate  o f th e  B otan y  D iv isio n . T h e 
m ain  conven tion al breed in g  strateg ies being  
im p lem e n ted  in c lu d e  h y b r id iz a tio n , o rtet 
s e le c t io n  a n d  p o ly c r o s s  b r e e d in g .  
E v a lu a t io n  o f  p ip e lin e  c lo n e s  th ro u g h  a 
p a r tic ip a to ry  p lan t b re e d in g  a p p ro ach  by 
in v o lv in g  e s ta te s  an d  in d iv id u a l g ro w ers  
c o n tin u e d  w ith  an aim  to  id en tify  reg ion  
sp e c if ic  c lo n es  fo r  la rg e-sca le  co m m ercia l 
p la n tin g . M u lti- lo c a t io n a l c lo n a l tr ia ls  in 
zo n es lim ited  by co ld  an d  d ro u g h t s tresse s 
led  to  id e n tifica tio n  o f p ip elin e  c lo n es  w ith  
s p e c if ic  a s  w ell as w id e  ad ap tab ility . T h e 
s tu d ie s  a lso  sh o w ed  th e  v ersa tility  o f  the 
c lo n e  R R II 4 3 0  in  te r m s  o f  it s  s u p e r io r  
p e r fo rm a n c e  in  co ld  a s  w e ll a s  d ro u g h t 
p r o n e  r e g io n s .  B r e e d in g  fo r  d is e a s e  
r e s is ta n c e  u s in g  d is e a s e -to le r a n t p a re n ts  
in c lu d in g  o th e r  H e v e a  s p p . r e s u lte d  in 
i d e n t i f i c a t io n  o f  s e v e r a l  o u t s ta n d in g  
p r o g e n ie s  th u s o f fe r in g  g o o d  s c o p e  fo r  
f u r t h e r  lo n g - t e r m  e v a lu a t io n  a n d  
s u b s e q u e n t  a d o p t io n  in  d is e a s e -p r o n e  
re g io n s .  P o ly c r o s s  b r e e d in g  r e s u lte d  in  
r a p id  r e c o v e ry  o f  se v e r a l h ig h -y ie ld in g  
s e le c tio n s . S tu d ie s  w ere  a lso  in itia te d  to 
in v e s t ig a t e  th e  u t i l i ty  o f  p h y s io lo g ic a l ,  
b io c h e m ic a l  a n d  m o le c u la r  m a r k e r s  fo r  
e a r ly  d isc r im in a tio n  o f  h ig h -y ie ld e rs  and  
s t r e s s - t o le r a n t  g e n o ty p e s  fro m  se e d l in g  
n u r s e r y  e v a lu a t io n  s t a g e  o n w a r d s .  
F o llo w in g  in te r n a tio n a l c lo n e  e x c h a n g e s  
u n d e r  th e  a u sp ices o f IR R D B , the H eiv a  g en e 
p o o l in  th e  c o u n tr y  h a s  a lr e a d y  b e e n  
au g m en ted  w ith  h ig h -y ie ld in g  and  d isease- 
r e s is ta n t  c lo n e s  fro m  v a r io u s  c o u n tr ie s . 
S te p s  w e r e  in it ia te d  to  s u b je c t  th is  new  
g e n e r a t io n  b r e e d in g  p o p u la t io n  to  
p h y s io lo g ic a l an d  p a th o lo g ica l s c re e n in g  
a lo n g  w ith  larg e-sca le  field  ev a lu atio n .

1. Evolving high yielding clones 
for the traditional area

1.1. H y b rid iz a tio n  an d  c lo n a l se le c tio n

1.1.1. N ew  g en era t io n  h y b r id s  

H y b rid iz a tio n  p ro g ram m e in vo lv in g
d ifferen t cro ss co m bin atio n s w ere continu ed  
in the b re e d in g  orch ard  a t R R II, K o ttay am . 
U sin g  16 p aren tal c ro ss com bin atio n s, a  total 
o f 2591 han d  p o llin a tio n s  w ere  p erfo rm ed  
in 2 0 2 1 . A  to ta l o f  7 8 4  s e e d l in g s  w h ic h  
in clu d ed  8 4  h y b r id s  an d  700  h a lf-s ib s  w ere 
p lan ted  in seed lin g  n u rsery  202 0  fo r  fu rth er  
ev a lu atio n . W ith  an  aim  to  d ev e lo p  h igh - 
y ie ld in g  c lo n e s  th r o u g h  t r a n s g r e s s iv e  
segregation , h y b rid iza tio n s w ere carried  out 
d u r in g  2 0 1 1 - 1 4  u s i n g  h i g h - y ie l d in g  
W ick h am  clo n es  (R R II 105, R R II 414 , R R II
4 2 9  and  R R II 4 3 0 )  a s  fe m a le  p a re n ts  and  
su p erio r  W ickh am / A m azon ian  h y b rid s  (95/ 
1 0 , 95/ 34 a n d  9 5 / 274) a s  m a le  p a r e n ts .  
P ro m isin g  h y b rid s  w ere se le cted  fo r  fu rth er 
ev a lu a t io n  u n d e r  C lo n a l N u rse ry  tr ia l a t 
C E S  C h eth a ck a l and  th e  seed lin g  n u rseries  
w ere  m ain ta in ed  at R R II. P ro m isin g  h a lf- 
s ib s o f R R II 4 3 0 , RRI 1414 , R R II 4 2 9  a n d  RR II 
105 w ere  se le c te d  fo r  fu r th e r  e v a lu a t io n  
u n d e r  C lo n a l  N u r s e r y  t r ia l  a t  C E S  
C h eth ack a l an d  th e  s e e d lin g  n u rse r ie s  w ere  
m a in ta in e d  a t  RR II.

1.1.2. C lo n a l nu rsery  e v a lu a t io n

F o u r c lo n a l n u rse r ie s  w ere p lan ted  in
201 9  at C ES, C h eth ack a l u sin g  2 68  se le ctio n s 
w h ich  in c lu d ed  163  h a lf-s ib s , 75  h y b rid s , 2 4  
po ly cro ss p ro g en ies an d  6  o rtets. F o u r check  
c lo n e s  (R R II 105 , R R II 4 1 4 , R R II 4 1 7  and  
R R II 4 30 ) w ere  in c lu d ed  in th e  a b o v e  tria ls . 
T h e  ab o v e  c lon al n u rseries  w ere m ain ta in ed  
a n d  v a ca n c ies  w ere  a lso  p lan ted .



O u l o f  21 h y b r id  c lo n e s  in  c lo n a l 
n u r s e r y  ( 2 0 0 8 ) ,  s ix  c lo n e s  r e g is te r e d  
su p erior g row th (02/668, 53 cm ; 02/638, 48 .8  
cm ; 0 2/ 690 ,47 .60  cm ; 02/844, 53  cm ; 02/514.
39  cm ; 02/335, 5 2 .3  cm ) th an  ch e ck  c lo n e  
RR II 414  (3 4  cm ). B ased  o n  y ie ld  o v e r  4 
seasons, top gen otypes viz. 638  (26.7 g  t  ‘ f ' ) ,  
514 (24 .3  g  t 11 ') an d  335  (25 .9  g  f 11 ’ ) w ere 
se lected . Bud w ood n u rsery  o f  th e  se le cted  
genotypes w as established a t CES, C hethackal 
and su b seq u en tly  LST and  PC E tr ia ls  w ere  
co n cu rren tly  laid ou t in fo u r  lo ca tio n s  to 
ev a lu ate  th eir reg io n a l p erfo rm a n ce . O u t 
o f  26  c lo n es  in  c lo n a l n u rsery  (2 0 1 2 ), tw o 
clo n es  v iz . 05/139 an d  05/432 co n tin u ed  to 
ex h ib it sup erior y ield  o f  19.4 and 18.1 g  t 11' 1 
respectively , th an  R R II 4 29  (13 .0  g  t'11'1) and  
RR II 1 0 5 (1 0 .1  g  t t ).

1.1.3. S m a ll S ca le  T ria ls  (SST)

L ong term  y ield  o f  2 6  W xA  h y b r id s  in 
1995B S S T  reaffirm ed  the su p erio rity  o f five 
se lection s viz . 90/10, 90/271, 90/193, 90/170 
an d  90/17. B ased  o n  m e a n  y ie ld  o v e r  13  
years,, 90/10 w as found the h ig h est y ie ld er  
w ith 72 g  t' 1 t 1 as co m p ared  to ch eck  clon e 
RR II 105 (39 g  f 1 t 1)  w h ile  90/271 h ad  m o re 
th an  6 0  g t ! t >, 90/193 and  90/170 h a d  m o re 
than 50  g  t • t P r o g e n i e s  o f  h ig h -y ie ld in g  
f am ily  R R II 105 x  R O  142  sh ow ed  m axim u m  
resistan ce  a gain st A LF d isease . S o m e  o f  the 
se le c tio n s  are  u n d e r  p a r tic ip a to ry  c lo n e  
evalu ation  (P h ase  4, 2014) in L ST  and  O FTs.

O f th e  24  hybrid  c lon es tested  in the 
S S T  (1999 C ), five c lo n es  (94/87, 92 , 296 , 567 
and  560) reg is te red  s u p e rio r  g r o w th  and  
yield (m ean o v er n in e  years). T h ese  c lon es 
w ere p ollard ed  and m u ltip lied  fo r  fu rth er 
ev aluation . In 2001 S S T  A , o u t o f  2 5  c lo n es, 
tw o w ere found su p erio r  to  R R II 105 based  
on lo n g  term  g ro w th  an d  y ie ld . H y b rid  
clones viz. 95/413 (R R IM  600 x RRII 203) w ith 
68-0 g  f  t 1 and 95/425 (RRIM  6 00  x R R II 203) 
w ith 65.5 g  t 1 f  continu ed  to  b e  su p erio r

w h en  co m p ared  to  RR II 105 an d  th e  better 
p aren t R R II 203 . A m o n g  29  c lo n e s  in  2001 
S S T  (B  and  C ), tw o c lo n e s  v iz . 95/121 and 
95/ 410em erg ed  s u p e rio r  to  R R II 105. O f  the 
36  hy b rid  c lo n e s  b e in g  e v a lu a ted  in th e  SST  
2003, tw o c lo n es  (96/417, 7 6  g t ' t '; 96/459, 
7 0  g  t 1 t '1) c o n tin u e d  to  r e g is te r  s u p e rio r  
y ie ld  th an  R R II 105 (68  g  t ' t ' ) ,  b a sed  on 
m e an  o v e r  se v e n  years.

2. Evaluation of clones
2.1. L arg e sc a le  e v a lu a t io n  (L S T )

T h e  L S T  (20 1 9 ) o f 14 c lo n e s  (h a lf-s ib  
s e le c t io n s )  w a s  m a i n t a i n e d  a t  C E S , 
C h eth ack a l. Ln th e  L S T  o f  n in e  o r te ts  from  
C h e r u v a l ly  e s t a t e ,  f iv e  o r t e t s  s h o w e d  
s ig n if ic a n t ly  s u p e r io r  g ir th  c o m p a r e d  to 
c h e ck  c lo n e  R R II 105  (T ab le  B o t. 1). M ea n  
y ie ld  o f  Five o rte t c lo n e s  in B O -I p a n e l w as 
co m p a ra b le  w ith  R R II 105 . A lth o u g h  C y o  72 
w as a  s u p e rio r  y ie ld e r , it  w as fo u n d  h ig h ly  
s u s ce p tib le  to  A L F  d ise a s e . C y o  41 , C y o  35 
a n d  C y o  4 8  are  b e in g  ev a lu a ted  in th e  P C E  
tr ia ls . C y o  41 sh o w ed  s ig n if ic a n t ly  su p e rio r  
g irth , y ie ld  a n d  v ery  lo w  in c id e n ce  o f  A LF 
d isea se  d u r in g  th e  f ir s t  tw o  y e a r s  in B O -2  
p an e l.

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

In th e  O F T  o f  14 p ip e lin e  c lo n e s  at 
K F D C , K a r n a ta k a , th r e e  p ip e l in e  c lo n e s  
w ere  s u p e rio r  to  R R JI 430 , b a se d  o n  g irth  
r eco rd ed  in th e  six th  y e a r  o f  p la n tin g . In the 
tr ia l  o f  12  m o n o c lo n a l  b lo c k s ,  p ip e l in e  
c lo n e s  Brz. P 70, P  21  an d  P 2 6  p erfo rm ed  
b e tte r  in te rm s o f g ir th  (a fte r  th re e  y e a rs  o f 
p lan tin g). C lo n es P 7 0  and  R R II 429  record ed  
m ax im u m  g ir th  (2 4 .0  c m ) an d  stem  v o lu m e  
(0.01 m> e a c h ) fo llo w e d  b y  R R II 4 1 4  and  
R R II 4 1 7  (23 .0  cm ) an d  P  21 and  P 2 6  (22.0 
cm ). Stem  v olum e w as0.009m >  in  c lo n es  RRII 
414  and  R R II 4 1 7  a n d  0 .0 0 8  m  ' in  P  21 , P 26, 
R R II 4 2 2  and  P B  330 .



Clone Girth (cm)* A LF incidence BO-1 panel BO-2 pan.
Cyo 41 79.1a Very low 40.5ab 58.1
Cyo 18 66.5bc Medium 36.9bcd 55.2
Cyo 43 64.4bcd Medium 45. lab 51.3
Cyo 30 69b Low 46.0a 46.7
Cyo 35 67.7b High 40.0abc 46.2
Cyo 48 82.1a Low 31.2cd 43.8
RRI1105 59.4de Medium 40.9ab 4 1 6
Cyo 72 62. led Very high 47.6a 42.3
Cyo 31 64bcd Medium 14.5e 25-3
Cyo 68 S4.Se Medium 28.2d 23.8
'V alues followed by same letters are not significantly different based on DMRT; ” 2 years

3. Polycross progeny evaluation
In the observ ation al tria l (2005) a t C ES, 

C h eth a ck a l, p o ly  c ro ss  p ro g en ies h ad  very 
h ig h  v a r ia b i lity  in te r m s  o f  g ro w th  an d  
y ie ld . G irth  d u rin g  15lh y ear  ran ged  from  
3 4  to  130 cm  an d  m e an  y ie ld  o v e r  sev en  
y e a r s  r a n g e d  fro m  1 0 .8  to  9 9 .4  g  t 1 t ! . 
P o ly cro ss  p ro g en ies  had  a m ax im u m  m ean 
g ir th  o f  8 6  cm  as ag a in st 65 .5  cm  in clon e 
R R II 105. T w o p olycross progen ies had m ore 
th an  9 0  g  t : t w hile on e progen y  had over 
8 0  g  t 1 f F i v e  p ro g en ies  h ad  o v er  7 0  g  t ’ t 1 
a n d  12 h a d  o v e r  6 0  g  I ' t S ix ty  se v e n

p r o g e n i e s  h a d  y ie ld  h ig h e r  th a n  th e  
p o p u la t io n  m e a n  (4 0  g  f 1 t '1)  w h i le  8 
progen ies y ie ld ed  m o re th an  7 0  g  t ' t 1 w hich  
w as h ig h e r  th an  th e  b e s t y ie ld in g  tre e  o f 
R R II 1 0 5 . T h e s e  h a l f -s ib  p r o g e n ie s  w ith  
su p erio r  y ield  o ffer  b e tter  sco p e fo r  selection  
(F ig s. B ot. l a  an d  lb ) .

A  p o ly c r o s s  se e d  g a r d e n  w ith  2 7  
c lo n e s  c o m p ris in g  o f  W  x W  an d  W x A  
h y b r id s , p o p u la r  c lo n e s  an d  g e rm p la s m  
access io n s , etc. w ith  a to ta l o f a b o u t 10 ,000  
p lan ts  w as p la n ted  in th ree  ex p e rim e n ta l 
p lo ts  in an  area  o f  a b o u t 2 0  F la  a t  A rasu

polvcross progeneies



Rubber C orp oration, K an yakum ari D istrict 
of Tam il N adu. D uring the year, a popu lation  
con sistin g  o f 4 40 0  p o ly cro ss p ro g en ies w as 
p la n te d  a t  D a p c h a r i  w it h  8 3  p e r  c e n t 
su rv iv a l. A fte r  c o m p le t in g  o n e  y e a r  o f  
g r o w th , s e e d l in g s  a t ta in e d  a n  a v e r a g e  
h e ig h t o f  4 0  cm . In o r d e r  to  u t i l iz e  th e  
prepotency o f PB c lon es and to  d evelop  h igh 
y ie ld in g  clo n es th rou gh h a lf-sib  se lection , 
3 3 7 half-sib  seed lin gs from  high  y ie ld in g  PB 
c lo n e s  w ere  e v a lu a te d  fo r  y ie ld  b y  tes t 
ta p p in g  fro m  w h ic h  7 0  h a l f - s ib s  w e re  
selected and m u ltip lied  fo r  evalu ation  u nder 
C lonal Nursery.

4. Genetic studies and investigations 
on genotype x environm ent 
interactions

4.1. P h y sio lo g ica l ev a lu atio n  o f  p ip e lin e  
c lo n e s  fo r  d ro u g h t a n d  co ld  s tre ss  
to leran ce

W ith regard  to  th e  c lo n a l n u rsery  trial 
laid  out d u rin g  2019 co m p ris in g  5 7  H evea  
g e n o ty p e s  a t  R R S , A g a r ta la  a n d  C E S , 
C h eth a ck a l, in flu e n ce  o f  co ld  s tre ss  w as 
assessed  d u rin g  F eb ru ary  a t  R R S, A garta la . 
Effect o f d ro u g h t at C E S, C h eth ack a l w as 
m easured  during  M arch  a n d  th e  n o n -stress  
control m e asu rem en ts w ere a lso  m ad e  on 
the sam e p lan ts d u r in g  the m o n th  o f Ju lv  
a fter receiv ing  su fficien t rain.

T h e ch lo ro p h y ll co n te n t w a s fou n d  
reduced  u n d er th e  in flu en ce  o f cold  stress 
at R RS, A g a rta la  w h e n  c o m p a re d  to  th e  
c o n t r o l  p la n ts  a t  C E S , C h e t h a c k a l .  
M a x im u m  c h lo r o p h y l l  c o n t e n t  w a s  
record ed  in g en o ty p es P 184, R R II 2 0 8  and 
R R II 4 2 9  u n d e r  c o ld  s t r e s s .  L e a s t  
d egrad ation  o f ch lo ro p h y  ll w as o b serv ed  in 
c h e c k  c lo n e  R R II 2 0 8 .  T h o u g h  C O , 
assim ilation  (A ), stom atal co n d u cten ce  (g  ), 
in ternal C O ,(c i)  and tran sp ira tio n  rate  (E) 
go t in h ib ited  u n d er co ld  stress  a c ro ss  the

g e n o ty p e s , th e  in s ta n t a n e o u s  w a te r  use 
e ff ic ie n cy  ( in s t W U E ) w a s h ig h e r  in cold  
s tresse d  p lan ts  co m p a re d  to co n tro l (Table 
B o t .  2 ) .  A ll th e  p a r a m e t e r s  s h o w e d  a 
d eclin in g  tren d  d u r in g  M arch  2 0 2 0  a t  CES, 
C h e th a ck a l w h e n  co m p a re d  to  s tre ss  free 
seaso n (Ju ly  2020). C lo n es  P  116 an d  P 93 
show ed m axim um  A  and least p ho tosyn thetic 
red u ctio n  u n d er low  tem p era tu re  ind icatin g  
its co ld  to leran ce  p o ten tia l. T h e  c h eck  clones 
R R IM  7 0 3 , R R IM  6 0 0  a n d  R R II  4 2 9  a lso  
p erfo rm ed  b e tte r  in te rm s o f A  (6 .5 , 6 .4 5  and 
5 .7 7  p m o l m  2 s~‘ ) a t  A g a rta la  w h e re a s  RRII 
4 3 0  had  le ss e r  A  (3 .51  p m o l m ~2 s~‘ ). T h e 
g e n o ty p e s  w ith  b e tte r  A sh o w e d  a gen eral 
tren d  o f  re la tiv e ly  h ig h e r  G s, E, In s t  W U E  
an d  lo w er C i u n d er co ld  c o n d itio n s .

U n d e r  d r o u g h t  s t r e s s  c o n d it io n s  o f 
C E S  C h e th e ck a l P 192  a n d  P  197  m ain ta in ed  
h ig h e r  p h o to sy n th e s is  w ith  le ss e r  d ro u g h t 
in f lu e n c e d  r e d u c t io n  in  p h o to s y n th e s is .  
R R IM  7 03 , R R II 2 0 8 , R R II 4 1 4  a n d  R R IM  600 
m a in ta in e d  b e t t e r  A  d e s p i t e  th e  s t r e s s  
co n d itio n . M o s t  o f  th e  g e n o ty p e s  w ith  a 
h ig h er  A  ten d  to  m a in ta in  h ig h e r  E  an d  low  
in st W U E  w h ich  m ig h t b e  d isa d v a n ta g e o u s  
in term s o f  w ater u tilisa tio n . O n ly  R R IM  600, 
R R II 4 1 4  an d  R R IM  7 0 3  w ere  fo u n d  to  h av e 
c o m p a r a b le  A  w it h  l e s s e r  t r a d e - o f f  o n  
t r a n s p ir a t io n  a n d  h ig h  W U E  th u s  
co n firm in g  th e ir  in h e re n t d r o u g h t to leran ce  
p o ten tia l w h ile  R R II 4 3 0  d isp la y e d  le ss e r  A 
an d  h ig h e r  tra n sp ira tio n a l loss .

4 .2 .  B io c h e m i c a l  e v a l u a t i o n  o f  la t e x
p a ra m e te rs  in  c lo n a l n u rse ry

In  th e  c lo n a l n u rs e r y  p la n te d  d u rin g
2 0 1 2  b o th  a t  R R S , A g a r t a la  a n d  C E S , 
C h e th a ck a l, b io c h e m ic a l p a r a m e te rs  w ere 
an a ly zed  in la tex  o f  1 7  c lo n e s  (se le ct io n  o f 
h ig h  a n d  lo w  y ie ld e r s )  d u r in g  F e b r u a ry  
2 0 2 0  at A g a r ta la  a n d  M a y  2 0 2 0  a t  C E S , 
C h eth a ck a l. In te rm s  o f d ry  r u b b e r  y ie ld , 
c lo n e s  P  20 , P 21 , P  107  an d  P  5 7  p e rfo rm ed  
be tte r  th an  o th e r  c lo n e s  w ith  4 1 .2 , 3 7 .6 , 37 .4
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and 27.1 g t ' t resp ectively  w h ile  RRII 430 
and RRII 105 y ield ed  20 .7  and 19.2 g 1 1 t 
respectively  at A garta la  (Table Bot. 3). In 
term s o f  ATP, the clo n es at A garta la  w ere 
m uch in ferior to p lants grow n a t CHS during  
M arch. C lon e R R II 4 30  had  the h ig h est level 
o f A TP in latex follow ed by P 110 and  P 102 
at C ES. O ther p aram eters su ch  as su crose , 
th iol and  in o rg a n ic  p h o sp h a te  w ere  a lso  
estim ated and the c lon es w ere ranked  based 
on rank sum  m ethod o f  all th e  p aram eters 
studied.

4.3. S tu d y  o n  r e la t io n s h i p  b e tw e e n  
c o n c e n tr a tio n  o f  A T P  in  la te x  an d  
y ield  p otentia l u sin g  a heterogen eou s 
seed lin g  p op u lation

In  th e  s t u d y  o n  la t e x  [A T P ] o f  
seed lin g s test-tap  y ie ld  ranged  from  0 .3  to 
31 g  t lt ', la tex [A TP] ranged  from  4 6  to  375 
(jM  in d ica tin g  th e  e x is te n ce  o f  very h igh  
variability for th ese traits in the experim ental 
p o p u la t io n . In  g e n e r a l ,  h ig h -y ie ld in g  
progenies had m ore latex [ATP] th an  low - 
y ielders and  vice versa. R egressio n  an a ly sis  
r e v e a le d  a d ir e c t  r e la t io n s h ip  (R 2= 0 .6 6 ) 
betw een latex [ATP] and test-tap  y ield  o f the 
progen ies (F igs. Bot. 2a  &  2b ) sh o w in g  th at 
h igh  tes t-ta p  y ie ld  and  h ig h  la tex  [A TP] 
could  en su re  m o re p recisio n  in recov ery  o f 
h igh  y ie ld in g  sele ctio n s in n u rsery  level.

4 .4 . Id e n tifica tio n  o f  p ip e lin e  c lo n e s  w ith  
cold  and  d ro u g h t to leran ce  b ased  on 
gro w th  and  y ie ld  in  c lo n a l n u rsery

A n a ly s is  u s i n g  th e  th r e e  
en v iro n m en ts  a s  b lo ck s  sh o w ed  th a t the 
en v iro n m en ta l co m p o n e n t acco u n te d  for 
m a jo r  v a ria tio n  th an  o th e r s  (c lo n e , 19% ; 
site/block, 6 5% ; resid u a l, 16% ). P h en o ty p ic  
co effic ie n ts o f v ariation  (P C V )  w ere  g re a te r  
than the g en o ty p ic  co e ff ic ie n ts  o f v aria tio n  
( G C V ) fo r  g ro w th  an d  y ie ld  tr a its  a t  all 
lo ca tio n s. H e r ita b ility  fo r  g ir th  w as v ery  
h igh  ( lv =  0 .7 2 ) a t  A g a rta la  w h ile  i t  w as 
m o d e ra te  a t  C h e th a c k a l (h 2 = 0 .5 3 ) an d

D ap ch ari (h- = 0 .41 ) (T ab le  Bot. 4 ). S im ilarly , 
h e r i t a b i l i ty  fo r  y ie ld  wfa s  v e r y  h ig h  at 
C h eth ack a l (h ' = 0 .6 2 ), m o d e ra te  a t  A garta la  
( l r  = 0 .42 ) an d  lo w  a t D ap ch ari (h 2 = 0.15). 
A t A g arta la , fo u r p ip e lin e  c lo n e s  viz . P 021, 
P 101, P 102  an d  P 107  p o ss e sse d  h ig h er 
P e r fo r m a n c e  In d e x  (P I )  th a n  th e  c o ld -  
to leran t c lo n e  R R IM  600 . A t D a p ch a r i, hvo 
p ip e lin e  c lo n e s  v iz .  P  0 2 6  a n d  P  1 0 2  had 
h ig h est PI. B ased  o n  h ig h  P I  u n d e r  c o ld  and 
d ro u g h t s tre ss  co n d itio n s  a t  A g a rta la  and 
D ap ch ari resp ectively , P  102  e m e rg e d  a s  a 
v ersa tile  p ip e lin e  c lo n e  w ith  s ta b le  g row th 
an d  y ie ld  u n d e r  co ld  a s  w e ll a s  d ro u g h t 
e n v iro n m e n t. T h re e  p ip e lin e  c lo n e s  viz . P 
0 21 , P  101 and  P 1 0 7  a lso  p o ss e sse d  h igh  PI 
d isp la y in g  a d a p ta b ility  to  c o ld  a n d  d ro u g h t 
b y  s u s ta in in g  s u p e r io r  g r o w th  a n d  y ield  
th an  R R IM  6 0 0  at b o th  en v iro n m e n ts .

4.4.1. I d e n t i f i c a t io n  o f  p ip e l in e  c lo n e s  w ith  
a b i l i t y  to  c o m b in e  h ig h  y i e ld  a n d  g ir th  
u n d er  c o ld  a n d  d r o u g h t  c o n d it io n s  

R e s u l t s  o f  c o r r e la t io n  a n a l y s is  
in d ic a te d  s ig n if ic a n t  c o r re la t io n  b e tw e e n  
g i r t h  a n d  y ie l d .  A m o n g  th e  th r e e  
env iron m en ts, co rre la tio n  w as m ax im u m  for 
C h e th a c k a l (r  = 0 .7 7 , p < 0 .05 ) fo llo w e d  by 
A g a rta la  (r  =  0 .62 , p < 0.05) an d  D a p ch a r i (r  =
0 .39 , p < 0.05). In the c o ld -p ro n e  e n v iro n m en t 
at A g arta la , 17  p ip e lin e  c lo n e s  v iz . P  1, P 17, 
P  20 , P  21 , P  2 6 , P  44 , P  5 7 , P 6 4 , P  6 6 , P  87, 
P  8 8 , P  98 , P  9 9 , P 101, P 102 , P 107  a n d  P 110 
a lo n g  w ith  R R II 430 , R R IM  6 0 0  and  R R II 105, 
co u ld  b e  id e n tifie d  a s  p o te n tia l ca n d id a te s  
fo r  la t e x - t im b e r  c lo n e s  s in c e  th e y  w ere  
lo ca ted  in th e  q u a d ra n t fo r  h ig h  y ie ld  and  
g ir th  (F ig . Bot. 3 ). U n d er th e  d ro u g h t-p ro n e  
en v iro n m en t o f D ap ch ari, 12 p ip e lin e  c lo n es 
viz . P  20, P 21, P  26 , P  44, P 60 , P  6 1 , P  64 , P 70, 
P 101 , P  102 , P 1 0 7  an d  P  110  a lo n g  w ith  
R R II 2 0 8  an d  R R II 4 3 0  w ere  d e m a rca te d  as 
potentia l la tex -tim b er c a n d id a te s  w ith  b etter 
g ro w th  a s  w ell a s  y ie ld .
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Fig. Bot. 2a. Relationship between latex ATP and test tap 
yield in seedlings
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5. Participatory evaluation of 
rubber clones in the pipeline

5 .1 . Source Bush Nurseries o f p ipeline clones

A t th e  C e n tra l E x p e rim e n t S ta tio n , 
C h e t h a c k a l ,  2 8 2  p ip e l in e  c lo n e s  w e r e  
m aintained  in 17  s o u rce  bush  n u rseries.

5.1.1. P h a se  1 (2008)

In L ST  1, P 61 record ed  a h ig h est girth 
o f 6 4  cm  b y  12 years. C lo n es P  10 and  P  21 
reco rd ed  g ir th  o n  p ar  w ith  th e  v ig o ro u s  
ch eck  c lo n e  R R II 4 1 4  (60  cm ). T h e  g ir th  
in crem en t rate  a t  im m atu rity  p eriod  o f P 21 
and P  61 w as on p ar w ith  R R II 4 1 4  (6 .4  cm ). 
U p o n  tapp ing, th e  c lo n es  P 10, P 60 , P 61

an d  P  8 4  e x h ib ite d  g r e a te r  g ir th  in cre m e n t 
ra te  th an  th e  ch e ck  c lo n e s . In  th e  4 'h y e a r  o f 
ta p p in g , c lo n e s  P 6 0  a n d  P  21  e x h ib ite d  
su p e rio r  y ie ld  (6 7 .3  a n d  5 8 .2  g  t'1 f 1) th an  
th e  c h eck  c lo n e  R R II 4 3 0  (4 2  g  f  t ‘). In  term s 
o f  l e a f  r e t e n t io n  u n d e r  A L F  d is e a s e  
in festa tio n , c lo n e s  P  10 , P  15 P  21 , P  6 7  and  
P  8 4  w 'ere p ro m is in g  (T ab le  B o t. 5).

In  L S T  2 , P 6 3  r e co rd e d  a h ig h e s t g irth  
o f 6 3 .7  cm  by 10 y ears. F iv e  c lo n e s  reg istered  
v ig o r o u s  g ro w th  c o m p a ra b le  to  R R II 414 
( 6 2 .5  c m ) .  T h e  g ir th  i n c r e m e n t  r a te  at 
im m a tu rity  p e r io d  o f  P  7 0  a n d  P  4 4  w as 
co m p a ra b le  to  th a t o f  R R II 4 1 4  (7 .9  cm ). 
U p o n  ta p p in g , th e  c lo n e s  P  6 2  a n d  P  63

Table B o t  4. Genetic parameters and heritabUity (h;) o f growth and yield of c lones
-___________  GCl'* PCV** h; r.r\ '‘
Girth

Agartala 0.17

Dapchari 0.13

Chethackal 0.13
Mean 0.14

■Genoty pic coefficient of variation; "Phenotypic coefficient of

Yield
0.19 0.72 Agartala 0.21 0.32 0.42
0.21 0.41 Dapchari 0.18 0.46 0.15
0.18 0.53 Chethackal 0.41 0.52 0.62

0.55 Mean 0.26 0.43 0.40
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e x h ib ite d  b e tter  g ir th  in crem en t rate  th an  
th e  ch eck  c lo n e  R R II 105 (2 .4  cm ). In term s 
o f  y ield  in the 4 th y e a r  o f tapp ing, c lon es P  26 
and  P 44  w ere  su p erio r  (50  g  t'1 t  l )  a n d  w ere 
c o m p a ra b le  to th e  c h eck  c lon es RR II 414  and 
RRII 105. In te rm s o f le a f reten tio n  u n d er

A L F d ise a s e  in festa tio n , c lo n e s  P  6 2 , P  6 3 , P
64  and  P 7 0  w ere  su p erior.

In th e  O F T  a t K o o ttik k a l esta te  (2008), 
g r o w th  w a s  s u b - o p t im a l  a n d  r a n g e d  
b e tw ee n  4 9 .2  cm  (P  6 2 ) an d  6 2  cm  (P  6 3  a n d  
R R II 4 1 4 )  b y  12 y e a rs . G irth  o f  P  2 6  w as





co m p a ra b le  w ith  th at o f RR II 4 3 0  (59  cm ). 
R R II 4 3 0  h a d  th e  m a x im u m  y ie ld  w ith
5 0  g  t 1 t 1 o v e r  3 y e a rs  o f tap p in g  fo llo w ed  
by P 6 6  w ith  4 3  g t ' t ’ . C lo n es  P  15 a n d  P 26 
w ere  o n  par w ith R R II 105. C lon e P 26  had 
m o re  n u m b e r  o f  tap p ed  tre e s  a n d  g irth  
c o m p a ra b le  to  RR II 4 3 0  an d  D RC  on par 
w ith  RR II 105.

In O F T  a t V ith u ra , su p erio r  g irth  w as 
o b serv ed  in P 8 4  (70 .7  cm ) fo llow ed by P 61 
(70.1 cm ), P 68  (70 .0  cm ), an d  P 21 (70 .2  cm ) 
by 12 y ears. In the O F T  a t D evagiri Estate, 
K a n jir a p p a l ly ,  P 2 6  c o n t in u e d  to  h a v e  
co m p a ra b le  y ield  w ith  the best p erfo rm in g  
c h e c k  c lo n e  R R II 4 1 4 .  In  th e  O F T  a t 
A th ir a p i l ly  E s ta t e ,  s u p e r io r  y ie ld  w a s 
o b serv ed  in P 0 8 4  (67 .2  g  f 1 f )  fo llo w ed  by 
co n tro l c lo n e  R R II 4 1 4  (36  g  t 1 f ) .  In the 
O F T  at Be B e  E sta te  P u nalur, c lon e P  0 26 , P
0 1 5  a n d  P  0 6 6  r e g is te re d  s u p e r io r  y ie ld  
w h e n  co m p a red  to  RR II 430 . In the O F T  at 
P erin th a lm a n n a , P 063  an d  P  087  ex h ib ite d  
su p e rio r  g ro w th  an d  y ie ld .

5.1.2. P h a s e  2  (2010)

T h e  C e n tra l L a r g e  S c a le  T r ia l w as 
p la n te d  in  2 0 1 0  a t  C e n tra l E x p erim en ta l 
S ta tio n , C h eth a ck a l w ith  14 p ip elin e  clon es 
a n d  th r e e  c h e c k  c lo n e s .  C lo n e  P 0 4 4  
co n tin u ed  to  e x h ib it s u p erio r  g irth  and  w as 
c o m p a r a b le  to  R R II 4 1 4 . S e v e n  p ip e lin e  
c lo n e s  co n tin u ed  to m a in ta in  h ig h e r  g irth  
th an  R R II 105. C lo n es P 70, P 64, and  P 19 
c o n t in u e d  to  d isp la y  le ss e r  A L F  d ise a s e  
in c id e n c e  in d ic a t in g  th e ir  p u ta tiv e  A L F  
to leran ce . P re lim in ary  assessm en t o f y ield  
o v er  tw o y ears in d icates RRII 414  (67  g  t_l t ') 
as the b e s t p erfo rm er fo llow ed bv P 044  (65.3 
g t 1 t 1), P 0 9 3  (52 .9  g t 1 t 1) a n d  R R II 430  
(5 7 .6  g t 1 t '). T h re e  m o re  p ip e lin e  c lo n es  
p erfo rm ed  b e tte r  th an  R R II 105.

In d ie  O F T  a t  V aniam p ara esta te , fou r 
c lo n e s  had  a m ean g ir th  o f ab o v e  6 0  cm  as 
a g a i n s t  6 5  c m  fo r  R R II 4 3 0 .  H ig h e s t  
ta p p a b ility  o f  89  p er  c en t w as o b serv ed  in P

4 4  and  P 54  a m o n g  the p ip elin e  c lon es. Yield 
o v er  first e ig h t m o n th s o f tap p in g  revealed  
c lo n e  P 6 4  a s  su p e rio r  (5 2  g  t 1 t '!) fo llow ed 
by P 99  (50 g  t‘: t !) w h ile  R R II 4 3 0  y ield ed
4 6 .7  g f  t '. In  th e  O F T  at K a liy ar  Estate, 
c lo n e  P 098  an d  P 0 9 9  re g iste re d  h ig h e st 
y ie ld . In th e  O F T  a t P u d u kkad  E state, P 0 19  
h ad  m a x im u m  to le ra n c e  to  A L F  d ise a s e  
fo llo w ed  b y  R R II 430 , P  047  and  P 8 0 .

5.1.3. P h a s e  3  (2012)

In th e  C e n tra l L a r g e  S c a le  T r ia l a t 
C en tra l E xp erim en ta l S ta tio n , C h eth ack a l, 
R R II 400  se r ie s  ch eck  c lo n e s  co n tin u ed  to 
o ccu p y  th e  to p  p o sitio n  in te rm s o f g irth  
th u s su b s ta n tia tin g  th e ir  s u p e rio r ity . S ix  
p ip e lin e  c lo n e s  co n tin u ed  to re ta in  b e tter  
gro w th  th an  R R II 105  am o n g  w h ich  P 110 
and  P 104 w ere  to p p ers. A L F  in c id en ce w as 
m u ch lesser  (< 1 0  % ) in  c lo n es  P  116  an d  P 
156  and  R R II 4 3 0  in d ica tin g  th eir to leran ce  
to A L F  d isease .

In  th e  C h e m o n i O F T , c lo n e  P 1 1 0  
reco rd ed  m a x im u m  g irth  (56 cm ) fo llo w ed  
by RR II 417  an d  R R II 4 3 0  (52  cm ). C lo n es  P 
142, P 114 an d  P 104 h ad  b e tter  g ir th  th an  
R R II 1 0 5  (4 7 .8  cm ). W ith  re g a rd  to  A L F  
d isease  to leran ce, R R II 105  and  R R II 4 1 7  had  
m o re  th a n  9 5  p er c e n t le a f  re te n tio n  w h ile  
P 114 and  RR II 4 30  had m o re th an  8 0  p er cen t 
le a f  r e t e n t io n  in d ic a t in g  th e  p u t a t iv e  
to leran ce  in  P  114.

In th e  O F T  a t K u m b azh a  e sta te , P 102, 
P  104 an d  P  110  w e re  c o m p a ra b le  to  th e  
c h eck  c lo n e  R R II 430  (57 .6  cm ) in  term s o f 
g irth . R R II 430  fo llo w ed  b y  P 112 an d  P 104 
reg iste red  s u p e rio r  y ie ld  in  th e  firs t year. 
T h e D R C  o f P 104 w as o n  p ar  w ith  R R II 430. 
A t C a l i c u t  e s t a t e ,  s u p e r io r  g ir th  w a s  
record ed  in  clon e R R II 4 1 7  close ly  follow ed 
b y  P  1 1 0  a n d  R R II 4 3 0 .  M o s t  o f  th e  
experim ental clon es w ere better than R R II 105 
in term s o f d isea se  to leran ce . P re lim in ary  
data  o n  y ield in d icates R R II 417 , R R II 4 30  and  
P 110  a s  su p e rio r  p erfo rm ers .



5.1.4. Phase 4 (2014)
In  th e  C e n t r a !  L a r g e  S c a le  T r ia l 

established  d u rin g  2014 at RRII u n d er Phase 
4, th ree p ip elin e  c lon es P 129, P 181 and  P 
172 continu ed  to m aintain  better g irth  th an  
RRII 105 and rem ain in g  clon es. H ow ever, 
RRII 414, RRII 417 and RRII 4 3 0  con tin u ed  
to have su p erior g irth  in the trial. RRII 414  
and  RRII 430  had m ore th an  9 0  p er c en t leaf 
reten tion d isp lacin g  m axim u m  to leran ce  to 
ALF. A m o n g th e  rem a in in g  c lo n es, P 129 
follow ed by RRII 417 , P 048 , P 168, P 172 
and  P 180 had  m ore th an  80  p er  cen t leaf 
reten tio n . P 73  w a s th e  sev ere ly  a ffec ted  
pip elin e  c lon e w ith  less  than 5 0  p er cen t lea f 
reten tion . In an on -farm  trial a t  C h em on i 
Estate, fou r check  c lon es atta in ed  m ax im u m  
girth . A m o n g the p ip elin e  c lo n es, P 168 and 
P  129 attained  b e tter  g irth . A t th e  K ailiyad u  
O F T  a t  S h o ra n u r , P 171 , P 129 , P 168  an d  
P 120 con tin u ed  to  d isp lay  b e tte r  gro w th  
a fter RR II 414.

A t C h em o n i E state, P 121 ex h ib ited  
better to leran ce  to A LF d isease  w ith  m o re 
than 9 0  p er cen t lea f reten tio n  fo llo w ed  by 
R RII 4 1 7  an d  P  172. S ev ere  in fectio n  w as 
observed  in  P 7 3  w ith  on ly  12 p er  cen t lea f 
r e te n tio n . In th e  O F T  a t B e th a n y  e s ta te , 
K an y ak u m ari, th e  tre e s  w ere  o p en ed  for 
ta p p in g  in th e  6 ” y e a r  o f  p la n t in g . A t 
T h ir u a m p a d y  e s t a t e ,  K o z h ik o d e , fo u r  
p ip elin e  clo n es (P  168, P 133, P  126 and  P 
071) had b etter girth w hen com pared  to RR II 
105 and RRII 414  th ou gh  RR II 4 3 0  a n d  RR II 
41 7  w ere th e  top  perform ers.

5.1.5. P h a s e  5 (2016)

In th e  2 0 1 6  O F T  a t  C h eru p itta k a v u  
Estate, Pu nalur, th ere  a re  14 p ip elin e  c lo n es  
and  th ree check  clon es. O f these, RR II 430  
continu ed  to e x h ib it su p erio r  g irth . A m o n g 
th e  p ip e l in e  c lo n e s ,  P 2 0 0  a n d  P  2 0 7  
ex h ib ited  better g irth  th an  RR II 105. In the 
tr ia l a t S F C K , c lo n e  P 126 sh o w ed  b e tte r  
in itial g row th  (25 cm ) than RR II 4 3 0  (23 cm ).

P  202  a lso  sh o w ed  e arly  g ro w th  v igou r. Th e 
p lo t o f  c lo n e  P 2 0 4  w a s  fu lly  d a m a g e d  by 
fire  ou tb reak . In th e  O F T  at P aa la li esta te  
(T a m il N a d u ) ,  t h r e e  p i p e l i n e  c lo n e s  
e x h ib ite d  g ir th  s u p e r io r  to  th e  to p  m o st 
ch eck  c lo n e  R R II 105.

5.1.6. P h a s e  6  (2019)

In th e  p h a se  6  o f  p a r tic ip a to ry  clon e 
e v a lu a t io n  t r ia l s  ( 2 0 1 9 ) ,  c a s u a l t y  w a s  
assessed  in th e  L S T  a t  C E S  and  O F T s a t A RC, 
K an yakum ari, SFC K , Pu nalur, R R S, P ad iyoor 
and  H B S S , N e tta n a . In itia l e s ta b lis h m e n t 
w a s  b e tte r  in K a n y a k u m a ri an d  N ettan a . 
R ep lan tin g  o f  c a su a ltie s  w as u n d e rta k e n  in 
C E S  an d  Padiyoor.

6. B re e d in g  for o th e r s p e c ific
objectives

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

In an  a t t e m p t  to  d e v e lo p  d r o u g h t  
to l e r a n t  c lo n e s  fo r  th e  n o n - t r a d i t io n a l  
a r e a ,  p r o g e n i e s  d e v e l o p e d  t h r o u g h  
h y b r id iz a tio n  b e tw e e n  h ig h  y ie ld in g  c lo n e  
(R R II 105 ; fe m a le  p a r e n t)  a n d  a d r o u g h t 
to le ra n t c lo n e  (P B  2 8 0 ;  m a le  p a r e n t)  an d  
th e  r e c ip ro c a l c r o s s in g  (P B  2 8 0  x R R II  105) 
w e re  e v a lu a te d  in  a c lo n a l n u r s e r y  tr ia l at 
R R S , D a p c h a r i .  In  a t r i a l  w i t h  4 0  
e x p e r i m e n t a l  c l o n e s  a n d  n i n e  c o n t r o l  
c l o n e s ,  s ix  h y b r id  c l o n e s  e x h i b i t e d  
c o n s is te n tly  s u p e r io r  ju v e n ile  y ie ld  th a n  
th e  c h e c k  c lo n e  R R IM  6 0 0  in  th e  p e a k  
y ie ld in g  se a so n  (T a b le  B o t. 6 ). T h e  h ig h e s t 
y ie ld e r  w as c lo n e  1 1 4 . C lo n e  6 9  w a s  th e  
s e c o n d  h i g h e s t  y i e l d e r  w h i c h  a ls o  
e x h ib ite d  h ig h e s t g ir th .  T h r e e  c lo n e s  w ith  
s u p e r io r  y ie ld  p e r fo r m a n c e  in  th e  p e a k  
y ie ld in g  se a so n  e x h ib ite d  s u p e r io r  y ie ld  
d u r in g  su m m e r  a s  w ell.

6 .2 . B r e e d in g  fo r  d is e a s e  to le ra n c e

I n t r o g r e s s i v e  h y b r i d i z a t i o n  w a s  
c a r r ie d  o u t  b e tw e e n  h ig h  y ie l d in g  an d



l.ihk- hot. Girth and yield of top yielding cl
Clone Girth Mean yield 1
_______________ (cm)__________ (g f t  '*)
114 
69

17.9

21.6
18.4
15.4

17.2 
18.8
16.2
18.7
16.8

15.2 

15.8
17.5 

16.7

20.6
21.3

16.4

71.7
69.5
67.7 
62.2
61.1 
60.9
56.5
56.0

55.0
50.8 
48.7

47.6
46.0

43.0

43.0

40.0
39.2
37.9

su s ce p tib le  c lo n es  o f  H. b rasilien sis  as fem ale 
p a re n ts  an d  o th er  d isea se -to lera n t sp ecies 
(H . sp ru c ea n a  an d  H. catltargoana ) an d  w ild 
a c c e ss io n s  (R O  380  an d  R O  287 1 ) as m ale 
p aren ts . H a lf-s ib s  w e re  a lso  co llected  from  
a d ise a s e  to leran t c lon e, Fx 516 . P ro g en ies 
w e re  e v a lu a te d  fo r  ju v e n ile  g ro w th  an d  
y ie ld  a t th e  ag e  o f th ree  years. R eg ard in g  
g ro w th  in te rm s  o f g irth , fam ily  RR II 4 3 0  x 
R O  3 8 0  (m e an , 29  cm )an d  RRII 430  x H ei’ea  
sp ru c ea n a  (m e a n , 2 3  cm ) p erfo rm ed  w ell. 
M ean grow th perform ance in fam ilies RRII 105 
x H. c a m a r g o a m  and  RR II 430  x H. spru cean a  
w as p oor. W ith  re feren ce  to ju v e n ile  y ield , 
m ean  fam ily  y ie ld  o f R R II 4 14  x R 0 3 8 0  w as
65  g  f  f 10 fo llo w ed  by RR II 430  x R O  380 
an d  R R II 4 3 0  x H. cam argoan a  (15  g  t 1 t’10), 
w h ile  th e  r e m a in in g  c ro s s -c o m b in a tio n s  
p ro d u ced  p ro g en ies  w ith  low  y ield  rangin g  
fro m  7 -9  g  t ' t O n e  ex cep tio n a l p rogeny 
o f  th e  c ro ss  R R II 414  x R O  380  g av e  a very

high y ield  o f 191 g  f  t . H a lf-sib s o f F x 516
had a m ean y ield o f 17 g  t 1 f  w ith  m axim um  
in d iv id u al y ield  o f 56  g  tr! trw.

P relim in ary  a ssessm en t sh ow ed  th at 
the s e le c tio n s  w ere  p u ta tiv e ly  to le ra n t to 
m ajor lea f d isea ses  as th ere  w ere  n o  seriou s 
m a jo r  d isease  sy m p to m s. D u rin g  th e  co u rse  
o f  ev a lu a t io n  o f a b o v e  p ro g e n ie s , it w as 
observed  th at m an y p ro g en ies  w ere affected  
by a s e r io u s  lea f d ise a s e  a sso c ia te d  w ith  
P h y llostic ta  cap ita len s is  in  th e  form  o f  sp ots 
in m atu re  leaves. P ro g en ies  o f cro sses  viz. 
R R II 430  x R O  2 871, R R II 4 1 4  x H. spru cean a , 
R R II  4 1 4  x R O  3 8 0  a n d  R R II  1 0 5  x H. 
sp ru cean a  had  m o re th an  8 0  p er  c en t d isease  
in c id en ces in th e ir  p rogen ies. P ro g en ies  o f 
cro ss RR II 4 3 0  x R O  3 8 0  sh o w ed  m in im u m  
disease incidence (1 = 61% ). H alf-sib progenies 
o f a  d isease  to le ra n t c lo n e  Fx 516  sh ow ed  
lesser disease incidences ( I=25-27% ) indicating 
b e tte r  to le ra n ce . In an  o n -fa rm  tr ia l, tw o 
clo n es  viz. RR II 4 3 0  an d  RR II 4 1 7  record ed  
m axim u m  (I = 60% ) d isease  in cid en ce. C lon e 
R R II 4 2 2  (I = 1 0 % ) fo llo w e d  b y  R R II 4 1 4  
(I = 20% ) show ed m inim um  d isease incidence. 
Tw o o th er  c lo n e s  viz . R R II 105 a n d  R R II 429  
sh o w e d  m o d e r a t e  in c id e n c e  (I = 5 0 % ). 
Tw enty f iv e  e x p e rim e n ta l c lo n e s  o f  H n ’ea  
w e r e  in v e s tig a te d  fo r  th e ir  A L F  d ise a s e  
in c id en ce  an d  co rresp o n d in g  lea f a r tic u la r  
th ick n ess w h ich  is p rim ary  fron tlin e  d efen se  
m e ch an ism  ag a in st p lan t p a th o g en s. U sin g  
the abov e s e t o f c lo n es, a d irect re la tio n sh ip  
w as o b se rv e d  b e tw e e n  in c id e n c e  o f  A LF 
d isease  a n d  lea f cu tic le  th ick n e s s  (R ? = 0 .53 ), 
(F ig . B ot. 4 ). A b o v e  stu d y  in d ica te d  th a t 
th ick er  lea f c u tic le  m ig h t p lay  an  im p o rtan t 
ro le in im p artin g  to leran ce  to  A L F  in  H evea.

T h e  c lo n e s  im p o r t e d  u n d e r  
in ternational clon e ex ch an g e  from  V ietnam , 
T h a ilan d , C h in a, C am b o d ia  an d  In d on esia  
in c lu d in g  S A L B - r e s is t a n t  c lo n e s ,  w e r e  
a ssessed  fo r  p u ta tiv e  r e s is ta n c e  to  m a jo r  
fu n g a l p a th o g e n s  in c o lla b o r a t io n  w ith



Fig. Bot. 4. Relationship between leaf cuticle th ickness and ALF disease in 25 genotypes 
of Hevea

P ath olo gy  D iv ision . T h e  c lo n e s  im p o rted  
fro m  V ie tn a m , T h a i la n d ,  C h in a  a n d  
C a m b o d ia  w e r e  fo u n d  to  b e  v a r ia b ly  
to leran t to  d read fu l fu n gal le a f p a th o g en s 
lik e  C o r y n e s p o r a ,  C o l l e t o t r i c h u m  a n d  
P hytophthora.

7. M olecular breeding
7.1. A b io t i c  s t r e s s  r e s p o n s iv e  S S R  

m ark ers

T h is  stu d y  is aim ed  to  e m p lo y  SS R  
m a r k e r s  id e n tif ie d  fr o m  a b io t i c  s t r e s s  
r e s p o n s iv e  t r a n s c r ip t s  o f  H e v e a  fo r  
c o n s tr u c t io n  o f  g e n e t ic  l in k a g e  m a p  in 
H evea. A rran g em en ts w ere m ad e to g e t the 
g en o m ic  D N A  iso la ted  fro m  th e se le cted  
g en oty p es fo r  PC R  a n a ly sis . T h e w ork  is in 
progress.

7.2. V a lid atio n  o f  m o le cu la r  m a rk e rs  fo r  
a b io tic  s tre ss  to leran ce

T h is stu d y  w as in itiated  to  v alid ate the 
m o le c u la r  m a r k e r s  d e v e lo p e d  fr o m  
p revious stu d ies on a b io tic  stress resp on sive  
a n d  y ie ld  r e la te d  t r a n s c r ip t s  o f  H ev ea .

P r im e rs  fo r  th e se  m a rk e rs  w e re  d esig n ed  
an d  sy n th e s iz e d . L e a f  an d  la tex  sa m p les  
w ere  co lle cted  fro m  d ro u g h t a n d  co ld  stress 
ex p osed  p lan ts  o f a b o u t 5 0  g e n o ty p e s  g row n 
a t  R R S , D a p c h a r i  a n d  R R S ,  A g a r ta la ,  
r e s p e c t iv e ly  a n d  fro m  C E S , C h e th a c k a l  

( c o n t r o l )  a n d  s to r e d  f r o z e n  fo r  fu r th e r  
d o w n stre a m  p ro cesses .

8. Anatomical investigations
8.1 . P e tio lu le  a n ato m y  f o r  ch aracterisa tio n

o f  H e v e a  c lo n e s

A n a t o m i c a l  c h a r a c t e r i s a t i o n  w a s 
c a rr ie d  o u t u s in g  in d ig e n o u s  a n d  e x o tic  
c lo n es  w h ich  in c lu d ed  4 3  c lo n e s  im p o rted  
fro m  10 c o u n tr ie s  u n d e r  b ila t e r a l  c lo n e  
e x c h a n g e  p r o g r a m m e  o f  th e  I R R D B . 
C h aracterisa tio n  o f  th ese  c lo n e s  is a m an d ate  
o f th is p ro g ra m m e  and  is  b e in g  ca rr ie d  ou t 
in  th e  coun try. T h e  s tu d y  o n  d ista l pul v inu s 
o l H ev ea  b r a s i l i e n s i s  le a v e s  r e v e a le d  th e  
e x is t e n c e  o f  m a x im u m  d i v e r s i t y  fo r  
s t r u c t u r a l  t r a i t s  w ith  r e a s o n a b ly  g o o d  
stability ' fo r  c h a ra c te r isa t io n  o f  c lo n e s  from



C a m b o d ia  a n d  T h a ila n d . P o s s ib ility  o f 
u s in g  stru c tu ra l tra its  v iz .,  in ter-v a scu la r  
continu ity , sh ap e o f  v ascu lar bundles, xy lem  
ch a ra c te r is tic s  and p ro p o rtio n  o f tissu es in 
th e  ste le  for c h aracterisa tio n  o f th ese clon es 
w as a lso  in vestigated . A sy stem atic  key for 
the id e n tifica tio n  o f  the abov e m en tio n ed  
c lo n e s  w as fo rm u la ted  based  o n  stru ctu ral 
an d  m o rp h o lo g ica l traits.

Table Bot. 7. E ffec t o f  age o f bud wood stock on
tappability and yield

Treatment Tappability Mean yield 
over six years

(%) (g t : f )
T l 20 years nursery A 59.5 60.0
T2 4 years nursery A 59.3 58.3
T3 4 years nursery B 70.7 56.4
T4 4 years nurserv C 51.3 60.0
T5 20 years nursery C 38.5 62.4
T6 10 years trees* 8.0 53.8
T7 1 year nursery B 59.3 60.3

CV - 8 5
LSD (p<0.05) 6.0

* Bud? collected directly from the terminal branches

9. Studies on propagation

9.1 . S tu d ie s  o n  e ffe c t  o f  age o f  bu d w ood  
sto ck  and  q u a lity  o f p lan tin g  m aterials

T h e  stu d y  on effect o f age o f  bud wood 
sto ck  a n d  p ro d u ctio n  o f q u a lity  p lan tin g  
m a teria l o v e r  s ix  y ears rev ea led  th at the a ge 
( 12 -20  y e a rs) o f bud  w ood stock  d o e s  not 
in f lu e n c e  th e  q u a l i ty  o f  th e  p la n t in g  
m a te r ia ls  (T ab le  B ot. 7 ). H ow ever, u se  o f 
b u d s  d ir e c t ly  c o lle c te d  fro m  fie ld  tre e s  
resu lted  in trees w ith  very low  tap p ability  
an d  y ield .

In a n o th er  study, typ e o f bud  d id  not 
in flu e n ce  th e  q u a lity  o t p lan tin g  m ateria ls  
a n d  th e re  w a s  n o  s ig n if ic a n t  d if fe r e n c e

Table Bot. 8. Effect of type o f bud source on growth
and yield

Type of bud source Girth
(cm)

Mean yield

( g e t - 1)

T l Brown 53.0 51.0

T2 Conventional 59.4 49.8

T3 Semi-green 54.3 50.0

T4 Scale bud 54.0 46.2

T5 Whorl bud 58.6 48.2

T6 Light green 60.2 49.5

T7 Unhealthy buds 57.9 47.0

CD NS NS

betw een  trea tm en ts  w ith  resp ect to  trun k  
gro w th  an d  in itia l y ield  (T ab le Bot. 8 ).

9.2 . R o le  o f s p r o u tin g  p attern  o f  s e e d s  on
s e e d l i n g  g r o w th  in  H e v e a
b r a s i l i e n s i s

A stu d y  w as ca rr ie d  o u t to  a sse s s  the 
in flu en ce  o f s p r o u tin g  a n d  e a r ly  sh o o t and  
ro o t c h a r a c te r is t ic s  o f  H ev ea  s e e d l in g s  o n  
s e e d l i n g  g r o w t h  a n d  u n i f o r m i t y .  
G e rm in a te d  se e d s  w ere  g ro u p e d  in to  fo u r 
c a te g o r ie s  b a se d  o n  th e  s h o o t  a n d  r o o t 
le n g th  c h a r a c t e r i s t i c s  a n d  p la n t e d  in  
p o ly b a g s . A fte r  th re e  m o n th s  o f  g r o w th , 
b u d d a b ility  an d  s h o o t-r o o t  le n g th  w e re  
re c o rd e d . M a x m im u m  b u d d a b ility  (76% ) 
w a s  o b s e r v e d  in  s e e d l in g s  g r o w n  fro m  
g e r m in a te d  se e d s  w ith  le n g th y  sh o o t an d  
ro o t. G e rm in a te d  se e d s  w ith  s h o rt sh o o t 
and  ro o t le n g th  h ad  m in im u m  b u d d a b ility  
(3 0 % )  a n d  l e s s e r  u n i f o r m i t y  in  p la n t  
grow th . T h e a bov e p la n ts  w ere tran sp lan ted  
to  p o ly b a g  tor fie ld  p la n tin g .

10. International clone exchange

10.1 . L arg e sca le  tr ia ls

S B N s o f the im p o rted  c lo n e s  fro m  Sri 
L an ka w ere  e sta b lish ed  at C E S, C h eth ack a l. 
S ix  im p o rted  c lo n es  fro m  C o te  d 'Iv o ire  and



M y a n m a r  w e r e  b u d -g r a f te d  fo r  th e  
proposed  field trial. Tw o large  sca le  trials 
(LST) establish ed  at C ES, C h eth ackal w ith 
clon es im p orted  from  T h a ila n d  (R R I T 226 , 
R R IT  251 , R R IT  408 , RR1T 360 4  an d  R R IT  
3904), In d o n esia  (IR R  5, IR R  104 and  IRR 
119), C h in a , V ietn am  and C a m b o d ia  a re  
co n tin u ed . S B N s o f  th e  im p o rted  clone> 
fro m  te n  c o u n tr ie s  in c lu d in g  T h a ila n d , 
In d o n esia , P h ilip p in es  and  Sri L anka, etc ., 
are a lso  m ain ta in ed  a t C E S , C h e th a ck a l. 
T h e  abov e c lo n e s  are  b e in g  scre e n e d  fo r  
th e ir  a b io tic  an d  b io t ic  s t r e s s  to le ra n c e  
u s in g  la b o r a to r y  e x p e r i m e n t s  in  
c o l la b o r a t io n  w ith  P a t h o lo g y  a n d  
P h ysio lo gy  D iv ision s.

10.2. In te rn a tio n a l H e v e a  C lo n e  M u seu m

T h e  I n t e r n a t i o n a l  H e v e a  C lo n e  
M u seu m , co n s is tin g  o f h ig h -y ie ld in g  as 
w ell a s  S A L B -r e s is ta n t c lo n e s  im p o rte d  
fro m  d iffe re n t IR R D B  m e m b er c o u n tr ie s  is 
b ein g  m ain tain ed  a t R R II m ain  cam p u s. In 
co llab o ra tio n  w ith  P a th o lo g y  D iv isio n , th e  
im p orted  c lo n es  w ere  sc reen ed  fo r  m a jo r  
fu n g a l d is e a s e  p a t h o g e n s  th r o u g h  
la b o r a to r y  b io a s s a y  a n d  c lo n e s  w ith  
p u ta tiv e  to leran ce  w ere  id en tified .

11. Arboreta of H evea  clones and 
forest species
T h e a rbo re tu m  o f H ev ea  c o n s is tin g  o f 

55  c lo n es  w h ich  se rv e s  a s  d e m o n stra tio n - 
cu m -rese arch  p lo t, w as m ain ta in ed  at R R II 
m a in  c a m p u s , K o t ta y a m . S im ila r ly ,  an 
a r b o r e tu m  o f  6 3  a s s o r te d  fo r e s t  p la n t  
sp ecie s  a lo n g  w ith  H ev ea ,  p lan ted  in th e  
R R II m ain  ca m p u s d u r in g  th e  y ea r  2 0 1 4  is 
a lso  b e in g  m ain ta in ed .

12. Upgradation of Prang Besar (PB) 
clones to Category 1 and release for 
cultivation in traditional region
T h e  u p g ra d e d  c lo n e s  v iz .  P B  2 8 0 , PB 

255  and  PB  3 1 4  w e re  m u ltip lie d  an d  the 
ro o t tra in e r  p la n ts  a re  b e in g  m a in ta in e d  for 
e s ta b lish in g  m o re  s o u rc e  b u sh  n u rs e r ie s .

13. Supplem entary research for 
clone evaluation trials

13.1 . Q u ic k  c o a g u la tio n  fo r  s h e e t  r u b b e r  
p ro c e ss in g

In  c o n tin u a tio n  o f  th e  m e th o d  d ev ised  
fo r  D R C  e s t im a tio n  o f  H ev ea  la tex , a n ew  
m e th o d o lo g y  w a s d e v e lo p e d  fo r  q u ic k  
co ag u la tio n  o f  la tex for th e  p re p a ra tio n  of 
s h e e t ru b ber. R a w  r u b b e r  p r o p e r tie s  and  
tech n ological p ro p erties o f sh ee t r u b be r from 
qu ick  c o ag u la tio n  w ere  co m p a ra b le  w ith  the 
stan d ard  p ro to co l (T ab les B ot. 9  an d  10).

Table Bot. 9. Raw rubber properties o f  sheet rubber
from standard and rapid coagulation

Parameter Standard
protocol

Rapid coagulation 

protocol
P0 29 28

PRI 90 82
Mooney viscosity

(ML(1+4) 100°C) 54 54
Colour Honey colour H oney colour

Table Bot. 10. C u re c h a ra cte ris tics  o f  s h e e t rubber
______________ from standard and rapid  coagulation
Sample’ ________  Cure characteristics________
Particulars S’M, S'M ,, Tan Tan T90
______________ dNm dNm 8 M, S M ,, (nun)
Standard 1.13 14.43 0.88 0.05 6.34



T h e  H ev ea  germ p lasm  m ain tain ed  at 
R R II in c lu d es  th e  dom esticated  g en e pool 
w ith  c lo n e s  d e r iv e d  fro m  th e  o r ig in a l  
W ic k h a m  c o l le c t io n  o f  1 8 7 6 , th e  w ild  
g e rm p la s m  b e lo n g in g  to the 1981 IR R D B 
co llection , and  the co llection  o f o th er H evea  
sp e c ie s . M ain ten an ce  o f th e  d o m estica ted  
g e n e p o o l  c o l le c t io n ,  in t r o d u c t io n  an d  
co n s e rv a tio n  o f re m a in in g  H ev ea  sp ecie s , 
c o n s e rv a tio n  o f  th e  w ild  g e rm p la s m , its 
ag ro n o m ic evaluation, screening for diseases, 
d ro u g h t and  cold  stress  resistan ce, tim ber 
la tex  tra its  an d  m o lecu lar  ch aracterization  
a re  the m a jo r  activ ities o f the D ivision .

1. Introduction, conservation and 
docum entation

1 .1 . D o m e st ic a te d  g e n e  p o o l (W ick h a m
co lle c tio n )  fro m  seco n d ary  c en ters

T h e  183 W ickh am  clo n es  b elo n g in g  to 
th is  g e n e p o o l a re  b e in g  c o n s e rv e d  in  a 
b u d w o o d  n u rsery  (th e  c lo n e  m u seu m ) at 
R R II ,  K o t ta y a m , a n d  th r e e  a r b o r e ta  
(g e rm p la s m  g ard en s) a t  C E S, C h eth ack a l. 
T h e  arb o re ta  serv e  the p rim ary  p u rp o se  o f 
c o n s e rv a tio n , s c ie n tif ic  d a ta  c o lle c tio n  as 
an d  w h e n  n ece ssa ry , an d  are  a so u rce  o f 
clo n a l flo w e rs  fo r  b ree d in g  w h en  requ ired .

51 W ic k h a m  c lo n e s  a r e  b e in g  
c o n s e r v e d  in  an  a r b o r e tu m  p la n te d  
o r ig in a l ly  in 1 9 7 7 , a n d  r e ju v e n a te d  b y  
ra to o n in g  in 2 000 . W in terin g  p attern  w as

TableCk-r. I. M ean y ield  of IRC A  clon es over 19
_____________y e a rs ________ __ _______________ _______
Clone_____________________  Mean yield ( g  t : t 8)

IRCA 130 t'2-2'4
IRCA 109 52.34

IRCA 111 6130
IRCA 18 55.09

IRCA 230 5395
RRII 105____________________________ 5384

recorded  in th ese clo n es to  ch aracterise  early  
an d  late w in ter in g  c lo n es.

L on g  term  e v a lu atio n  o f the five IR C A  
c lo n e s  in tro d u c e d  in  1 9 9 1 , sh o w e d  th a t 
IR C A  130 w as th e  b est la tex  tim b er c lon e, 
fo llo w ed  b y  IR C A  109 (T ab le G er. 1). T h ese  
c lo n e s  h av e been  u p g rad ed  to  C a teg o ry  2.

In  a n  a r b o r e tu m  c o m p r is in g  2 0  
W ickh am  clo n es  in  G erm p lasm  G ard en  94 , 
R R IM  609, R R IC  100 an d  R R II 2 3  sh ow ed  
th e  h ig h est av era g e  y ie ld  o v er  16 y e a rs  o f 
tap p in g  (79 .0  -  75 .5  g  t ' : t_i), co m p ared  to
5 0 .8  g  t ' t 1 fo r  th e  p o p u lar  c lo n e  RR II 105. 
R R II 2 3  a ls o  c o n t in u e d  to  b e  th e  m o st 
v ig o ro u s c lon e, and  had  th e  h ig h e st g irth  
in c r e m e n t  r a te  ( 8 6 .2 % )  a f t e r  ta p p in g ,  
com p ared  to  R R II 105  (53 .4% ).

1 .2 .1 9 8 1  IR R D B  w ild  g erm p lasm

T h is  g en e p ool w as in tro d u ced  d u rin g  
1984-1990 in to  the coun try , and  is  tine focu s 
o f th e  d iv isio n .

1.2.1. C o n se rv a t io n  n u rser ies

T h e  o rig in a l n u rseries  e sta b lish e d  at 
the tim e o f in tro d u ctio n , co n tin u e  to  serv e  
a s  a s o u rc e  o f  f lo w e r s  fo r  h y b r id iz a tio n  
p ro g ra m m e s . T h e se  a c c e s s io n s  w e re  re­
e stab lish ed  in co m p act n ew  co n serv a tio n - 
c u m -s o u r c e  b u s h  n u rs e r ie s  (S B N s) fro m
2 0 0 3  to  2 0 0 8 .  2 5 5  p o t e n t i a l ly  u s e fu l  
access io n s  id en tified  o v er  the y ea rs  d u r in g  
th e  c h a r a c t e r iz a t i o n  a n d  p r e l im in a r y  
ev a lu a tio n  in the ju v e n ile  s ta g e  fo r  y ie ld , 
y ie ld  c o n trib u tin g  tra its  like la tex  v esse ls , 
d isease  a n d  d ro u g h t to leran ce  tra its  in th ese  
SB N s, a re  b e in g  p u t in to  F u rth er  E v alu ation  
T r ia ls  in p h a s e s .  S im u lt a n e o u s ly ,  th e s e  
s e le c t io n s  a r e  a ls o  b e in g  e s t a b l is h e d  in 
s e p a r a t e  b u d  w o o d  n u r s e r ie s  ( th e  
G e rm p la sm  W o rk in g  C o llectio n ) in o rd e r  to 
e n su re  b e tte r  c a re  and  a ccessib ility . S o  tar,



119 p o ten tia l w ild  a c c e ss io n s  h a v e  been  
e s t a b l is h e d  in  th e  G W C , to  w h ic h  
potentia lly  usefu l accessio n s w ill b e  added 
as and w hen id en tified .

1.2.2. H eveatu in
A s e p a r a te  H e v e a  a r b o r e tu m  (o r  

H ev ea  turn), c o m p ris in g  a ll th e  a v a ila b le  
g en etic  reso u rces, is b e in g  esta b lish ed  in 
p hases at T eksragre  farm , Tura, M egh alaya, 
w ith th e  p rim ary  in ten tio n  o f  en su rin g  an 
in su rance co llection , as w ell as facilita tin g  
free c ro ss  p o llin a tio n  and  g e n e tic  m ix in g  
b e tw e e n  th e  d i f f e r e n t  g e n e  p o o ls .  
M ultip lication  for the n ex t p hase cou ld  not 
take p lace d u e to  cov id  co n strain ts . S o  far, a 
total o f 577  w ild  and  W ickh am  accessio n s 
h ave been  establish ed  here in five phases. 
A n o th e r  a r b o r e tu m  c o m p r is in g  1 2 0  
a c c e s s io n s  e s ta b l is h e d  e a r l ie r ,  is  b e in g  
m aintained  a t C entral E xp erim en t Station , 
C hethackal.

1.3. O th e r  H e v e a  sp ecie s

T h is c o lle ctio n  co m p rises five sp ecies 
o th er  th an  H. brasilien sis  (H . ben tham ian a , H. 
spruceana, H. n itida, H. cam argoan a  an d  tw o 
accessio n s o f H. pau c iflo ra )  and  are  b ein g  
conserved  as an arbo retu m  estab lish ed  in 
2 0 0 6  a t  C E S . F iv e  n a t u r a l  p u t a t iv e  
in te r sp e c if ic  h y b r id s , tw o  H . b r a s ilie n s is  
clon es, and FX 516 (an  in tersp ecific  c ro ss  
betw een H. brasilien sis  and H. ben th am ian a ) 
have a lso  b een  p lan ted  h ere. A m o n g  the 
o th er species, H. p au c iflora  from  Sri L an ka, 
a s  w ell as Fx 5 16  co n tin u e  to  sh o w  relatively  
good yield .

2. Characterization and preliminary
evaluation

T h e last th ree  tr ia ls  in th e  P re lim in ary  
Ev a luation  Trial form at w ere p lanted  at R RS, 
P ad iy o o r in 200 0  (A & B ) an d  200 2 . N in e  
relatively  h igh  y ie ld in g  se le c tio n s  and  five

v ig o ro u s  a c c e s s io n s  lo r  t im b e r  tr a its  are 
b e in g  con serv ed  a s  m a le  p a re n ts  fo r  future 
W x A  h y b rid iz a tio n  p ro g ra m m es .

3. Further evaluation and selection

S e l e c t i o n s  f r o m  p r e l im in a r y  
ev a lu a tio n s  w ith  5 0 -8 0  p er  c e n t o f th e  test 
tap  y ield  o f th e  co n tro ls , a re  ev a lu a ted  in 
d eta il in  c lo n a l n u rse r ie s  (C N s), an d  those 
w ith m o re  th an  8 0  p er  c e n t tes t ta p  yield  o f 
R R II 105 , in  fie ld  tr ia ls  (F E T s) a t  n o rm al 
sp acin g .

3.1. C lo n a l n u rse ry  e v a lu a t io n

T h e  c lo n a l n u rse ry  p la n te d  w ith  15 
a c c e s s io n s ,  h a d  i d e n t i f i e d  3  p o t e n t i a l  
a c ce ss io n s  o f  w h ich  o n e  h a s  b e e n  tak e n  to 
F E T  201 9  in N etta n a  fo r  fu r th e r  ev a lu a tio n .

3 .2 . F u r th e r  e v a lu a t io n  tr ia ls

A ll a c c e ss io n s  w ith  m o re  th a n  8 0  per 
c e n t  o f  th e  c o n tr o l  y ie ld  o n  p r e lim in a r y  
e v a lu a t io n  a r e  s u b je c t e d  to  d e ta i le d  
ev a lu atio n  in  FE T s in s ta tis t ic a lly  la id  out 
tr ia ls  a t n o rm al sp acin g . T h e re  a re  cu rren tly  
e ig h t  F E T s  c o m p r is in g  1 5 0  a c c e s s io n s ,  
in c lu d in g  tw o  F E T s  p la n te d  a t  C E S  and  
N ettan a , last year.

T w en ty -tw o  w ild  a c c e ss io n s  a n d  three 
c o n t r o l  c lo n e s  a r e  b e in g  e v a lu a t e d  fo r  
g r o w th  an d  y ie ld  tr a its  in  th e  F E T  200 3 . 
A ccessio n  R O  2 629 , A C  4 1 4 9 , a n d  A C  716 
co n tin u ed  to  reco rd  th e  h ig h e s t y ie ld , w h ile  
R O  2 6 2 9  fo llo w ed  b y  M T  2 2 3 3  a n d  A C  626 
re co rd e d  th e  h ig h e s t g ir th . A m o n g  th e  22 
w ild  a c ce ss io n s  in F E T  2 0 0 5 , A C  2 0 0 4  and 
M T  4 3  w ere  th e  m o st v ig o u r o u s  (g ir th  o f 83 
and  80 .2  cm  resp ectiv e ly ), w h ile  th e  c o n tro ls 
PB  2 6 0 , R R IM  6 0 0  an d  R R II 105  h a d  g irth  
v a lu es  o f  7 7 .7 , 66.1 an d  5 8 .1  resp e c tiv e ly . 
R R II 105 h ad  th e  h ig h e s t y ie ld  o v e r  5  years 
o f tap p in g , fo llo w ed  b y  M T  4 7 8 8 , P B  260, 
A C  2 004 , R R IM  6 0 0  a n d  M T  4 3 . S ig n if ica n t 
c lo n a l d if fe r e n c e s  w e re  se e n  fo r  th e  tra it



N u m b er o f L atex V essel R ow s (N LV R ). M T 
4 7 8 8  h a d  th e  h ig h e s t  N L V R  o f  3 0 .5 ,  
co m p a re d  to  19 .7  o f  R R II 105. M T  2 217  
w h ich  had been  o rig in a lly  se le cted  from  a 
P E T  for its h igh  NLV, w as on  p ar w ith  RRII 
105 w ith  18.3. T h e  N LV R for con tro ls PB  2 60 
a n d  R R IM  2 0 0  w e r e  1 4 .3  a n d  1 2 .5  
respectively . In F E T  2008 co m p ris in g  26  w ild 
access io n s , R O  2846, A C  176 and  M T 200 
w ere  th e  m o st v ig o u ro u s. A m o n g th e  13 
a c c e ss io n s  ev a lu a ted  in FE T  201 0  at C E S, 
C h e th a c k a l, th e re  w ere  sev en  a c c e ss io n s  
w ith  g ir th  h ig h er  th an  c lo n e  RR II 105 and 
n o n e  o f  th e  a c c e s s io n s  w e re  su p e r io r  to 
ch eck  c lo n es  R R II 4 3 0  and  RR II 414 . In FET
2 013  c o m p ris in g  2 2  se lected  w ild  accessio n s 
a lo n g  w ith  th r e e  c o n tr o l  c lo n e s  in  th e  
sev en th  y e a r  o f  g ro w th  a t  C ES, gro w th  w as 
m o n ito re d . W ild  a c c e ss io n s  A C  167 , A C  
528 0  a n d  R O  278 4  had  the h ig h est g irth . T w o 
m o re  F E T s p lan ted  in 201 9 - FE T  20 1 9 a  and 
b  co m p ris in g  23  and  10  w ild  se lection s, are 
u n d e r  e v a lu a t io n  a t  C E S  a n d  N e tta n a  
resp e c tiv e ly  in th e  seco n d  year o f grow th .

3 .3 . O n -fa rm  tr ia ls

S e le c tio n s  from  FE T s are  su b jected  to 
m u lti lo ca tio n  e v a lu atio n  in O n -F arm  Trials 
for c o n firm a tio n  o f  y ield  p oten tia l. O f the 
firs t O F T  estab lish ed  in 2010 at five locations 
v iz .  B .C . C h e r u v a lly  e s ta te  in E ru m e ly , 
M a la n k a ra  e s ta te  in T h o d u p u zh a , M o o p ly  
e s t a t e  in  T h r is s u r ,  C a l ic u t  e s t a te  in  
K o z h ik o d e  a n d  B e th a n y  e s t a te  in 
K an y ak u m ari for evaluating the perform ance 
o f th e  th ree  se lected  IR C A  clon es (IR C A  130, 
IR C A  111, IR C A  109) and  o n e w ild accessio n  
(A C  166), o n e  lo ca tio n  w as lost in 2 017  due 
to cy c lo n e  O ck h i. Y ield  reco rd in g  in these 
esta tes  w as d isru p ted  d u e to C ovid  th is year.

4. Screening for stress tolerance

4.1. S c r e e n in g  fo r  b io tic  s tre ss  to leran ce

F o r ty  o n e  s h o r t  lis te d  w ild  H ev ea

a ccessio n s a lo n g  w ith  tw o con tro l c lo n es are 
u n d er ev a lu atio n  for co n firm atio n  o f  field  
to leran ce  to  C oryn espora  d isea se  a t  U llick a l 
N ursery, Iritty.

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

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

T w en ty  h a lf-s ib  p ro g e n ie s  se le c te d  
from  4 0  h a lf-s ib s  o f n in e  c lo n e s  in a C lo n a l 
N u rsery  ev alu ation  a t R RS, D apchar, and  six 
ou t o f  31 h a lf-s ib s  fro m  th ree  p re -p o te n t 
c lo n e s  in  a  C N  a t R R S , P a d iy o o r  w e re  
m a in ta in e d  in  a b u d  w o o d  n u rs e r y  for 
fu rth er  m u ltip lica tio n  fo r  a d v a n c in g  to  a 
la r g e  s c a le  t r ia l  a t  R R S , D a p c h a r i  fo r  
d ev e lo p in g  lo ca tio n  sp ecific  c lon es.

In  th e  fu r th e r  f ie ld  e v a lu a t io n  o f  
se le cted  H ev ea  c lo n es  at R R S, D ap ch ari in 
c o llab o ra tio n  w ith  B otan y  D iv isio n , y ield  in 
th e  3 4  se le cted  H evea  c lo n e s  p lan ted  in  2 007  
c o m p r is in g  2 3  w ild  a c c e s s io n s ,  f iv e  H P 
c lo n es  an d  s ix  ch eck  c lo n e s  viz . R R II 430 , 
RR II 414 , R R II 105, R R IM  600 , R R II 208  and  
T ji r  I w a s  a s s e s s e d .  A m o n g  th e  w ild  
a c c e s s io n s ,  h ig h e s t  m a t u r e  y ie ld  w a s  
r eco rd ed  by M T  478 8  (22 .6  g  t ' ,tr1) fo llo w ed  
b y  M T  485 6  (14 .4  g  t ' t '). F o u r o th e r  w ild  
access io n s  a lso  w ere  fou n d  to  b e  p ro m isin g . 
A m o n g the hy b rid  clo n es , 93/105 reco rd ed  
h ighest m atu re  y ield  o f 25.1 g  t"’t"1 .The check  
c lo n e  R R II 4 3 0  r e c o r d e d  h i g h e s t  y ie ld  
am o n g  a ll (50.1 g  t ‘t ’) p ro v in g  its  d ro u g h t 
to lera n ce . H ig h e s t g ir th  w as reco rd ed  by 
access io n  M T  1619 (58 .3  cm .) fo llo w ed  by 
M T  4 7 8 8  (5 5 1 .7  c m .). O u t o f  f iv e  h y b r id  
c lo n e s  ev a lu a ted , h y b r id  93/105 reco rd ed  
h ig h est g irth  (51 .0  cm .) a n d  th e  h ig h est g irth  
a m o n g  ch eck  c lo n e s  w as in R R II 4 3 0  (55.1 
cm .)

4.2.2. C o ld  to le ra n c e

T w o tria ls co m p ris in g  o f 6 4  w ild  H evea  
a c c e s s io n s  a lo n g  w ith  c h e c k  c lo n e s  a re  
u n d er e v a lu a tio n  fo r  co ld  to lera n ce  a t the



R egio n al E x p erim en t S ta tio n , N ag rak ata , 
W est Bengal. H igh est g irth  w as recorded  
in the accessio n  R O  2902, M T  923  and M T 
5 1 0 5  a s  c o m p a re d  to  th e  c h e c k  c lo n e s  
SC A T C  93/114 an d  R R IM  6 0 0  in  T ria l 1, 
w hile accessio n  RO  2727, M T 915, and  RO  
319 7  recorded  th e  h ig h est g irth  com pared  
to th at o f  the con tro ls H aik en  1 and  R R IM  
600 in Trial 2. A m o n g the w ild accessio n s 
s tu d ie d , A C  4 6 5 3 , A C  3 5 1 4  a n d  M T  915 
recorded the h ig h est y ield . Selected  w ild 
accessions w ere included in the ab io tic  stress 
to le r a n c e  s t u d ie s  o f  P la n t P h y s io lo g y  
D ivision .

5. Screening for timber characteristics

5.1. F ie ld  screen in g

T hree w ild a ccessions M T 941, M T  1032 
and A C  650  had high tim ber p otentiality' out 
o f 2 5  gen otypes being  evaluated  for grow th 
at RRS, Padiyoor.

6. Utilisation of Hevea germ plasm

6.1. H an d  p o llin a tio n  p ro g ram m es

H a n d  p o l l in a t io n  p r o g r a m m e s  
in v o lv in g  p o te n tia l w ild  a c c e s s io n s  and  
selected  e lite  W ickh am  clon es com m en ced  
2 009 for b ro ad e n in g  the g en etic  b a se  a s w ell 
as g en etic  im p rovem en t o f th e  cro p .

T h e  H P  2 0 0 9  h a n d  p o l l in a t io n  
p rogram m e a t C E S, C h eth ack a l, in vo lv in g  
th ree  w ild  a c c e ss io n s  an d  s ix  c u lt iv a te d  
W ic k h a m  c lo n e s ,  g e n e r a t e d  7 5  W x A  
progen ies a lon g  w ith  7 0  O P  s eed s, o f  w hich  
s ix  h y b r id s  a n d  o n e  O P  s e e d l in g  w ere  
p rom ising . Th e H P 200 9  hand p o llin a tio n  
p ro g ra m m e a t R R S P ad iy o o r, y ie ld e d  10 
p r o m is in g  h y b r id  p r o g e n ie s  f r o m  tw o  
p a r e n ta l  c o m b i n a t io n s ,  a n d  s e v e n  O P  
seed lin g  p ro g en ies o f R R II 105, w h ich  are 
n o w  in the seco n d  y e a r  o f  c lo n a l n u rsery  
ev a lu atio n  at H BSS, N ettan a . T h e  W xA  and

in tersp ecific  (R R II 105  x  H  b en th a m ia n a )  H P 
p ro g ram m es at C E S  and  R R II fro m  2009 to
201 4  g en era ted  4 5 7  p ro g e n ie s , o f  w h ich  33 
w ere very p r o m is in g  an d  h a v e  a re  being  
fu rth er  ev a lu ated  in  an F E T  2 0 1 9  a t  C E S.

In th e  2 0 1 6  HP, o f  th e  7 5  s u rv iv in g  W 
x  A h y b r id s  f r o m  th r e e  W x A  c r o s s  
co m b in a tio n s , p ro g e n ie s  o f  th e  c ro ss  with 
the O id iu m  to le ra n t p a r e n t R O  2871 sh ow ed  
the h ig h e st v ig o u r  a n d  su rv iv a l p ercen tag e. 
Th e seco n d  rou n d  o f  te s t ta p p in g  c o n firm ed  
th e  p o t e n t ia l  o f  th e  tw o  h ig h  y ie l d e r s  
id en tified  la s t y e a r  (#44 an d  9 0 ), a lo n g  w ith
9 o th er  m e d iu m  y ie ld e rs , a n d  w ill b e  taken 
up  for fu rth er  e v a lu a tio n  n e x t year.

A  total o f  4 5  p o te n tia lly  h ig h  y ie ld in g  
W xA  p ro g e n ie s  o u t o f  2 2 2  g e n e ra te d  have 
been  o b ta in ed  s in ce  2009., o f  w h ich  3 0  m ost 
p r o m is in g  o n e s  h a v e  b e e n  ta k e n  u p  for 
fu r th e r  e v a lu a t io n  in  2 0 1 9 .  A m o n g  th e  
in te rsp e c ific  p ro g e n ie s , 71 o u t  o f 2 5 5  w ere 
p r o m is in g ,  o f  w h ic h  1 3  o f  t h e  m o s t  
p ro m is in g  h a v e  b e e n  ta k e n  u p  fo r  fu rth er  
ev a lu a tio n  in 201 9 .

In  th e  2 0 1 9  HP, 4 8  h y b r id s  o b ta in ed  
w e r e  p la n te d  in  th e  s e e d l in g  n u rs e r y  for 
ev a lu a tio n . In 202 0 , 1 1 0 0  c ro s s e s  b e tw ee n  
e ig h t  se le c te d  w ild  a c c e s s io n s  a n d  th re e  

W ick h am  c lo n e s  w e re  m ad e , w ith  a n  in itia l 
fru it s e t  o f  58  (5 .3 % ): h o w e v e r  o n ly  9  seed s 
c o u ld  b e  s a lv a g e d  f in a l ly  s in c e  t im e ly  
p ro p h y la ctic  m e a su re s  co u ld  n o t b e  taken 
d u e  to C O V ID  re s tr ic tio n s . T h is  flo w erin g  
seaso n  too, in itia l fru it s e t o f  8 2  w as o b tain ed  
from  1 0 3 6  c ro sse s  W x A  (7 .9 % ).

6 .2 . O p e n  p o ll in a te d  p r o g e n y  e v a lu a t io n

F irs t ro u n d  o f  te s ta p p in g  o f  2 1 5  O P 
se e d lin g s  co lle c te d  in 2 0 1 7  fro m  th e  fu rth er  
e v a lu a tio n  tr ia ls  F E T s 2 0 0 3  a n d  2 0 0 5 , w h ich  
co m p rised  p r e lim in a ry  s e le c tio n s  fro m  th e  
w ild  g e r m p la s m , in te r s p e r s e d  w ith  h ig h



y ie ld in g  W ickh am  con tro l clon es, revealed  
sev en  p oten tia l o n es, to  be c o n firm ed  in the 
seco n d  rou n d  n ex t year.

6 .3 . P h e n o ty p in g  o f  m a p p in g  p o p u la tio n
fo r  Q T L  id e n tif ic a t io n

V acan cy  fillin g  w as carried  o u t in the 
in tersp ecific  m ap p in g  p op u lation  p lan ted  in 
a fie ld  tr ia l last year, la id  o u t in a la ttice  
d e s ig n  w ith  f o u r  r e p l i c a t i o n s  fo r  
p h e n o ty p in g  fo r  y ield  an d  o th er  traits.

7. O ther studies

7.1. S t u d ie s  o n  a l t e r n a t iv e  s o u r c e s  o f  
n a tu ra l r u b b e r  y ie ld in g  p lan ts

7.1.2. C ea ra  ru b b er  (M a n ih o t  g la z io v i i )

S e v e n  g e r m p la s m  a c c e s s io n s  fro m  
P alakkad  reg ion  and  fo u r p la n ts  m u ltip lied  
th rou gh s tem  c u ttin g  co llected  from  V aikom  
region are  b e in g  co n serv ed  a t  R R II.

A D V A N CED  C E N T R E FO R M O LE C U LA R  BIO LO G Y  
A N D  B IO T EC H N O L O G Y  (A C M BB)

T h e  A d v an ced  C en tre  for M olecu lar 
B iolog)' and B iotechnology (A C M BB) set up 
d u rin g  th e  X I"’ P lan  p eriod  is a functional 
grou p in g  o f scien tists w orking in the a reas o f 
M o le cu la r  Biology, B iotechnology, G enom e 
A n a ly s is ,  M o le c u la r  P h y s io lo g y  a n d  
M olecu lar Pathology. This w as m ainly done 
to  fu n ction ally  m erge d ifferent labs w orking 
in s im ilar areas for better efficiency and saving 
o f reso u rces . A C M B B  to g eth er  co n stitu tes

a b o u t 15  p e r  c e n t o f  R R II r e s e a rc h . T h e  
A C M BB condu cts research on  various projects 
which in cludes studies on the m olecular basis 
of genetic im provem ent o f natural rubber trees 
an d  b io te c h n o lo g ic a l  in te r v e n t io n s  fo r  
d e v e lo p in g  G e n e t ic a lly  M o d ifie d  (G M ) 
rubber. S tu d ies at A C M B B  w’o u ld  h elp  to 
sp e e d  u p  c r o p  im p ro v e m e n t , a id in g  in  
d e v e lo p in g  n e w  h ig h  y ie ld in g , c l im a te  
resilient and d isease toleran t c lon es faster.

I. BIO T EC H N O LO G Y  D IV ISIO N

T h e  p rim e  o b jective  o f research in the 
B io te c h n o lo g y  D iv is io n  is a tta in in g  c ro p  
im p rov em en t in H evea  expeditiously  through 
b io te c h n o lo g ic a l  in te r v e n tio n s .  G e n e t ic  
tran sfo rm atio n  p ro to co ls w ere developed  in 
ru b be r an d  fin e-tun ed  for d ev elop in g  H evea  
tra n sg e n ics  in teg rated  w ith  ag ro n o m ica lly  
im p o rta n t g en es. G en etic  im p rovem en t by 
th e  in c o r p o r a t io n  o f  d e s ir a b le  g e n e s  fo r  
im p artin g  e n h an ced  b io tic  and  ab io tic  stress 
to leran ce , im p rov in g  latex y ield  and  grow th 
has b een  accom p lished . Perfecting the system

for d ev e lo p m en t o f a n tib io tic  m a rk er  free 
tra n sg e n ics  w as a lso  a tte m p te d . R esea rch  
p ro g ram m es a im ed  at d e v e lo p in g  in  v itro  
te c h n iq u e s  to  c o m p le m e n t c o n v e n tio n a l 
b re e d in g  w ere  a lso  e x e cu te d . O th e r  th an  
th e se , d e v e lo p m e n t o f p r o to c o ls  fo r  th e  
p ro p ag atio n  o f new  e lite  H ev ea  c lo n e s  v ia  
s o m a t ic  e m b r y o g e n e s is  f r o m  d if f e r e n t  
exp lants, d ev elo p m en t o f p lo id v  v a riants , in 
v itro  a p p ro a ch es  fo r  d isea se  to lera n ce  and 
clon ing  and  ch aracterization  o f gen es are also 
being  en v isag ed .



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

Plants
1 1 G e n e t ic  tr a n s fo r m a tio n  o f  H e v e a  

b r a s i l ie n s is  w ith  H b M n S O D  g en e for 
stress  to leran ce
D e v e lo p m e n t o f  tr a n s g e n ic  p la n ts  

to leran t to  ab io tic  stresse s  w as attem p ted  
th rou gh g en etic  tran sfo rm ation  u sin g  th e  
em bryogen ic ca llu s o f c lo n e  RR II 4 3 0  a s  the 
initial explant. S ix  tran sgen ic cell lin es w ere 
em erged  fro m  the in fected  calli and  GLfS 
a ssa y  w as p e r fo rm e d  in th e  d e v e lo p e d  
callu s. A ll the transgenic cell lin es w ere  G U S 
p o sitiv e . P u ta tiv e lv  tra n sg e n ic  ce ll lin e s  
w ere m ultip lied in the p ro liferation  m edium  
c o n t a in in g  th e  s e le c t io n  a n t ib io t i c  
K an am y cin  (350  m g I ').

P e rm iss io n  w as o b ta in e d  fro m  th e 
G en etic  E n g in eerin g  A p p ro v a l C o m m ittee  
(G E AC), G ovt, o f  India to  c o n d u ct co n fin ed  
f ie ld  t r ia ls  o f  th e  M n S O D  t r a n s g e n ic  
p la n ts  (c lo n e  R R II 1 05 ) a t  th e  R e g io n a l 
R esea rch  S ta tio n , G u w a h a ti, A ssa m . T h e  
flanking seq u ences o f the M n SO D  transgene 
in th e  d ev e lo p e d  tr a n sg e n ic  p la n ts  w ere  
d ete rm in ed .

1 .2 . G e n e t ic  m o d if ic a t io n  w ith  h m g r l  
g en e fo r  im p rov ed  la tex  y ie ld

A grobacterium  m ediated transform ation 
u s in g  th e  e m b r y o g e n ic  c a l lu s  o f  c lo n e  
R R II 4 30  and  R R II 105  p ro d u ced  tra n sg e n ic  
ce ll l in e s  a t  a f r e q u e n c y  o f  2 0  p e r  c e n t . 
T h e  c e ll  l in e s  w e r e 's u b c u lt u r e d  to  th e  
p r o l i f e r a t io n  m e d iu m , b u t  f a i le d  to  
m ultip ly. N ew  tran sfo rm atio n  e x p e rim e n ts  
w ere rep ea ted  w ith  e m b ry o g e n ic  c a llu s  o f 
c lo n e  R R II 4 3 0  and  o v erg ro w th  free  c a llu s  
w as m ain ta in ed  in th e  se le c tio n  m ed iu m  
for th e  e m e rg e n ce  o f  n ew  tr a n sg e n ic  ce ll 
lin es.

1.3. G e n e t ic  t r a n s f o r m a t io n  o f  H e v e a  
b r a s i l i e n s i s  w ith  o sm o tin  g en e

M olecu lar analysis for g en e in tegration

o f  a lread y  d ev e lo p e d  tra n sg e n ic  p lan ts  w as 
com p leted . In o rd er  to d istin g u ish  th e  native 
o s m o t in  g e n e  f r o m  th e  tr a n s g e n e ,  
ex p erim en ts w ere  d o n e  to  am p lify  th e  native 
o sm o tin  g en e. P rim ers w ere  d e sig n e d  b ased 
o n  th e  a v a i la b le  l i t e r a t u r e ,  a n d  n a t iv e  
o s m o t in  g e n e  w a s  a m p l i f ie d  fr o m  th e 
g e n o m ic  D N A  o f  th e  c lo n e  R R II 105. Two 
a lle les  o f  th e  g e n e  w ere  a m p lifie d  from  RRII 
105 an d  seq u en ced . O n  s e q u e n c e  an a ly sis , 
it w as p ro v ed  th at n a tiv e  g e n e  is in tro n less  
and  b o th  th e  a lle le s  a re  d is t in c t  fro m  the 
in serted  o sm o tin  g e n e . T h u s  th e  u n iq u en ess  
o f the in serted  o sm o tin  g e n e  w as proved . 
T h e seq u en ces  w e re  d e p o s ite d  in  th e  G en 
B an k . A ttem p ts a re  b e in g  m a d e  for stu d y in g  
the e x p ress io n  o f  tra n sg e n e s .

E x p e r im e n t s  a r e  c o n t i n u i n g  fo r  
d ev e lo p in g  tra n sg e n ic  p lan t in teg ra ted  with 
o s m o t in  g e n e  fr o m  c lo n a l  m a t e r ia l .  
A g ro b a cter iu m  in fe c tio n s  w e re  ca rr ie d  out 
u sin g  a n th er  d e r iv e d  e m b r y o g e n ic  c a lli and 
c u l t u r e s  w e r e  m a i n ta i n e d  in  s e le c t io n  
m e d iu m . E m b r y o s  w e r e  in d u c e d  fro m  
a l r e a d y  d e v e lo p e d  t r a n s g e n i c  l in e s .  
A p p lica tio n  fo r  c o n d u c tin g  a  m in i f ie ld  trial 
w ith  a lre a d y  d e v e lo p e d  tr a n s g e n ic  p lan ts 
w e re  d ra fted .

1 .4 . D e v e lo p m e n t  o f  H e v e a  tr a n s g e n ic s
w ith  IP T  g e n e  fo r  T P D  to le ra n c e

A grobacterium  m ed iated  transform ation  
e x p e rim e n ts  w ith  iso -p e n te n y l tra n sfe ra se  
(ipt) g en e for e n h an ced  v eg eta tiv e  gro w th  as 
w ell a s  T P D  t o le r a n c e  w e r e  c o n t in u e d . 
A ctiv ely  p ro life r a tin g  e m b r y o g e n ic  c a llu s  
d eriv ed  fro m  le a f  e x p la n ts  o f  c lo n e  R R II 105 
an d  R R II 4 1 4  w a s in fec ted  w ith  th e  b acteria l 
cu ltu re . C y s te in e  (1 0 0  m g  l 1) a n d  p h y  to 
h o rm o n e s  w ere  in c lu d e d  in th e  in d u ctio n  
m e d iu m . A f t e r  c o - c u l t i v a t i o n  in f e c te d  
tissu es  w e re  w ash ed  th o ro u g h ly  w ith  sterile  
w ater to  p rev en t b a c te r ia l o v erg ro w th . N ew  
tra n sg e n ic  lin es  w e re  o b ta in e d  w ith  good 
freq u en cy  (15% ). P ro life ra tio n  o f  tran sg e n ic



lin es w as carried  o u t in se lection  m ed ium  
b y  r e d u c in g  th e  co n  o f 2 , 4 -D  from  2 .0  to 
0 .8  m g  I 1 an d  in crea sin g  the su cro se  level 
from 20  to 50 g 11 and phytagel from 2 .5 g  1 1 to
4 .0  g  1 E m bryogen ic ca llu s in itiation  and 
fu rth er em bry o  in d u ction  w ere obtain ed  in 
s t a n d a r d i z e d  m e d iu m  w ith  m in o r  
m o difications. A ll exp erim en ts for transgenic 
c a llu s  p ro life ra tio n  and  em bry o  in d u ction  
w e r e  c a r r ie d  o u t  in  th e  p r e s e n c e  o f 
K an am y cin  (200  m g  I"1). E m b ry o  in d uction  
fro m  th e  tr a n s g e n ic  ca llu s  w as o b ta in ed  
w ith  a freq u en cy  ab o v e  50  p er cent. A fter 
e m b r y o  in d u c t io n , th e  c o n c e n tr a tio n  o f 
K a n a m y cin  w as red u ced  to 100  m g 1 1 for 
e m b ry o  m a tu ra tio n  and  p lan t regeneratio n . 
A tte m p ts  a r e  b e in g  m a d e  fo r  su cce s sfu l 
h a rd e n in g  o f th e  tran sg en ics.

1 .5 . D e v e lo p m e n t o f  b io tic/ ab io tic  stress
to le ra n t p la n ts  w ith  H sp 31 g en e

E x p e r im e n t s  w e r e  c o n t in u e d  to 
r e g e n e r a t e  t r a n s g e n ic  H e v e a  p la n ts  
in co rp o ra ted  w ith  H sp31 g en e for im parting 
ab io tic/ b io tic  s tress  to leran ce . E m bryogen ic 
c a l lu s  o f  c lo n e  R R II  1 0 5  a n d  R R II 4 1 4  
o b ta in e d  fro m  le a f  cu ltu re s  w ere u sed  as 
ta rg et tissu es. C a llu s  to b e  used  as target 
t is s u e s  fo r  A g r o b a c te r iu m  in fe c tio n  w ere  
p ro life ra ted  b y  su b cu ltu re  in fresh  m edium  
s u p p le m e n te d  w ith  s t r e s s  in d u c in g  
co m p o u n d s su ch  a s poly eth y len e glycol and 
en h an ced  level o f p hy tagel (4.0 g  l '1). O n the 
d a y  o f  b a c te r ia l  in fe c tio n  th e  ca llu s  w as 
tran sferred  to  p etri p la tes and desiccated  for 
o n e  h o u r  b y slow  d ry in g  in th e  lam in ar flow  
h o o d  b e fo r e  A g rob acter iu m  in fec tio n . Th e 
in fectio n  m e d iu m  w as su p p lem en ted  with 
p ico lin ic  ac id  an d  p h y to h o rm o n es su ch  as 
B A , 2 ,4 -D , N A A  an d  IA A . T h e  in fected  
tissu es  w ere  th o ro u g h ly  w ash ed  w ith  s terile  
w a te r  for c o n tro llin g  b acteria l ov ergrow th . 
R e g u la r  s u b cu ltu re  o f  in fected  ca lli in fresh

s e le c tio n  m e d iu m  w ere  c a rr ie d  o u t  and  
p u ta tiv e ly  tra n sg e n ic  lin es  w ere  em erged  
fro m  th e  in fe c te d  t i s s u e s  w ith  a h ig h  
freq u en cy  (20% ). A ll th e  tra n sg e n ic  lin e s  
o b ta in e d  w e r e  p r o l i f e r a te d  b y  r e g u la r  
subculture. Em bryo in d u ction  w as attem pted 
fro m  th e  p r o l i f e r a te d  c a l lu s  by 
s u p p lem en tin g  p h y to h o rm o n es, P E G  and 
in creased  level o f agar. P lan t reg en era tio n  
could be o btain ed  in v itro  from  the transgenic 
em bryos w ith  a frequ en cy  o f  arou nd  5 per 
cent. D ifferen t m eth od s are  b ein g  tried for 
successful hard ening  o f the transgenic plants.

1.6. G e n e t ic  tra n s fo rm a tio n  o f  H e v e a  fo r  
e n h a n ced  b io tic  an d  a b io tic  s tre sse s  
b y  th e  m a n ip u la tio n  o f e p icu ticu la r  
w ax through S h in e  (SH N 1) in tegration

A s a p r e lim in a ry  s te p , e p ic u tic u la r  
w a x  w a s  q u a n t i f i e d  fr o m  d i f f e r e n t  
d ev e lo p m en ta l s ta g es  o f leav es from  H evea  
b en th am ian a  an d  R R II 105 in  tw o se a so n s  
(w in ter &  rain y) fro m  tw o d iffe re n t so u rces 
(fie ld  g ro w n  trees an d  bu d d ed  p lan ts) and 
no sign ificant variation in  w ax co n ten t am o ng 
bentham iana  and  R R II 105  w as n o ticed . W ork 
w ill be repeated . S im u ltaneou sly , to ex am in e 
the ro le o f e p icu ticu lar  w ax on  d ro u g h t and 
d isea se  res is tan ce , w o rk  w as in itia ted . To 
re la te  an y  d ifferen ce  at the m o lecu la r  level, 
w ork  w as a lso  in itia te d  fro m  few  c lo n e s  
h av in g  h ig h  an d  low  w ax con ten t.

1.7. G e n e t ic  t r a n s f o r m a t io n  w it h  S -6 -  
P D H  fo r  a b io tic  s tre ss  to le ra n ce

In o cu la tio n  o f im m a tu re  a n th e r  w as 
carried  o u t fo r  c lo n e  R R II 430 . C a llu s  w as 
in d u ce d  a n d  c u ltu r e d  fo r  p r o life r a t io n .  
O v ern igh t in oculum  o f S -6 -P D H  g en e w as 
prepared  and proliferated callu s o f clon e RRII 
430 w as infected, co-cultivated and transferred 
for selection . P u tatively transform ed cell lines 
o b tain ed  w ere tran sferred  fo r  pro liferation  
and  em bryogen ic c a llu s .



1.8. D e v e lo p m e n t  o f  m a r k e r  f r e e  
tran sg e n ics in  H e v e a  b r a s i l i e n s i s  

A ttem p ts  for d e v e lo p in g  th e  g en e  
con stru cts w ith  m ark er free  sy stem  could 
n o t g iv e  a n y  p o s i t iv e  r e s u lt s .  H e n ce , 
a ttem p ts to  verify the seq u en ce fid elity  o f 
the p lasm id s w ere m ade. P lasm id s b rou g h t 
from  A rk an sas U n ive rsity  w ere ex tracted  
and used fo r £ .  c o li tran sfo rm ation . Positive 
colon ies w ere id en tified  b y  co lon y  P C R  and 
g ly cero l sto ck s  w ere p rep a re d . P la sm id s  
w e re  is o la te d  fro m  th is  c u l t u r e  u s in g  
standard  p rotocol and  send  for seq u encing . 
A fter  seq u en cin g  and id e n tifica tio n  o f  the 
restrictio n  en zy m e sites, it w as fou n d  th at 
en zy m es sites in th e  m u ltip le  clo n in g  site  
e x c e p t  m lu l was p r e s e n t  in  th e  v e c to r  
backbone. H ence, m lu  e n zy m e w as se lected  
for d ev elop in g  n ew  constru cts.

F re sh  p la sm id s  w ere  iso la ted  from  
E .co li u sing  stand ard  p roced u re . P lasm id s 
w ere m obilized in to  A grobacterium  by  freeze 
th a w  m e th o d . P o s it iv e  c o lo n ie s  w e r e  
selected  by co lon y  P C R  a n d  g ly cero l sto ck s 
w e r e  p r e p a r e d . N e w  tr a n s f o r m a t io n s  
e x p e r im e n t s  w e r e  p e r fo r m e d  f o r  th e  
v alidation  o f  the co n stru ct in  H evea  ca llu s.

1.9. G en e  id e n tif ic a t io n  fo r  d ev e lo p m en t
o f  c lim a te  r e s ilie n t tra n sg e n ic  p lan ts

T h e  p la s m id  v e c t o r  (p E G A D )  
c o n t a in in g  t r a n s l a t i o n a l l y  c o n t r o l le d  
tu m or p rotein  (T C T P ) g en e w as d ev e lo p e d  
by D r. P. V e n k a ta c h a la m  a n d  s u p p lie d  
th ro u g h  M a te r ia l  T r a n s fe r  A g r e e m e n t  
(M T A ). E . c o li c o m p e te n t  c e l l s  w e r e  
p r e p a r e d  a n d  t r a n s f o r m e d  w it h  th e  
p la sm id  v ecto r  p E G A D . P la sm id  iso la tio n  
w a s c a r r ie d  o u t  fro m  th e  r e c o m b in a n t  
c o lo n ie s  u s in g  a lk a l i n e  ly s i s  m e th o d  
d escr ib ed  b y  B irn b o im  an d  D o ly  (1 9 7 9 ). 
P C R  a n a ly s is  w as p e r fo rm e d  to  a m p lify  
th e  T C T P  g en e u sin g  g e n e  s p e c if ic  p r im e rs  
d e s ig n e d  b a se d  o n  th e  r e p o rte d  cD N A  
se q u e n ce  in fo rm atio n  in N C B I (A cce ssio n

n u m b e r  D Q  3 2 3 7 4 0 ) . C o m p e te n t c e lls  of 
Agrobacterium  s tra in s  E H A  105 a n d  EFlA 
101 w e r e  p r e p a r e d  a n d  u s e d  fo r  
tr a n s fo r m a tio n  b y  fr e e z e  th a w  m e th o d . 
R e c o m b in a n t c o lo n ie s  w e r e  sc r e e n e d  for 
th e  p r e s e n c e  o f  in s e r t e d  T C T P  g e n e  by 
co lo n y  P C R  u s in g  g e n e  s p e c if ic  p rim ers. 
P o sitiv e  c o lo n ie s  w 'ere g ro w n  in  sem i-so lid  
L B  m e d iu m  an d  sto re d  a s  g ly c e r o l s to ck  at 
-8 0 'C .

1.9.1. R estriction  enzym e d igestion  
R e c o m b in a n t  p la s m id  (1  p g )  w as

d ig e ste d  w ith  lp l  restr ic tio n  e n z y m e, EcoRI 
(10 ,000  U ) w ith  a p p ro p r ia te  b u ffe r  a n d  BSA. 
R e s t r ic t io n  d ig e s t io n  w a s  c o n t in u e d  
o v e r n ig h t  a t  3 7 °C  a n d  th e  e n z y m e  w as 
in a c t iv a te d .  T h e  f r a g m e n t s  w e r e  s iz e  
fra ctio n a ted  o n  a 0 .8  p e r  c e n t a g a ro se  gel 
c o n t a in in g  0 .1  p e r  c e n t  (w / v) e th id iu m  
b r o m id e  a n d  v ie w e d  u n d e r  a uv 
tran sillu m in ator and  d o cu m en ted . D igestion  
w ith  s in g le  e n z y m e  r e le a se d  th e  in serted  
T C T P  gen e o f length 6 70  bp . R esu lts  indicated 
th at th e  g en e o f  in te re s t w as in serted  at the 
E co R I site  in th e  m u ltip le  c lo n in g  s ite  (M C S) 
reg ion  o f th e  p lasm id .

1.9.2. S eq u en c in g  o f  th e  r e c o m b in a n t  p la s m id  

P lasm id  v e c to r  p E G A D  c o n ta in in g  the
in se rt w as d ilu ted  to  a c o n c e n tr a tio n  o f 150 
ng/pl an d  se q u e n c e d  u s in g  g e n e  sp e c if ic  
p rim ers . T h e  c h ro m a to g ra m  w as an a ly sed  
u sin g  th e  D N A  b a se r  a s se m b le r  too l an d  the 
d ata  w a s  e x a m in e d  u s in g  th e  fo rw ard  and 
r e v erse  p rim ers . R e s tr ic t io n  s ite s  fo r  E coR I 
e n z y m e w as id e n tifie d  at th e  le ft an d  right 
b o rd er. T h e  c o m p le te  s e q u e n c e  o f  th e  T C T P  
g e n e  w a s  id e n tif ie d  b e tw e e n  th e  E co  R1 
restr ic tio n  sites.

1.9.3. D e t e r m in in g  t h e  o p t im u m  l e v e l  o f  
g lu fo s in a t e  f o r  s e le c t io n

S e l e c t io n  a n t i b i o t i c  g lu f o s in a t e  
ran g in g  fro m  20 m g  1 1 to  1 2 0  m g  I'1 w ere 
in c lu d e d  in th e  c u ltu r e  m e d iu m . C o n tro l



ca llu s  (c lo n e  RR II 430) w as su b  cu ltu red  in 
d i f f e r e n t  m e d ia  c o m b in a t io n s  a n d  th e  
co n ce n tra tio n  o f  g lu fo sin ate  in h ib itin g  the 
g r o w th  o f  c o n t r o l  c a ll i  w a s  id e n t if ie d .  
E x p e r im e n ta l o b s e r v a tio n s  sh o w e d  th a t 
g lu fo s in a t e  (1 0 0  m g I 1) in  th e  c u ltu r e  
m e d iu m  su p p re sse d  gro w th  o f th e  ca llu s  
a n d  t h e r e fo r e  c h o s e n  a s  th e  o p tim u m  
co n ce n tra tio n  fo r  se le ctio n  o f transfo rm ants 
(F ig . B io tech . 1).

1 .10 . G e n e  e d it in g

A  n e w  p r o je c t  o n  C R IS P R  C a s  
m e d ia te d  g e n e  e d it in g  w a s  in itia te d . A 
p ro ject p ro p o sa l o n  C R IS P R  C as 9  m ediated  
g en e e d it in g  w as sen t to D ST  for ex tern a l 
fu n d in g .

2. Propagation o f elite H evea  clones

2.1. S o m a t i c  e m b r y o g e n e s is  fro m
im m a tu re  a n th e r  o f  R R II  400  series
c lo n e s

D u rin g  th e  rep o rtin g  year, w ork  was 
im ita ted  to  d e v e lo p  p lan ts from  400  series 
c lo n e s . Im m a tu re  a n th e r  c o lle c te d  from  
H ev ea  c lo n e s  R R II 4 1 4 ,4 1 7 ,4 2 2  and  4 30  w ere 
in o c u la te d  o n  c a llu s  in d u c tio n  m e d iu m  
c o n ta in in g  2 ,4 -D  (2 .0  m g  I 1) and  BA (2.0 m g 
I 1). A fte r  4 0 -5 0  d a y s  o f cu ltu re , in d u ced  
c a l lu s  fro m  a ll c lo n e s  w as c u ltu r e d  fo r  
p ro life ra tio n  o n  th e  sam e fresh  m ed iu m  and 
g o t p r o life r a te d . P ro life ra te d  c a llu s  w ere 
su b cu ltu red  fo r  em bry o g en ic  calli form ation  
/ e m b ry o g en esis .

P re lim in ary  ex p erim en ts  carried  ou t 
d u r in g  last y e a r  w ith  co co n u t w ater (CVV) 
an d  ca lc iu m  w ere  repeated  in th is cu rren t 
y e a r  to co n firm  the resu lts. To in vestigate  
th e  e f fe c t  o f  C W , im m a tu re  a n th e r  from  
H ev ea  c lo n e  R R II 4 1 4  w ere in o cu la te d  on 
c a llu s  in d u ctio n  m ed iu m  co n ta in in g  0, 5% , 
10%  CW . F ifty  a n th ers  w ere in ocu lated  on 
e a ch  c o m b in a tio n  an d  the ex p erim en t was 
rep lica te d  2  tim es. A fte r  40  d ays, cu ltu res

M 1 2 3

U~670l)|.

M: Marker ; l -2: Uncut plasmid;
3: Plasmid digested with EcoRl

Fig. Biotech. 1. Restriction digestion of plasmid pEGAD 
with Eco RI

w ere ev alu ated . R esu lts  in d icated  th at callu s 
w as a lso  in d u ced  w ith o u t CW . T h e  callu s 
in d u c t io n  fr e q u e n c y , g r o w th  a n d  
p ro lifera tio n  o f ca llu s  w as a lm o st s im ila r  to 
th a t o f  m e d iu m  c o n t a in i n g  5 %  C W . 
H o w e v e r , a s l ig h t  e n h a n c e m e n t  o n  th e  
resp o n se  w as n o ticed  w ith  10% .

E x p erim en t w ith  ca lc iu m  (n itra te  a n d  
c h lo r id e  fo r m s )  w a s  a ls o  r e p e a te d  b y  
su p p lem en tin g  ca lciu m  n itra te  an d  ch lorid e  
in th ree  co m b in a tio n s  w ith  3 , 6, and  9m M  
con cen tration s. Im m atu re  a n th er  from  RR II 
414  w as in o cu la te d  in th ese  co m b in a tio n s  
a n d  e x p e r i m e n t  w a s  r e p e a te d  tw ic e .  
C u ltu re s  w ere k ep t fo r  ca llu s  in d u ctio n  for 
60  d ays u n d er d arkn ess. R esu lts  o f th e  stu d y  
sh o w e d  th a t c a llu s  in d u c tio n  freq u en cy , 
g ro w th  an d  p ro life ra tio n  w as s im ila r  in  a ll 
three c om bin atio n s in b oth  fo rm s o f ca lciu m . 
H ow ever, th e  tex tu re  o f ca llu s  w as d ifferen t. 
C om p ared  w ith  3 m M , 6  an d  9 m M  p roduced



The vertical bara with the common letters are ih 
p<0.03.Means we calculated using DMR'l .Vertical line indicates the error bi

Fig. Biotech. 2. Effect of giufosinate on growth of Hevea callus

h ig h ly  friab le and  loose callu s. Both form s 
o f  ca lc iu m  sh o w ed  m o re  o r  le ss  s im ila r  
response in d icatin g  th at en rich in g  the callu s 
in d u ction  m ed ium  w ith  e ith e r  C a N 0 3  o r 
CaC12 in 6m M -9m M  w as good fo r  friab le 
ca llu s in duction .

2.7.7. E n c ap su la t ion  o f  s o m a t ic  e m b ry o s  an d  
sy n th et ic  s e e d  p ro d u c tio n  

r S o m a t ic  s e e d s  a r e  n o th in g  b u t  
e n ca p su la te d  so m a tic  e m b r y o s . H e n c e  a 
la rg e  n u m b e r  o f  s o m a tic  e m b r y o s  w e re  
n ee d ed - F o r  in d u c in g  s o m a tic  e m b ry o s , 
w ork w as in itiated  from  RRH 105. Im m atu re  
a n t h e r  f r o m  R R II  1 0 5  w e r e  c o l le c t e d ,  
in o c u la te d  o n  c a llu s  in d u c tio n  m e d iu m  
con tain in g  2 .0  mg/1 2,4 -D  and 0 .5  mg/1 kn 
and kep t the c u ltu res u n d er d ark n ess. A fter 
50  d a y s  o f  c u ltu r e , c a llu s  w as in d u c e d . 
Induced  callu s w as p ro liferated  on  the sam e 
fresh  m edium  and th en  su b cu ltu red  for 4 
m o nth s for em bryogen ic callu s form ation  on 
m ed iu m  w ith  0 .3  mg/1 kin, 0 .3  mg/l BA  and

0 .3  mg/l N A A . E m bryogen ic ca llu s  in duced  
w e r e  fu r th e r  t r a n s f e r r e d  to  e m b r y o

in d u c tio n  m e d iu m  a n d  s o m a tic  e m b ry o  
in d u ctio n  aw aited .

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

In  v it r o  le a f  c u ltu r e s  in it ia te d  w ith 
c lo n e  R R I I  1 0 5 , R R I I  4 1 4  a n d  R R II  417  
c o l le c te d  f r o m  g la s s h o u s e  g r o w n  bud 
g ra fted  p lan ts  co u ld  in d u c e  c a llu s  a fte r  3-4 
w e e k s  in  e a r l i e r  s t a n d a r d i z e d  c a l lu s  
in d u ctio n  m e d iu m . R a te  a n d  tim e  o f ca llu s 
in d u ctio n  w as fou n d  to  v a ry  w ith  th e  clon e. 
C allu s in d u ctio n  w ith  g o o d  freq u en cy  (80% ) 
w as o b ta in ed  in  c lo n e s  R R II 105  a n d  RRH 
417 . In a n o th e r  e x p e rim e n t , e x p la n ts  w ere 
in i t ia l ly  c u l t u r e d  in  c a l l u s  in d u c t io n  
m e d iu m  s u p p le m e n te d  w ith  h ig h  a u x in  
(2 ,4 -D  10  mg/l) c o n c e n tra tio n  fo r  tw o  w eek s 
and  th en  su b  c u ltu red  in c a llu s  in d u ctio n  
m e d iu m  w ith  e a r l i e r  s t a n d a r d i z e d  
co n ce n tra tio n  o f  au x in  (2 ,4 -D  1.5 mg/l). H ere 
the e x p lan ts sw elled  w ith  n o d u les  a n d  callu s 
in d u ctio n  o ccu rred  w ith in  th re e  w e e k s in  all 
c lo n es . H ow ev er, R R II 4 1 7  g a v e  m ax im u m  
resp o n se  w ith  100  p e r  c e n t c a llu s  in d u ctio n



w ithin  th ree  w eek s and  also  increased  callu s 
fo rm atio n . P ro life ra tio n  o f  the callu s w as 
a t t e m p t e d  a s  c a r r ie d  o u t  in  e a r l ie r  
ex p erim en ts  th rou gh repeated  su bcu ltu re in 
m e d iu m  w ith  g r a d u a l  in c r e a s e  in  
c y o t o k in in \ a u x in  r a t io  a n d  s u c r o s e  
c o n c e n tr a t io n .  T o w a r d s  th e  en d  o f  th e  
su b cu ltu re  p erio d  fo r  ca llu s  p ro lifera tion , 
s tre ss  in d u c in g  co m p o u n d s  su ch  as poly 
e th y le n e  g ly co l (5 .0  g/1) and  p hy tagel (3-4 
g/l) w ere  a lso  su p p lem en ted  in the m edium . 
S in c e  in e a r lie r  ex p e rim e n ts , a d d itio n  o f 
a d e n in e  h em isu fa te  at a co n ce n tra tio n  o f 50  
mg/I in th e  c a llu s  in d u ctio n  m ed iu m , TOO 
mg/l in th e  ca llu s  p ro lifera tio n  m ed iu m  and 
185  mg/l in th e  e m b ry o  in d u ction  m ed ium  
f a v o r e d  e m b r y o g e n e s is ,  th is  w a s  a ls o  
s u p p le m e n t e d .  E m b r y o g e n ic  c a l lu s  
in d u ctio n  an d  so m a tic  e m bry o g en esis  w ere 
a t t e m p t e d  in  th e  e a r l ie r  s t a n d a r d iz e d  
m e d iu m  fo r  c lo n e  R R II 105. F o r  c lon es RR II 
4 1 4  a n d  R R II 4 17 , m in or m o d ificatio n s w ere 
m ad e . T h e  a m in o  a c id s a sp arag in e (150 mg/ 
1) a n d  g lu ta m in e  (8 0 0  mg/l) w h ich  w ere 
fo u n d  to  e n h a n ce  th e  freq u en cy  o f em bryo  
in d u ctio n  in e a r lie r  ex p erim en ts  w ere also  
in c lu d ed  in th e  m ed iu m . U su ally  in d uction  
o f  e m b r y o s  w a s  o b s e r v e d  w ith  a g o o d  
fr e q u e n c y , o n  th e  m e d iu m  s u r fa c e , o n e  
m o n th  a f te r  c u lt u r e  w h e n  th e  m e d iu m  
s ta r te d  d e s ic c a t io n . T h e  e m b r y o s  w h e n  
tr a n s fe r r e d  to  m o d if ie d  VVPM m e d iu m  
s u p p le m e n te d  w ith  fo lic  ac id  (0 .5  mg/l), 
o rg a n ic  su p p le m e n ts  and  phy to h o rm on es 
(B A , G A . and  IB A) g o t en larged  and b ecam e 
c o t y l e d o n a r y  a f t e r  tw o  w e e k s .  T h e s e  
so m a tic  e m b r y o s  w ere  th en  su b je c te d  to 
s lo w  d e sicca tio n  by k eep in g  th em  in sealed  
s te rile  p etri p la tes  for tw o days. O n  tran sfer 
o f th e  d esicca ted  em bry o s b ack  to the earlier 
m e d iu m , th e y  g e r m in a te d  w ith  b ip o la r  
d iffe re n tia tio n . In v itro  p lan t regen eratio n  
w as o b ta in ed  in M S m ed iu m  con tain in g  BA, 
G A 3  a n d  1BA a n d  a c c lim a tiz a t io n  o f  th e

p lan ts  is  b ein g  a ttem p ted  in so ilr ite  u n d er 
h u m id ity  co n tro lled  co n d itio n s.

2.2.1. E f f e c t  o f  s a l i c y l i c  a c i d  o n  s o m a t i c
em b ry o g en es is

T h e  e x p erim en t to  s tu d y  th e  effect o f 
sa licy lic  acid  on s o m atic  em bry o g en esis  w as 
rep eated . P re trea tm en t o f th e  e x p la n ts  w ith  
sa licy lic  acid  a s  w ell a s a d d ition  in th e  ca llu s 
a n d  e m b r y o  in d u c t io n  m e d iu m  w a s  
ex p erim en ted . It w as o b serv ed  th at ca llu s 
in d u c t io n  w ith  im p r o v e d  te x tu r e  w a s  
o b ta in e d  in  2 0 %  o f  th e  c u lt u r e s .  S in c e  
sa licy lic  acid  at a co n ce n tra tio n  o f 2 .0  mg/l 
fa v o r e d  fo r m a t io n  o f  p r o e m b r y o  l ik e  
p ro tru b a n ce s  in e a r l ie r  e x p e r im e n ts , th e  
e f fe c t  o f  th is  co m p o u n d  in  p r e s e n c e  o f 
d ifferen t p h y to h o rm o n e  co n ce n tra tio n  w as 
a ls o  e x p e r im e n t e d . T h e  e x p la n t s  w e r e  
in itia lly  ex p o sed  to  h ig h e r  c o n ce n tra tio n  o f 
2 ,4 -D  (2 -1 0  mg/l) an d  BA  ( 2 - 5 mg/l) in 
p resen ce  o f sa licy lic  acid  (2 .0  mg/l) b o th  as 
a p re trea tm en t for 3 -5  m in u tes a s  w ell as b y 
a d d itio n  in  c a llu s  in d u ctio n  m ed iu m  and 
cu ltu re  in cu b atio n  fo r  2 0  d ays. T h e  callu s 
o b ta in e d  w a s p r o lif e r a te d  a s  in  e a r l ie r  
e x p e r im e n ts  w ith  a d d it io n  o f  1 .0  mg/l 
s a licy lic  ac id  in th e  p ro life ra tio n  m ed iu m  
alon g w ith  the p hy toho rm ones BA , 2 ,4-D  and 
N A A . A s in  earlier  e x p erim en ts, ad d itio n  o f
2.0 mg/l sa licy lic  acid  in the ca llu s in d u ction  
m ed ium  favored  ex p lan t sw ellin g  an d  callu s 
in d u ction  w ith  im p roved  textu re. Presen ce 
o f sa licy lic  a d d  d u rin g  ca llu s  p ro life ra tio n  
a lso  a id ed  e m b r y o g e n ic  c a llu s  in itia t io n . 
E xp erim entation  on p roem bryo  in d u ction  in 
lea f cu ltu res in presen ce  o f sa licy lic  acid  is 
b ein g  continu ed .

2.3. E x  v i t r o  a d v e n t i t io u s  r o o t in g  fo r
p ro d u ctio n  o f  s e lf  ro o ted  c lo n e s

Bud grafted p lants w ere produced  from  
so m atic  p lan ts. E x  v itro  ro o tin g  o f  sh oots 
co llected  fro m  th ese  p lan ts  m a in ta in ed  in 
p o ly b ag s in d ie g la ssh o u se  w ere  a ttem p ted .



D ifferent com binatio n  and co n cen tra tio n  o f 
p hy toho rm ones such as BA , TD Z , IB A and 
N A A  w ere  g iv e n  as h o rm o n e  p u ls e  fo r  
d iffe re n t tim e in te rv a ls . T h e  s y n e rg is tic  
e f fe c t  o f  f r e s h  c o c o n u t  w a te r  o n  r o o t 
in d u c t io n  w a s  a ls o  e x p e r im e n t e d .  
E x p erim en ts  w ere  c o n tin u e d  to id e n tify  
su ita b le  co n d itio n s  and  p o ttin g  m ed iu m . 
S terile  soil rite w as fou n d  to b e m ore su itab le  
for root in d u ction  w hen h o rm o n e  treated  
s h o o ts  w e re  m a in ta in e d  in th e s e  u n d e r  
h u m id itv  c o n t r o l .  B o th  B A  a n d  T D Z  
favoured  ad v en titio u s rootin g  in p resen ce  
o f IB  A  and N A A . Effect o f P aclo bu trazol on 
root p r o life ra tio n  a fte r  r o o t in d u ctio n  is 
being  attem pted .

3. Induction o f ploidy variatio n  in 
Hevea brasiliensis  th ro u g h  in 
vitro techniques

3.1. D e v e lo p m e n t  o f  h o m o z y g o u s  
d ip lo id s  in  H e v e a

3.1.1. E m bryo s a c  cu ltu re  f o r  th e  d ev e lo p m en t  
o f  g y n o g en ic  h a p lo id s

Iso la tio n  and  cu ltu re  o f e m b ry o  sa cs  
from  m atu re  fe m a le  flo w e rs  o f  d iffe r e n t 
c lon es o f H evea  b ras ilien s is  w as ca rr ie d  ou t 
w ith  the o b jectiv e  o f d e v e lo p in g  haploids/  
h o m o z y g o u s d ip lo id s . C a llu s  in d u c tio n  
could  be ob ta in ed  in all th e  c lo n e s  tr ied , 
th ou gh  the freq u en cy  o f ca llu s  in d u ctio n  
as w ell a s  th e  te x tu re  o f  th e  ca lli  v a rie d  
a m o n g  th e  c lo n e s '.  E m b r y o s  c o u ld  b e  
regenerated  from  th ree  c lo n e s  R R II 1 0 5 ,4 1 4  
a n d  P B  3 3 0 .  P l a n t  r e g e n e r a t io n  w a s  
o b ta in ed  fo r  c lo n es  R R II 105 and  414 . T h ese  
p la n ts  w ere su b jected  to  a cc lim a tiz a t io n . 
H aploid  n atu re o f  th e  p lan ts w as con firm ed  
th rou gh cy to lo g ica l an a ly sis . H o m o z y g o u s 
d ip lo id s w hich are  id eal ca n d id a tes  fo r  e lite  
c lon e b ree d in g  in H ev ea , can  b e  d ev e lo p e d  
from  th ese  h a p lo id s  th ro u g h  ch ro m o so m e  
d o u b l i n g .  G y n o g e n ic  h a p l o id s  w ith

c o n f i r m e d  p lo i d y  (n = 1 8  ) h a v e  been 
reg en era ted  th ro u g h  e m b ry o  s a c  cu ltu re  for 
H evea  c lo n e s  R R II 4 1 4  a n d  R R II 105 , fo r  the 
fir s t  t im e. H a p lo id  p la n ts  o f  c lo n e  RR II 414 

h a v e  b e e n  s u c c e s s fu lly  e s ta b lis h e d  in the 
fie ld .

T h e  c u ltu r e .o f  is o la te d  e m b r y o  sac  of 

c lo n e  R R II  1 0 5  in  th e  c a l lu s  in d u c tio n  
m ed iu m  a fte r  a sh o rt e x p o s u r e  to  colchicine 
r e s u lte d  in  th e  d e v e lo p m e n t  o f  fr ia b le  
ca llu s  from  th e  e m b r y o  s a c  c e lls . T h e  ploidv 
o f  th e  c a l lu s  w a s  a s c e r t a in e d  b y  flow  
c y to m m e try  a n d  c o n firm e d  a s  m ixap lo id s. 
P r o e m b ry o g e n ic  m a s se s  d e v e lo p in g  from 
th e  c a llu s  w e re  s u b  cu ltu r e d  in th e  em bryo 
in d u c tio n  m e d iu m .

T h e  h a p lo id  c a llu s  o f  c lo n e  R R II 422 
p ro d u ce d  s o m a tic  e m b r y o s  in  th e  em brvo 

in d u c tio n  m e d iu m  a n d  m a tu r e d  em bryos 
w it h  b i p o l a r  d i f f e r e n t i a t i o n  in  the 
g e r m in a tio n  m e d iu m .

4. In vitro approaches to complement 
c o n v e n tio n a l b re e d in g  progra­
m m es

4 .1 . In d u ctio n  o f  P o ly e m b ry o n y

4 .1 .1 . D e v e l o p m e n t  o f  u n i fo r m  s e e d l in g s  

Im m a t u r e  f r u i t s  w e r e  in o c u la te d
d u r in g  th e  c u r r e n t  s e a s o n  fo r  in d u c in g  
m u lt ip le  e m b r y o s / e m b r y o g e n ic  ca llu s . 
E x p erim en ts w ere  c o n tin u ed  fo r  d evelop ing  
u n ifo r m  s e e d l in g s  o f  k n o w n  p a r e n ta g e  
th ro u g h  in  v itro  p o ll in a t io n . In flo rescen ce  
w ere collected  fro m  fie ld  g ro w n  tre e s  and the 
c u t  e n d  w a s  d ip p e d  in  d is t i l le d  w ater. 
S tig m a tic  p o llin a tio n  w as ca rr ie d  o u t with 
fresh ly  o p en ed  flow ers. A fte r  4 8  hrs, flow ers 
w ere  s te r iliz e d  a n d  fe r tiliz e d  o v u le s  were 
i s o la te d  u s in g  s t a n d a r d  p r o t o c o l  and  
in ocu lated  in  the m ed ia . C a lli o b ta in ed  were 
su b cu ltu red  fo r  e m b ry o  in d u ctio n .



Y ield  reco rd in g  in the p o ly e m b ry o n y  
d e r iv e d  p la n ts  is  c o n tin u in g . T h e  seco n d  
y e a r  y ie ld  d a ta  re co rd in g  w as c o m p le ted  
in th e  fie ld  p la n ted  p o ly e m b ry o n y  derived  
s e e d l in g s .  P o ly  p la n ts  h a d  lo w e s t C V  
a m o n g  a ll  t r e a tm e n t s  in d ic a t in g  th e ir  
b e tte r  u n ifo rm ity .

4 .1 .2 . S t o c k  S c io n  in te r a c t io n  s tu d ie s

L e a f  s a m p le s  w e re  c o lle c te d  from  
R R II 1 0 5  p la n ts  o f  d iffe r e n t a g e  g ro u p s  
w e re  c o lle c te d  from  th e sam e g eo g rap h ica l 
a re a  an d  su b je c te d  to  e p ig e n e tic  a n a ly sis . 
P o ly m o r p h ism  co u ld  b e  id e n tifie d  in the 
e p ig e n e tic  p r o file  a m o n g  th e  trees.

5. In v itro  s c r e e n in g  o f  ru b b e r 
clo n es for d isease tolerance

5.1. In  v i t r o  a p p r o a c h e s  to  im p a r t  
C o r y n e s p o r a  le a f  fa ll  d isea se  (C LFD ) 
to le ra n c e

5 .1 .1 . In  v i t r o  s e l e c t i o n  o f  C o r y n e s p o r a  

t o l e r a n t  l in e s  o f  c lo n e s  R R II  105 a n d  
R R II  4 14 th rou g h  to x in  c h a llen g e

For th e  first tim e, C L FD  tolerant plants 
w e r e  r e g e n e r a te d  th r o u g h  s o m a tic  
e m b r y o g e n e s is  fro m  c a s s i i c o l in  to x in  
h ab itu ated  callu s in an o th erw ise susceptible 
H evea  c lo n e  R R II 105. Em bryogen ic calli of 

clon e R R II 105, the m o st p op u lar and w idely 
c u lt iv a te d  c lo n e , w h ich  a t th e  sa m e tim e 
su scep tib le  to  C o ry n esp o ra  lea f fall d isease 

(C LFD ), w ere cu ltured  over m edium  fortified 
w ith  d if fe r e n t le v e ls  o f c a ss iico lin  tox in . 

Su rv iv in g  calli ob ta in ed  a fter tw o cy cles o f 
selection  w ere  transferred  to toxin free m edia. 
Plants co u ld  b e  regen erated  from  these calli 
an d  w ere  acc lim a tiz ed  an d  tran sfe rred  to 
soil. L ab o ra to ry  level b io assay s  confirm ed  
im p ro v e d  to le r a n c e  o f  th e  r e g e n e r a te d

p lan ts tow ard s C L F D . R eg en era ted  p lan ts 
w ere su ccessfu lly  esta b lish ed  in th e  field . 
M ultiplication th rou gh bud g raftin g has been 
ach ieve d  an d  th e  bud g ra fted  p lan ts  a lso  
exhibited  im proved  toleran ce tow ard s C LFD  
in the lab  level b io  assay.

6. In vitro selection  and develop­
m ent of drought tolerant plants

In v itro  cu ltu re  o f tissu es are an ideal 
tool fo r  in  v itro  s c re e n in g  an d  s e le c tio n  o f 

d e sira b le  ch a ra c te rs . T h is  w as ach iev e d  b y  
s e le c t io n  a g e n ts  s u c h  a s  P E G  a n d  th e  
to le ra n t lin es w ere  sc re e n e d , se le cted  and 

reg en era ted  p lan ts. F o r  p ro d u cin g  d ro u g h t 
to leran t, h ig h  y ie ld in g  R R II 4 1 4  c lo n e , tw o 
e x p e rim e n ts  w ere  carried  o u t. In th e  first 

e x p e r im e n t , im m a tu re  a n th e r  fro m  R R JI 
4 1 4  w e re  in o c u la te d  in  s ta n d a rd  c a llu s  

in d u ctio n  m e d iu m  and k e p t c u ltu re s  for 
c a l lu s  in d u c t io n . In d u c e d  c a l lu s  w e re  

p ro lifera ted  an d  ap p ro x . 500  m g  c a llu s  w as 
su b cu ltu red  in  m e d iu m  co n ta in in g  PE G  in 

fo u r co m b in a tio n s  (0% , 5% , 7 .5 %  a n d  10% ) 
an d  re su lts  aw aited .

In the secon d  ex p erim en t, im m atu re  
a n t h e r  f r o m  R R II  4 1 4  w e r e  d ir e c t ly  
in oculated  in callu s in d u ction  m ed ium  w ith 

d ifferent levels o f agar (5 ,6  &  7 g  1 ;). C u ltu res 

w e r e  k e p t  fo r  c a l lu s  in d u c t io n  u n d e r  
darkn ess for 6 0  d ays. In  each  treatm en t, 5 

ex p lan t / tu be w as in ocu lated  and  fo r  on e 
com bination 50 exp lants w ere in oculated  and 

ex p erim en t w as repeated  2  tim es. C u ltu res 
w ere kept for ca llu s in d u ction  . W ith  0 .5%  

agar, lit t le  c a llu s  w as in d u ce d  an d  w e re  
cultured  for p ro liferation . H ow ever, w ith  6 

an d  0 .7  g  1 1 ag a r  n o  ca llu s  w as induced .
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II. G E N O M E  A N A L Y SIS  L A B O R A T O R Y

O n g o in g  r e s e a rc h  p r o je c ts  in th e  
G enom e A n aly sis  L aboratory  are  grouped 
u n d er four m ajor areas viz., ( 1) developm ent, 
o p tim izatio n  and v a lid a tio n  o f m o lecu la r  
tools for the assessm en t o f g en etic  diversity 
and evolutionary relationships in rubber and 
genom e m apping (2) d evelopm ent ol gen etic 
m arkers for biotic and a b iotic stress tolerance 
and  u n d ersta n d in g  th e  s tre ss  ad a p ta tio n  
p rocesses through transcrip tom e an alysis  (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 ica lly  im p o rta n t g e n e s  a n d  (4 ) r u b b e r  
g en om e seq u en cin g  and  d e -n o w  assem bly. 
B e s id e s  th e  a b o v e  re se a rc h  p ro g ra m s , a 
collaborative pro ject has been  in itiated  w ith 
CSIR-N EERI on conversion o f  tropical forests 
to rubber plantations in K erala and its im pact 
on the soil en v iron m en t and d ifferen t eco- 
restoration strategies.

1. D evelopm ent, optim ization and 
validation of m olecular tools for 
th e  a s s e s s m e n t  o f  g e n e tic  
d iv e r s ity  in  r u b b e r , c lo n a l  
id e n t i f i c a t io n  an d  g e n o m e  
m apping

1.1. S in g le  n u c le o t id e  p o ly m o r p h is m s  
(SN P s) in  H ev ea

1 .1 .1 . S N P  id e n t i f i c a t i o n  a n d  h a p l o t y p e  
s tru c tu r in g  in th e  la t e x  b io s y n t h e s i s  
g en es  o f  H ev ea  b ra s ilien s is  

C h a r a c te r iz a t io n  o f  th e  h ig h ly
d istorted  PM V K  g en e in del lo cu s  reported  
last y ear  w as continu ed . In ord er to  establish  
the ro le o f m ale  and  fem ale  p a ren ts  in the 
d istorted  segregation  o f P M V K  g en e a lleles, 
a progen y  p op u lation  derived  by cro ssin g  
P B  2 8 0  x R R II 1 0 5  w a s  s u b je c t e d  to  
seg reg atio n  an a ly sis . G e n o m ic  D N A  from  
23 p ro g en ies w as iso la ted  an d  g e n o ty p in g

w as d o n e  u s in g  th e  P M V K  in d e l m arker 
fo llo w ed  by s e g r e g a tio n  p a tte rn  analysis. 
C o n tra ry  to  th e  sk ew ed  s e g r e g a tio n  ratio 
obtain ed  earlier in th e  o th er  tw o p opu lation s, 
th e  segregation  ratio  o f a lle les in th is progeny 
p o p u la t io n  a g r e e s  w e ll  w ith  e x p e c te d  
M e n d e lia n  r a tio . T o  fu r th e r  c o n firm  the 
m atern al e ffe c t o f RRII 105 in th e  distorted 
se g r e g a tio n  o f  P M V K  g e n e  a lle le s  in its 
p ro g en y  p o p u la tio n s, a n o th e r  p op u la tion  of 
p aren ts R R IC  100 and  IR C A  18 h av in g  the 
s a m e  a l le le  c o m b in a t io n  a s  t h a t  o f  the 
p rev iou s p o p u la tio n s w as g en o tv p ed . Since 
the fem ale  p a ren t R R IC  100  h a v e  tine same 
a lle lic  co m bin atio n  as th a t o f  R R II 105, the 
s e g r e g a t i o n  p a t t e r n  in  t h i s  p r o g e n y  
p o p u la t io n  w ill  p r o v e  w h e t h e r  the 
segregadon d istortion  is sp ecific  to th e  fem ale 
p a ren t R R II 105 o r  no t. D N A  w a s  isolated 
fro m  3 4  p r o g e n y  p la n ts  a n d  g e n o ty p in g  
u s i n g  th e  P M V K  in d e l  m a r k e r  is  in 
p ro g ress .

V a lid a t io n  o f  p u t a t iv e  S N P  m a r k e r s  f o r  y ield : 

P u ta t iv e  S N P  m a r k e r s  a s s o c ia te d  
w ith  h ig h e r  e x p r e s s io n  le v e ls  o f  g en es  
fr o m  th e  m e v a l o n a t e  p a t h w a y  w e re  
re p o rte d  in  p r e v io u s  y e a r s . In  o r d e r  to  use 
th em  a s  p o te n tia l m a r k e r s  fo r  y ie ld , they 
h a v e  to  b e  v a lid a te d  in a s e t  o f  k n o w n  high 
y ie ld in g  a n d  lo w  y ie ld in g  g e n o ty p e s .  A 
to ta l o f  14 g e n o ty p e s  c o n s is t in g  o f  high 
y i e l d i n g  c l o n e s  a n d  c o n s i s t e n t l y  low  
y ie ld in g  w ild  a c c e s s io n  w e r e  s e le c te d  lor 
th e  p r e lim in a r y  a n a ly s is .  L e a f  sa m p le s  
w e re  c o lle c te d  fro m  th e s e  g e n o ty p e s  and 
g e n o m ic  D N A  w a s  e x tr a c te d  fro m  th e  leal 
sa m p le s , q u a n ti f ie d  a n d  s to r e d  lo r  HRM  
S N P  g e n o ty p in g .

1.1.2. D evelopm en t o f  a  ra p id  c lon e  identification  
sy stem  b a s ed  on  S N P  m arkers  

P ro p e r  id e n tif ica t io n  o f  c lo n e s  p lay s a 
v ita l ro le  in cro p  m a n a g e m e n t sy s te m s  and



r e s e a r c h  in  n a t u r a l  r u b b e r  (H e v e a ) .  
H ow ever, th e  trad ition al ap p roach  o f c lon e 
id e n t i f ic a t io n  b a s e d  o n  m o rp h o lo g ic a l  
d if fe r e n c e s  p o se s  se v e r a l lim ita t io n s , as 
m o st o f  th e  m o rp h o lo g ica l ch a ra cters  are 
in flu en ced  by th e  en v iron m en tal cond ition s 
a n d  th e  a g e  o f  p la n t, a n d  th ey  a r e  n o t 
v ariab le  e n o u g h  to a d eq u ately  characterize 
g e n e tic  d ifferen ces  am o n g  elite  gen otypes. 
M o reo v er, d u e  to  the narro w  g en etic  base 
o f p re se n t b ree d in g  p op u lation , the p opu lar 
cu ltiv a ted  c lo n es  o f  rubber d o es n ot exhib it 
h i g h ly  c o n s p ic u o u s  a n d  v e ry  d is t in c t  
v ariation s in  its ch aracters m aking it d ifficu lt 
to  id e n tify  c lo n e s  at m o rp h o lo g ica l level 
accu ra te ly . T h o u g h  m o lecu lar  m ark ers can 
c le a r ly  d if fe r e n t ia te  th e  g e n e tic  m ateria l 
a v o id in g  a n y  o f  th e  e n v ir o n m e n ta l  
in flu en ce s , th e  cu rren t m ark er  tech n olog ies 
in  r u b b e r  r e q u ir e d  le n g th y  la b o r a to r y  
p ro ce d u re s  w h ich  m ay  takes several days. 
In th is c o n te x t, a rap id  clon e iden tification  
b a sed  o n  S N P  in fo rm a tio n  from  p o p u lar 
c lo n e s  a s s u m e s  r e le v a n c e .  In  o r d e r  to 
id e n t i f y  c lo n e  s p e c i f i c  S N P s  in  H ev ea ,  
se le cted  h ig h ly  p o ly m o rp h ic  reg ion s o f tw o 
im p o rta n t ru b be r b io sy n th e sis  gen es w ith  
m a x im u m  h eterozy g osity , w as re-am plified  
fro m  15 m o st p o p u lar ru b ber clon es. PC R 
p r o d u c ts  w e r e  p u r if ie d , q u a n tif ie d  and  
seq u en ced . S e q u en ce  a n a ly sis  is in progress.

1.2. G e n e t i c  a u t h e n t ic a t i o n  o f  c lo n e  
m u s e u m  u s in g  m o le c u la r  g e n e t ic  
m a r k e r s

T h e  'W ick h a m ' g erm p lasm  co llection  
co m p ris in g  aro u n d  180 c lo n es  in the C lon e 
M u s e u m  a t R R II, h a s  b e e n  se r v in g  a s  a 
so u rc e  o f  e x p e rim e n ta l m ateria l (bud w ood , 
le a f tissu e , tw ig s) o f d ifferen t c lon es -  both 
o b so le te  a n d  e lite , for d ifferen t D iv ision s in 
th e  In s titu te  o v e r  th e  years. Each accessio n  
h ad  b een  p lan ted  in a row  w ith  10 p oin ts 
each . In v iew  o f the v ariou s exp erim en ts that 
th e  m a te r ia ls  a re  b e in g  used  for, g e n e tic

au th en tica tio n  o f th e  id en tity  o f each  p lan t 
poin t is o f u tm o st im p o rtan ce . T h e  narro w  
gen etic  b ase  and h igh  w ith in -p lan t v ariation  
in  le a f  m o r p h o lo g y  m a k e  a d e f in i t e  
id en tifica tio n  v ery  d ifficu lt. T h ere fo re  the 
laboratory  in itia ted  the v alid ation  o f th ese 
g e r m p la s m  m a t e r ia ls  u s in g  m o le c u la r  
m arkers. G en o m ic  D N A  w as iso lated  from  
m ore than 125 p lan ts b elo n g in g  to m ore than 
5 5  g e n o ty p e s .  T h e  q u a l i ty  o f  th e  D N A  
s a m p le s  w as c h e c k e d , d ilu te d  an d  k e p t 
read y  fo r  m ark er  stu d ies.

R A P D  r e a c tio n s  w e re  s e t  u s in g  10 
d ifferen t p rim er co m b in a tio n s  to estim a te  
th e  g e n e tic  u n ifo rm ity  o f  p la n ts  b elo n g in g  
to g en o ty p es like  T jir  1, M il 3/2, PB 8 6  and 
R R II 33  a lon g  w ith  con tro l D N A  sam p les. 
A n aly sis  o f the b an d in g  p attern  in d icated  
m ixin g -u p  o f c lo n es  in T jir  1 set w h e reas all 
the p lan ts o f M il 3/2 ap p eared  to  b e  true to  
typ e. All th e  p lan ts o f  P B  86  and  R R II 33 
ap p eared  to b e  tru e  to typ e. D N A  iso la tio n  
and  m ark er  an a ly sis  o f rest o f th e  sam p les 
is in  progress.

2. Characterization of stress-tolerant 
clones of Hevea using m olecular 
m arkers and understanding gene 
regulation under abiotic stresses

2.1. M e t h y la t io n  d y n a m ic s  o f  H e v e u  
b r a s i l i e n s i s  g en o m e

2.1.1. Id e n t if ic a t io n  o f  e p ig en e t ic  m a rk e r s  f o r  
a b io t i c  s t r e s s  in  H ev ea

In o rd er to id en tify  e p ig e n etic  ch an ges 
a c c u m u la te d  o v e r  a p e r io d  o f  3 0  y e a r s  
w ith in  the g en o m e o f c lo n e  R R II 105, D N A  
m e th y la tio n  p ro filin g  o f  R R II 105  p la n ts  
p lan ted  d u rin g  th e  80s, 90s and  a fter  2010  
w as a t te m p te d  u s in g  M S A P  te c h n iq u e . 
G en o m ic  D N A  w as iso la ted  from  m atu re  
trees p lan ted  in th e  sa m e reg io n  d u rin g  th e  
a f o r e m e n t io n e d  p e r io d s .  D N A  w a s  
su b jected  to  d o u b le  d ig e s t io n  w ith  E coR I/



O n g o in g  r e s e a r c h  p r o je c ts  in  th e  
G enom e A nalysis L ab o ra to ry  are  grouped  
u n d er four m ajor areas viz., (1) developm ent, 
o p tim izatio n  and  v alid ation  o f m o lecu lar  
tools for the assessm en t o f gen etic  diversity 
and evolutionary' relationships in rubber and 
genom e m ap ping (2) d evelopm ent o f gen etic  
m arkers for biotic and abiotic stress tolerance 
and  u n d ersta n d in g  th e  stress  ad a p ta tio n  
processes through transcrip tom e analysis (3) 
c lo n in g  an d  c h a r a c te r iz a tio n  o f a g ro n o - 
m ica lly  im p o rta n t g e n e s  a n d  (4 )  r u b b e r  
g en om e seq u encing  and  de-n ov o  assem bly. 
B e s id e s  th e  a b o v e  re se a rch  p ro g ra m s , a 
collaborative pro ject has been  in itiated  w ith 
CS1R-NEER1 on conversion o f tropical forests 
to rubber plantations in K erala and  its im pact 
on the soil en v iron m en t and  d ifferen t eco- 
restoration strategies.

1. Developm ent, optimization and 
validation of m olecular tools for 
th e a s s e ss m e n t o f g e n e tic  
d iv e rs ity  in ru b b e r , c lo n a l  
id e n tif ic a tio n  an d  g e n o m e  
m apping

1.1. S in g le  n u c le o t id e  p o ly m o r p h is m s  
(SN P s) in  H ev ea

1 .1 .1 . S N P  i d e n t i f i c a t i o n  a n d  h a p l o t y p e  
s tru c tu r in g  in  th e  la t e x  b io s y n t h e s i s  
g en es  o f  H ev ea  b r a s i  lien  s is  

C h a r a c te r iz a t io n  o f  th e  h ig h ly
d istorted  PM V K  gen e in del lo cu s reported  
last year w as continu ed . In o rd er  to establish  
the role o f  m ale  an d  fem ale  p a ren ts  in the 
d istorted  segregation  o f P M V K  g en e  a lle les, 
a progen y  p op u lation  derived  by cro ssin g  
P B  2 8 0  x R R II 1 0 5  w a s  s u b je c t e d  to  
seg reg atio n  an a ly sis . G e n o m ic  D N A  from  
23 p ro g en ies  w as iso la ted  an d  g e n o ty p in g

w as d o n e  u s in g  th e  P M V K  in d e l m arker 
fo llo w ed  by se g r e g a tio n  p a tte rn  analysis. 
C o n tra ry  to  th e  sk ew ed  s e g r e g a tio n  ratio 
ob tain ed  earlier in the o th er  tw o populations, 
the segregation  ratio  o f  a lleles in th is progenv 
p o p u la t io n  a g r e e s  w e ll  w it h  e x p e c te d  
M en d  e l i an  r a tio . T o  fu r th e r  c o n f irm  the 
m atern al effect o f RR II 105 in th e  distorted 
s e g r e g a tio n  o f  P M V K  g e n e  a lle le s  in its 
p ro g en y  p o p u la tio n s, a n o th er  p o p u la tio n  of 
p aren ts R R IC  100 and  IR C A  18 h av in g  the 
s a m e  a l le le  c o m b in a t io n  a s  t h a t  o f  the 
p rev iou s p o p u la tio n s w as g en o ty p ed . Since 
the fem ale  p aren t R R IC  100  h a v e  th e  same 
a lle lic  co m bin atio n  a s  th a t o f  R R II 105, the 
s e g r e g a t io n  p a t t e r n  in  th i s  p r o g e n y  
p o p u la t io n  w il l  p r o v e  w h e t h e r  the 
segregation  d istortion  is sp ecific  to the female 
p aren t RRII 105 o r  no t. D N A  w a s  isolated 
fro m  3 4  p r o g e n y  p la n ts  a n d  g en o ty p in g  
u s i n g  th e  P M V K  in d e l  m a r k e r  is  in 
p r o g ress .

V a lid a t io n  o f  p u t a t iv e  S N P  m a r k e r s  f o r  y ield : 

P u t a t i v e  S N P  m a r k e r s  a s s o c ia te d  
w ith  h ig h e r  e x p r e s s io n  le v e ls  o f  g en es 
f r o m  th e  m e v a l o n a t e  p a t h w a y  w ere  
re p o rte d  in  p r e v io u s  y e a r s . In  o r d e r  to  use 
th e m  a s  p o te n tia l m a r k e r s  fo r  y ie ld , they 
h a v e  to b e  v a lid a te d  in  a s e t  o f  k n o w n  high 
y ie ld in g  a n d  lo w  y ie ld in g  g e n o ty p e s .  A 

to ta l o f  14  g e n o ty p e s  c o n s is t in g  o f  high 
y i e l d i n g  c lo n e s  a n d  c o n s i s t e n t l y  low  
y ie ld in g  w ild  a c c e s s io n  w e r e  se le c te d  for 
th e  p r e lim in a r y  a n a ly s is .  L e a f  sa m p les  
w ere  c o lle c te d  fro m  th e s e  g e n o ty p e s  and 
g e n o m ic  D N A  w as e x tr a c te d  fro m  th e  leal 
s a m p le s , q u a n ti f ie d  a n d  s to re d  fo r  IIRM  
S N P  g e n o ty p in g .

1.1.2. D evelopm en t o f  a  rap id  c lon e  identification  
sy stem  b a s e d  on  S N P  m arkers  

P ro p er id e n tifica tio n  o f  c lo n e s  p lay s a 
v ita l ro le  in c ro p  m a n a g e m e n t sy s te m s  and



r e s e a r c h  in  n a t u r a l  r u b b e r  ( H e v e a ) .  
H ow ever, th e  trad itional ap p roach  o f c lon e 
id e n t i f ic a t io n  b a s e d  o n  m o rp h o lo g ic a l 
d if fe r e n c e s  p o s e s  se v e r a l lim ita t io n s , as 
m o st o f  the m o rp h o lo g ica l ch a ra cters  are 
in flu en ced  by the e n v iron m en tal condition s 
a n d  th e  a g e  o f p la n t, a n d  th e y  a r e  n o t 
v ariab le  e n o u g h  to  ad eq u ately  ch aracterize  
g e n e tic  d iffe re n ce s  am o n g  elite  gen otypes. 
M o reo v er, d u e  to  the narro w  g en etic  base 
o f p resen t b ree d in g  popu lation , the p opu lar 
c u ltiv a ted  c lo n es  o f  ru b ber d oes n o t ex h ib it 
h i g h ly  c o n s p ic u o u s  a n d  v e r y  d is t in c t  
v ariation s in its  ch aracters m aking it d ifficu lt 
to  id e n tify  c lo n e s  at m o rp h o lo g ica l level 
a ccu ra te ly . T h o u g h  m o lecu lar  m arkers can 
c le a r ly  d if fe r e n t ia te  th e  g e n e tic  m ateria l 
a v o id in g  a n y  o f  th e  e n v ir o n m e n ta l  
in flu en ce s , th e  c u rren t m ark er  tech nolog ies 
in  r u b b e r  r e q u ir e d  le n g th y  la b o r a to r y  
p r o ce d u re s  w h ich  m ay  takes several days. 
In th is  co n tex t, a rap id  clon e id en tification  
b ased  o n  S N P  in fo rm a tio n  from  p op u lar 
c lo n e s  a s s u m e s  r e le v a n c e .  In  o r d e r  to  
id e n t i f y  c lo n e  s p e c i f i c  S N P s  in H ev ea ,  
se le cted  h ig h ly  p o ly m o rp h ic  reg ion s o f tw o 
im p o rta n t ru b be r b io sy n th e sis  gen es w ith  
m ax im u m  h eterozygosity , w as re-am plified  
fro m  15  m o st p op u lar ru b ber clon es. PCR 
p r o d u c ts  wfe r e  p u r if ie d , q u a n tif ie d  and  
seq u en ced . Seq u en ce  a n a ly sis  is in progress.

1.2. G e n e t i c  a u t h e n t ic a t i o n  o f  c lo n e  
m u s e u m  u s in g  m o le c u la r  g e n e t ic  
m a rk e rs

T h e  'W ic k h a m ' germ p lasm  co llection  
c o m p ris in g  a ro u n d  180 c lon es in the C lon e 
M u s e u m  a t R R II, h a s  b e e n  se r v in g  as a 
so u rce  o f  e x p erim en ta l m ateria l (bud w ood , 
lea f tissu e, tw ig s) o f d ifferen t c lon es -  both 
o b so le te  an d  e lite , for d ifferen t D iv isio n s in 
th e  In stitu te  o v e r  th e  years. Each accessio n  
h ad  b een  p la n ted  in a row  w ith  10  points 
each . In  v iew  o f the v ariou s ex p erim en ts that 
th e  m a te r ia ls  a re  b e in g  u se d  for, g e n e tic

au th en tica tio n  o f th e  id en tity  o f  e ach  p lan t 
po in t is o f  u tm o st im p o rtan ce . T h e narro w  
gen etic  b ase  and  h igh  w ith in -p lan t variation  
in  le a f  m o r p h o lo g y  m a k e  a d e f in i t e  
id en tifica tio n  v ery  d ifficu lt. T h e re fo re  the 
laboratory  in itia ted  the v alid ation  o f th ese 
g e r m p la s m  m a t e r ia ls  u s in g  m o le c u la r  
m arkers. G e n o m ic  D N A  w as iso lated  from  
m ore than 125 p lan ts b elon gin g  to m o re than 
55  g e n o ty p e s .  T h e  q u a lity  o f  th e  D N A  
s a m p le s  w a s  c h e c k e d , d ilu te d  a n d  k e p t 
read y  for m ark er  stu d ies.

R A P D  r e a c tio n s  w e re  s e t  u s in g  10 
d ifferen t p rim er co m b in a tio n s  to  estim ate  
th e  g en etic  u n ifo rm ity  o f  p lan ts b elo n g in g  
to g en o ty p es like  T jir  1, M il 3/2, PB  8 6  and 
RR II 33  a lo n g  w ith  con tro l D N A  sam p les. 
A n aly sis  o f the b a n d in g  p attern  in d icated  
m ixin g -u p  o f c lo n es  in  T jir  1 se t w h e reas all 
the p lan ts o f  M il 3/2 a p p eared  to  b e  tru e to  
typ e. All the p lan ts o f  PB  86  and  R R II 33 
ap p eared  to  b e  tru e to  typ e. D N A  iso lation  
and  m ark er  an a ly sis  o f rest o f th e  sa m p les  
is in progress.

2. Characterization of stress-tolerant 
clones of Hevea using molecular 
markers and understanding gene 
regulation under abiotic stresses

2.1. M e t h y la t io n  d y n a m ic s  o f  H e v e a  
b r a s i l i e n s i s  g en o m e

2.1.1. Id e n t if ic a t io n  o f  e p ig en e t ic  m a rk e r s  f o r  
a b io t i c  s tr e s s  in H ev ea

In o rd er to id en tify  e p ig e n etic  ch an ges 
a c c u m u la te d  o v e r  a p e r io d  o f  3 0  y e a r s  
w ith in  the g en o m e o f c lo n e  RR II 105, D N A  
m e th y la tio n  p ro filin g  o f  R R II 105  p la n ts  
p lan ted  d u rin g  the 80s. 9 0 s  an d  a fter  201 0  
w as a tte m p te d  u s in g  M S A P  te c h n iq u e . 
G en o m ic  D N A  w as iso lated  fro m  m atu re  
trees p lan ted  in th e  sa m e reg io n  d u r in g  the 
a f o r e m e n t io n e d  p e r io d s .  D N A  w a s  
su b jected  to d o u b le  d ig e stio n  w ith  E coR l/



M sp l &  E c o R l/H p a ll  an d  lig a te d  w ith  
respective ad ap to rs. P re-am p lifica tio n  w as 
c a rr ie d  o u t u s in g  s e le c t iv e  p r im e r s  fo r  
fu r th e r  a n a ly s is . S e le c tiv e  a m p lif ic a tio n  
u s in g  a to ta l  o f  14  d i f f e r e n t  p r im e r  
com bin atio n s w ere p erform ed  on  the D N A  
fro m  n in e  R R II  1 0 5  p la n ts  p la n te d  a t  
d ifferen t tim e in tervals. T h e sam p les w ere 
ru n  o n  d e n a t u r in g  P A G E  g e l  a n d  
d o c u m e n te d . C le a r  e v id e n c e  fo r  th e  
p r e s e n c e  o f  D N A  m e th y la t io n  
p o ly m o rp h ism  w as o b serv ed  a m o n g  th e  
analyzed  p lan ts. Sp ecific  y ear-w ise  p attern s 
w ere detected  in on e p rim er com bin atio n . 
T h e  b a n d s  s h o w in g  c o n s is t e n t  D N A  
m e th y la tio n  p o ly m o r p h is m s  (e p ia l le le s )  
obtain ed  by the M SA P  an a ly sis  w ere e lu ted  
from  a cry lam id e gel. R e-am p lifica tio n  w as 
p e r fo r m e d  u s in g  r e s p e c t i v e  p r im e r  
c o m b in a t io n s  a n d  th e  r e -a m p li f ie d  
fra g m e n ts  w ere  p u r ifie d  a n d  c lo n e d  fo r  
p la s m id  is o la t io n .  P la s m id s  w ith  th e  
f r a g m e n ts  s h o w in g  c o n s is t e n t  D N A  
m e th y la tio n  p o ly m o r p h ism s  (e p ia lle le s )  
w e r e  is o l a t e d  f r o m  m u lt ip le  p o s i t iv e  
co lon ies and  kep t read y  for seq u en cin g .

2.3. F u n ctio n a l g e n o m ic  s tu d ie s  in  H e v e a

2.3.1. Id en t if ic a t io n  an d  v a l id a t io n  o f  fu n g a l  
t r a n sc r ip ts  o b ta in e d  f r o m  H ev ea  r o o t  
t r a n sc r ip to m e d a ta

A M  fungi receiv e  in creasin g  a tten tion  
fo r  th e ir  p o t e n t ia l  u s e  in  s u s t a in a b le  
agricu ltu re  b ecau se  th ey  in teract w ith  m o st 
c ro p  p la n ts  to  in c r e a s e  c ro p  y ie ld  an d  
n u trien t u p take, en h an ce res is tan ce  to p lan t 
p a th o g e n s , an d  s t a b il iz e  so il s tru c tu re . 
T h ere fo re  id e n tifica tio n  o f b e n e fic ia l A M  
fu n gal sp ecie s  asso cia ted  w ith  H ev ea  root 
tissu es an d  rh izo sp h ere  is  very im p ortan t. 
In order to  verify th eir association  w ith p lan t 
age , a tte m p ts  w ere  m a d e  to  d e te c t  th e ir

presen ce  in ro o t o f ru b b e r  p la n ts  o f d ifferen t 
ag e  (5  m o n th s to  5  y ears).

F o u r te e n  p r im e r s  b a s e d  o n  fu n g a l 
ribosom al a n d  IT S  reg io n  w ere  syn th esized  
to a llo w  s p e c ie s  le v e l r e s o lu t io n  o f  AM  
fu n gal co m m u n ities  w ith in  r o o t tissu es  o f 
H evea. F o u r  p rim er m ix tu res  w e re  prep ared  
b y  m ix in g  th em  in  v a rio u s  co m b in a tio n s . 
T h e p rim er m ix tu res  w e re  u se d  to  am p lify  
a b a rco d in g  reg io n  based  o n  r ib o so m a l and 
IT S  r e g io n  o f  A M  fu n g i f r o m  th e  D N A  
e x tra c te d  fro m  r o o t t is su e  o f  tw o  s e ts  o f 
ru b ber p lan ts (o n e y e a r  o ld  se e d lin g s  &  5 
y ear  o ld  trees). E xp ected  a m p lic o n  o f  1 .8  kb 
w as o b ta in ed  from  a ll th e  sa m p le s , w hich 
w ere  p u rified  a n d  c lo n ed  in  p G E M T  v ector. 
9 2  p la s m id  s a m p le s  h a r b o u r in g  p a r tia l 
r ib o so m al and  IT S  r e g io n  w e re  iso la ted  and 
se q u e n ce d  to  e s ta b lish  th e  sp e c ie s  level 
d iv ers ity  o f  A M F  in ro o t tis su e s  o f  H evea.

P h y lo g en etic  a n a ly s is  u s in g  so ftw ares  
l ik e  C lu s t a lW  a n d  P h y lo g e n y  w a s  
attem p ted . A fte r  th e  fin al a n a ly sis , w e  could  
id en tify  a  to ta l o f 14  d iffe re n t sp e c ie s  o f  A M  
fu n g i fro m  th e  r o o t tis su e s  o f  H ev ea  p lan ts 
o f  a g e  1 y e a r  a n d  5 y e a r s . T h e  d if fe r e n t 
sp ecie s  id e n tifie d  m a in ly  c o m e s  u n d e r  the 
fa m ilie s  v iz . G lom eracea e , G ig a sp o ra c ea e  and 
A cu losporaceae . T h e  p re se n ce  o f  o n e  sp ecie s  

b e lo n g in g  to  th e  c o m p a r a t iv e ly  r a re  
P arag lom eraceae  fa m ily  w as a ls o  id en tified . 
W e a ls o  n o t i c e d  th e  p r e s e n c e  o f  7 
u n c lu tu ra b le  A M  fu n g a l sp e c ie s  w ith in  the 
r o o t  t i s s u e s  o f  H e v e a .  C lu s t e r  a n a l y s is  
revealed  th at e x c e p t o n e  s p e c ie , all g ro u p ed  
u n d er any o f  th e  ab o v e  fo u r fam ilies . Sp ecies 
w ise  s u b -c lu s te rs  s p e c if ic  to  p la n t ag e  w as 
o b s e r v e d  d u r in g  s a m p le  s o u r c e  b a s e d  
p h y lo g e n e t i c  a n a l y s i s ,  b u t  f u r t h e r  
c o n firm a to ry  te s ts  a re  r e q u ire d  to  e sta b lish  
th e ir  a s s o c ia t io n  w ith  a g e  o f  th e  p la n ts . 
S e q u e n ce  o f  a p p ro x im a te ly  1.35  k b  len g th



o f  g o o d  q u a lity  from  the ribosom al and ITS 
region o f AM  fu n gal sp ecies iden tified  from  
th e root tis su e s  o f H ev ea  w ere ed ited  and 
k ep t read y  fo r  su b m issio n  to  gen ban k.

3. C loning and characterization of 
agronom ically im portant genes

3.1. C lo n in g  a n d  c h a r a c t e r iz a t i o n  o f  
W IN 1 /S H N 1  g e n e  from  H ev ea

IN D U C E R 1/ SH IN E 1 (W IN 1/ SH N 1) 
is a tr a n s c r ip t io n  fa c to r  o f  th e  e th y le n e  
r e s p o n s e  f a c t o r  ( E R F )  fa m ily . T h is  
t r a n s c r ip t io n  fa c to r  is  k n o w n  to  tr ig g e r  
e p i c u t i c u l a r  w a x  p r o d u c t i o n  th e r e b y  
e n h a n c in g  d r o u g h t  to le ra n c e  in sev era l 
p lan ts. A tte m p ts  w ere m ad e to ch aracterize  
tw o  is o fo r m s  o f  W IN  g e n e s  ( W IN l  and  
W IN 1 X ) fro m  th e  g e n o m ic  D N A  o f  c lon e 
R R II 105  a n d  H .b en th a m ia n a  la st y ear  In  
o r d e r  to  v e r i f y  w h e t h e r  th e r e  is  a n y  
a s s o c i a t i o n  b e t w e e n  s e q u e n c e  
p o ly m o rp h ism  id en tified  in tw o iso fo rm s 
o f  W IN  g e n e s  (W IN l  a n d  W /N1X) from  
H e v e a  g e n o ty p e s  h a v in g  d if fe r e n  w ax 
c o n te n t , a tte m p ts  w e re  m a d e  to  am p lify  
th em  fro m  tw o  m o re  g e n o ty p es  (R R II 33 
a n d  H . S p ru c ia n a ) .  T h e  am p lified  p rod u cts 
w ere c lo n ed  an d  p lasm id  w as ex tracted  and 
p u r ifie d  fo r  se q u e n c in g .

4. M e ta g e n o m ics  and m icro b e  
identification in rubber ecosystems 
(Collaborative project with CSIR- 
NEER1)

T h e  f u n g a l  IT S  r e g io n  w as 
s u c c e s s fu l ly  a m p lif ie d  fro m  a ll th e  130 
s a m p le s  fro m  f iv e  d if fe r e n t  la n d  ty p e s  
(W eed ed  ru bber, u n -w eed ed  rubber, rubber 
w ith  c o v e r  cro p , cocoa ru b ber in tercrop  and 
fo r e s t)  u s in g  fu n g a l IT S  re g io n  s p e c if ic  
p rim ers. R aw  seq u en ce  data derived  from

th e s e  s a m p le s  w a s  s u b je c t e d  to  
b io in fo rm a tic s  a n a ly s is  to  d e r iv e  u se fu l 
in form ation . Prelim inary  seq u en ce an alysis  
resu lts in d icate th at m icrobial c oncentration  
is  m o re  in the so il co lle c ted  fro m  ru b be r 
plan tations hav in g  cocoa a s  in tercrop . M ore 
than 37  per cen t o f  th e  fungal O T U s w ere 
d erived  from  th is sam p le  typ e w h e reas the 
oth er soil typ es had 10 to 20  p ercen tag e of 
O T U s. R ou g h ly  50  p er  cen t o f th e  fu n gal 
O T U s in all the five soil typ es belon ged  to 
the fam ily  A scom ycota . In terestin g ly  m ore 
O T U s un d er beneficial A M  fungal fam ily w as 
observed  in th e  cocoa in tercro p  plan tation. 
A s expected , forest so ils  h ad  m o re n u m b er 
o f u n classified  fu n gal sp ecies. N on  m etric  
M ultid im ensional S ca lin g  (N M D S) an alysis  
revealed th at forest so il h o ld s m o re fungal 
d iv e rs ity  fo llo w ed  b y  r u b b e r  p la n ta tio n . 
T h ou gh  cocoa ru bber in tercrop  p lan tation  is 
richer in fu n gal p op u lation , th ey seem s to 
hold less d iversity  w hen com p ared  to o th er 
land types. Furth er a n a ly sis  to  ch aracterise  
them  is in progress.

5. D e v e lo p m e n t o f g e n e tic a lly  
m o d ified  ru b b e r p lan ts w ith  
agronom ically desirable traits

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

5.1.1. E s t im a t in g  t h e  s i t e  o f  g e n o m i c  
i n t e g r a t i o n  o f  M n S O D  g e n e  in  th e  
t ran sg en ic  M nSO D  p la n t s  d e v e lo p e d  b y  
R R II

D etailed  m o lecu lar  ch a ra c te r is tic s  o f 
fla n k in g  se q u e n c e s  o f  in s e r t io n s  p la y  an 
im portant ro le in the sa fety  a ssessm en t o f 
gen etically  m odified  crops. It is a lso  essen tia l 
to u n d e rsta n d  w h e th e r  n a t iv e  g e n e s  are  
d isrupted  d u rin g  th e  in sertion  p ro cess and 
to predict and assess its im p act o n  the p lan t 
d evelop m en t and  function .



The site o f integration o f the introduced 
M nSO D  g en e a lon g w ith p rom oter, rep orter 
and  an tib io tic  m arker g en e  in o n e  lin e  o f 
transgenic rubber p lan t developed (L I)  w as 
estim ated  by g en o m e w alk in g  tech n iq u e. 
A n a ly s is  o f  th e  se q u e n c e d  r e g io n  an d  
s e q u e n c e  h o m o lo g y  a n a l y s i s  w ith  
a v a i la b le  w h o le  g e n o m e  s e q u e n c e  
in form ation  revealed  th at th e  in tro d u ced  
D N A  fra g m e n t g o t in te g ra te d  in to  th e  
in tro n ic  reg ion  o f  a v arian t o f  L e a f rust
10 d isea se -res is ta n ce  recep to r-lik e  p ro te in  
k in ase  gen e. P relim in ary  a n a ly s is  su g g est 
th at th ere  e x is ts  o n ly  a sin g le  co p y  o f  the 
in serted  frag m en t in the tra n sg e n ic  H evea  
g e n o m e  w h ich  c o r r o b o r a te s  o u r  e a r l ie r  
s o u th e r n  a n a l y s is  r e s u lt s .  In  o r d e r  to  
fu rth er  co n firm  th e s ite  o f  in te g ra tio n  o f 
M n SO D  g e n e  co n s tru c t in th e  tra n sg e n ic  
p lan t, sp e c ific  p rim ers from  the u p stre am  
and d o w n stream  reg io n  o f  th e  in se rt w ere 
d e s ig n e d  u s in g  th e  w h o le  g e n o m e  
seq u en ce  in fo rm a tio n  a v a ila b le  in p u b lic  
d om ain . Seq u en cin g  o f  th is  b o rd e r  reg io n s  
c o n f i r m e d  o u r  e a r l i e r  f in d in g s .  
C on firm atory  P C  tests  w ere a lso  c arried  out 
to test w h e th er  th e  tw o lin es  d ev e lo p e d  (LI 
&  L 2) w ere o r ig in a lly  ev o lv e d  fro m  tw o 
d ifferen t ev en ts  o r no t. C o n firm a to ry  PC R  
te s ts  fo llo w e d  by se q u e n c in g  o f  b o rd e r  
seq u en ces from  both  th e  lin es revealed  th at 
th e  s ite  o f in teg ra tio n  o f  th e  tra n sg e n e s  is 
e x a c tly  th e  sa m e  fo r  L I a n d  L2. T h e s e  
resu lts  proved  b ey o n d  d o u b t th a t th e  lin es 
LI and  L2 o rig in a lly  o ccu rre d  from  a s in g le  
e v e n t  a n d  h a v e  th e  s a m e  g e n e t i c  
co n stitu tio n .

5.2. V a lid a tio n  o f  th e  C re -lo x P  con stru ct 
f o r  d e v e l o p i n g  m a r k e r  fr e e  
tra n sg e n ic  H ev ea

T h e e n tire  reg ion  b e tw ee n  left boarder 
and  r ig h t b o rd e r  o f  th e  C re -lo x P  constru ct 

(P N S 1 4 )  b r o u g h t  f r o m  A r k a n s a s  w as 
v e r i f ie d  b y  p r im e r  w a lk in g .  S e v e r a l  

d if fe r e n c e s  f r o m  th e  s e q u e n c e  r e ce iv e d  
e a rlie r  w e re  d ete cted . A ll th e  g e n e s  in the 

c o n s t r u c t  w a s  fo u n d  to  b e  in t a c t .  T h e 
re str ic tio n  e n z y m e s  in c lu d e d  in  th e  M CS 
w ere  m ap p ed  in  th e  e n t ir e  re g io n  in clu d in g  
th e  v e c to r  b a c k b o n e  s e q u e n c e . S e q u e n ce  
a n a ly sis  re v ea led  th a t e x c e p t M itt7, all the 

o th e r  f iv e  R E s in th e  M C S  h a v e  m u ltip le  
re co g n itio n  s ites  e ith e r  in  th e  in se rt o r  in the 

b a ck b o n e  a n d  th e re fo re  co u ld  n o t b e  used 
fo r  n ew  g e n e  in sertio n  d ir e c tly  to  th e  M CS.

5 .3 . M o le c u la r  c h a ra c te r iz a tio n  o f  in  v itr o  
p la n t s  d e v e lo p e d  f r o m  to x in  

h a b itu a te d  c a llu s  c u ltu r e s

L e a f  s a m p le s  w e r e  c o l le c t e d  and  
g e n o m ic  D N A  w a s  e x tr a c t e d  f r o m  tw o 

p la n ts  d e v e lo p e d  fro m  to x in  h a b itu a te d  
c a llu s  cu ltu r e s . In  o r d e r  to  c o n firm  th eir 
c lo n a l  id e n t i fy  (R R II  1 0 5 ) ,  S S R  a n a ly s is  

u s in g  s e v e n te e n  d if f e r e n t  m ic r o s a t e ll i t e  

p r im e r s  w e r e  p e r f o r m e d .  T h e  P C R  

p r o d u c ts  w e re  a n a ly z e d  b y  r u n n in g  it in 
d e n a tu r in g  P A G E . S S R  m a r k e r  p r o f i le s  of 
th e  tw o  s a m p le s  w ith  a ll th e  m a r k e r  loci 
c le a r ly  r e v e a le d  th a t th e  te s te d  s a m p le s  

w ere  v ery  s im ila r  to  th e  r e fe r e n c e  sa m p le
i .e ., th e  c lo n e  R R II 105 .



T h e  D iv ision  is m ain ly  co n cen tratin g  
on s tu d ie s  o n  e co n o m ic  and  eco -fr ien d ly  
m a n a g e m e n t  o f  p e s t s  a n d  d is e a s e s .  
E v a lu a t io n  o f  n e w  c lo n e s  fo r  d is e a s e  
resistan ce, iden tification  o f gen es and Q TLS 
fo r  d isease  to leran ce , ro le o f b iotic  e tiologv 
o f ta p p in g  p an e l d ry n ess. D ev elo p m en t o f 
m a n a g e m e n t p ractices o n  new ly em ergin g  
d ise a s e s . E x p e rim e n ts  o n  cro w n  bu d d in g  
te c h n iq u e  b y  w h ich  th e  cro w n  o f  a high 
y ie ld in g  c lo n e  is m o d ified  by d ev elo p in g  a 
can o p y  w ith  h ig h  d isease  to leran ce . Yield 
lo ss s tu d ie s  d u e  to  m ajor lea f d iseases. In 
a d d itio n  to  research , the d iv ision  a lso  takes 
u p  te s tin g  o f  s p r a y in g  e q u ip m e n t, p lan t 
p ro te c tio n  ch e m ica ls  an d  a n a ly sin g  w ater 
sa m p les  for estim a tin g  b acterial popu lation . 
T r a in in g  o n  d is e a s e  m a n a g e m e n t ,  
m a i n t e n a n c e  o f  s p r a y  e q u ip m e n t  an d  
a p ic u l t u r e  a r e  th e  o th e r  a c t iv i t ie s  
u n d e rta k e n  b y  th e  D iv ision .

A d v is o r y  w o r k  o n  d is e a s e  
m a n a g e m e n t is a ls o  u n d erta k en  th rou g h  
field  v is its , te lep h o n ic  advisory. W hatsA p p  
an d  O n lin e  R u b b er C lin ic . A bout 1350 cases 
w ere  a tten d ed  th rou g h  W h atsA p p  and 104 
w a te r  s a m p le s  w ere  a n a ly sed  d u rin g  the 
r ep o rtin g  year.

1. Leaf diseases

1 .1 . A b n o r m a l le a f  fa ll d isease

1.1.7. D is e a s e  s u rv ey

A b n o rm a l le a f  fall su rvey  w as carried  
o u t d u r in g  2 0 2 0  d isea se  seaso n  in K erala 
an d  S o u th  K a rn a ta k a . D u rin g  the survey, it 
w as o b se rv e d  th at low  leaf fall in cidence 
w as reco rd ed  in all the c lo n es  and regions. 
N o  d if fe r e n c e  w a s  o b serv ed  b etw ee n  th e  
c lo n e  R R II 105, R R II 414  and  R R II 430 . Th e 
co m b in e d  in fec tio n  o f C C L S  and A LF was

o b serv ed  in m an y  p la n ta tio n s  a c ro ss  th e
trad itio n a l area  d u rin g  m o n so o n  seaso n .

T h e  im p a ct o f ab n o rm a l lea f fall on 
g ro w th  and  y ie ld  o f fo u r m o d e rn  c lo n e 's  
WZ.RRIJ 414 , R R II 422 , RR II 4 2 9  and  PB 260 
gave v ary in g  resu lts . T h e sev erity  o f A LF 
d ise a s e  in g e n e ra l d u r in g  2 0 2 0  w as low . 
A m o ng the c lo n es , h ig h  le a f fa ll o f 60 -90%  
record ed  in u n p ro tected  b lo ck s  o f  R R II 414 , 
RRII 422 , RR II 429  an d  PB 2 6 0 .T h e  yield  o f 
the trees in the sp rayed  b lo ck s  c o n tin u ed  to 
b e  sig n ifican tly  h ig h er  in c lo n es  o f  R R II 429, 
RR II 414  and  PB 260 .

T h e  y ie ld  v a r i a t io n  w a s  n o t ic e d  
a m o n g  th e  c lo n e s  d u e  to  A L F  a t C E S  
C h eth ack a l. T h e A LF w as m o re in  th e  clon e 
RR II 4 2 9 .T h e  cro w n  b u d d ed  trees in  C E S  
C h e th a c k a l r e c o rd e d  h ig h e r  y ie ld  th a n  
co n tro l P B  2 6 0 .T h e  y ie ld  lo ss d a ta  o f  th e  
clo n es are  p resented  in  T ab le  Path. 1.

Table Path. I Yield loss due to abnorm al leal fall, CES
Cheth.ickal (2020-21)

SI. No. Clone Yield loss (%H 2020-21)

1 RRII 414 24.4

2 RRII 429 30.0
3 RRII 422 17.2

4 PB 260 (Control) 26.5

5 Crown bud 39.7

1.2. In teg ra ted  co n tro l

T h e  e n d o p h y t ic  b a c te r ia  (R H  3 4 )  
screened  ag a in st P hytophthora  w as tested  for 
its  in t r in s ic  to le r a n c e  to  C O C  a n d  th e  
a g ricu ltu ra l sp ra y  o il. T h e  R FI 3 4  co u ld  
e s ta b lish  in b o th . T h e  s a m e  w as p re p a re d  
in ta lc  fo rm u la tio n . T h e  h a lf-d o s e  o f th e  
r e co m m e n d e d  o il-b a s e d  C O C  a n d  sp ra y
o il  w a s  m ix e d  w ith  th e  b io - a g e n t  ta l c  
fo rm u la tio n  an d  sp ra y e d  p ro p h y la ctica lly .



C E S  d u rin g  2020. T h e  lea f re ten tio n  w as 
c o m p a ra b le  to  th e  re c o m m e n d e d  d o se . 
T h e  e f fe c t  w ill b e  e v a lu a te d  in th e  
m ultilocational trial for further confirm ation .

1.3. F ie ld  cro w n b u d d in g

Field crow n bu d d in g  was standardized 
in all m od em  clones at RRII farm  (RRII 105, 
414 , 417 , 422 , 4 2 9  an d  4 30) w ith  FX  516  
crow n. Bud d in g  w as carried  o u t a t  8 -10  feet 
height. A n  av erage o f  70 p er c e n t su ccess 
obtain ed  in the field  cro w n bu d d in g  (Fig. 
Path. 1)

1.4. C ory n esp ora  d isease

N u r s e r y  e v a lu a t io n  o f  b io a g e n ts  
(end o p hytic  bacteria) and integrated  control 
a g a in st C o ry n e sp o ra  le a f  fa ll d ise a s e  on 
clo n e  RRII 105 w as carried  ou t a t U iickal 
n u rse ry . T h e  e n d o p h y tic  b a c te r ia  w ere  
ap p lied  as in  broth  (1x 107m l) fo rm u la tio n  
w ith  carb en d az im  (500  m g ). T h e d isease  
in cid ence w as low  d u rin g  the seaso n.

In vitro, and field  screen in g  o f m o d ern  
c lo n e s  R R II 4 1 4  sh o w e d  m o re  to le ra n c e  
again st C ory nespora. L ea f in fection  and  lea f

fall w e re  n o ticed  in R R II 4 3 0  an d  sev e re  in 
R R II 422.

1.4.1. W hole g en o m e seq u en ce  o f  v iru len t  
Corynespora iso lates  

H ig h ly  v iru len t C o ry n e sp o ra  isolate 
(from  S h erad i) se le cted  fo r  g e n o m e  analysis. 
Tine D N A  o f th is v iru le n t iso la te  w a s used 
for g e n o m e  s e q u e n ce  (I llu m in a  H ise q ). Th e 
g e n o m e  s iz e  o f  th e  C o ry n esp o rn  is o la te  is 
47 .62  M B. T h e m a jo rity  o f  g e n e s  d ete cted  are 
p a r t  o f  c a r b o h y d r a t e  a n d  a m in o a c id  
m e tab o lism . V iru le n t g e n e s  w e re  id en tified  
by c o m p a rin g  th e  p red icted  p r o te in s  with 
d a ta b a se  o f  fu n g a l v iru le n t fa c to rs  (D F V F ) 
and  fo u n d  1026 p o ss ib le  v ir u le n t g en s .2 2 9  
o f  v iru len t g e n e s  h a v in g  d ise a s e  k e y  " le a f  
s p o t "  w h ic h  is  p r e d o m i n a n t  in  r u b b e r  
p la n ta tio n s . T h e  C as  g e n e  in  th e  v iru len t 
C o ry n e sp o ra  iso la te  is c lo s e ly  r e la te d  to 
C C 0 0 4  (C o ry n e sp o ra  iso la te s ) fro m  C h in a .

1.5. N ew  C o lle to tr ic h u m  C ir c u la r  L e a f 
S p o t

T h e  o u tb re a k  o f  th is  d is e a s e  w a s  first 
n o ticed  d u r in g  th e  b e g in n in g  o f  Ju ly  2 017

'' F“ id Cro™  b“d,iin8 and * * « * 55 on 5 5 clones



a t  P o o v a r a n i ,  P a ik a , P a la , K e r a la . T h e  
sy m p to m s a p p ear like circu lar  sp o t o f 0 .5 
to 2 cm  d iam eter. T h e leav es turn to  yellow  
and fa ll o ff. M ostly  the low er layer o f leaves 
o f  b o th  m a tu r e  an d  im m a tu re  p la n ts  is 
a ffected . T h e  d isease  w as o bserved  in a mild 
to  s e v e re  form  in Pala, E rattu p etta , P oon jar 
a n d  P o n k u n n a m  r e g io n s .  P r e lim in a r y  
su rv e y  w a s  carried  o u t to  u n d erstand  the 
sp rea d  o f  the d isease . S im ilar  circu lar  spots 
w ere o b serv ed  in so m e cro p s. In 2019-20 , the 
d is e a s e  in c id e n c e  w a s  o b s e r v e d  in th e  
p la n ta tio n s  o f  T h rissu r, Idu kki, K ottayam , 
E rn a k u la m  an d  P a th a n a m th itta  d istric ts  
an d  P u n a lu r  reg ion . In 2 020, the d isease w as 
o b serv ed  in six  d is tric ts  in K erala  S ta te  and 
o n e  d is tr ic t in Tam il N adu (Figs. Path. 2 A 
&  B).

1.5.1. M a n a g em en t o f  C o lle to tr ic h u m  c ircu la r  
l e a f  s p o t  (C C LS) d is e a s e  

A . In  v i t r o  e v a lu a tio n  o f fu n g ic id e s

A m o n g  th e  6 fu n g ic id e s  te s te d , 
T h io p h a n a te  m eth y l a n d  M an tram  sh ow ing  
1 00  p er  c e n t g ro w th  in h ib ition  even  after 
10 D a y  o f  in o c u la t i o n  fo llo w e d  by 
M a n co z eb , P ro p in eb  an d  C O C.

F ie ld  e v a lu a t io n

F u n g ic id e  e v alu ation  w as d one in bud 
w o o d  n u rseries  u sin g  w ater b ase  fu n gicid es 
in th e  in fec ted  bud w o o d s nursery, Pala. 
F u n g ic id e s  tested  w ere  In dofil, Tagstin  and 
F o licu r. A ll fu n g ic id es  checked  the further 
d e v e lo p m e n t o f  C C L S

W ater  b a se d  fu n g icid e  ev alu ation  in 
th e  fie ld  w as carried  ou t at M allikassery, 
P a ik a  u s in g  th e  C lo n e  R I1 430  (6 y ears). T h e 
fu n g ic id es  in clu d ed  w ere Tndofil, M andiram  
a n d  T h io p h a n a te  m e th y l. T h e  fu n g icid es 
w e re  s p r a y e d  a t  15  d a y s  in te rv a l u sin g  
s in g le  m a n  ca rry in g  m istb low er. T h e  result 
in d ica ted  th a t th ree  fu n g ic id es w ere  found 
to b e  b e tt e r  th a n  u n sp ra y ed  co n tro l. A t

C h en g alam , Paika th e  R R II 105 (12  years) 
w e re  s p r a y e d  w ith  tw o  f u n g ic id e s  viz .  
Indofil M -45 and  T h io p h a n a te  m e th y l. Tw o 
ro u n d s o f s p ra y in g  w ere u n d ertak en  u sin g  
fo u r  m e n  c a r r y in g  m is tb lo w e r .  T h e s e  
fu n g ic id e s  w e r e  fo u n d  to  g iv e  b e t t e r  
p rotection .

C o m b in ed  c o n t r o l  o f  b o th  A L F  a n d  C C LS  
d is e a s e s  w e r e  a t t e m p te d  d u rin g  2020

C arefu l ob serv atio n  in th e  p lan tation  
a fte r  su m m e r  sh o w e rs  an d  p r o p h y la c t ic  
sp ray in g  o f O il-based  C O C  w ere carried  out 
a s  p e r  o u r  r e c o m m e n d a t i o n s  u s in g  

m is tb lo w e r s  a t  th e  d o se  o f  8  k g  C o p p e r  
O x y c h lo r id e  in  4 0  L  s p r a y  o il/ h a . 
P ro p h y la c tic  sp ra y in g  w as ca rr ie d  o u t at 
th re e  h o t sp o t lo c a t io n s  v iz .,  P o o v a ra n y  
(RRII 105 &  RRII 4 14), C h en g a lam  (RRII 105) 

and M allikassery  (R R II 4 30) and  also  a t C E S 
(R R II 414 , R R II 422 , R R II 429 , RR II 105 and  

PB 2 6 0 ). T h e  le a f  r e te n tio n  w as a sse s se d  
(Table Path. 2). O n e  p ro p h y lactic  sp ra y in g  
can co n tro l both  le a f  d iseases.

la bio Path. 2. Leaf retention in d ifferent locations
Loca tion/Clone Leaf retention (%)

Sprayed Unsprayed
CES, Chethackal

RRII 105 80 10
RRII 414 90 30
RRII 422 75 10
RRII 429 80 10
PB 260 75 20
Poovarani. Pala

RRII 105 90 30
RRII 414 60 30
Chengalam

RRII 105 80 40
Mallika&seri, Pala

RRII 430 80 50
RRII 430 (4 year old trees) 70 20



Fig. Path. 2 A. Symptom on rubber leaves: 2B. Affected plantations

1.6. Powdery m ildew  disease

1.6.2. In teg ra ted  c o n tro l

T h e  e n d o p h y t i c  b a c t e r ia  w e r e  
screened  fo r  the to leran ce  to  fu n g ic id es. We 
fou n d  R H  34 w as to le ra n t to  th e  fu ll d o se  
(0 .0 5 % ) c a r b e n d a z im . In i t ia l  tr ia l  w as 
co n d u cted  at R R II u sin g  RR II 105 n u rsery  
p lan ts d u r in g  th e  d isea se  seaso n . T h e  b io ­
a g en t w as p rep are d  in  th e  ta lc  fo rm u la tio n  
and  d u sted  a lo n e  and  in  c o m b in a tio n  w ith  
fu n g ic id e  carb en d a z im . T h re e  ro u n d s o f 
d u stin g  w 'ere d o n e  at w eek ly  in terv a l. T h e  
co m bin ed  a p p lica tio n  w as c o m p a ra b le  to 
stan d ard  reco m m en d a tio n . B u t th e  s in g le  
ap p lica tio n  o f th e  b io -a g en t reco rd ed  h igh  
d ise a s e  sev erity . F ie ld  e v a lu a t io n  o f  th e  
sam e w as carried  o u t d u rin g  2 02 0  a n d  2 021 . 
T h e  d u stin g  w as carried  o u t u s in g  m icro n  
d u ste r  d u rin g  th e  r e fo lia tio n  p erio d . T h re e  
ro u n d s o f  th e  sa m e  w ere  d o n e . D u rin g
2 0 2 0  th e  d ise a s e  in c id e n c e  w as lo w  and 
co m p ariso n  w as n o t m ad e . T h e  in teg ra ted  
tr e a tm e n t  w a s  c o m p a r a b le  to  s u lp h u r  
d u stin g  d u r in g  2021.

1.7. Crop loss due to com bined effect 
o f  A b n o rm a l le a f  fa ll  and  
pow dery m ildew  disease (PM D)

P o w d e ry  m ild e w  d is e a s e  o f  ru b be r 
ca u se d  b y  O id iu m  h e v e a e  S te in m . c a u se s  
se v ere  d e fo lia tio n  o f  y o u n g  le a v e s  d u rin g  
refo lia tio n  a fter w in terin g . A L F  c a u se  h eav y  
d e fo lia tio n  d u r in g  m o n s o o n  p e r io d . T h e 
resu lta n t p o o r  ca n o p y  a n d  v ig o u r  o f  trees 
red u ce  y ie ld . H o w ev er, th e  c o m b in e d  cro p  
lo ss  o f b o th  A L F  a n d  P M D  w a s  n o t s tu d ied  
yet. H en ce, e v a lu a tio n  o f  c ro p  lo ss  d u e  to 
th e  e ffe c t  o f  A L F  w as ca rr ie d  o u t  a t  R R S 
P a d iy o o r. A ll p a c k a g e  o f  p r a c t ic e s  w ere  
sam e till th e  tim e o f  ta p p in g . A fte r  th is  one 
b lo ck  w as k ep t as co n tro l (it’., n o  sp ra y in g  
an d  d u stin g ). O n e  b lo c k  b o th  s p r a y in g  and 
d u st in g  w as u n d e rta k e n  e v e r y  y ea r . T h e 
g ir th  a n d  y ie ld  d a ta  w e r e  r e c o r d e d  an d  
e s tim a te d . T h e  c lo n e s , R R II 105 , P B  5/51, 
R R IM  600  and  PB 2 35  w ere  u sed  in  th e  study. 
So m e y e a r 's  c ro p  lo ss  reco rd ed  in  R R II 105 
(44% ), R R IM  6 0 0  (51% ), P B  5/51 (3 5 % ) and 
PB 2 3 5  (44% ).



1.8. Thread  b lig h t disease

A su rv ey  w as carried  o u t d u rin g  2020 
in  th e  e n d e m ic  area  o f K otham angalam  and 
T h o d u p u z h a  r e g io n s  to  u n d e rs ta n d  the 
sp rea d , in c id e n c e  an d  sev erity  o f T h read  
b lig h t d isease . T h e in cid en ce and severity  
w e re  10 -5 0  p e r  c e n t an d  2 0 -3 0  p er cen t 
resp ectiv e ly . Iso la tio n  o f  th e  fu n g u s w as 
m a d e  a n d  id e n tif ie d  u s in g  IT S  s p e c if ic  
p r im e r s  a n d  id e n t i f ie d  a s  P e l l i c u la r ia  

f ila m en to sa .

2. Tapping panel dryness (TPD)

A s  a n  o b s e r v a t io n a l  tr ia l.  
T e tr a c y c lin e  a n t ib io t ic  (1 0 0 0  p p m ) w e re  
ap p lied  on  th e  T P D  affected  b ark  (Partial/ 
Fu ll T P D ). C e rta in  trees reta in ed  latex .The 
s tu d ie s  a re  in p ro g ress .

3. Q TL M arker developm ent for 
disease tolerance

3.1. Leaf diseases

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

D e f e n c e  s ig n a l l in g  n e tw o r k  fro m
t r a n s c r i p t o m i c  d a ta  o f  r e s i s t a n t  a n d  
s u s c e p t i b l e  c lo n e s  a f t e r  c h a l le n g e  
i n o c u l a t i o n  w it h  P h y t o p h t h o r a  w e r e  
id e n t i f i e d .  P a t h o g e n e s is - r e la t e d  (P R )  
p r o te in s  w e re  co n firm e d  to be sy n th esised  
a n d  a c c u m u la te d  w ith  tim e  to  p r e v e n t 
in v a s io n  a n d  e s ta b lis h m e n t o f p a th o g en . 
P R  2  ( a - 1,3 -g lu c a n a se ) , P R  3 (ch itin ase ) and 
P R  7  ( e n d o p r o t e a s e )  w e re  fo u n d  to  b e  
r e le a s e d  to  p la n t  in t e r c e l lu la r  s p a c e .  
C a t a l y s e  d e g r a d a t io n  o f  s t r u c t u r a l  
c o m p o n e n ts  in th e  ce ll w alls  o f  p ath ogen  
w as e s ta b lish e d .

T h e  in te r p la y  b e tw ee n  s a licy lic  acid  
(S A ) an d  ja s m o n ic  ac id  (JA ) p a th w ay s in 
H e v e a - P h y t o p h t h o r a  in t e r a c t io n  w a s 
u n r a v e l l e d .  A  P h y to p h th o ra  resistan t rubber 
c lo n e  F X  5 1 6  an d  a s u s ce p tib le  c lo n e  R R IM

6 0 0  w e r e  c h a l le n g e  in o c u la t e d  w ith  
P hytophthora  sp p . and  RN A  s eq u en cin g  w as 
c a rr ie d  o u t u s in g  I l lu m in a  N e x tS e q  5 0 0  
p la t fo rm . T h e  tr a n s c r ip t o m e  d a ta  th u s  
d e r iv e d  fro m  r e s is ta n t  a n d  s u s c e p tib le  
c lo n e s  in  b o th  c o n t r o l  a n d  p a th o g e n  
c h a lle n g e d  c o n d itio n s  w e re  a n a ly s e d  to 
in vestigate  the e x p ress io n  o f k ey  reg u la to rs 
o f SA  and  JA  p a th w a y s. It w as id en tified  
th a t  N o n - E x p r e s s o r  o f  P a t h o g e n e s is -  
R ela ted  (N P R 1) p ro te in s , a key reg u la to r  
o f SA  p ath w ay  w as u p  reg u la ted  in b o th  
r e s is ta n t  a n d  s u s c e p t ib le  c lo n e s  u n d e r  
ch a llen g ed  co n d itio n , w h ich  in d ica te s  its 
m a jo r  ro le d u r in g  in fe c tio n . S im ila r ly , to 
id e n tify  th e  r o le  o f  JA  p a th w a y  d u r in g  
in fec tio n , an  e ffo r t  w as m a d e  to  a n a ly z e  
e x p re ss io n  o f th e  C o ro n a tin e  In se n sitiv e  1 
g e n e  (C O I 1) w h ic h  is  r e p o r t e d  to  b e  
in vo lved  in  d e g ra d in g  th e  r e p re s so r  o f  JA  
resp o n s iv e  g en es. U p  re g u la tio n  w as not 
o b s e r v e d  in  P h y t o p h t h o r a  c h a l le n g e d  
co n d itio n  in b o th  re s is ta n t a n d  s u s ce p tib le  
c lo n es ; b u t d o w n  re g u la tio n  o f  C O I1  w as 
o b serv ed  in  ch a llen g ed  c o n d itio n s  in  b o th  
th ese c lo n es , su g g estin g  th e  p o te n tia l ro le  
o f  SA  in r e p re s s in g  JA  p a th w a y  d u r in g  
in fected  co n d itio n .

T h e  r o le  o f  a u x in  in  r e s p o n s e  to  
P h y top h th ora  in fec tio n  w as a ls o  s tu d ie d  as 
p la n t h o rm o n es p la y  an  im p o rta n t ro le  in 
resp o n se  to b io tic  stress . A u x in -s ig n a llin g  
w as fou n d  to ac t a n ta g o n is tica lly  to w a rd s 
s a licy lic  ac id  s ig n a llin g , w h ich  is e sse n tia l 
for b io tro p h ic  r e s is ta n ce . U p -r e g u la t io n  o f 
a u x in  re s p o n s iv e  fa c to r  (A R F ) g e n e s  in  
r e s p o n s e  to  P h y to p h th o r a  in fe c t io n  w as 
stu d ied  an d  re su lts  in d ica ted  th a t A R F  g ets 
u p reg u la ted  in R R IM  600 , th e  su s c e p tib le  
c lo n e  and  d o w n  reg u la ted  in  F X  516 , th e  
r e s i s t a n t  c lo n e  d u r in g  P h y t o p h t h o r a  
in fe c tio n , a p o s s ib le  r e a s o n  fo r  d is e a s e  
s u scep tib ility  an d  r e s is ta n c e  in  th e se  tw o 
c lo n es  resp ectively .



3.1.2. C o ry n esp o ra  lea  f  d is e a s e

A  re s is ta n t (G T  I)  an d  s u s c e p tib le  
(R R I1 105) c lo n e  w ere ch a llen g e  in ocu lated  
w ith  C ory n esp ora  cassiico la  and  le a v e s  w ere 
co llected  a t d iffe re n t tim e in tervals. RN A  
w as iso la ted  fro m  le a v e s  of p la n ts  a fte r  
c h a l le n g e  in o c u la t io n  a s  w e ll a s  fro m  
un infected  con tro l p lan ts. R N A  seq u en cin g  
w as p erform ed  and tran scrip to m e d ata  w as 
g e n e ra te d . V a r io u s b io in fo r m a tic s  to o ls  
w ere em ployed  to  in vestigate  e x p ress io n  o f 
g e n e s  in u n ch a lle n g e d  h e a lth y  p la n ts  as 
w ell as p a th o g en -ch a llen g ed  res is ta n t and  
su s c e p tib le  p la n ts . T h e  s tu d y  p ro v id e d  
u n d e rs ta n d in g  a b o u t  th e  d if fe r e n t ia l ly  
r e g u la te d  g e n e s  a n d  c r i t ic a l  p a th w a y s  
in v o lv e d  at d if fe r e n t  s t a g e s  o f  d is e a s e  
d ev elo p m en t a t  v ary in g  tim e p o in ts . U p- 
reg u la tio n  o f  d isease  re s is ta n t p ro te in  and 
d e f e n c e - r e la t e d  g e n e  e x p r e s s io n  
a s c e r ta in e d  a b o u t  c lo n a l  r e s p o n s e  to  
p ath ogen . U p -reg u la tio n  o f  ch itin ase , beta- 
g lu c a n a s e ,  a n d  g e n e s  in v o lv e d  w ith  
p ro teo ly sis  proved  ab ility  o f the res is ta n t 
h o s t  to  d e g r a d e  p a th o g e n  c e l l  w a ll 
com p on en ts. P lan t tran scrip tio n  facto r  (T F) 
g r o u p  w e r e  u p - r e g u l a t e d ,  w h ic h  is  
a s s o c ia te d  w ith  e n h a n c e d  im m u n ity  
ag a in st th e  p ath o g en s. W R K Y  g e n e  fam ily  
is a m o n g  th e  la r g e s t  fa m ilie s  o f  T F s  in 
h ig h er  p lan ts  and  are  in vo lved  in sev era l 
b io lo g ica l p ro ce sse s  su ch  a s  g ro w th  and  
d e v e lo p m e n t , s ig n a l tr a n s d u c t io n , a n d  
p lan t d e fe n ce  a g a in s t s tre s s . E x p re ss io n  
a n a ly s is  r e v e a le d  d iv e r s e  p a tt e r n s  a n d  
d iffe r e n t ia l m o d u la tio n  o f  H ev ea  W R K Y  
g e n e  fa m i ly  in b o th  r e s i s t a n t  a n d  
s u s c e p t ib le  c lo n e s  in  h e a l t h y  a n d  
ch a llen g ed  co n d itio n s.

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

E ffo rt w as tak e n  to  iso la te , id e n tify  
a n d  c h a r a c te r iz e  fu n g a l a n d  b a c t e r ia l  
e n d o p h y t e s  t h a t  c o u ld  b e  u s e d  a s

a n t a g o n i s t i c  o r g a n i s m s  a g a in s t  
C o l le t o t r ic h u m  s p p . fo r  m a n a g e m e n t  of 
C o l le t o t r i c h u m  L e a f  D i s e a s e .  T is s u e  
s a m p le s  w e r e  c o l le c te d  fr o m  le a v e s  of 
C o l l e t o t r i c h u m  t o le r a n t  a n d  s u s c e p tib le  
clon e. A to ta l o f  4 4  m o rp h o lo g ic a lly  diverse 
bacteria l an d  th ree  fu n g a l e n d o p h y te s  w ere 
is o la te d  a n d  p u r i f ie d .  A ll i s o l a t e s  w ere 
su b jected  to  d u a l cu ltu re  te c h n iq u e  in order 
to id en tify  e ffe c tiv e  e n d o p h y te s  p o ssessin g  
a n ta g o n is tic  a c tiv ity  a g a in s t  C olleto tr ich u m  
sp p . T w o b a c te r ia  sh o w e d  u p  to  4 7  p er  cent 
in h ib itio n  a n d  o n e  fu n g a l e n d o p h y te  grew 
o v e r  th e  p a th o g e n . In  o r d e r  to  c o n firm  the 
id en tity  o f  p o te n tia l e n d o p h y te s , D N A  was 
iso la ted  from  th e m ; P C R  a m p lif ie d  fo r  16S 
rD N A  (fo r  b a c te r ia )  a n d  IT S  r e g io n  (for 
fu n g i) an d  s e q u e n c e d . B a c te r ia  id en tified  
w e r e  B u r k h o l d c r i a  c e n o c e p a c i a  and  
O c h r o b a c t r u m  a n t h r o p i c  a n d  th e  fu n g a l 
e n d o p h y te  w a s  T ric h o d erm a  sp p . A ll these 
th re e  o r g a n is m s  h a v e  b e e n  r e p o r te d  as 
e ffe c tiv e  b io c o n tro l a g e n ts . S tu d ie s  d ealin g 
w ith  b io c h e m ic a l  c h a r a c t e r i s a t io n  and 
b io c o n tro l a c tiv ity  a r e  in  p ro g re s s .

4. G e n o m e  W id e  A s s o c ia tio n  
M ap p in g  S tu d ies  as potential 
to o ls  to d is c o v e r  r e g io n s  of 
d is e a se  r e s is ta n c e  in ru b b er 
genom e

G e n o m e  W id e  A s s o c ia t io n  S tu d ie s  
(G W A S) w ere  in itia ted  b y  u s in g  a co llection  
o f  2 0 0  W ick h a m  c lo n e s . D is e a s e  res is tan ce  
p o te n tia l w a s  a sse s se d  fo r  a ll th e s e  clon es 
to  th re e  m a jo r  p a th o g e n 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 l a  and  
C o lle t o t r ic h u m  a c u ta tu n i  th r o u g h  in  v itro  
c h a l l e n g e  i n o c u l a t i o n  e x p e r i m e n t s .  
T o le r a n c e  to  P h y t o p h t h o r a  m e a d i i  w as 

e s t im a te d  by d e ta ch e d  le a f  d is c  a ssa y  using 
z o o s p o r e  s u s p e n s i o n .  T o l e r a n c e  to 
C o r y n e s p o r a  c a s s i ic o la  a n d  C o lle to tr ic h u m



ac u ta tu m  w a s  ev a lu ated  th ro u g h  lea f w ilt 
b io a s s a y  u s in g  to x in  is o la te d  fro m  th e 
r e s p e c t i v e  p a th o g e n .  T h e  e x tr e m e  
p h e n o ty p e s  (h ig h ly  re s is ta n t and  h ig h ly  
s u s c e p tib le )  w ere  se le cted  for each  o f  the 
p a th o g en  an d  s ix  asso cia tio n  p an e ls w ere 
c r e a te d  ( tw o  e a c h  fo r  th re e  p a th o g e n s)  
co n s is tin g  o f 11 to  14 in d iv id u als  in each 
p ool. E q u al co n ce n tra tio n  o f g en om ic D NA 
from  e a ch  c lo n e  b e lo n g in g  to  an association  
pane l w as p ooled  to  g e t a total concentration 
o f 10  p g . U s e  o f  a p o o lin g  s tra te g y  w as 
p re ferred  as it  n o t o n ly  red u ces the n u m ber 
o f  sa m p le s  to  b e  g en o ty p ed , bu t a lso  h as the 
p o t e n t ia l  to  e n r ic h  fo r  ra re  a l le le s  an d  
a u g m e n t  a l l e l e  e f f e c t s  b y  e x tr e m e  
p h e n o ty p ic  s e le c t io n . G e n o m ic  lib ra rie s  
w e re  c o n s tr u c te d  an d  s e q u e n c e d  u s in g  
Illu m in a  s e q u e n ce r  (150  x  2  chem istry ). T h e 
r e a d s  w e r e  a d a p te r s  c l ip p e d  an d  h ig h  
q u a l i t y  r e a d s  w e r e  a s s e m b le d . G e n e  
p re d ic tio n  w a s  p erfo rm ed  fo r  a ssem b led  
g en o m es. T h e  a d a p te r  clip p ed  reads w ere 
fu rth er  u se d  fo r  a lig n m en t a gain st reference 
g e n o m e  a n d  v a r ia n ts  w e r e  c a lle d  a n d  
a n n o ta t e d . T h e  c o n s e n s u s  g e n o m e  w as 
g e n e ra te d  fro m  filte red  v arian ts.

W e h a v e  e a r lie r  co n s tru cted  lin kage 
m a p s , w h i c h  h a d  1 8  l in k a g e  g r o u p s ,  
re flec tin g  th e  h ap lo id  ch rom o som e n u m ber 
o f H ev ea  (n = 18) an d  d e te cte d  s ig n if ica n t 
Q T L s  f o r  P h y to p h th o r a ,  C o ry n esp o ra  and  
C o l l e t o t r i c h u m .  S t u d ie s  o n  a s s o c ia t io n  
m a p p in g  w ere  in itia ted  to an a ly se  m arker- 
tra it a s s o c ia t io n s  an d  Q T L s lin k ed  w ith

d isea se  res is ta n ce . L in k ag e  m a p p in g  and  
a sso cia tio n  m a p p in g  a re  o fte n  ap p lied  in 
co n ju n ctio n  to  v alid ate  th e  Q T L s id en tified . 
B asica lly  Q T L  a n a ly sis  h a s  b een  p erform ed  
in  c o n s tr u c te d  b i-p a r e n ta l  p o p u la t io n s  
u sin g  c o n tra s tin g  p a r e n ts , w h e re in  o n ly  
o n e recom b in ation  e v en t h a s  b een  record ed  
in  th e  p o p u la t io n .  In  o u r  s t u d y  w ith  
a sso c ia tio n  m ap p in g , w e h a v e  co n s id ere d  
u se  o f n atu ral p o p u la tio n s  o r  asso cia tio n  
p a n e ls  w ith  d iv e r s e  c u l t iv a r s  w ith  th e  
p u rp o se  o f  reco rd in g  m o re  reco m b in a tio n  
e v e n ts . T h is  w ill c o n tr ib u te  to  a h ig h e r  
reso lu tio n  to  fin d  re g io n s  a sso c ia ted  w ith  
tra its  and  serv e  a s  a too l to m in e  th e  e lite  
g e n e s  b y  s t r u c t u r in g  n a t u r a l  v a r ia t io n  
p re se n t in a g e rm p la s m . T h e  a sso c ia tio n  
m ap p in g  s tu d y  w ill h e lp  p re c ise ly  id en tify  
a n d  a u t h e n t ic a t e  p u t a t iv e  o r  r e l ia b le  
m arkers/ Q T L s lin k ed  to  d ise a s e  r e s is ta n ce  
th ere b y  a c c e le r a tin g  th e  p a c e  o f  d ise a s e  
res is tan ce  b re e d in g  in ru b b e r  trees. 
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m a p p in g  f o r  a n a l y s in g  g e n e t i c  
d ete rm in ism  o f  d ise a s e  r e s is ta n ce  an d  
d e v e lo p m e n t  o f  D N A  m a r k e r -b a s e d  
selection  too ls for res is ta n ce  b re e d in g  in 
ru b ber tree  (H ev ea  b ra silien sis).



P lant P h y sio lo g y  D iv ision  is m ainly  
focusing stu d ies on phy sio logy  o f rubber
p la n ts  gro w th  and  yield , en v iro n m en t and  
stress physiology, screen in g  ru b ber c lon es 
and  w ild  access io n s  tor d ro u g h t and  cold 
to le r a n c e ,  g e n e  e x p r e s s io n  a n a ly s is  in 
relation to  rubber b iosyn thesis and eth ylen e 
b iosyn th esis  and sign alin g

1. E n v ir o n m e n ta l  a n d  s tr e s s
ph y sio lo g y

1.1. S tu d ie s  on ad ap tive  m e ch a n is m s  in
H e v e a  fo r  d ro u g h t an d  co ld  s tresse s

T h e  e x p e r im e n t  w as c o n t in u e d  to  
study the ad ap tive  m ech an ism s o f ru bber 
p lan ts for d ro u g h t and cold  stresses. H evea  
c lo n e s  w ith  c o n t r a s t in g  r e s p o n s e s  to  
d ro u g h t and  co ld  s tresse s  w ere ra ised  a t 
RRII experim ental farm  and w ere sub jected  
to the stress condition, Leaf and stem  sam ples 
o f cold stress exposed  and  d rou gh t treated 
p la n ts  w ere  p r o c e s s e d  fo r  b io c h e m ic a l  
param eters and an tiox id an t en zy m es assay 
to evaluate adaptive resp on ses to w ithstand  
the adverse condition s. U nder d ro u g h t and 
co ld  c o n d it io n  a lt e r a t io n  o f  p ig m e n t  
com position w as varied  and declin e  w as in 
accord an ce w ith ex ten sio n  o f stress. From  
the pattern o f clonal d ifference it w as noticed 
th at th e  red u ctio n  in p ig m e n ts  level w as 
lesser in SC A T C  88/13, R R IM  600  and  RRII 
208. V ariation in leaf W ater lo ss  (lea f w ater 
lo ss p er  u n it in it ia l w a te r  c o n te n t )  w as 
relatively  less in clon e R R II 208  th an  o th er  
clon es. Leaf area  w as h igh  in RR II 430  and  
RR II 4 29  w here as R R IM  6 00  and  SC A T C  88/ 
13 o n  p a r  w ith  e a c h  o th e r .  B io m a s s  
partitionin g  u n d er a b io tic  s tre ss  c o n d itio n s  
sh ow ed  that d o n e  R R II 2 0 8  and  R R II 429  
have a s im ilar trend in b io m a ss  a llo ca tio n . 
T h e  R o o t M ass F raction  (R M F ) w as h ig h er  
in SC A T C  88/13, R R IC  100 w h e re a s  h igh

stem  m ass factio n  (S M F ) w as fo u n d  in RRH 
208, R R II 4 2 9  fo llo w ed  b y  S C A T C  88/13.

1.2. S c r e e n in g  fo r  cold/ lo w  tem p eratu re  
to le r a n c e  p o t e n t i a l  in  g e r m p la s m  
l in e s  th r o u g h  p h y s io lo g i c a l  and  
b io c h e m ic a l a p p r o a c h e s

V a r ia b i l i t y  o f  g e r m p la s m  lin e s  
resp o n ses  to  low  tem p era tu re/ co ld  stress 
h e lp s  to  w id e n  th e  g e n e t i c  b a s e s  in 
im p r o v in g  c o ld  t o l e r a n c e  in  b r e e d in g  
p r o g ra m s . In th is  c o n t e x t  s c r e e n in g  the 
g e rm p la sm  a c c e ss io n s  a n d  e x p e r im e n t was 
in itia ted . B u d d in g  o f 12 e lite  c lo n e s  a n d  33 
g e n o ty p e s  (g e r m p la s m  a c c e s s io n s )  w ere 
carried  o u t a t  C N , K a r ik k a to o r  fo r  ra is in g  a 
n e w  p o ly b a g  n u r s e r y  in  R R I I  fa rm  for 
sc re e n in g  fo r  co ld  to le ra n ce . T h e  bu d d in g  
su cce s s  fo r  a c c e ss io n s  ra n g ed  fro m  1 5 - 9 0  
p er  c e n t w h e re a s  6 5  - 9 8  p e r  c e n t record ed  
fo r  e l i t e  c lo n e s .  A  p o ly b a g  n u r s e r y  
co m p rised  o f  3 3  g e rm p la s m  a c c e ss io n s  and
12 c h e c k  c lo n e s  w a s ra ise d  a t  R R II farm . 
S p ro u tin g  s u cce s s  w as e v a lu a te d  in  check 
c lo n e s  an d  3 3  g e rm p la s m  a c c e ss io n s  u n d er 
s t r e s s  f r e e  p e r io d . F ro m  th e  o b s e r v a tio n  
u n d er n u rse ry  c o n d itio n  it w a s fo u n d  th at 3 
a c c e s s io n s  h ad  a b o v e  8 0  p e r  c e n t  a n d  13 
a cce ss io n s  h ad  a b o v e  70  p er  c e n t su ccess. 
A m o n g  th e  c h e c k  c lo n e s  T jir  1 sh o w e d  low  
s p r o u t in g  s u c c e s s  th a n  o t h e r  c lo n e s .  
A n a ly s is  o f  e a r ly  g r o w th  in d ic a to r s  like 
stem  d e v e lo p m e n t, h e ig h t a n d  le a f  n u m b er 
e t c  in  y o u n g  p la n t s  o f  3 3  g e r m p la s m  
a c ce ss io n s  rev ea led  th at a c c e s s io n s  nam ely, 
102/2003, 287/2003, 218/ 2003, 521/ 2004 and 
585/ 2003 w ere on  p a r  w ith  th e  c h e c k  clon es 
R R IM  600  an d  R R II 208 . R e la t iv e  p lastic ity  
w as w o rk e d  o u t  in  th e  tr ia l u s in g  e a r ly  
g ro w th  in d ica to rs . It  w as fo u n d  th a t four 
elite  c lo n e s  (R R IM  600 , R R II 4 2 9 , H N 1 and 
S C A 1 C  98/114) and  se v e n  a c c e s s io n s  (287/ 
2003 ,1 0 2 / 2 0 0 3 , 32/ 2003, 216/ 2003, 585/2003,



521/ 2004 a n d  19/ 2003) w ere  o n  p a r  w ith  
s tre ss  to le ra n t e lite  c lo n es  fo r  p h en o ty p ic 
p lasticity . H ig h er d eg ree  o f p lastic ity  was 
o b s e r v e d  in  th e  c lo n e  R R II 2 0 8  a n d  
a c c e s s io n s  1 0 / 2003  a n d  564/ 2 0 0 3 . L e a f  
s a m p le s  w e r e  c o lle c te d  to  a n a ly z e  th e  
a l lo c a t io n  o f  r e s o u r c e s  a n d  o th e r  
b io ch e m ica l p aram eters are in progress.

1 .3 . S tu d ie s  o n  d ro u g h t e ffe c ts  on H ev ea  
in  r e la t io n  to  o x id a tiv e  s t re s s  and  
a n t io x id a n t resp o n ses

T h e  s t u d y  w a s  c o n t in u e d  w ith  
g e rm p la s m  a c c e ss io n s  (M T  51.00 and  M T 
4 7 8 8 ) a n d  H ev ea  c lo n e s  su ch  as R R II 208, 
R R II 429  an d  SC A T C  88/13. P o lybag p lan ts 
w e re  ra is e d  a t  R R II e x p e r im e n ta l fa rm . 
G r o w t h  p e r f o r m a n c e  o f  g e r m p la s m  
access io n s  w as o n  p ar w ith  the c h eck  clon es. 
D r o u g h t  w a s  im p o se d  by w ith d r a w in g  
ir r ig a tio n  fo r  tw o  w eek s. T h e  a n tio x id an t 
en z y m e, p ero x id ase  activ ity  w as analysed  
in g e rm p la s m  access io n s  su ch  as M T 4788, 
M T  5 1 0 0  an d  th e  ch e ck  c lo n e s . T h e  d ata  
in d ica ted  th at activ ity  w as h ig h  in M T 5100, 
R R II 2 0 8  an d  SC A T C  88/13 u n d er d rou gh t 
co n d itio n . A n a ly s is  o f o th er  b io ch e m ica l 
p a r a m e t e r s  p a r t i c u l a r ly  x a n th o p h y l l  
p ig m e n ts , o x id a tiv e  s tre ss  resp o n ses  and 
a n t io x id a n ts  are  in  p rogress.

1.4. P h y s io lo g ic a l ad a p ta tio n  o f se le cted  
o r te ts  u n d e r  v a ry in g  a g r o -c lim a tic  
c o n d itio n s  in  In d ia

A  m u lti-lo ca tio n  tria l w ith  16 o rtets  
s e le c te d  fro m  fiv e  d iffe re n t a g ro -c lim a tic  
r e g io n s  o f  In d ia  a lo n g  w ith  se v e n  ch eck  
c lo n e s  w e r e  p la n te d  a t  th r e e  d i f fe r e n t  
lo ca tio n s  in 201 2  is con tin u ed  in w h ich  C ES, 
C h e th a ck a l b e in g  on e o f the locations. T h e 
y o u n g  p la n ts  w e re  a llo w ed  to  g row  in a 
c lo sed  p la n tin g  d esig n  till fou r years, a fter 
th a t a lt e r n a t iv e  p la n ts  w e re  rem o v ed  to 
a llo w  n o rm a l sp acin g  for the p lan t grow th .

M ea n g irth  recorded for ortets d uring  M arch
2021 ran ged  from  30.1 cm  for ortet N G K  69 
to  51 .7  cm  for R R SA  9 8  (A g arta la  se lection ) 
w hich w as o n  p ar  w ith  c h eck  clon e RR II 4 30  
(52 .0  cm ). A m o n g th e  c h eck  c lo n es  RR II 430 
and  RR II 4 1 7  sh ow ed  b e tte r  g ir th  in crem en t 
an d  a tta in ed  ta p p a b le  g ir th  in th e  e ig h th  
y e a r  o f  p la n tin g  w h e re a s  a m o n g  th e  16  
ortets, the A gartala se lection s nam ely; RR SA  
9 8  (a tta in e d  ta p p a b i l i ty )  an d  R R S A  585  
recod ed  b e tter  tru n k  g irth  th an  o th er  ortets.

2. Production Physiology (growth 
and yield)

2.1. P r o d u c t iv ity  e n h a n c e m e n t  o f  N R  
th rou g h  h ig h  d en s ity  p la n tin g  (H D P ) 
and  g row th reg u la tio n  b y  a p p lica tio n  
o f  P a c lo b u tra z o l (P B Z )

A lo n g - te r m  p r o je c t  fo r  th e  
e n h a n c e m e n t o f  p r o d u c tiv i ty  o f n a tu ra l 
ru b ber th rou gh h ig h  d en sity  p la n tin g  and 
g r o w th  r e g u la t io n  b y  a p p l i c a t io n  o f  
p aclo b u trazo l (P B Z ) is  co n tin u in g . H igh  
d en s ity  p lan tin g  (H D P ) an d  ap p lica tio n  o f 
P B Z  in d icated  th at th ere  w as a d ecrea se  in 
ann ual g ro w th  o f the p lan ts  w ith  in creasin g  
p la n t in g  d e n s ity  th a n  n o rm a l p la n t in g  
den sity  irresp ectiv e  o f P B Z  a p p lica tio n . T h e 
av erag e g ird i o f trees in  D 1P 1, D 1P 2 , D 1P 3  
an d  D 2P1 (H D P  + zero  lev el o f  P B Z ) w as 
s ig n if ic a n t ly  g r e a te r  th a n  th a t  o f  o th e r  
trea tm en ts w ith  p o ly b a g  p la n tin g  m ateria l. 
In  case  o f ro o t tra in e r  p lan ts , th e  trea tm en ts 
D 1P1 and  D 1P 3  h av e b e tter  g irth  th an  o th er  
treatm en ts. A  sig n ifican t in teractiv e  e ffe c t o f 
d en sity  and  P B Z  a p p lica tio n  w as fou n d  in 
ro o t tra in e r  p la n ts  w h e re a s  th e re  w as n o  
sig n ifica n t in teractio n  w ith  p o ly  bag  p lan ts.

2.2. In t e r c r o p p in g  w it h  t r e e  c r o p s  in  
ru b b e r

T h is  p ro je c t w as c o n tin u in g  a t  C E S, 
C h e th a c k a l w ith  th e  m a jo r  o b je c t iv e  o f



fin d in g  o u t the im p a ct o f tre e  in tercro p s  
and  com petition  tor ligh t o n  the gro w th  and 
yield of rubber plants. The m ean trunk girth 
w as 73.5 cm , 73 .2  cm  an d  72.S cm  fo r  pure 
stand  o f rubber, th ree  ro w s o f m ah ogany  
and rubber and  on e row  o f m ah ogany  trees 
a lon g w ith  on e row  o f  p ath im u g am  trees 
w ith  rubber, respectively . T h e gro w th  data 
in dicated  th at tree in tercro p s d id  n o t a ffect 
the g irth  o f ru b ber p lan ts. T h e trees w ere 
tapp ed for seven years u n d er S/2 d3 system  
o f tap p ing  and from  A pril 2017  o n w ard s the 
tapping system  w as ch an ged  to S/2 d 7  and 
m onth lv  stim ulation  w as provided  a t  2 .5 p er 
cent eth ep ho n. Th e resu lt sh ow ed  th a t tree 
in tercrops obstructed  rubber yield  m arked ly  
till 2019-20  bu t d uring  the rep ortin g  y e a r  the 
yield  w as on p ar w ith  each  o th er  and  did 
n o t record ed  a n y  v ie ld  red u ctio n  in tree 
in tercrop p ed  plots. A m ong th e  in tercro p s, 
th e  path im u gam  stand  w as very p o o r due 
to  s h a d in g  b y  th e  m a tu r e  r u b b e r  tre e s , 
w h e reas m ah o g a n y  tre e s  w ere  g ro w in g  
better as an in ter-crop  w ith  ru b ber b eca u se  
th e  m ah ogany  canop y  h eig h t w as a s  eq u al 
to  rubber can op y  in a grow n  up p lan ta tio n .

2 .3 . E f f e c t  o f  s t im u l a t io n  o n  la t e x  
r e g e n e r a tio n  m e c h a n is m  in  H e v e a  
b r a s i l ie n s is

E x p erim en t o n  s t im u la tio n  in d u ced  
ch an g es in latex reg en era tio n  m e ch an ism  
was continued at C E S C hethackal in d ifferent 
c lo n e s  to  s tu d y  th e  b io c h e m ic a l  an d  
m olecu lar m ech an ism s associated  w ith  latex 
r eg en era tio n  a fte r  e th e p h o n  s t im u la tio n . 
L atex y ie ld , b io ch e m ica l co m p o n en ts  and  
enzy m e activ ities related  to ox id ative stress 
(g lu ta th io n e  re d o x  c y c le )  a n d  e th y le n e  
r e sp o n s iv e  an d  R O S s c a v e n g in g  re la ted  
g en es  w ere analyzed  in so ft b a rk  tissu es o f 
control and stim u lated  trees o f c lo n es  RRII 
105, PB 217 , PB  260 , R R IM  600 , T jir  1, RRII 
33  and  R R II 38. T h e trees w ere u n d e r  d3

tap p in g  sy stem  w ith  th re e  s t im u la tio n s  per 
y ear . In c re a se d  g lu ta th io n e  c o n te n t  and 
g lu ta th io n e  r e d u c ta s e  a n d  g lu ta th io n e  
p e r o x id a s e  a c t iv i t i e s  w e r e  o b s e r v e d  in 
s tim u la ted  tre e s  o f  c lo n e  R R II 105  an d  PB 
217 . F ifty  p er  c e n t o f  th e  s t im u la te d  trees 
o f  c lo n e  PB 2 6 0  b eca m e T P D  a fte r  4  y ears of 
e th e p h o n  s t im u la tio n . A n  in cre a se d  thiol 
m eta b o lism  a n d  lo w  p ro te in  an d  enzy m e 
a c tiv itie s  w ere  o b serv ed  in  p a r tia l d ry  trees 
o f  c lo n e s  PB  260 .

E x p r e s s i o n  a n a l y s i s  o f  e th y le n e  
b io sy n th e sis , s ig n a lin g  a n d  R O S  scavenging 
r e la ted  g e n e s  in  b a rk  s a m p le s  o f  control, 
s t im u la ted  an d  T P D  tr e e s  (fro m  stim u lated  
g ro u p ) o f  c lo n e  P B  2 6 0  w a s  a ls o  analysed . 
E th y le n e  in d u c e d  T P D  t r e e s  s h o w e d  a 
h ig h e r  ex p re ss io n  o f  e th y le n e  b io sy n th e tic  
g e n e s  (S -a d e n o s y l m e th io n in e  sy n th a se , 
A C C  s y n t h a s e  a n d  A C C  o x id a s e ) .  
E x p ressio n  o f R O S  sca v e n g in g  re la ted  genes 
(S O D  a n d  p e r o x id a s e )  a n d  s o m e  g e n e s  
r e la te d  to  la te x  m e ta b o l is m  (g lu ta m in e  
s y n t h a t a s e  a n d  A T P  a s e )  w e r e  d o w n  
reg u la ted  in th e se  trees.

2 .4 . M o le c u la r  an d  b io c h e m ic a l  b a s is  of 
e th y le n e  in d u c e d  la te x  p r o d u c tio n  in 
H e v e a  b r a s i l i e n s i s  -  E th y le n e  
r e c e p to r s  a n d  s ig n a l  t r a n s d u c t io n  
m e ch a n is m

T o s tu d y  th e  m o le c u la r  m e ch a n is m  of 
e t h y le n e  in d u c e d  la t e x  p r o d u c t i o n ,  
c o m p a r a t iv e  e x p r e s s io n  a n a ly s is  o f  five 
recep to r  g en es  (E T R  1, ET R 2, E IN 2, E IN 3an d  
ER F ) w ere  c a rr ie d  o u t  in  se v e n  c lo n e s  with 
d iffe re n t y ie ld  p o te n tia ls  (R R II 1 0 5 ,P B  217, 
P B  2 6 0 ,  R R IM  6 0 0 ,  T j i r  1 , R R I I  3 3  and  
RR II 38 ). T h e  m e a n  e x p re ss io n  level fo r  each 
g e n e  in d iffe re n t c lo n e s  in  th e  b a rk  revealed  
th a t E T R 1 (e th y le n e  r e c e p to r  1) a n d  ERF 
(e th y le n e  r e s p o n s e  fa c to r )  g e n e  h a d  the 
h ig h est e x p re ss io n  lev el c o m p a re d  to  other



Table Phy. 1 Relative quantification (fold change) of receptor genes in bark sa 
varying latex metabolism (clone RRII 33 .is ralihrafm-i

imples of different clones with

Clones Genes
ETR1 ETR2 E IN 2 EIN 3 ERF
1 .1M 1 .0* 1 .0* 1 .0* 1.0

RRII 105 1,9* 13 b 0 .67* 0.99*
PB 217 2.7* 0.78"1 0.32' 1 .1“ 3.2“
PB 260 0.76'to 0.97* 0.76* 0.38 0.83*
RRIM 600 1 .1* 2.98' 0.68h 0.18“ 1.0
T jir l 0.55" 0.57d 0 5 1 * 036" 0.89-
RRII 38 __  0 .76* 0.76*" 0.46-* 0.26" 0.63-

g e n e s . B etw een  c lo n es  h ig h est ex p ression  
level o f  th ese  tw o g e n e s  w ere observed  in 
clon e RRH 1 0 5 and P B 2 1 7 com pared  to o th er  
c lo n e s  (T a b le  Phy. 1) T h e  re ce p to r  gen es 
ETR1 and E R F w as a lso  h ighly  up- regulated 
in th ese  c lo n es  a fter  e th y len e stim u lation . 
C lo n e  R R II 33  w as used  a s  ca librator.

2.5. S t u d ie s  o n  in h ib i to r s  o f  e th y le n e
b io s y n th e s is  an d  s ig n a llin g

T o  stu d y  th e  reg u la tio n  o f  e th y len e  
r e c e p t o r  in h ib i t o r s  in  la t e x  f lo w  an d  
p ro d u ctio n , trees from  c lon es RRII 105, RRII
4 3 0  an d  R R II 4 1 7  w ere  se lected  and yield 
reco rd in g  w as co n tin u o u sly  carried  ou t for 
th e  a p p lica tio n  o f eth y len e  in hib ito rs (Silver 
th io su lp h a te  (silv er  can be in corp orated  into 
re c e p to r s  in stea d  o f  C u  c o -fa c to r ) an d  1- 
M e th y l c y clo p ro p en e  (co m p etitiv e  inhib ito r 
a n d  m o re  a f f in ity  th a n  e th y le n e  fo r  th e  
r e c e p t o r ) .  E th e p h o n  t r e a te d  tr e e s  an d  
u n stim u la ted  trees w ere selected  as controls.

2 .6 . R e la t io n s h ip  o f  A TP sta tu s o f  latex
w ith  r u b b e r  y ie ld

F ie ld  tr ia l  w ith  c lo n e s / s e le c t io n s  
p la n te d  a t  R R II ( f iv e  s e le c tio n s  screen ed

b a s e d  o n  la t e x  A T P  c o n t e n t  a n d  th re e  
co n tro l c lo n e s  (R R II 105 , R R II 4 1 7  and  RRII 
4 3 0 )  w as c o n t in u e d . T e s t  ta p p in g  y ie ld  
w as reco rd ed  d u r in g  p eak  y ie ld in g  s ea so n  
o f  2 02 0 .

3. Secondary m etabolites

3.1. W ater r e la tio n  o f la tex  w ith  re fe re n ce  
to th e  co n te n t o f in o s ito ls  a n d  su gars 
in  la tex  d u r in g  d ro u g h t

T h e  t r ia l  w a s  c o n t in u e d  w it h  
s e le c t e d  e l i t e  c l o n e s  to  s t u d y  th e  
re la tio n sh ip  o f  la tex  o s m o ly te s  a n d  w a te r  
r e la t io n s .  G r o w th  p e r fo r m a n c e s  o f  th e  
p la n ts  w e re  r e co rd e d  b y  ta k in g  g ir th  d ata  
d u r in g  p e a k  y ie ld in g  an d  s tre s s  p e r io d s . 
R R II 4 3 0  and ' R R II 4 1 7  o b se rv e d  to h av e 
b e t t e r  t r u n k  g i r t h in g .  W a te r  r e la t io n  
s tu d ie s  o f  la tex  d u r in g  th e  su m m e r  s ea so n  
w as ca rr ie d  o u t in f iv e  r u b b e r  c lo n e s  fro m  
a tr ia l a t C h e th a ck a l. T h e  s e ru m  o sm o tic  
c o n c e n tr a tio n  fou n d  to  h a v e  sa m e  tren d  
a s  in th e  c a se  o f  p eak  y ie ld in g  se a so n  in 
fo u r  c lo n e s  e x c e p t  in  c lo n e  R R IM  6 0 0  
w h ic h  h ad  b e tt e r  o s m o tic  c o m p o n e n ts  
th an  o th e r  c lo n e s  s tu d ie d .



The D ivision w as active in the research 
and ad v iso n ' serv ices on all aspects o f crop  
harvesting o f  rubber. Low  frequency w eekly 
ta p p in g  is g e t t in g  a c c e p ta n c e  a m o n g  
grow ers. In the present scen ario  o f sh ortage 
of skilled tappers adoption o f w eekly tapping 
and controlled  upw ard tapp ing for old  and 
sen ile trees w ill em p ow er tine grow ers. All 
the p rogram m es p rogressed w ell du ring  the 
period under report. O ther activ ities o f the 
D ivision included testing and  ev aluation  o f 
various products, ad visory and tra in ing  on 
all aspects o f  crop  harvesting o f rubber.

1. Low frequency tapping

1.1. Program m e on p o p u la ris in g  w eek ly
tap p ing

T h e g row ers w ho h av e p articipated  in 
the p rogram m e continu ed  w eekly tap p ing  
w ith  s a t is fa c to r y  r e s u lts . T a p p in g  d a y s  
realized show ed consid erab le variation  d u e 
to clim atic constraints and practices fo llow ed 
(Tables LH T 1-3).

Table LHT 1. Yield perform ance of clone R R II 105 
______________under w eekly tapping
Location/Region Mean vield. < g 'r n

Number of 
plots

Muvattupuzha
1 78.8 5
2 96.6 10
3 89.6 2
4 86.1 3
Thodupuzha
1 75.7 6
Manna rkkad 
1 93.4 3
Thala sorry 

1 143.2 1
Mean 86.7
Total

30

Table LHT 2. Yield perform ance o f c lon e R R II 414 
under w eekly tapping

Location/Region M ean vield
(R r ’l ’)

Number of 
plots

Kottayam

1 91.6 2
Muvattupuzha

1 77.9 1
2 3

Thodupuzha

1 115.6 3

Thalaserry

1 68.5 1
2 105.6 2
Mannarkkad

1 72.6 2

Mean 88.6

Total 16

Table L H T 3. Y ield  p erform ance of c lon e R R II 430 
______________ and m ixed clon e under w eekly tapping
Location/Region Mean vield 

(g t *t ’>
Num ber of 

plots
Kottayam

1 79.8 3

Muvattupuzha

1 124.8 2
2 89.5 2

3 105.6 4

4" 111.5 1

Kottarakkara

1 106.9 I
Palakkad

1 86.3 1

Manna rkkad 

1 85.8 1
Belthangady (Karnataka) 92.8 05
Mean 98.1
Total 20
"Mixed clone



1.2. L ow  fre q u e n cy  (dlO) tap p in g  s y stem  
in  c lo n e  R R II  105

7.2.7. L a r g e  s c a l e  t r ia l  on  i l l 0 f r e q u e n c y  o f  
t a p p in g  in c lo n e  R R II  705 

T h e  la rg e  sca le  o n farm  co m m ercia l 
e v a lu a t io n  t r ia l  in  1 9 8 7  f ie ld  o n  d lO  
freq u en cy  tap p in g  in itiated  during  2015-16  
a t  K a n th im a th y  E s ta te  , K u la se k h a ra m , 
T a m il  N a d u  in  10  ta p p in g  b lo c k s  w as 
co n tin u ed . M ean  d ry  ru b ber yield  o f 1794 
kg h a '1 w ith  3 0  tap p in g  d ay s  on renew ed 
basal panel tap p in g  could b e  obtained  under 
dlO  fre q u e n cy  o f tap p in g  d u rin g  2020-21 . 
T h e  g  f t ' 1 ranged  from  50  to 223  g . W ith 
th e  in tr o d u c t io n  o f  C o n tro lle d  U p w ard  
T a p p in g  fu r th e r  y ie ld  in c re a s e  co u ld  be 
o b ta in e d . T h e  g  t ' t 1 u n d er C U T  ranged  
fro m  6 2  to  245  g  (T ab le L H T  4).

Table LHT 4. M onthly variation in yield performance 
of clone R R II 105 in dlO frequency of 
ta p p in g  at K a n th im ath y  esta te , 

______________ Kulasekharam
Month kg block 1 g f f kg block 1'1 g t ' f *
A pr'20 50 50 64 62.3
May 82 82 82 83.1
June 110 138 119 129.4
July 157 147 194 178-1
Aug 152 166 150 165.8
Sep 218 203 231 212.4
Oct 222 209 270 244.6
Nov 238 223 244 220,7
Dec 210 187 222 220.0
Jan'21 155 156 214 194.6
Feb 129 130 134 145.9

Mar 71 66 71 63.5

Total 1794 1995

Mean 149 146 166 160

’With CUT

7.2.2. E x p lo r a to r y  t r ia l  on  dlO  fr e q u e n c y  o f  
t a p p in g  in c lo n e  R R II 105 
T h is  e x p lo r a t o r y  t r ia l  o n  d lO  

freq u en cy  o f tap p in g  w as in itia ted  at CES, 
C h e th a ck e l in  field  1987 in c lon e RRII 105. 
C o n tro lle d  U p w ard  T a p p in g  (S/3 dlO ) was

practiced  d u rin g  n o n ra iny  m o n th s and  rest 
o f the m o nth s tre e s  w ere tap p ed  in the basal 
panel tap p ing  (S/2 d lO ). Y ield  o f  36  k g  t 1 
and 91 g f t " '  w ere o b ta in ed  d u rin g  2 020-21 .

7.2.3. L a r g e  s c a l e  e x p e r im e n t  o n  L o w
Frequ en cy  T ap p in g  (dlO) in c lo n e  R R II
705 (P an e l B O  -1 )

T h e  la r g e  s c a le  e x p e r im e n t o n  d lO  
freq u en cy  o f tap p in g  in co m p a riso n  w ith  
w e e k ly  ta p p in g  to  s t u d y  th e  y ie ld  
p erform an ce o f c lo n e  RR II 105 in 200 9  field , 
laid  o u t d u r in g  2 0 1 8  -1 9  at K a n th im a th y  
E s ta te , K u la s e k h a ra m , T a m il N a d u  w as 
c o n t in u e d . T h e r e  w e re  f iv e  tr e a tm e n ts  
com prising  o f w eekly  and dlO  frequ en cies 
of tapping and d ifferent levels o f stim ulation . 
S ig n if ic a n t  y ie ld  v a r ia t io n  a m o n g  th e  
treatm ents w as observed . H igh er d ry  rubber 
yield w as observed  u n d er w eekly  tapp ing. 
Per tree y ield  o f 5  k g could  be realized  u n d er 
d lO  freq u en cy  o f ta p p in g  w ith  C th ephon 
(ET  2.5% , 5  %  Pa 18/y) ap p lica tio n  (Table 
L H T  5).

Table LHT 5. Yield perform ance o f clone R R II 105
under dlO frequency of tapping

Treatment g t -1 e kg tree
T1 - S/2 d6 ET 2.5% Pa 12/v 105 3  c 5.6 a
T2- S/2 d6 ET 5%  Pa IZ'v 109.7 c 5.8 a
T3- S/2 d 10 ET 2.5% Pa 18,V 140.1 ab 4.8 be
T4- S/2 d 10 ET 5% Pa 18/v 130.1 b 4.4 c
T5- S/2 dlO ET 2.5%, 5 % Pa 18/y 149.2 a 5.0 b

Values followed by sam e letter/s are significantly  
different

7.2.4. L a r g e  s c a l e  e x p e r im e n t  o n  L o iv  
F req u en cy  T ap p in g  (dlO) in  c lo n e  R R II  
705 (p an e l B O -2)
A n RBD  ex p erim en t w as laid  o u t in s ix  

b lo ck s  o f c lo n e  R R II 105 (F ie ld  200 2 ) and  
im p o s e d  y ie ld  s t im u l a t io n  a s  p e r  th e  
sched u le u n d er LFT system s. T h ere  w ere six 
trea tm en ts  co m p ris in g  d 7  (w ith  m o n th ly  
stim u lation  as con tro l) and d 10 freq u en cies 
o f  ta p p in g  w ith  d if fe r e n t f r e q u e n c ie s  o f



stim u la tio n . Y ield  u n d er w eek ly  tap p in g  
w ith  m o n th ly  s t im u la tio n  (E T .2 .5 % ) w as 
c o m p a ra b le  to th a t o f  d lO  fr e q u e n c y  ot 
tap p in g  w ith  5 p er cen t e th ep h o n  (18/y). 
stim ulation (Table L H T  6).

Table LHT 6. Y ie ld  resp o n se  
Tapping (S/2 dlO)

o f  Low Freq u en cy  
in clone RRII 105

Treatmen! Yield (kg 400 trees’1)

Tl-S/2 d.7 ET 2.5% 12/y 1240 a

T2- S/2 dlO ET 2.5% 36/y 646 b

T3- S/2 d 10 ET 2.5% 18/y 702 b

T4- S/2 dlO ET 5% 18/v 923 ab

T5- S/2 dlO ET 2J5% 12/y 807 b

T6 -  S/2 dlO ET 5% 12/v 614 b
V alues follow ed by a com m on alp h abet are not
significantly different

2. C o n tr o l le d  U p w a r d  T a p p in g  
(C U T )

2.1. L a r g e  s c a le  o n  fa rm  t r ia l  o n  L ow  
F r e q u e n c y  C o n t r o l le d  U p w a r d  
ta p p in g  (L F C U T )  u n d e r  w e e k l y  
tap p in g

T h e la rg e  sca le  o n  farm  tria l o n  Low- 
fr e q u e n c y  c o n t r o l le d  U p w a r d  ta p p in g  
(L F C U T ) u n d e r  w e e k ly  ta p p in g  w ith  
period ic p ane l chan ge in itia ted  d u r in g  201 7  
at K an thim ath y estate, K u lasekh aram , Tam il 
N adu in 12 tap p ing  b lock s ( 8  b lo ck s o f 1978 
m ixed  clon e an d  4  b lo ck s o f  1962  seed lin g  
pop u lation ) w as con tin u ed  w ith  p ro m is in g  
resu lts and the s y stem  seem s p ro m is in g  for 
fu rth er  red u ctio n  in co st o f p ro d u ctio n  o f 
N R for m ixed and  s eed lin g  p op u la tion  a lso  
(Table L H T  7)

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

3.1. R e sp o n se  o f  R R II 400  s e r ie s  c lo n e s  to 
y ie ld  s tim u la tio n

A t C ES, C h eth ackal, in field  2 004 , RRII 
4 0 0  series  c lo n es  (R R II 414 , R R II 4 2 2  an d

Table LHT 7. Yield perform ance of Low Frequency 
C ontrolled Upward Tapping (LFCUT) 
under w eekly tapping

Mixed clone Seedling population
Month kg block ' g t  ' f kg block -> g t > t '

A pr'20 62 36 79 52

May 58 40 82 52

June 97 66 129 81

July 135 81 154 95

Aug 152 89 91 95

Sep 151 92 181 89

Oct 186 98 122 93

Nov 169 95 201 124
Dec 190 97 233 123

Jan'21 185 111 182 120

Feb 148 79 137 92
M ar 107 60 148 72
Total 1634 1737

Mean 157 79 145 91

R R n  4 29) w ere id en tified  fo r  th e  ex p erim en t. 
T h e  s t a t i s t i c a l  d e s ig n  w a s  c o m p le te l y  
ran d o m ized  s in g le  tre e  s in g le  p lo t. T ap p in g  
s y s te m  a d o p te d  in  th is  tr ia l w a s  S/2 d3 
6d/7. T h re e  ro u n d s o f  s t im u la tio n  (E T  2 .5%  
pa) w as g iv en  d u rin g  2 020-21  in co m p ariso n  
w ith  th e  u n stim u la te d  c o n tro l tr e e s  (50%  
t r e e s  f o r  s t i m u l a t i o n  a n d  5 0 %  tr e e s  
u n stim u la te d , fo r  e a ch  c lo n e).

In  c lo n e  R R II 4 2 2 , s t im u la te d  trees 
s h o w e d  s ig n if ic a n t ly  h ig h e r  y ie ld  th an  
u n s tim u la te d  tr e e s . N o  s ig n if ic a n t  yield  
in crea se  w as n o ticed  in s t im u la te d  trees of 
c lo n e s  R R II 4 1 4  an d  R R II 4 2 9  (F ig . L H T  1). 
G ood  y ield  w as o b serv ed  in b o th  s tim u la ted  
an d  u n stim u la te d  tr e e s  o f  c lo n e  R R II 422 
th an  o th e r  tw o  c lo n e s  o f  R R II 4 1 4  a n d  RRII
42 9  in B O -2  (5 ) p an e l.

3 .2 . R e s p o n s e  o f  c lo n e  R R I I  4 3 0  to  y ie ld
s t im u la tio n  u n d e r  L F T

In  a n o t h e r  e x p e r i m e n t  a t  H M L , 
P a la p illy  E sta te , p e r fo rm a n c e  o f  c lo n e  RRII
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Fig. LH T I . Yield performance; of RRII 400 series clones

4 3 0  to  y ie ld  s t im u l a t io n  u n d e r  L o w  
F re q u e n c ie s  o f  T ap p in g  (d3, d4 and d 7) w as 
s tu d ied  in fie ld  2 000  (Pan el B O -f) . T h ere  
w e re  fo u r  tr e a tm e n ts  co m p ris in g  o f  d3 
(w ith o u t s tim u la tio n  as control), d3 (2/y), d4 
(4/y) an d  d 7  (12/y) freq u en cies  o f tapp ing.

Table LITT 8. Yield response of clone RRII 430 lo  low
frequency tapping

Treatment Yield 

(ft t ' t ')
T l-S/ 2 d3 72.8 c

T2- S/2 d3 ET 2.5% 2/y 77.7 be

T3- S/2 d4 ET 2.5% 4/y 86.2 b

T4- S/2 d7 ET 2.5% 12/v 112.0 a

S ig n ifica n t y ield  variation  am o n g  the 
trea tm en ts w ere o bserv ed . M ean dry rubber 
y ie ld  o f  112  g  f t 1 w as o b se rv e d  u n d er 
w eek ly  tap p in g  a s again st 7 3  g  f t '1 under d3 
freq u en cy  o f  tap p in g  w ith ou t stim ulation . 
D ry ru b be r y ield  s ign ifican tly  as high as 112 
g  t 't '1 cou ld  b e  observed  du ring  2020-21 in 
sp ite  o f  ag ro  c lim atic  and o th er  con stra in ts

w hich  in d icate  feasib ility  o f  w eekly  tap p in g  
in clon e RRH 4 3 0  (T ab le L H T  8 ).

4. T e s t i n g  a n d  e v a l u a t i o n  o f
p ro d u cts , tra in in g  an d  a d v iso ry

M an y r a in g u a rd  a d h e s iv e  sa m p le s , 
LD PE sam p les and  E th ep h on  sa m p les  w ere 
tested  d u rin g  the y ear  u n d er rep ort. O n e 
m odel o f m ech an ised  (m o to riz ed ) tap p in g  
m ach in e w as tes ted  an d  e v a lu a ted  b y  the 
D iv ision  an d  ap p ro v ed  a s  a to o l for basal 
panel tap p in g  o f  ru b be r trees. T estin g  fee 
a s  p a r t  o f  1E B R , fo r  te s t in g  o f  v a r io u s  
p rod u cts cou ld  b e  co lle cted .

U n d e r  S a s t h r a d a r s a n  P r o g r a m m e , 
g ro w e rs  w e re  g iv e n  e x p o s u r e  to  v a rio u s  
a s p e c t s  o f  c r o p  h a r v e s t i n g  o f  r u b b e r . 
T h ro u g h  th e  in -h o u se tra in in g  p rog ram m e, 
d eta iled  th eo retica l and  p ractica l asp ects  o f 
latex harvest tech n ology  w ere  a lso  p ro v id ed  
to  tra in e e s/ g ro w e rs . B e s id e s , a d v is o r y  
s e r v ic e s  o n  c ro p  h a r v e s t in g  a n d  a ll ie d  
asp ects  w ere  a lso  ex ten d ed  to  th e  g ro w ers  
d u rin g  the y ea r  u n d er rep ort



The activ ities o f th e  D iv isio n  d u rin g  
the curren t y ear focused  m ainly  o n  ev o lv in g  
im proved tech niq u es in rubber p ro cessin g  
la tex  te c h n o lo g y  (p r e p a ra t io n  o f  D P N R  
directly  from  filed  latex w ith o u t cream in g  
o r  cen trifu g in g  and  new  leach in g  p rocess 
to reduce ex tractab le  protein  in N R su rg ical 
g loves), rubber tech nology  (N R  latex carbon  
b lack m aster-ba tch an d  silica reinforcem ent 
o f N R ) and  ru b be r r e cy c lin g  (s ta b le  free  
r a d ic a l  a s s is te d  d e v u lc a n is a t i o n  a n d  
cyto toxicity  an a ly sis  o f  c ru m b  ru b be r from  
end of life  tyres).

1. R u b b e r  p ro ce ss in g

1.1. A stu d y  o n  th e  e ffe c t  o f  s to ra g e  o n
raw  ru b b e r  p ro p e rtie s  o f  cu p lu m p s

A  stu d y  w as con d u cted  on th e  effect 
o f  s t o r a g e  o n  p r o p e r t ie s  o f  c u p lu m p s  
e s p e c ia lly  o n  p la s t ic ity  r e te n tio n  in d e x  
(PRI). R aw  ru b ber p ro p erties  o f cu p lu m p  
as fu n ction  o f  sto ra g e  tim e is sh o w n  in Fig. 
C hem . 1.

T h e  s tu d y  sh o w e d  th a t in itia lly  the 
raw  ru b be r p ro p e rtie s  o f th e  cu p lu m p s as 
w ell as the m ixed  field  co a g u lu m  w ere good. 
H o w ev er th ere  is an  a p p r e c ia b le  qu an tu m  
o f  m icro b es  p re se n t e sp e c ia lly  in cu p lu m p s 
an d  a ls o  in  m ix e d  c o a g u lu m  e v e n  in the 
in itia l tim e. It w as fou n d  th a t th e  m icrob ial 
p o p u la tio n s  a re  n o t s u b s id e d  ev e n  a fte r  one 
y ear  o f  sto ra g e . T h e  raw  r u b b e r  p ro p erties 
e s p e c ia lly  th e  P la s t ic ity  R e te n t io n  In dex 
(P R I) a re  a ls o  fa llin g  b e lo w  th e  req u ired  
s ta n d a rd s  o n  s to ra g e . T h e re fo r e  th e  storage 
a n d  t r a n s p o r t a t io n  o f  c u p l u m p s  w ith  
re sp e c t to  q u a lity  a n d  in  v ie w  o f  h u m an 
h ea lth  a re  n o t en co u ra g in g .

1 .2 . P ro ce ss  d e v e lo p m e n t fo r  s k im  latex
p r o c e ss in g

T h e  d e v e lo p m e n t  o f  a n e w  an d  
e ff ic ie n t p ro c e ss  fo r  c o m p le te  re co v e ry  of 
h igh  q u a lity  s k im  r u b b e r  w as r ep o rted  with 
th e  sk im  c o a g u la n t S C -C . T h e  sk im  latex 
c o a g u la n ts  (SC -1  an d  S C -2 )  w e re  p ro cu red  
from  tw o lo ca l so u rc e s  a n d  its  c o m p a riso n

Kg. O w n . „ , bber ^  lu np as  ̂(unri,on ^  ............ ........



w ith  th e  c on tro l sk im  co ag u lan t (SC - C) w as 
carried  ou t in the rep orting  p eriod. T h e skim 
co a g u la n t SC -1 w as fou n d  to b e  e ffectiv e  in 
co m p le te  reco v ery  o f sk im  ru b ber like the 
co n tro l sk im  co ag u lan t, w h ereas S C -2  was 
n o t e ffe c tiv e . T h e  activ ity  o f SC-1 w as found 
to b e  8 0  p er cen t to  th at o f the con tro l skim  
c o a g u la n t (SC -C ).

1 .3 . D e v e lo p m e n t  o f  lo w  cy to to x ic  NR
la tex  p ro d u cts

N R  la te x  p r o d u c ts  p o s s e s s  h ig h  
resid u al ch em ical con ten ts and th is leads to 
h ig h  cy to to x ic ity  and  low  bio-com patibility. 
In h o u se b alloon form ulations F3 and F4 with 
N R  cen e x  an d  o th er  N R latex com pounding 
in g re d ie n ts  w ere  prep ared  by v ary in g  the 
su lp h u r to  acce lera to r  ratio. Th e film w ere 
prep ared  from  b oth  p re-vulcanised  latex and 
d ire c t la tex  co m p o u n d in g  by d ip p in g  and 
then c u red  at 100 “C  for 1 hr. Th e residual 
acce lera to r  co n ten t w as quantified as copper- 
acce lera to r  com p lex  by U V spectrosco p y  at 
v a r y in g  e x p e r im e n ta l  c o n d itio n s  (T ab le  
C h em . 1).

1 .4 . P r o f i l i n g  o f  f u n g a l  to x in s  f r o m
C o n / n e s p o r a  c a s s i i c o l a

T h e  w o rk  w as d o n e  in co llaboratio n  
w ith  th e  P a th o lo g y  D iv ision  o f RRII. Th e 
p u r if ic a t io n  o f  th e  se c o n d a ry  m e ta b o lite  
t o x in s  f r o m  th e  s e r u m  o f  C o r y n e s p o r a  
c a ss iico la  iso lated  at RRH w as d on e u sing the 
f la sh  c h r o m a to g r a p h y . F o u r  ac tiv e  tox in  
f r a c t io n s  w e r e  id e n t i f ie d  b y  le a f  to x in  
a s sa y s . F u r th e r  p u r if ic a t io n  o f th e  activ e  
to x in  fra ctio n s  are  u n d er progress.

1.5. E s t a b l i s h in g  te s t in g  o f  im p o rte d  
r u b b e r  p r o d u c ts  la b o r a t o r y  a n d  
R E A C H  co m p lia n ce  lab o ra to ry

A p r o je c t  r e p o r t  fo r  e s t a b l is h in g  
testing facility  for im ported  rubber p rod u cts 
w a s  p r e p a re d  in c o n s u lta t io n  w ith  th e  
T e c h n ic a l  C o n s u lta n c y  D iv is io n  a n d  
su b m itted . T h e p ro cu rem en t o f G C -M S  M S 
T r ip le  q u a d r u p o le  a n d  IC P -M S  fo r  th e  
R E A C H  com p lian ce laboratory  w as d on e in 
consultation  w ith the Tech nical C onsu ltan cy 
D iv ision  th rou gh G eM  b id d in g .

2. R u b b e r  te c h n o l o g y :
R e in fo rce m e n t o f  ru b b e r

2.1. N R  la tex  carb o n  b la c k  m aster-ba tch

Stu d ies on th e  p rep ara tio n  o f N R  latex
- carbon  b lack  m aster  batch  w ere continu ed . 
L a te x -c a rb o n  b la c k  m a s te r b a tc h e s  w e re  
p repared  in p resen ce  o f  n o n -ion ic, a n io n ic  
an d  ca tio n ic  su rfactan ts. A lso  a ttem p ted  a 
rev erse  m e ch an ism  fo r  p rep ara tio n  o f la tex- 
carbon  b lack  m asterba tch es.

2.1.1. T ec h n o lo g ica l p r o p e r t ie s  o f  N R  la t e x -  
c a rb o n  b la c k  m a s te r b a tc h e s  p r e p a r e d  in 
p resen ce  o f  a  n o n -io n ic  s u r fa c ta n t  

T h e sam p les w ere c om p ou n d ed  as p er
the fo rm u lation  g iv en  in  T ab le  C h em . 2  and  
the vu lcan izate p rop erties w ere s tu d ied  and 
co m p a red  w ith  a co n tro l (D ry  m ix ). T h e  
resu lts a re  sh o w n  in T able C h em . 3.

T h e  te s t  r e s u l t s  o f  c a r b o n - b la c k  
m asterbatch es w ith th e  n o n -io n ic  su rfactan t 
s h o w s  t h a t  m o s t o f  th e  t e c h n o l o g ic a l  
p roperties im proved  w ith  the u se o f  the new  
su rfactan t.

Table C hem . I. Residual accelerator content 

Formulation Accelerator 

to sulphur ratio

Residual accelerator in microgram/g

With
leaching

Without
leaching

Pre vulcanised 
latex

0 .75 : 
0 .75 :



Ingredients Phr (g)
Master batch (Effe,rrive NR  KlOg)
ZnO 4.5
Silica 8
Stearic add 3
TMQ 1
6PP D 2.75
TBBS 1.6
Sulphur 1.2

Fable Chem. 3. Vulcanizate properties o f masterbatch
with non-ionic surfactant

Tests Control M.B.
Tensile strength in ( Mpa) 24.0 23.0
Tear strength in NJ/mm 135.0 128.3
Elongation at break in (%) 574.0 603.0
Modulus #100% 2.9 2.8
Modulus e20O% 6 2
Modulus 3300% 10.6 103
Hardness (Shore A) 62.0 69.0
Compression Set in (%) 33.9 35.7
Heat buildup 22.0 27.0
Abrasion resistance 117.6
Flex resistance (Cycles) 58493.0 116319.0

Table Chem 4. Technological nrnnprtip^
Tests Control MB (SDS)

Elongation at break (%)
Modulus # 100%
Modulus #200%

M odulus <8900%
Modulus 0600%

Tear strength in N/mm 

Hardness (Shore A)

Compression Set (%)
Heat buildup 

Abrasion resistance 
Flex resistance (Cycles!

2-3.2. T ech n o lo g ica l p r o p e r t ie s  o f  N R  la t e x -  
c a rb o n  b la c k  m a s t e r b a t c h e s  p r e p a r e d  in  
p resen ce  o f  a n  a n io n ic  s u r fa c ta n t  

T h e  r e s u lts  sh o w e d  th a t w ith  the

a n io n ic su rfactan t ten sile  s tren g th , m odulus 
E B , tear  s tre n g th  a n d  h a r d n e s s  in creased  
c o m p a re d  to  c o n tr o l .  H e a t b u ild u p  and 
a b rasio n  res is ta n ce  a lso  im p ro v e d  w ith  the 
n ew  su rfa c ta n t. T h o u g h  f le x  r e s is ta n c e  is 
m ore w ith  the m asterbatch , th e  im provem ent 
is n o t co n sid erab le . It w as a lso  fou n d  th at for 
th is p articu lar  latex th e  v a lu es a re  lo w er even 
for the con tro l (d ry  m ix). H ow ev er, all the 
p ro p e rtie s  o f  th e  m a s te r b a tc h  w e r e  better 
com p ared  to  co n tro l (T ab le  C h e m . 4).

2.1.3. T e c h n o lo g ic a l  p r o p e r t i e s  o f  N R  la tex -  
c a r b o n  b l a c k  m a s t e r b a t c h e s  p r e p a r e d  in  
p re s e n c e  o f  a  n e w  c a t io n ic  s u r fa c t a n t

Properties Control MB
Tensile strength (MPa) 27.1 21.4
Tear strength (N/mm) 128.8 140.4
Heat build up f Q 22.0 27.0
Abrasion loss (mm-1) 72.6 70.0
Modulus @100 % 2.8
Modulus # 200 % 6.9 10.3
Modulus #300 % 12.5 16.7
EB 565.8 388,9
Compression set (%) 22.7
Flex resistance (Cvles) 66638.0 163687.0

T h e  re su lts  s h o w e d  th a t te a r  s tren g th , 
a n d  m o d u lu s  a n d  f le x  r e s i s t a n c e  w e r e  
in creased . H eat b u ild u p  w as in fe r io r  (T ab le 
C h em . 5).

2.1.4. R e v e r s e  m ec h a n ism

L a te x  c a r b o n b la c k  m a s t e r b a t c h e s  
w e re  m a d e  u s in g  a r e v e r s e  m e c h a n is m . 
J h e  te c h n o lo g ic a l p r o p e r t ie s  a r e  s h o w n  in 
T a b le  C h em . 6 .

T h e  r e s u l t s  s h o w e d  t h a t  th e  
m a s t e r b a t c h  p r e p a r e d  b y  th e  r e v e r s e  
m e ch a n ism  sh o w s b e tte r  p ro p e r tie s  e x c e p t 
c o m p re ss io n  set. O th e r  p ro p e rtie s  a re  b e tte r  
o r on p ar  w ith  th e  c o n tro l. H o w ev er, a ll  th e  
v a lu es are  lo w er th an  e x p e c te d . T h e  co n tro l



Tests Control MB
Tensile strength in( MPa) 18.17 22.03
Elongation at break in (%) 358 356
M odulus <®100% 3.92 536
Modulus #200% 8.74 11.59
Modulus (<-'300% 13.34 18.60
Tear strength in N/mm 105 147
H ardness(Shore A) 64 70
Com pression Set in (%) 33.5 43.44
Abrasion resistance 107 108
Flex resistance (Cycles) 104712 216705

a ls o  s h o w e d  lo w  v a lu e s .  T h is  m a y  b e  
b e c a u s e  th e  la te x  c o lle c te d  d u r in g  th is  
se a so n  m a y  n o t b e  good .

2.2. S i l ic a  r e in fo rc e m e n t o f  NR

In co n tin u atio n  o f the w ork carried o ut 
o n  e f fe c t  o f  c u r e  sy s te m  o n  th e  co u p lin g  
e f f i c ie n c y  o f  s i la n is e d  s i l ic a  ( s S i l ic a )  a 
n u m b e r  o f  v a r io u s  c u r e  s y s t e m s  w e re  
a n a ly se d . T ab le  C h em . 7  g iv es  the resu lt of 
so m e  o f  th e  p ro m is in g  cu re  sy stem s w hich 
sh o w e d  e x c e lle n t  v u lc a n isa te  p ro p e rtie s  
in c lu d in g  a b ra sio n  loss in com p arison  with 
th e  H A F  filled  N R.

2.3. N R  p o ly m e r ic  f ille r

In th e  p re se n t s tu d y  b len d s o f natural 
r u b b e r  w ere  b len d e d  w ith  low  p rop ortion s 
o f  h ig h  d en s ity  p olyp ropylene. T h e objective 
w as to  im p ro v e  th e  p ro p erties  o f  natural 
r u b b e r  v u lc a n isa te  by b len d in g  w ith  low  
p ro p o rtio n s  o f  h ig h  den sity  p olyp ropylene.

B len d in g  o f natu ral ru b ber and H .DPE w as 
carried  out in H aake R h eocord  9 0  at 160 °C 
for 10 m in u tes at 6 0  rpm . T h e fo rm u la tio n  
o f th e  c o m p o u n d s  is  g iv e n  in  th e  T ab le  
C h e m . 8 . T h e  r u b b e r  c o m p o u n d s  w e r e  
prep ared  in a laboratory  open tw o ro ll m ill 
h a v in g  fr ic t io n  r a tio  1 :1 .2 5 . T h e  r u b b e r  
c o m p o u n d s  w e re  p r e p a re d  in  a m b ie n t  
te m p e r a tu r e .  B le n d  r a tio  o f  N R -.H D P E  
selected  w as 100 :0 , 90 :10 , 80 :2 0  and  70:30 .

Table Chem. 8. Formulation mixes
Ingredients Control NR:

HDPE
90:10

NR:
HDPE
80:20

NR:
HDPE
70:30

NR 100 90 80 70
HDPE 0 10 20 30
Zinc oxide 5 5 5 5
Stearic acid 2 2 2 2
HSL 1 1 1 1
CBS 1 3 1.5 1.2 1,5
Sulphur 1.5 1.5 1.5 1 3

T h e  c u r e  c h a r a c t e r i s t i c s  o f  th e  
com p ou n d s w ere s tu d ied  u sin g  RPA  2000. 
C u re  tim e, sco rch  tim e, m in im u m  to rq u e  
and m axim u m  torqu e v alu es w ere  record ed  
for th is test. In  th is study, m in im u m  to rq u e  
d e c r e a s e d  w ith  in c r e a s e  in  th e  H D P E  
co n ten t in th e  b len d s. T h is  m ay  b e  d u e  to 
the m eltin g  o f u n -cro ss lin k ed  H D P E  in  the 
b lend d u rin g  cu rin g . C u re  test w as carried  
o u t a t  150  "C  w h ich  w a s  h ig h e r  th an  the 
m eltin g  tem p era tu re  o f H D P E .

■e system in NR/sSilic.i reinforcement

Property CBS/DPG/S Cure system4 Cure system 5 Cure systern 6  NR/HAFSemi-EV

Tensile strength, MPa 25 25.7 29.9 27.4 25

M100, MPa 2.5 3.8 4.2 2 3 2 3

M 200, MPa 5.7 6 2

M 300,M Pa 9.9 13.8 14.8 10.7 10.9

EB,% 565 48S 502 542 508

Tear, N/mm i t s 115 103 105 107

Din abrasion loss, ram 1 157 97.4 111.4 103 9 6 3

Hardness, Shore A 70 76 67 70 58



T h e  tech n o lo g ica l p r o p e rtie s  o f  the 
v u lc a n is a te s  s u c h  a s  te n s ile  s t r e n g th , 
m odulus, hardness, tear strength, elon gation 
at break, com pression set etc w ere studied 
(Table C hem . 9). Th e tensile stren gth  o f the 
blend w ith  H D PE increased w ith  in crease 
in the H D PE content from  0-30. T h e m odulus 
at 100 p er cen t and 300 p er cen t a lso  show ed 
th e  sa m e tren d  a s  in th e  c a se  o f  te n s ile  
strength. It can b e  seen th at m od u lu s a t 300 
per cent im proved  substantial!v . M o d u lu s 
a t  300 p er cen t is a m easu re o f c ro ss  lin k

Table. Chem. 9. Technological properties o f  (he blends

Properties Control NR:

HDPE

90:10

NR: NR: 

HDPE HDPE 
80:20 70:30

Tensile strength, MPa 23.7 25.3 26.2 27.3
M, 300. MPa 1.8 2.8 5.8 6.7
Elongation at break ”... 834 769 670 602
Tear stnength.N/mm 33 39 42 50
Compression set, % 22 24 30 34
Hardness, Shore A 40 48 58 70
DIN Abrasion loss, mm3 187 130 102 78

d en sity  an d  it a ls o  sh o w s  r e in fo rc in g  effect 
o f  th e  H D P E  in th e  N R  v u lca n isa te s . Th e 
im p ro v e m e n t in th e  te n s ile  s tre n g th  and 
m o d u lu s  in d ica te s  th e  r e in fo rc in g  cap acity  
o f  H D P E  in th e  N R /H D PE b len d .

C o m p r e s s io n  s e t  o f  th e  N R / H D P E  
blend w as h ig h er than the con tro l com pound. 
T h is  p r o p e r ty  in c re a s e d  d r a s t ic a lly  w ith 
h ig h er  H D P E  ra tio  in th e  b len d . T h is  test was 
carried  o u t a t  70°C  fo r  2 2  h o u rs . T h e  in crease 
in the set p rop erty  w ith  m o re H D P E  ratio  also 
su p p o rt th is n a tu re  o f  p lastic . D IN  abrasion  
lo ss in d ica tes th e  a b ra s io n  res is ta n ce  o f the 
v u lcan isa tes . L o w er th e  a b ra sio n  lo ss  h ig h er 
is its resistan ce. B len d  w ith  h ig h er  p rop ortion  
o f  H D P E  sh o w ed  lo w  a b ra s io n  lo s s  ie ., high 
a b r a s io n  r e s is ta n c e .  A b r a s io n  r e s is ta n c e  
in cre a se d  w ith  H D P E  c o n ce n tra tio n .

3 . D e v e l o p m e n t / a d v i s o r y  w o r k /
p ro je c t  w o rk

T ested  an d  r e p o rt w as g iv e n  fo r  the 
d a m a g e d  t y r e s  r e f e r r e d  f r o m  v a r io u s  
c o n s u m e r  d isp u te s  re d re ss a l fo ru m  in the 
co u n try .

T E C H N I C A L  C O N S U L T A N C Y  D I V I S I O N

T e ch n ica l C o n s ta n c y  D iv is io n  w as 
co n stitu ted  w ith  th e  a im  to  a p p e a s e  th e  
dem ands o f the rubber based  m an u factu rin g  
in d u stries in th e  coun try . T h e  g o a ls  o f  the 
D ivision a re  in ten d ed  in su ch  a w ay  th at th e  
r u b b e r  b a s e d  u n its  o f  th e  c o u n tr y  
n u m berin g  to o v er  3 8 4 5  w ill b e  a b le  to tak e 
a d v a n ta g e  o f  th e  a p p lie d  r e s e a r c h  a n d  
d evelop m ental a ctiv ities b e in g  con d u cted  in 
RRII. Tech n ical C o n su ltan cy  D iv isio n  is an 
N A B L  a p p ro v e d  la b o r a to r y  a n d  h a s  th e  
fa c i l i ty  to  te s t  e n o r m o u s  p a r a m e t e r s  o f

ru b b e r  p ro d u cts . T h e  la tex  p r o d u c ts  testin g  
s e c t io n  o f  th e  D iv is io n  h a s  a lm o s t  a ll 
f a c ilit ie s  a n d  p r o b a b ly  it is  th e  o n ly  on e 
la b o r a to r y  in th e  p u b lic  se c to r . S in c e  the 
la b o r a to r y  is  fo llo w in g  IS O  1 7 0 2 5 : 2 0 0 5  
n o r m s  fo r  i t s  r o u t i n e  a n a l y s i s  i t s  te s t  
c e r t if ic a te s  a re  u n iv e rs a l ly  v a lid  a n d  are  
v a lu a b le  to th e  e x p o rte rs  o f r u b b e r  p ro d u cts  
in th e  co u n try . The D iv is io n  a ls o  s ta ck  up 
k n o w le d g e  o n  i n d u s t r i a l l y  im p o r t a n t  
p ro b lem s b y  c o n d u c tin g  R & D  p ro g ra m m e s  
so  th a t th e  p ro b le m s  in th e  m a n u fa c tu rin g



secto r  can  b e  o v erco m e w ithin the sh ortest 
p o ss ib le  tim e.

T h e  s e r v ic e s  p r o v id e d  a r e  R & D  
a c tiv itie s  o f ru b b e r  in d u stry  (both  prod u cts 
a n d  p r o c e s s e s ) ,  d e v e lo p m e n t  o f  n e w  
p r o d u c ts ,  te s tin g / c e r tif ic a t io n  o f  ru b be r 
p r o d u c ts  a s  p e r  r e le v a n t  n a t io n a l  an d  
in t e r n a t i o n a l  s t a n d a r d s .  T h e  s e r v ic e s  
o ffe re d  by th e  d iv is io n  in clu d e (i) testin g  
su p p o rt to  in d u str ie s  as p er  nation al and 
i n t e r n a t i o n a l  s t a n d a r d s  i . e . ,  IS O , B IS , 
A S T M , E N , A S R T U  e t c .  i i )  P r o d u c t  
d e v e lo p m e n t - d e m o n s tr a t io n / p r a c t i c a l  
t r a in i n g  fo r  q u a l i ty  im p r o v e m e n t  ( iii )  
e v a lu a t io n  o f  c h e m ica ls  (iv ) p rep ara tio n  o f 
p ro je c t p r o file s  a n d  tech n ica l b u lle tin s  (v) 
a d v is o r y  s e r v ic e s  a n d  (v i)  c o n d u c t in g  
a w a r e n e s s  m e e t in g s / le c tu r e s  to  
e n tre p re n e u r s  r e g a rd in g  tro u b le  shooting/ 
co s t re d u ctio n  o f  factory  p rocesses.

T h e  h ig h lig h ts  o f d ie p ro jects a re  given 
below .

1. R e s e a rc h  P ro je cts

1.1 . R u b b e r  b a s e d  a d h e s iv e s :  C a rb o n
b la c k  f i l l e d  n a tu r a l r u b b e r-b a s e d
s o l u t i o n  a d h e s iv e s :  E f f e c t  o f
ta c k i f ie r s

In th is  s tu d y  th e  p e r fo rm a n ce  o f a 
n a t u r a l  r u b b e r  (N R ) -b a s e d  s o lu t io n  
a d h e s iv e  for ru b be r to ru b ber bond in g  was 
e v a lu a te d . T h is  w ork  m ain ly  focused  on the 
e f fe c t  o f  w o o d  r o s in  (W D ), co u m a ro n e - 
in d e n e  ( C l ) ,  t e r p e n e - p h e n o l  (T P )  an d  
p h e n o l-fo rm a Id e h y d e  (P F ) resin  tack ifiers 
o n  th e  v u lc a n iz a t io n  c h a r a c t e r is t ic s ,  
m e c h a n ic a l  p r o p e r t ie s  a n d  a d h e s io n  
s tre n g th  o f  c a rb o n  b la ck  (C B ) filled  N R- 
b a se d  so lu tio n  a d h e s iv e s . R etard atio n  o f 
v u lca n iz a tio n  p ro p erties  w as observed  by 
th e  a d d itio n  o f tack ifiers . T h e ad d ition  o f 
ta ck ifie rs  im p ro v ed  th e  peel stren gth  o f N R- 
b a s e d  s o lu t io n  a d h e s iv e s  fo r  ru b b e r-to -  
ru b b e r  b o n d in g  (Fig . T C . 1).

1 .2 . P o l y c h lo r o p r e n e - b a s e d  s o lu t io n  
a d h e s iv e s :  r o le  o f  t a c k i f i e r s  o n  
a d h es iv e  p ro p erties

So lven t-b ased  p o ly ch lo ro p re n e  (C R ) 
a d h e s iv e s  w e r e  fo r m u la te d  u s in g  fo u r  
d iffe r e n t ty p e s  o f ta c k if ie rs . W ood ro sin  
(W D ), c o u m a r o n e - in d e n e  r e s in  (C l) ,  
te rp en e-p h en o lic  resin  (T P ) an d  p a ra -tert- 
b u ty l p h e n o i-fo rm a ld eh v d e  (T B P F ) resin s 
w e re  in c o r p o r a te d  w ith  C R  a t v a r io u s  
a m o u n t s  s a y  2 0  to  5 0  p h r  ( p a r t s  p e r  
h u n d red  ru bber). The e ffe c t o f n a tu re  an d  
am o u n t o f res in s  on a d h es io n  s tren g th  w as 
m e asu red  o n  b o th  le a th e r  to  le a th e r  and  
ru b be r to  ru b b e r  jo in ts . R esu lts  (F ig . T C . 
2 ) in d ica ted  th at th e  n a tu re  and  a m o u n t o f 
resin  g rea tly  a ffected  th e  p e r fo rm a n ce  o f 
th e  C R  a d h esiv e .

1.3. P o l y c h lo r o p r e n e - b a s e d  s o lu t io n  
a d h e s iv e s :  e f f e c t  o f  n a n o c la y s  o n  
ad h es iv e  p ro p erties

T h e  e f f e c t  o f  n a n o c la y s  o n  th e  
p ro p erties o f p o ly ch lo ro p re n e  (C R )-b ased  
a d h e s iv e  w a s  e x a m in e d .  U n m o d if ie d  
m o n tm o rillo n ite  clay, C lo is ite  N a+ (C L N a) 
a n d  m o d if ie d  n a n o c la y s  C lo is i t e  1 0 A  
(C L 10A ), C lo isite  15A  (C L 15A ) an d  C lo isite  
93A  (C L 93A ) w ere se le c ted  fo r  th e  study. 
A d d itio n  o f  n a n o c la y s  (C L N a*, C L IO  A, 
C L 15 A and C L 93 A ) im proved  the a d h esio n  
strength o f C R -based  con tact a d h esiv es (Fig. 
TC . 3).

1.4. P o ly m er b len d s : ca rb o n  b la c k  f ille d  
n a t u r a l  r u b b e r / b u ta d ie n e  r u b b e r  
co m p o site

In  th e  p r e s e n t  w o r k , v a r io u s  
c o m b in a t io n s  o f  n a tu r a l  r u b b e r  (N R ) , 
b u tad ien e ru b be r (B R ) and  recla im  ru b be r 
(R R ) w ere prep ared  w ith  a v iew  to  p ro d u ce  
lo w  c o s t  r e - t r e a d in g  m a t e r i a ls .  T h e  
v u lca n iz a tio n  c h a r a c te r is t ic s , m e c h a n ic a l 
p ro p e rtie s  an d  th erm al p ro p e r tie s  o f  th e  
b lend s w ere evalu ated . T h e  N R rich system



NRCConlrol) NR/CI NR/WD NR/TP NR/PF

Fig. TC. 1. Peel strength ofN R-based solution adhesives (rubber-rubber bonding)

reg iste red  g ood  te n sile  s tren g th  an d  tear  
values.

In  th e  p r e s e n t w o rk , la te x  re c la im  
(L R ) w as m ix ed  w ith  NR./BR a t v a r io u s  
p r o p o r t io n s  to  p r o d u c e  ty r e  r e t r e a d  
m aterials. R esu lts  in d icated  th at the scorch  
tim e and cu re  tim e w ere d ecreased  w ith  the 
in crease o f  recla im  load in g . T h e  m e ch an ica l 
p r o p e r t ie s  l ik e  te n s i le  s t r e n g t h ,  te a r  
stren gth  and  ab rasio n  r e s is ta n ce  d ecrea sed  
w ith the in crea se  in th e  LR co n ten t. I t  w as

fo u n d  th a t 7 0 -8 0  p er  c e n t o f  th e  m e ch a n ica l 
p r o p e rtie s  w ere  reta in ed  e v e n  a fte r  a ddition  
o f  3 0  p h r  o f  LR.

1 .5 . R a d ia t io n  v u lc a n iz a t io n  o f  n a tu ra l 
r u b b e r  la te x : E f f e c t  o f  fu m e d  n an o  
s i l i c a  a n d  n a n o  c la y  a d d i t i o n  on 
r a d ia t io n  v u lc a n iz a t io n  o f  n a tu r a l 
r u b b e r  la tex

T h e  n a n o  an d  m ic ro  c o m p o s ite s  o f 
r a d ia tio n  v u lc a n iz e d  n a tu r a l r u b b e r  latex

C R /T BPF •  CR/TP a  CR/CI ■

F'g. TC. 2. Peel strength on leather-leather joints
CR/WD



Concentration of nanoclay (phr)

CR/CLNa CR/CL10A
CR/CL15A CR/CL93A

Fig. TC. 3. Peel strength on leather-leather joints

(R V N R L ) w e re  p rep a re d  by in co rp o ra tin g  
a q u e o u s  d isp e rs io n  o f fu m ed  silica , layered 
s il ic a te  an d  c o n v e n tio n a l filler (ch in a clay). 
T h e  r e s u lt s  sh o w e d  th a t th e  n a n o  s ilica  
p a r tic le s  w e re  h o m o g e n o u sly  d istribu ted  
th ro u g h o u t N R  m a trix  w ith  p artic les in  the 
s iz e  r a n g e  fro m  10 to  15  nm . T h e c ro sslin k  
d e n s ity  a n d  m e ch a n ica l p ro p e rtie s  w ere 
a n a l y s e d  a n d  fo u n d  t h a t  R V N R L /  
n a n o s i l i c a  c o m p o s i t e  s h o w e d  b e t t e r  
p h y s ic a l  p r o p e r t ie s  c o m p a re d  to o th ers  
(F ig . T C . 4).

1.6 . T r a n s p a r e n c y  o f  d i f f e r e n t  
p re v u lca n iz e d  n a tu ra l r u b b e r  la tex  
and  th e ir  co m p o site s

T h e  e f f e c t  o f  d i f f e r e n t  ty p e s  
v u lc a n iz a t io n  (s u lp h u r ,  p e r o x id e  a n d  
r ad ia tio n ) in  N R  v u lc a n iz a tie s  a n d  th e ir  
c o m p o s ite s  o n  lig h t  tr a n s m itt a n c e  w a s 
studied  (Table TC . 1). A m o n g  th ree d ifferen t 
typ es o f p revu lcanized  latex film s, rad iation  
vu lcan ized  natu ral ru b be r la tex  reg istered  
the m axim um  transp aren cy. T h e a d d ition  o f

0 2 . 4 6 
Filler loading, phr

Fig. TC. 4. Tensile st rength of RVNRL/fumed nano silica, nano clay and china clay composites



1 able TC. 1 Effect o f different prevulcanized latex on 
transparency

Sample Transmittance (%)

RVNRL 71.6

PVNRl. 48.3
SVNRL 64.6

nan o m e ter  sized  fille rs  lik e  n an o  silica , 
layered silica  e tc  is e ffectiv e  to o b ta in  high 
transparency'.

1.7. S h e lf  life  stu d y  o f m e d ica l g lo v e s

Th e life ex p ectan cy  o f  su rg ica l g lov es 
b y  re a l tim e  e x p e r i m e n t a t io n  a n d  
accelerated  c o n d itio n s . T h e e x p erim en t w as 
d on e as p er the g u id e lin es  o f ASTM / ISO  
13320:2005. Effort w as taken  to esta b lish  the 
effectiv en ess o f the e x istin g  A rrh e n iu s  and 
W L F  m o d els  to e v a lu a te  th e  s h e lf- life  o f 
su rgical gloves.

A s p er  th e  s p e c if i c a t io n s  s u r g ic a l  
g lov es h as to m ain tain  7 5  p er c e n t re ten tio n  
o f p ro p erties d u rin g  th e  serv ice  life . It is 
o b se rv e d  (F ig . T C . 5 ) th a t  7 5  p e r  c e n t 
reten tion  for ten sile  stren g th  w as ob ta in ed  
at 68"C w heras tear stren g th  reg iste red  th e  
sa m e at 6 4 ’C  and  fo rce  a t  b re a k  a t  6 6 "C. 
C ro sslin k  den sity  v alu es in creased  as the 
te m p e r a tu r e  in c r e a s e s  f r o m  r o o m  
tem p eratu re to 80°C.

1.8. T e c h n o lo g i c a l  p r o p e r t i e s  o f 
p r e v u lca n iz e d  cre a m ed  la tex

T h e m a jo r  p ro ce ss in g  p a r a m e te rs  of 
th e  la t e x  c o m p o u n d s  s t u d ie d  w ere  
B r o o k fie ld  v is c o s i ty ; T o ta l s o lid  co n ten t, 
M ech an ica l s ta b il ity  tim e, pH  e tc . R esu lts 
a re  g iv en  in T ab le  T C . 2.

Table TC. 2. Properties of prevulcanized cream ed latex
II'PFCI.) and cream ed latex (CL) (control)

b|. Parameters PPFCL CL
(control)

1. Total solid content (TSC), % 55.5 56.0
2 . PH 10.2 10.4
3. Brookfield viscosity, cP 207.5 175.5
4. Mechanical stability time

(MST), sec 920 836
Particle size, pm 0.521 0.545

6. Chloroform  number 3 2

In  th is  s t u d y ,  f i e ld  la t e x  w as 
p rev u lca n iz ed  an d  su b je c te d  to  cream in g . 
R e s u lts  sh o w e d  th a t p r e v u lc a n iz e d  la tex  
p ro d u ced  by c re a m in g  o f  fie ld  la tex  gave 
film s o f  b e tte r  q u a lity  a n d  su ch  m ateria ls  
g av e p ro d u cts  w ith  e x c e lle n t tran sp aren cy .

2. R u b b e r  P ro d u cts  In cu b a tio n  
C entre (RPIC)

T h e  R u b b e r  P r o d u c t s  I n c u b a t io n

2 0  3 0  4 0  5 0  6 0  7 0  8 0  9 0  

Tem perature,°C
Fjg. TC. 5. Effect of temperature on properly retention



Fig. TC. 6. General purpose gloves prepared form 
blends of NR: XSBR 80: 20

Fig. TC. 7. Rubber bands prepared from blends of NR: 
XSBR 80: 20

C en tre  (R P IC ) w as c om m ission ed  a t  R RII in 
Ju n e  2020.

T h e  fo cu s  o f  th e  cen tre , to  in cubate 
and  d e v e lo p  in n o v atio n s  and  ideas o f the 
e n tre p re n e u rs  in the ru b be r industry  value 
ch a in  in to  re a lity  th ro u g h  s c ie n tif ic  and 
te ch n o lo g ica l u p g ra d a tio n , u p h old in g  the 
p rin cip les  o f  su s ta in a b ility  and protection 
o f  e n v i r o n m e n t .  In n o v a tiv e  id e a s  o f  8 
c o m p a n ie s  w e r e  r e g is te r e d  an d  a ll the 
p ro jects  a re  ru n n in g  very w ell.

2 .1 . D e v e lo p m e n t  o f  h a n d  g lo v e s  and  
r u b b e r  r o o t t ra in e r  cu p s by M/s. EO C  
P o ly m e r s  In d ia  Pvt. Ltd., H ariyana, 
In d ia ,  D e v e lo p m e n t  o f  N R  / S B R  
la te x  fo r  d ip p in g  in d u stry

Fig. TC. 8. O rth o tic  insoles produced from 100 %

T h is start-u p  p rogram m e w as initiated 
to  p r o d u c e  lo w -c o s t h ig h  p e r fo r m a n c e  
g lov es from  b len d s o f X SBR and  N R. Th e 
p r o je c t  w as fu r th e r  e x te n d e d  to  th e  
production of root trainer cups, rubber bands 
etc. A ccordingly  d ifferent b lend p roportion s 
w ere prepared w ith X SB R  g rad es and  N R 
la te x . O p tim iz e d  th e  c u r e  s y s te m s  an d  
evaluated the properties. T h e  pho tograp hs 
o f the products a re  g iv en  in F ig s. T C . 6 &  7.

2.2. N atural r u b b e r  la tex  b a se d  p rod u cts 
fo r  fo o tw ear and  lin in g  o f  a r tif ic ia l 
l im b s  b y  M /s. P r o fo m a  ( U n i t  o f  
G L A R F  P a lak k ad )

O r t h o t ic  in s o le s  fo r  d ia b e t i c  a n d  
leprosy person s w ere d eveloped  u sin g  1 00%  
n a t u r a l  r u b b e r .  T h e  o r t h o t i c  in s o le s  
d eveloped are very soft (Sh ore A -15) and  h as 
m inim um  com p ression  s e t (b elow  10% ). T h e  
p rod u ct h as th e  requ ired  d en sity  a n d  is c o st 
effective. T h e clin ical tria ls  o f th e  p rod u ct 
w e re  s u c c e s s fu lly  c o m p le te d  a t  V e llo re  
M ed ical C ollege .

2.3. L o w  c o s t  la t e x  p r e v u lc a n i z a t io n  
system  b y  M/s. R o y a l la tex  p ro d u cts, 
K ottayam , K erala

In this study a suitable cold vulcanization 
system  is p roposed  for the m an u factu re o f 
house-hold gloves. D ifferent com binatio ns o f 
accelerated su lp hu r cu re system  w ere tried



Fig. TC. 9. Change in crosslink density durine room ... , ,  , ,
F ig .TC . IU H a n d g lo y es  p ro d u ced  from  

tem perature vulcanization.

under specified tem perature. T h e cure slate 
o f the latex w as fo llow ed th ro u g h  cro sslin k  
den sity  m e asu rem en ts. Sev era l tr ia ls  w ere 
c o n d u c te d  a n d  o p t im iz e d  th e  d o s e  o f  
c h e m ic a ls  a n d  c o n d i t io n s  fo r  r o o m  
tem p era tu re  v u lca n iz a tio n  (F ig s . T C . 9 & 
10).

2.4. D e v e lo p m e n t  o f  h ig h  v o lt a g e  
e le c t r i c a l  m a ts  b y  M /s. D o lp h i n  
R u b b e r  I n d u s t r i e s ,  I n d u s t r ia l  
D ev e lo p m en t p lo t, K ottay am

T h e w o rk  w as in itia ted  w ith  E P D M  
rubber in corp orated  w ith  n o n -b lack  fillers. 
In  o r d e r  to  im p a r t  f la m e  r e ta r d a n c y  
a p p ro p ria te  fillers w ere in c lu d ed . T h e  m at 
co m p ou n d  m ad e a cco rd in g ly  w as sen d  for 
testing at N ation al Test H o u se  C h en n ai for 
h igh  v o ltag e resistan ce  test.

2 .5 . U ti liz a tio n  o f  th e  r u b b e r  t i le s  from 
s c r a p  n i t r i l e  r u b b e r  b y  M /s. Jo h n  
T r a d e r s  L L P , I n d u s t r i a l  E s ta te , 
C h a n g a n a c h e r r y

T h e  p ro p o sa l w a s  to  m a k e  ru b b e r  tiles 
u sin g  th e  scra p  o f  th e  n itr i le  r u b b e r  gloves.
In  o r d e r  to  m a k e  th e  p r o c e s s  
e n v ir o n m e n ta lly  f r ie n d ly , a w a te r-b a se d  
a d h e s iv e  w as u sed  to  b in d  th e  g lo v e s  scrap 
(F ig . T C . 1 1 ). T h e  t i le s  d e v e lo p e d  w ere 
su cce s s fu lly  p a sse d  th e  in d u str ia l tr ia ls  and 
th e  k n o w -h o w  w as tra n s fe rre d  to  th e  client. j

2 .6 . A d h e s i v e s  f o r  r u b b e r  l i n i n g  o f 
ch e m ic a l s to ra g e  ta n k s  b y  M/s. A dhic 
R u b b e r  I n d iu r t ie s ,  M u tta m b a la m , 
K o tta y a m

V ery o fte n  th e  ru b b e r  c o m p o u n d  used | 
fo r  lin in g  w ork  in  s to ra g e  tan k s a re d ifferent



C u p lu m p s C ru m bs a fter  B lo c k s  w ith  e x c e lle n t raw

m o d ified  p ro cess ru b ber prop erties

Fig. TC. 12. Process flow chart for the manufacture of Block rubber from cuplumps

in o r d e r  to  m atch  w ith  th e  liquid in sid e the 
tan k. H ere  th e  a d h es iv e  p lays an im portant 
ro le in  b o n d in g  th e  r u b b e r  b ased  lin in g  
m ateria l to  th e  m etal. D ifferent form ulation s 
w ere tr ie d  in  o r d e r  to  g e t b e tter  bond in g  
b e tw ee n  th e  ru b b e r  b ased  lin in g  m aterial 
and  th e  m e ta l.

2.7 . P r o d u c t io n  o f  b lo c k  r u b b e r  w ith  
s u p e r io r  ra w  r u b b e r  p ro p e r tie s  by 
M /s. K a v a n a r  L a tex , P ala

A p r o c e s s  m o d ific a tio n  and  use o f 
good q u a lity  raw  m ateria ls  a re  p roposed  for 
the p ro d u ctio n  o f b lock  rubber. Experim ents 
w ere  co n d u cte d  in th is lin e and  have g ot 
b lo c k  r u b b e r  w ith  e x c e lle n t  raw  ru b b e r  

p ro p e rtie s  (F ig . T C . 12).

2.8 . D e v e lo p m e n t o f  ep o x id ised  natural 
ru b b e r  b y  M/s. H arriso n s M alayalam  

P la n ta t io n s , K o ch i

E p o x id is e d  n a tu r a l r u b b e r  (E N R ) is 
a c h e m ic a l ly  m o d if ie d  r u b b e r  h a v in g  

s u p e r i o r  c h e m i c a l  a n d  a i r  r e t e n t io n  
p r o p e r t i e s .  B e s i d e s  E N R  c a n  
a c c o m m o d a te  s i l ic a  m o re  e ffe c tiv e ly  th an  
N R  w h ic h  h a s  a p p l ic a t io n s  in  t i re  an d  
s im ila r  p r o d u c ts .  P r e p a r e d  EN R  25  and  
50  a n d  th e  c h a r a c te r iz a t io n  o f th e  sam e 

is  in  p r o g r e s s .

3. R u b b er p ro d u ct te s tin g  and
product developm ent

3.1. N A BL A ccre d ita tio n

In o r d e r  to  sw itch  o v e r  th e  N A B L  
accred itation  o f T C  laboratory  from  th e old 
system  (ISO/1SE T C  17025-2015), to th e  new  
on e (1SO/ISE T C  1702 5 -2 0 1 7 ), th e  q u a lity  
m an ual and  all o th er  re lev an t d o cu m en ts  
w ere p repared  in lin e  w ith  th e  g u id e lin es 
o f  1SO /ISE17 0 2 5 :2 0 1 7  a n d  u p lo a d e d  th e  
s a m e  to  N A B L  p o r ta l .  S u c c e s s f u l ly  
c o m p le te d  th e  N A B L  o n l in e  a u d it  
cond u cted  o n  10/10/2020. A ccord ingly , the 
T e c h n ic a l C o n s u lta n c y  L a b o r a to r y  h a s  
received  the a ccred ita tio n  as p er th e  la test 
N A BL g u id e lin es  (1SO/1SE 17025-2017).

3.2 . R u b b e r  p rod u ct te s tin g

R ubber p rod u cts d eriv ed  from  NR/SR 
and also  from  th erm o p lastics  w ere  tested  a s 
per the relevant nation al an d  in tern atio n a l 
stan d ard s (ex p o rt m arket). D iffere n t typ es 
o f rubber p rod u cts tested  in c lu d e  b rid g e  
b ea rin g s , ru b be r d ia p h ra g m s, pre-cu red /  
co n v en tio n a l trea d s, b o n d in g  g u m , flo o r  
m ats, H aw aii soles, sp o n g e  rubber, O -rin g s, 
b u s h e s ,  e n g in e  m o u n ts ,  a u t o m o b il e  
com p on en ts etc. T h e m a jo r  la tex  p ro d u cts 
tested  in c lu d e  e x a m in a tio n  an d  s u rg ica l



g lo v e s ,  la te x  a d h e s iv e s ,  la te x  th r e a d , 
balloon s. Folly cath eters, co n d o m s etc.

T h e  d e ta i ls  o f  th e  r u b b e r  p r o d u c ts  
tes ted  d u r in g  2 0 2 0 -2 1  is g iv e n  in  T a b le  
T C  4.

Table TC. 4. N um ber o f  sam p les tested  and the 
revenue collected <2020-2 1)

No. of samples tested 718

No. of clients 403
No. of parameters analysed 2402
Consultancy letters/e-mails 2022
Extractable protein analysis 277
Hands-on training imparted 6
No. of test reports issued 718
Component analysis 58
Total revenue collected, (Rs.) 29,41,451/-

3.3. R u b b e r  p ro d u ct d ev e lo p m e n t

T h e  d iv is io n  o f f e r s  s e r v ic e s  to  
en tre p re n e u rs  a s  w ell a s  e x is tin g  ru b b e r  
based  in d u str ie s  fo r  th e  d e v e lo p m e n t o f 
rubber p roducts b ased on both syn th etic  and 

n atu ral ru bber. T h e  q u a n tu m  o f  p ro d u ct 
develop m en t d u rin g  th e  rep o rtin g  p erio d  is 
g iven  in Table TC . 5.

Table. TC. 5 N um ber of know -how  transferred to 
industries

Name of products developed Numbers
Adhesives ■ ^

Automobile components ^

Expanded rubber sheets and soles 2
Fire resistant mats ,o
Latex based dipped and foamed goods 2

Pre-cured tread, bonding gum and tube valve 3 
Rubber hased agro machinery components 4

Rubber based engineering com ponents for railway, 
defence. BSF etc. 2
Rubber moulds 
Rubber tiles

3.4. A d v iso ry  se r v ic e s

M atters re latin g  to v ario u s  a sp ects like 
s e le c t io n  o f  r a w  m a t e r i a l s ,  d o s a g e  o f 
in g r e d ie n t s ,  r e d e s ig n  o f  fo r m u la t io n  
p ro cessin g  co n d itio n s , recen t reg u la tio n  etc. 
w ere  a lw a y s a su b je c t o f  co n ce rn  am o n g  the 
c l ie n ts .  D iv is io n  h a s  g iv e n  a p p r o p r ia te  I 
g u id a n ce  in  all th ese  a sp ects.

S o m e o f  th e  m a jo r  p u b lic  se c to r  clients 
w h o  av a iled  th e  se r v ic e s  o f  th e  d iv is io n  are 
Y S S C , B P C L , K o ch i M e tro  etc .

4. External funded projects

4 .1 . P r e p a r a t io n  o f  p r o je c t  r e p o r ts  for 
s e t t in g  u p  o f  la r g e -s c a le  fa c to r ie s

• F u l ly  a u t o m a t i c  s u r g i c a l  g lo v e s  |
m a n u f a c t u r in g  u n i t  fo r  M/s j
R a v e n b u ck  L a te x  &  S u rg ic a ls , R u bber j
P ark , Ira p u ra m , K o tta y a m .

• C o m m issio n in g  o f  the in term ix  facility !
fo r  r u b b e r  co m p o u n d in g  a t  C om m on  I
F a c i l i t y  S e r v i c e  C e n t r e  (C F S C ) ,  
M an jeri

• M a n u fa c tu re  o f  m e d ica l g lo v e s  for M/ 
s .  P ad ak  R u b b e rs  (P ) L td , A d o o r  P.O, ! 
K o ttay am .

• M a n u fa c tu re  o f  m e d ica l g lo v e s  fo r  Ml 
s . K a n n u r  N a tu ra l R u b b e r  P ro d u cts 
(P ) L td , K an n u r.

• A s p e r  th e  r e q u e s t  o f  the 
e n tr e p r e n e u r s ,  p r o je c t  p r o f i le s  and 
te c h n ic a l  b u lle t in s  w e r e  is su e d  on 
p a y m en t b asis .

4 .2 . F u n d e d  In d u s tr ia l p r o je c ts

• R e -d e s ig n e d  th e  a u to m a t ic  d ip p in g  
p la n t  a n d  a l s o  p r o v id e d  th e  
te c h n o lo g y  fo r  th e  m a n u fa c tu r e  of 
h o u s e h o ld  g lo v e s  fo r  N F B E L  India 
P v t, B o d h ju n g  N ag ar, T rip u ra

• P la n t  la y -o u t  w a s  o f fe r e d  to  M/s. 
M a x im u s R u b b e r  In d u str ie s , a tread 
r u b b e r  m a n u fa c tu rin g  u n it a t  T ripura



C o n stru c tio n  o f  the d ip p in g  p lan t for 
th e  m a n u fa c tu re  o f d isp o sab le  latex 
s h o e s  ( p a te n te d  p r o d u c t)  to  M/s. 
D N N G  and C om pan y, M um bai. 

C o n su lta n cy  to M/s K erala M in erals 
&  M eta ls  L td, C havara, Kollam  for the 
s tu d y  o n  p rem atu re  failu re o f rubber 
lin in g  m a te ria ls  in ch em ical storage 
tan k s.

• T h e  m a n u fa c tu r in g  te ch n o lo g y  for 
H aw aii so le s  h as been  transferred  to 
a n  e n tre p ren eu r, Bangalore.

• R e co m m e n d a tio n s  given  to M/s BKT 
T y res  fo r  o v ercom in g  the d efects in the 
ru b b e r  co m p o u n d .

5. Infrastructure developm ent and 
implementation of new proposals

5 .1 . R E A C H  c o m p l ia n c e  la b o r a to r y /  
L a b o r a t o r y  f o r  im p o r t e d  r u b b e r  
p ro d u cts

C o n stru c te d  a n ew  laboratory for the 
R E A C H  a n a ly sis  o f  ru bber products. 
T h e  tw o  m a jo r  m ach in es required for 
R E A C H  la b o ra to ry  viz. G C M SM San d  
1C PM S w e re  p rocu red  th rou gh GeM . 
In s ta lla tio n  o f th e  in stru m en ts is in 
p ro g ress .

6. H ands-on training

• H an d s-o n  tra in ing  for the m anufacture 
o f  E xe rc ise  Band to M/s J K Polym ers, 
P u n jab .

• O n e  d a y  h a n d s  o n  t r a in in g  to  
M a n u fa c tu re  o f carp et b ack ing  for M/s 
O sw al Polym ers, K ottayam .

• O n e  d ay  sp ecia lized  training to M/s. 
N H M P  M u lty  P roduction  Industries, 
T rip u ra  in th e  production o f fluorescent 
ru b be r b an d s
H a n d s -o n  t r a in in g  to  M/s P eriy a r  
R u b b e r  B and o n  o rth o d o n tic  rubber

band preparation, w hich com plies with 
the FD A regulations.

• Specialized hands on training to  M/s 
L e n o ra  G lo v e s  (P )  L td .o n  p r o te in  
d etection in ru bber p roducts.

• Training given  to Sh ri. H yd ro ss T  A, 
K otham angalam , on Industrial g loves 
m anufacturing.

• T rain in g g iven  to Sm t. R S  T h ankachi, 
Trivandrum  for m aking R u bber band

• G love m anufactu ring and latex coating 
on gun ny ju te b ag  w as given  to M/s 
N a m b y a ttu k u d i A g r o  In d u s tr ie s ,  
Kaladi

7. Factory visits/industry meets
• O fficers participated  in the sem in ar on  

sta rt-u p  p ro g ra m m e b y  T rav an co re  
M anagem ent A ssociation

• An online talk about "R u b ber p roducts 
m an u factu rin g  in K erala : ch a llen g es 
and op p ortu n ities" w as cond u cted  in 
the w ebin ar hosted by M SM E, T rissur 
on 23.07.2020.

• Attended the w ebinars "B asic  approach 
to m an age risk in m echanical testing 
laboratories" on 28/07/2020.

• A ttended the w ebin ars on IC P M S and 
G C M S hosted by M/s. A gilent and  M/s. 
Th erm ofisher o n  22/07/20 and 30/7/20 
respectively.

• A ttended w ebin ar on "N atu ral Rubber 
G loves M an ufacturing : P rospects and 
C o n c e r n s "  c o n d u c te d  b y  RT1 o n  
Friday, Sep  1 1 ,2 0 2 0 ,2 -5  pm .

• A tte n d e d  o n l in e  te c h n o lo g y  
dem onstration : "T y re  recycling  u sing  
ultra high p ressure w ate r" on Tuesday, 
N ovem ber 1 7 ,2 0 2 0  from  o rganized  bv 
C. G anga &  N M C G .

• O ffice rs  a tten d ed  o n lin e  tech n o lo g y  
dem onstration  "L a test trend s o n  Tyre



g lo v e s ,  la t e x  a d h e s iv e s ,  la t e x  th r e a d , 
balloon s. Folly  cath eters, co n d o m s etc.

T h e d e ta i ls  o f  th e  r u b b e r  p r o d u c ts  
te s te d  d u r in g  2 0 2 0 *2 1  is  g iv e n  in T a b le  
T C  4.

Table T C  4 N um ber o f  sam p les tested  and the 
________ revenue collected (2020-21)_________

No. of samples tested 718

No. of clients 403
No. of parameters analysed 2402
Consultancy letters/e-mails 2022
E.vtractable protein analysis 277

Hands-on training imparted 6
Nc>. of test reports issued 718
Component analysis 58
Total revenue collected, (Rs.) 29,41,451/-

3.3. R u b b e r  p ro d u ct d ev e lo p m e n t

T h e  d iv is i o n  o f f e r s  s e r v ic e s  to  
en tre p re n e u rs  a s  w ell a s  e x is tin g  ru b b e r  
based  in d u str ie s  fo r  th e  d e v e lo p m e n t o f 
rubber prod u cts b ased  on  b oth sy n th etic  and 
n atu ra l ru bber. T h e  q u a n tu m  o f  p ro d u ct 
d ev elop m en t d u rin g  th e  r ep o rtin g  p eriod  is 
g iven  in Table TC . 5.

lab le. TC. “v Num ber of know -how  transferred to 
_________  industries

Name of products developed ~  Numbers
Adhesives - ^

Automobile components ^
txpanded rubber sheets and soles 2
Fire resistant mats 6

Latex based dipped and foamed goods 2

Pre-cured tread, bonding gum and tube valve 3
Rubber based agro machinery components 4

Rubber based engineering com ponents for railway, 
defence, BSF etc. ->
Rubber moulds I
Rubber tiles 2

3.4. A d v iso ry  se r v ic e s

M atters re la tin g  to  v ario u s  a sp ects like 
s e le c t io n  o f  r a w  m a t e r i a l s ,  d o s a g e  of 
in g r e d ie n t s ,  r e d e s ig n  o f  fo r m u la t io n , 
p ro cessin g  c o n d itio n s , recen t reg u la tio n  etc. 
w ere  a lw ay s a  su b je c t o f  c o n c e rn  am o n g  the 
c l ie n ts .  D iv is io n  h a s  g iv e n  a p p r o p r ia te  
g u id a n ce  in a ll th e se  asp ects .

S o m e  o f th e  m a jo r  p u b lic  secto r  clients 
w h o av a iled  th e  se r v ic e s  o f  th e  d iv is io n  are 
V SSC , B P C L , K o ch i M e tro  etc .

4. External fund ed  p ro jects

4 .1 . P r e p a r a t io n  o f  p r o je c t  r e p o r ts  for 
s e t t in g  u p  o f  la r g e -s c a le  fa c to r ie s

• F u l ly  a u t o m a t ic  s u r g i c a l  g lo v e s  
m a n u f a c t u r in g  u n it  f o r  M/s 
R a v e n b u ck  L a tex  &  S u rg ic a ls , Rubber 
Park, Ira p u ra m , K o ttay am .

• C o m m issio n in g  o f  th e  in term ix  facility 
fo r  ru b b e r  co m p o u n d in g  a t  C om m on 
F a c i l i t y  S e r v i c e  C e n t r e  (C F S C ), 
M an jeri

• M a n u fa c tu re  o f  m e d ica l g lo v e s  for M / 
s. P ad ak  R u b b e r s  (P ) L td , A d o o r  P.O, 
K o ttay am .

• M a n u fa c tu re  o f  m e d ica l g lo v e s  for M l 
s. K a n n u r  N a tu ra l R u b b e r  P rod u cts 
(P ) L td, K an n u r.

• A s  p e r  th e  r e q u e s t  o f  the 
e n tr e p r e n e u r s ,  p r o je c t  p r o f i le s  and 
te c h n ic a l  b u l le t in s  w e r e  is su e d  on 
p a y m en t b a sis .

4.2 . F u n d ed  In d u s tr ia l p r o je c ts

• R e -d e s ig n e d  th e  a u to m a t ic  d ip p in g  
p la n t  a n d  a l s o  p r o v id e d  the 
te c h n o lo g y  fo r  th e  m a n u fa c tu r e  o f 
h o u s e h o ld  g lo v e s  fo r  N E B E L  India 
Pvt, B o d h ju n g  N ag ar, T rip u ra

• P la n t la y -o u t  w a s  o f fe r e d  to  M/s. 
M a x im u s R u b b e r  In d u str ies , a tread 
ru b be r m a n u fa c tu rin g  u n it a t  Tripura.



• C o n stru c tio n  o f  th e  d ip p in g  p lan t for 
th e  m a n u fa c tu re  o f d isp o sa b le  la tex  
s h o e s  ( p a te n te d  p r o d u c t )  to  M/s. 
D N N G  a n d  C om p an y , M u m bai.

• C o n s u lta n c y  to  M/s K era la  M in era ls 
&  M eta ls  L td , C h av ara , K ollam  fo r  the 
s tu d y  o n  p r e m a tu re  fa ilu re  o f  ru b ber 
lin in g  m a te r ia ls  in ch em ica l s to ra g e  
tan k s.

• T h e  m a n u fa c tu r in g  te c h n o lo g y  fo r  
H a w aii so le s  h a s  b een  tra n sfe rred  to 
a n  e n tre p re n e u r , B a n g a lo re .

• R e c o m m e n d a tio n s  g iv en  to  M/s B K T 
T yres fo r  o v erco m in g  th e  d efects  in the 
r u b b e r  c o m p o u n d .

5. In frastru ctu re  develop m en t and 
im plem entation o f new  proposals

5.1. R E A C H  c o m p l i a n c e  la b o r a to r y /  
L a b o r a t o r y  f o r  im p o r t e d  r u b b e r  
p ro d u cts

C o n stru c te d  a n ew  la b o ra to ry  fo r  the 
R E A C H  a n a ly s is  o f  ru b b e r  p ro d u cts.
T h e  tw o  m a jo r  m a c h in e s  req u ired  for 
R E A C H  la b o ra to ry  viz. G C M S M S a n d  
IC P M S  w e re  p ro cu re d  th ro u g h  G eM . 
In s ta lla tio n  o f  th e  in s tr u m e n ts  is in 
p ro g re s s .

6. H an d s-o n  tra in in g

• H an d s-o n  tra in in g  for th e  m an u factu re  
o f  E x e rc ise  B an d  to M/s J K  P olym ers, • 
P u n jab .

• O n e  d a y  h a n d s  o n  t r a in i n g  to  
M a n u fa c tu re  o f  ca rp e t b a ck in g  fo r  M/s 
O sw al P o ly m ers, K o ttay am .

• O n e  d a y  sp e c ia liz e d  tra in in g  to M/s. 
N H M P  M u lty  P ro d u ctio n  In d u stries, 
T rip u ra  in the p ro d u ctio n  o f  flu o rescen t 
ru b b e r  b a n d s

• H a n d s -o n  tr a in i n g  to  M/s P e r iy a r  
R u b b e r  B a n d  on  o r th o d o n tic  ru b b e r

band p reparation , w h ich  com p lies w ith 
th e  FD A  reg u lation s.

• S p ecia lized  h an d s o n  tra in in g  to  M/s 
L e n o ra  G lo v e s  (P )  L td .o n  p r o te in  
d ete ctio n  in ru b be r p rod u cts.

• T ra in in g  g iv en  to  Sh ri. H y d ro ss T  A, 
K o th am an g alam , o n  In d u str ia l g lo v es 
m an u factu rin g .

• T rain in g  g iv en  to Sm t. R  S  T h a n k a ch i, 
T riv an d ru m  for m ak in g  R u b b er b and

• G lov e m an u factu rin g  an d  latex c oatin g  
o n  g u n n y  ju te  b ag  w as g iv e n  to  M/s 
N a m b y a t t u k u d i  A g r o  In d u s t r ie s ,  
K a lad i

7 . F a c to ry  v is i ts / in d u s try  m e e ts

• O fficers  p a rtic ip a ted  in  th e  s e m in a r  on 
s ta r t-u p  p r o g ra m m e  b y  T r a v a n c o r e  
M a n a g em en t A sso cia tio n

• A n  o n lin e  ta lk  a b o u t "R u b b e r  p ro d u cts 
m a n u fa c tu rin g  in  K era la : ch a lle n g e s  
and  o p p o rtu n itie s " w as co n d u cted  in 
th e  w eb in a r  h o sted  b y  M S M E , T rissu r 
o n  23 .07 .2020 .

• A ttend ed  the w eb in ars "B a s ic  ap p ro ach  
to m a n a g e  risk  in m e ch a n ica l testin g  
la b o r a to r ie s "  o n  28/07/2020.

• A tten d ed  th e  w eb in a rs  o n  IC P M S  an d  
G C M S  h o sted  b y  M/s. A g ile n t an d  M/s. 
T h e rm o fish e r  o n  22/07/20 an d  30/7/20 
resp ectively .

A tten d ed  w e b in a r  o n  "N a tu ra l R u b b er 
G lo v e s  M a n u fa c tu r in g : P ro sp e c ts  an d  
C o n c e r n s "  c o n d u c t e d  b y  R T I  o n  
F rid a y , S ep  11, 2 020 , 2 -5  pm . 

A t t e n d e d  o n l in e  t e c h n o l o g y  
d e m o n stra tio n : "T y re  r e cy c lin g  u sin g  
u ltra  h ig h  p ressu re  w a te r"  o n  Tuesday, 
N o v e m b e r  1 7 ,2 0 2 0  fro m  o rg a n iz e d  b y 
C . G a n g a  &  N M C G .

O ff ic e r s  a tte n d e d  o n lin e  te c h n o lo g y  
d em o n stra tio n  "L a te s t  tre n d s o n  T yre



R etread in g" on 18.12. 2020  organized  

by RTI-IRI.

8. Industrial training/ 
demonstrations

• G iv e n  w e b in a rs  o n  to p ic s  " L a t e x  
p r o d u c ts  m a n u f a c t u r in g "  a n d  
"O v erv iew  o f  the ru b ber se c to r  and 
scop e fo r  en tre p re n e u rsh ip " a s  part 
o f  the E ntrep ren eu rship  D evelop m ent 
in R u b b e r  S e c to r  in K e r a la  o n  20"' 
A u g u st 2020.

• C o n d u c te d  a o n e -d a y  w o r k s h o p  on 
r u b b e r  p r o d tit  m a n u fa c tu r in g  for 
o n e  b a t c h  o f  s t u d e n t s  a t  C F S C , 
C h a n g a n a ch e rry .

VII. G u id a n ce  to P h .D  an d  M a ste rs  th e sis

• T h re e  s tu d e n ts  a r e  c o n d u c tin g  PhD  
p ro g ra m m e s in  th e  D iv is io n .

• T h r e e  s t u d e n t s  f r o m  M /s. C e n tra l 
In stitu te o f P etro ch em icals E ngineering 
&  T ech n o lo g y  (C IP E T ), D ep a rtm en t o f 
C h em ica ls  and  P e tro ch e m ica l, Kochi 
jo in ed  fo r  p ro je c t w o rk .

E C O N O M IC S  D IV IS IO N

T h e  b r o a d  r e s e a r c h  a r e a s  o f  th e  
D iv ision  co m p ris e s  o f  fa rm  m a n a g em e n t, 
p rim ary  p ro cess in g  an d  m a rk etin g , ru b b e r  
p r o d u c ts  m a n u fa c tu r in g  in d u s tr y  a n d  
fo r e ig n  tr a d e ,  a n d  in t e r c r o p s  a n d  b y ­
p ro d u cts . In  th e se  a r e a s  in te r - d iv is io n a l 
co llab o ra te  p ro jects  a re  a lso  u n d ertak en  for 
c o m p r e h e n s i v e  u n d e r s t a n d in g  o f  th e  
sec to r. D e ta ils  o f  w o rk  d o n e  d u r in g  th e  
rep o rtin g  p eriod  are  g iv en  in th e  fo llo w in g  
sectio n .

1 . T ariff p olicies and external trade 
p erform an ce o f In d ia 's  ru b b er 
and ru bber products un d er the 
R e g io n a l  T ra d e  A g re e m e n ts  
(RTAs)

T h e m ajor o b jectiv e s  o f  th e  s tu d y  are  
to an aly se  th e  tar iffs  a n d  tariff  p o lic ies  on 
ru b ber and ru b ber p ro d u cts  o f  In d ia  u n d er 
its RTA s , to  an a ly se  th e  im p a ct o f  ta r iff  
p o lic ies  u n d er th e  R T A s o f  In d ia  o n  th e  
im port o f m ajor ru b ber and  p ro d u cts, and 
to h ighligh t the p olicy  im p lica tio n s  based  
on the results o f the stu d y  for a su s ta in a b le

r u b b e r  i n d u s t r y  o f  I n d ia .  A n a l y s i s  o f 
im p a c ts  o f  ta r i f f  lib e r a lis a t io n  u n d e r  the 
R T A s o n  raw  m a te ria ls  o f  r u b b e r  (1 9  tariff 
lin es) a n d  in te rm e d ia te  r u b b e r  p r o d u c ts  (11 
ta r iff  lin es) fo u n d  th a t in  th e  c a se  o f  N R  no 
ta r iff  lin es  e x h ib ite d  g ro w th  in  im p o rt d u e 
to the ta r iff  p o lic ies  u n d e r  th e  R T A s o f India. 
F o r  S R , th e  ta r iff  p o lic ie s  o f  In d ia  u n d e r  the 
R TA s ca u se s  g ro w th  in im p o rt o f  f iv e  ta r iff  
lin es  an d  fo r  R R  a lso  th e  ta r iff  co n ce ss io n  
g iv en  u n d er th e  R T A s w a s  a m a jo r  fa cto r  for 
th e  g ro w th  in  im p o rts  in to  In d ia . T h e  resu lts  
o f  th e  a n a ly s is  o n  in t e r m e d ia t e  r u b b e r  
p ro d u cts  sh o w s  th a t m o re  th a n  th e  tar iff 
policy , th e  g ro w th  in th e  d o m e stic  e co n o m y  
o f  In d ia  is  th e  p r im e  r e a s o n  fo r  h ig h e r  
im p o r t  g r o w th  o f  i t e m s  u n d e r  th e  
in te r m e d ia t e  r u b b e r  p r o d u c t s  in t o  th e  
coun try .

2. C o st o f  c u lt iv a tio n  o f  r u b b e r  in  m a jo r
ru b b e r  p ro d u c in g  s ta te s  o f  In d ia

T h e  s ta te -w ise  in fo rm a tio n  o n  a ctu a l 
c o s t  o f  c u lt iv a tio n / p r o d u c t io n  o f  r u b b e r  
in c u rr e d  b y  th e  fa r m e r s  is  e s s e n t ia l  fo r  
fo r m u la tio n  o f  v a r io u s  p o lic y  m e a su r e s .



Butsuch s ta te -w ise  a c tu a l c o s t  o f  cu ltiv a tion  
data is cu rre n tly  n o t a v a ila b le  w ith  R u bber 
Board. H e n c e , th e  E x e c u tiv e  D ire c to r  o f 
Rubber B oard  h a s  d irected  to  estim ate  actu al 
cost o f c u lt iv a tio n / p r o d u c t io n  o f n a tu ra l 
rubber in K e ra la , T am il N ad u , K arn atak a , 
O disha, A ssa m , T r ip u r a , M e g h a la y a  an d  
N agaland. P r im a ry  d a ta  w ill b e  co lle cted  
from ru b be r g r o w e rs  o f th e  a fo re sa id  S ta tes  
u sin g  w e l l - s t r u c t u r e d  q u e s t io n n a i r e s .  
Separate q u e s tio n n a ire s  w e re  d ev e lo p e d  for 
collecting d a ta  fro m  im m a tu re  an d  m atu re 
rubber p la n ta tio n s . D a ta  w ill b e  co lle c ted  
from ra n d o m ly  s e le c te d  re sp o n d e n ts  u sin g  
officials o f  e x te n s io n  d e p a r tm e n t o f R u b b er 
Board. 100 0  u n its  e a c h  fro m  m a tu re  and 
im m atu re p la n ta tio n s  w ill b e  cov ed  u n d er 
the s tu d y . D a ta  c o lle c t io n  w a s  in itia te d  
closing th e  r e p o rt in g  p erio d .

3. S o c io -e c o n o m ic  im p a c t  o f  
n atural ru b b e r cu ltivation  under 
th e  b lo c k  p la n t in g  sch e m e  in  
Tripura

T h e  fir s t  c o m p re h e n s iv e  s tu d y  on the 
socio e c o n o m ic  im p a c t  o f  N R  cu lt iv a tio n  
under th e  b lo c k  p la n tin g  s c h e m e  o f T rip u ra  
was c o m p leted  a n d  rep o rted  d u rin g  th e  year 
2009-10. A  s u r v e y  in  th e  s a m e  re g io n  w as 
ag a in  c a r r ie d  o u t  w it h  th e  o b je c t i v e  o f  
cap tu rin g  th e  d e c a d a l c h a n g e s  in th e  so c io ­
econ om ic c h a r a c te r is t ic s  o f th e  tr ib a l ru b ber 
g r o w e r s  in  T r ip u r a  d u e  to  r u b b e r  
cu ltivation . A  to ta l o f 421 ru b b e r  g ro w ers  
in T ripura b e lo n g in g  to  n in e  B lo ck  P lan tin g  
U nits (B P U s) a n d  tw o  G ro u p  P ro ce ss in g  
C entres (G P C s) w e re  s u rv e y e d . T h e  B P U s 
s u r v e y e d  a r e  R a n i ,  R a m b a b u  P a r a , 
K h am berbari, D a ria b a g m a , K ariy a m u ra , PS 
P a ra , R S  P a r a ,  K a m a la s a g a r  a n d  
Laxm and ep h a an d  th e  tw o  G P U s a re  B ag m a 
and Ja n m a b h u m i. D a ta  c o m p ila t io n  an d  
analysis is  p r o g re s s in g .

4. A d o p tio n  o f  re c o m m e n d e d  
p ractices fo r ru b b e r cu ltiv a tio n  
by  sm a llh o ld in g s

T h e  R u b b e r  B o a r d  r e c o m m e n d s  
v a rio u s  r u b b e r  c u lt iv a t io n  p r a c t ic e s  fo r  
in cre a s in g  p r o d u ctiv ity  an d  r e d u c in g  c o s t  
o f p ro d u ctio n  o f  ru b b e r. T h o u g h  a d o p tio n  
o f tech n o lo g ies  d ev e lo p e d  b y  R u b b e r  B oard  
lik e  im p ro v ed  c lo n e s  a r e  w id e ly  a d o p ted  
b y  farm ers , te c h n o lo g ie s  r e co m m e n d e d  fo r  
b e t t e r  fa r m  m a n a g e m e n t  a r e  n o t  w e ll  
rece iv ed  b y  fa rm ers . T h o u g h  th e  R u b b e r  
B o ard  to o k  co n ce rte d  e f fo r ts  to  p o p u la rise  
th e s e  r u b b e r  p r o d u c t i o n  t e c h n o l o g ie s  
th ro u g h  its e x te n s io n  n e tw o rk , a d o p tio n  by 
th e  fa rm e rs  w e re  n o t e n c o u ra g in g . In  th is  
b a ck d ro p , a s tu d y  h a s  been  u n d ertak en  by 
the D iv ision  to stu d y  the level o f a d o p tio n  o f 
d ifferen t rubber p rod u ction  tech n o lo g ies  by 
the sm allholders, to stu d y  farm ers' percep tio n  
o n  ru b be r p ro d u ctio n  te c h n o lo g ie s  a n d  to 
s tu d y  th e  fa c to r s  in f lu e n c in g  te c h n o lo g y  
a d o p t io n  b y  r u b b e r  g r o w e r s .  A  w e ll -  
s tru ctu red  q u e s tio n n a ire  w as p re p a re d  for 
co llecting  data. D ata  w ill b e  co lle cted  fro m  
1000 ran d om ly  sele cted  farm ers  from  So u th , 
C e n tra l, N o rth -c e n tr a l a n d  N o rth  K e r a la . 
D e s c r ip t iv e  s t a t i s t i c s ,  A d o p t io n  I n d e x ,  
A d o p tio n  q u o tien t and  L ik ert S c a le  w ill b e  
used  for in terp re tin g  th e  d a ta . A  p ilo t s u rv e y  
w as c o n d u cte d  d u r in g  th e  r e p o rt in g  p erio d  
c o v e r in g  130  r e sp o n d e n ts .

5. Trend s in  ru b b e r co n su m p tio n  
in  th e  n o n - t y r e  s e c t o r :  A n  
exp loratory  a n a ly s is

A  stu d y  o f  th e  tr e n d s  in  co n s u m p tio n  
o f  r u b b e r  b y  th e  n o n -ty r e  m a n u fa c tu r e r s  
w a s  u n d e rta k e n  to  a n a ly s e  th e  tr e n d s  in th e  
co m p o sitio n  o f  c o n s u m p tio n  o f r u b b e r  in the 
s e le c te d  p r o d u c ts , to  id e n tify  th e  te c h n o - 
e co n o m ic  fa cto rs  c o n trib u tin g  to  th e  c h an g es



in th e  c o m p o s itio n  o f  N R  c o n s u m p t io n  
in  th e  n o n -ty r e  se c to r , to  a n a ly s e  th e  ro le  
of' im p o rts  in  d e te rm in in g  th e  d o m e s t ic  
c o m p o s itio n  o f  c o n s u m p t io n  in  th e  n o n ­
ty re  se c to r  a n d  to  h ig h lig h t  th e  p o lic y  
im p lic a tio n s  o f t h e  r e s u lts . F i le d  s u r v e y  
w a s  i n i t i a t e d  d u r i n g  th e  r e p o r t i n g  
p erio d .

6. E s t im a tio n  o f  c o m m e rc ia l 
ru bber tim ber y ield  in  Kerala

Th e p roject a im s to estim ate  the tim ber 
yield  from  ru bber e sta tes in the traditional 
region. R ubber tree data o f o v er 9 0 ,000  trees 
w e re  c o lle c te d  fro m  p u b l ic  s e c t o r  
u n d e r ta k in g s  l ik e  th e  S t a te  F a r m in g  
C orp oration o f Kerala (SFC K ), R eh abilitation  
Plantation Lim ited  (R P L ) and A rasu  R u bber 
C o rp o ra tio n . C lo n e  w ise , fe llin g  ag e  w ise  
tim ber yield  w ould b e  estim ated  u sing  the 
data. G irth o f  trees at 150 cm  from  the bud 
union and length till the first b ran ch in g  w as 
c o lle c te d  fro m  th e  e s ta te s .  C o lla t io n  o f  
c o lle c te d  d a ta  w as in it ia te d  d u r in g  th e  
rep o rtin g  period.

7. Agrarian distress and livelihood  
strategies o f  sm all farm ers: the 
case o f  natural ru bber in  K erala, 
India

T h e m ajor o b jective s w ere  to stu d y  the 
liv e lih o o d  s tra te g ie s  o f  sm a ll fa r m e r s  o f 
natu ral ru bber in In dia, e sp ecia lly  in K erala, 
in  th e  b a c k g r o u n d  o f  th e  c r i s i s  in N R  
p la n ta t io n  s e c t o r  c o n s e q u e n t  to  th e  
co n s isten t fall in N R p rice  fo r  m o re  th an  o n e 
d ecad e sin ce  2011. T h is  s tu d y  is b ased  on 

both p rim ary  and  seco n d ary  d ata  so u rces. 
P rim ary su rv ey  w ill be co n d u cted  from  300 
m arg in al, sm all, and m e d iu m  h o u seh o ld s 
in th ree v illages, T alu k s an d  D istr ic ts  ea ch

in th ree  re g io n s  in  K era la  (S o u th , C entral 
an d  N o rth ). T h e  v illa g e s  w ere  id en tified  
u sin g  the data  b a s e  o f  R u b b e r  Prod u ction  
In cen tiv e  S ch e m e  (R P IS ) o f th e  G o v ern m en t 
o f  K e r a la . A c c o r d in g ly , 1 1 4  s a m p le s  in 
E la m a d e  v il la g e  in K o t ta r a k a r a  T a lu k  o f 
K o l la m  d is t r i c t  in  s o u th e r n  K e r a la ,  73 

S a m p le s  in  K o n d o o r  v illa g e  in  M een ach il 
T alu k  in K o ttay am  d istr ic t in cen tra l K erala, 

a n d  1 1 3  s a m p le s  in  T h im ir i  v i l la g e  in 
T h a lip a ra m b a  ta lu k  o f  K a n n u r  d is tr ic t  in 
n o r th e r n  r e g io n s  h a v e  b e e n  id e n t if ie d  
s u rv e y . Q u e s t io n n a ir e  r e q u ir e d  fo r  the 
su rv e y  h as b e e n  p re p a re d  a n d  th e  su rv ey  
w ill b e  in itia te d  so o n .

8. D e -in s titu tio n a lis a tio n  and its 
im p lica tio n s on  th e  cultivation  
o f n atural ru b b e r in  In d ia

T h e  stu d y  w as u n d e rta k e n  to  ex p lo re  
th e  im p l ic a t i o n s  o f  th e  w it h d r a w a l  o f 
in stitu tio n a l in te r v e n tio n s  in tro d u ce d  sin ce 
th e  in c e p t io n  o f  N R  c u l t iv a t io n  in  the 
co u n try  o n  th e  su s ta in a b il ity  o f  N R  secto r  
in th e  cou n try . S e co n d a ry  d a ta  w as u sed  for 
th e  s t u d y  a n d  d a ta  p r o c e s s i n g  is 
p ro g ress in g .

9. R o le  o f M icro -lev e l C lu sters  at 
G rass R o ot Level: T h e  C ase of 
R u b b er P ro d u cers  S o c ie t ie s  in 
th e  D e v e lo p m e n t  o f  N a tu ra l 
R u b b er C u ltiv atio n  in  Ind ia

T h e  m a jo r  o b jec tiv e s  o f  th e  s tu d y  w ere 
to  e x a m in e  th e  ro le  o f  R u b b e r  P ro d u c e rs  
S o c ie t ie s  (R P S s )  in  th e  D e v e lo p m e n t  o f 
N atu ra l R u b b e r  cu lt iv a tio n  in In d ia . T h e 
r e g io n a l o f f ic e -w is e  d a ta  r e q u ir e d  w ere  
co llected  from  th e R P  D ep a rtm en t o f  R u bber 
B o a rd . D ata  c o m p ila tio n  an d  p ro ce ss in g  are 
p ro g ress in g .



T h e  C e n t r a l  E x p e r im e n t  S t a t io n , 
C hethackal e sta b lish e d  in 1966 is situ ated  at 
a d istan ce  o f  a b o u t 56  km  from  K ottayam . 
The S ta tio n  h a s  a  total lan d  area o f 254 .76  ha. 
The S ta tio n  m e ets  th e  field  trial n ee d s o f the 
S c ie n tis ts  o f  v a r io u s  d is c ip lin e s  lik e  cro p  
im p r o v e m e n t ,  c r o p  m a n a g e m e n t ,  c r o p  
p ro tectio n , c ro p  p h y sio lo g y , la tex  h arv est 
tech nology a n d  m e teo ro lo g ica l observation . 
Th e S ta tio n  w o rk s  u n d e r  A and B  D iv isio n s 
o f a lm o st eq u a l a re a . T h e  p rio rity  area s  o f 
ex p erim en ta tio n  a t  p resen t a re  b ree d in g  for 
high y ie ld  a n d  o th e r  b e n e fic ia l seco n d a ry  
ch aracters w ith  sp e c ia l em p h a sis  o n  d isease  
and d ro u g h t to lera n ce , e v a lu atio n  o f c lon es 
d eveloped  co n v en tio n a lly , n u tritio n  studies, 
in tercro p p in g  sy stem s, red u ctio n  in  co st o f 
cu ltivation , low  fre q u e n cy  tap p in g  sy stem s 
etc.

T o ta l n u m b e r  o f  resea rch  tr ia ls  u n d er 
v ario u s D iv is io n s  a re  9 7 . A  th ree  p art tree 
cro w n b u d d e d  a re a  w ith  ca n o p y  fro m  FX 
5 1 6  is  la id  to  s t u d y  d is e a s e  r e s is ta n c e  
m e ch a n ism s. T h e  E d d y  C o v a ria n c e  to w er 
gives m icro  e n v iro n m e n ta l d ata . T h e  S ta tio n  
is a lso  fu n c tio n in g  a s  a c e n tre  fo r  tra in in g  
in v a rio u s  a sp e c ts  in fa rm in g  o p e ra tio n s  o f 
ru b ber p la n ta tio n  in d u stry .

D u rin g  th e  re p o rt in g  p erio d , th e  total 
crop  re a liz e d  w a s  9 7 .6 0  M T. A  to ta l o f 272  
tap p ing  d a y s  w a s  p o ss ib le  in  th e  y e a r  and  
56 ta p p e rs  w e re  e n g a g e d  fo r  tap p in g . T h e 
total m a n -d a y s  e n g a g e d  in  th is S ta tio n  w ere  
3 1 3 5 2  d a y s .  T h e  S t a t i o n  h a v in g  1 5 3  
p e r m a n e n t  w o r k e r s  is  m a n a g e d  b y  th e

O ff ic e r - in -c h a r g e  w ith  2 6  s t a f f  fo r  o f f ic e  
a d m i n is t r a t io n ,  fa r m  m a n a g e m e n t ,  
d is p e n s a r y ,  s e c u r it y  a n d  c a n t e e n .  T h e  
d isp en sary  a ttach ed  to th e  S ta tio n  ca te rs  to 
the m ed ical n ee d s o f th e  w orkers . T h e  total 
patien ts a tten d ed  to  d u r in g  the p eriod  u n d er 
r e p o r t  w e r e  2 0 5 2 .  A  m e d ic a l  c a m p  fo r  
A ntigen  Test o f C o v id -19  h as b een  con d u cted  
a t  C E S  D isp en sary . T h e  to ta l IE B R  ra ised  
d u r in g  th e  r e p o r t in g  p e r io d  w a s  R s . 
1,27,45,867/-.

A R u b b e r  D e m o  P r o je c t  h a s  b e e n  
in itia ted  in th is  S ta tio n  in M arch  202 1  a s  a 
p a rt o f F a rm  T o u rism  p ro g ra m m e . A  n o vel 
ho m estead  p lan tin g  s y stem  w ith  ru b b e r  and  
5  tro p ica l fru it sp e c ie s  w as laid  in a field  trial 
in  an  a r e a  o f  2 .5  h a . T h e  o b je c t iv e  is  to  
m a x im iz e  u tiliz a tio n  o f  lan d  a n d  su n lig h t 
fo r  in c re a s in g  la n d  p r o d u c tiv i ty  a n d  n e t 
in co m e  a n d  th e d e ta ils  a re  a s  fo llo w s:

Table CES. I. D etails o f hom estead p lan tin g system

SI. Treatm ents
No.

1. Rubber + M angoosteen (20* x 20')

2, Rubber + Achachairu ( 2 5 ' x 20 ')

3. Rubber + Vietnam super early jack fruit (10 ' x 10')

4. Rubber + Abiu (20' x 15')
5. Rubber + Longkong (20' x 15’)

T h e  p r o je c t  o n  in te r c ro p p in g  c o ffe e , 
g in g e r  a n d  t u r m e r ic  in  m a t u r e  r u b b e r  
p la n ta tio n s  to  g e n e ra te  a d d itio n a l in c o m e  
fo r  r u b b e r  g r o w e rs  w e re  in itia te d .



1. Crop im provem ent

1.1. O n -farm  ev a lu atio n  o f  se le cted  o rle ts  
o f H ev ea

In  an a ttem p t to  ev alu ate  p erform an ce 
o f selected  p ro m isin g  o rtets  u n d er the a gro- 
clim atic  condition s o f  A ssam , five g en otyp es 
(3  p r im a ry  o r te t  s e le c tio n s  v iz . R R S G  9, 
RR SG  3  an d  R R SG  1 an d  tw o c lo n e s  viz. 
RRIM  600  and  R R II 4 29 ) w ere  p la n ted  in 
la rg e  sca le  in  M o rig a o n  d istric t . G irth  o f 
ortets a fter  4 y ears o f  p la n tin g  w as a t  p ar 
w ith  R R IM  600. H ow ever, m ean  g ir th  o f 
RRII 429 w as high com p ared  to  th at o f RRIM  
600  and o th er  ortets.

Table Ghy. 1. Girth at 4  year o f  planting
Name of 
clones/ortets

Me^n girth 
at 4 year of 
planting (cm)

Range of 
girth

RRIM 600 25.8 17 .0 -38 .8
RRSG 1 26.1 18.9 - 35.5
RRSG 3 26.2 19.0 - 34.5
RRSG9 24.9 16.0-35.1
RRII 429 29.2 17 .8-42 .1
CD (Pd«0,05) NS

1.2. O n  fa r m  e v a lu a t io n  o f  p o t e n t i a l  
c lo n e s

F o r fin al e v a lu atio n  o f  p o ten tia l c lon es 
o f  N E  u n d e r  th e  a g r o c lim a te  o f  A ssa m , 
b u d d in g  o f  SC A T C  88/13, R R II 4 29 , R R JI 417 ’ 
R R IM  6 0 0  an d  R R II 2 0 8  w as c o m p le te d  and 
p o ly b a g  p lan ts  w ere  ra ised . P la n tin g  w ill be 
d o n e  in n e x t se a so n . A rea  w a s c lea red  and 
fie ld  p re p a ra tio n  w as u n d e r  p ro g re s s .

2. C rop m an agem en t
2.1. S o i l  f e r t i l i t y  m a p p in g  in  A s s a m , 

A r u n a c h a l P r a d e s h ,  W e s t  B e n g a l ,  
M a n ip u r , M iz o r a m  a n d  N a g a la n d

In  an  a t te m p t o n  s u r v e y  o f  r u b b e r  
g r o w in g  s o i l s  o f  N o r t h - E a s t  I n d ia  fo r  
d e v e lo p in g  so il fe r tility  a s s e s s m e n t based  
o n lin e  fe r tiliz e r  r e c o m m e n d a tio n  sy ste m , a 
total o f  4 8 4  soil sa m p le s  w ere  c o lle c te d  from  
A ssa m . L o ca tio n  c o o r d in a te s  o f  a ll th e  soil 
sa m p le s  w e re  re c o rd e d  u s in g  G P S  d ev ice  
a lo n g  w ith  d ata  re la ted  to  c u ltu ra l p ra c tice s  
o f  ea ch  lo ca tio n . S o il sa m p le  c o lle c tio n  from  
W e s t  B e n g a l ,  A r u n a c h a l  P r a d e s h  a n d  
M a n ip u r w ere  a lr e a d y  co m p le te d .

R E G IO N A L  R E S E A R C H  S T A T IO N , A G A R T A L A , T R IP U R A

T h e S ta tio n  c o n tin u e d  its  r e s e a rc h  
a c t iv i t i e s  in  f o u r  m a jo r  a r e a s  v iz .  i)  
e v a lu atio n  o f  c lo n e s , ii) c ro p  m a n a g em e n t, 
iii)  la te x  h a r v e s t in g  an d  iv )  e c o s y s te m  
s t u d ie s .  A d v is o r y  s e r v i c e s  o n  
d iscrim in a to ry  fer tiliz a tio n  to g ro w ers  and 
D RC  a n a ly sis  a re  b e in g  co n tin u ed .

1* Crop im p rovem ent

T h e  c ro p  im p ro v e m e n t p ro g ra m m e s 
are  b e in g  co n tin u ed  fo r  d ev e lo p m e n t and

e v a lu a t io n  o f  c lo n e s  fo r  th is  re g io n . E ig h ty  
e ig h t s e le c te d  c lo n e s  v iz . 2 0  h y b r id s , 21 O P  
p r o g e n ie s  an d  4 7  h a lf-s ib  p r o g e n ie s  w ere  
u n d e r  e v a lu a t io n  in  s ix  c lo n a i a n d  se e d lin g  
n u rse r ie s .

F r o m  c lo n a l n u r s e r y  e v a lu a t io n  ol 
se le c te d  O F  p r o g e n ie s  (2 0 1 3 ) ,  s e v e n  O f  
p ro g e n ie s  w e re  p la n te d  w ith  th re e  ch eck  
c lo n e s  (R R II 208 , R R II 4 2 9  an d  R R IM  

A m o n g  th e O P  p r o g e n ie s  h ig h e s t g ir th  w as 
o b serv ed  fo r  A G O P  08A /23 i.e., 4 3 .3  cm  and



is  s ig n if ic a n t ly  s u p e r io r  g ir th  co m p a re d  to 
check c lo n e s . M e a n  h ig h e s t  te s t ta p  yield  
for la s t  th r e e  s e a s o n s  w a s r e c o rd e d  fo r  
A G OP08/31 i.e ., 1 5 1 .7  g  f 1 10  f 1 w h ich  is 
h ig h er th a n  a ll th e  c h e c k  c lo n e s . In a n o th er  
clon al n u rs e r y  o f  O P  p r o g e n ie s  tria l (2014), 
14 O P  p r o g e n ie s  p la n te d  a lo n g  w ith  th ree  
check  c lo n e s  (R R IM  6 0 0 , R R II 4 2 9  an d  RR II 
2 08 ) h ig h e s t  te s t  ta p  y ie ld  fo r  la s t  th re e  
seaso n s w a s r e c o rd e d  fo r  A G O P  08B/15 i.e..
115.4 g  t 1 10 f 'w h ic h  is h ig h e r  th an  a ll the 
ch eck  c lo n e s .

In  c lo n a l n u rs e r y  tr ia l o f  s e le c te d  half- 
sib p r o g e n ie s  (2 0 1 4 ) ,  13  se le c te d  h a lf-s ib  
c lo n e s  p la n te d  w ith  4  c h e c k  c lo n e s  i.e ., 
RRIM  6 0 0 , R R II  105 , R R II 4 2 9  an d  R R II 208 
A G H S  09/62 sh o w e d  m a x im u m  g ir th  i.e.,
41.2  cm  a m o n g  th e  c lo n e s . H ig h e s t m ean 
te s t ta p  y ie ld  fo r  la s t  th re e  s e a s o n s  w as 
reco rd ed  fo r  A G H S  09/ 207 i.e ., 1 2 0 .9  g  t 1 
10 f 1 w h ic h  w a s  lo w e r  th a n  c h e c k  c lo n es . 
In a n o th e r  h a l f -s ib  p r o g e n ie s  tr ia l (20 1 5 ), 
test ta p  y ie ld  d a ta  sh o w e d  th a t A G H S  10/ 
108 an d  A G H S  10/ 428 r e c o rd e d  1 1 4 .9  and
112.1  g  t 1 1 0  t 1 r e s p e c t iv e ly .  T h e  c h e c k  
c lo n es, R R II 2 0 8  a n d  R R IM  6 0 0  reco rd ed  
the te s t  ta p  y ie ld  o f  7 0 .9  a n d  7 3 .3  g  t' 1 10  t

1 resp ectiv e ly .

In  c l o n a l  n u r s e r y  e v a l u a t i o n  o f  
se le cted  h y b r id s  (2 0 1 3 ) , 10  s e le c te d  h y b r id s  
w ere c lo n e d  a n d  p la n te d  w ith  ch e ck  c lo n e  
RRII 208 , R R II 4 2 9  an d  RRLM  600 . T h e  m ean  
h ig h e st te s t  ta p  y ie ld  fo r  la s t th re e  s e a so n s  
w as re co rd e d  fo r  A G H Y 07/ 11 i.e., 157.1 g  f  
10 t 'w h ic h  is  h ig h e r  th a n  a ll  th e  c h e c k  
c lo n e s . In  a n o t h e r  h y b r id s  t r ia l  (2 0 1 5 ) ,  
A G H Y  09/20 r e c o rd e d  h ig h e s t a v e ra g e  te s t 
tap y ie ld  o f  4 1 .7  g  f '  10 t 1 fo llo w ed  b y  c h eck  
clon es, R R II 4 2 9  (4 0 .2  g  t 1 10  t'1 ), R R IM  600  
(41.7 g  t ' 10  t ‘)  a n d  R R II 2 0 8  (4 4 .1 g  f  1 0 1 ').

I n  l a r g e  s c a l e  c lo n e  t r i a l  ( 2 0 1 5 )  
c o n s is tin g  15  c lo n e s  (D D /A G R/6/16, DD/

AGR/6/5, R R S A  114, R R S A  121 , R R S A  585 , 
R R SG  2 4 8 , R R S T  3 7 , 98/38, 98/46, 99/1/24, 
99/5/9, R R II 208 , R R IM  6 0 0 , R R S A  9 8  an d  
R R S A  3 1 5 ) ,  c lo n e  D D / A G R  6/5 sh o w e d  
h ig h e st g ir th  (4 7 .8  cm ) fo llo w ed  b y  DD/ 
A G R /6/ 5 (4 2 .0  c m )  d u r in g  s ix t h  y e a r  
co m p a red  to  co n tro l R R IM  6 0 0  (3 9 .8  cm ).

In  G e n o t y p e  X  E n v ir o n m e n t  
in teraction  tria l (2019), th e  g irth  ran ged  from
3 cm  to  7 .45  cm  an d  h e ig h t ra n g ed  fro m  60 
cm  to  3 0 7  c m  d u r in g  se co n d  y e a r  a m o n g  57  
g en o ty p es . H ig h er g ir th  (a t 3 0  cm  h e ig h t) 
w as reco rd ed  in  P/77 (7 .4 5  cm ) fo llo w ed  by 
IA N  8 7 3  (7 .2 6  cm ) an d  R R II 2 0 8  (7 .2 2  cm )/

S t a n d a r d i z a t io n  o f  d i s t i n c t n e s s ,  
u n ifo r m it y  a n d  s t a b i l i t y  (D U S )  te s t in g  
n o r m s  in  5 7  c lo n e s ,  2 1 3  w ild  H e v e a  
g e r m p la s m  a c c e s s io n s  a n d  a b r e e d in g  
o rch ard  a re  b e in g  m a in ta in ed  in th e  S ta tio n .

2. Crop m an ag em en t

T h e  t r ia l  o n  e v a lu a t io n  o f  m u l t i ­
faceted  lan d  u se  s y s te m  u n d e r  r u b b e r  b ased  
h o m estea d  fa rm in g  is  b e in g  co n t in u e d . A  
p o p u la r  fru it o rch a rd  h a s  b e e n  e s ta b lis h e d  
w ith  se v e n  sp e c ie s  v iz . M a n g o  (M a n g ife r a  
in d ictt), L itc h i (L it c h i  c h it ie n s is )  J a c k f r u i t  
(A rtocarpu s h e lerop h y llu s), In d ia n  b la c k  b erry  
(E u g en ia  ja m b o la n ) , E le p h a n t a p p le  (D illen ia  
in d ic a ) , P o m e lo  (C itr u s  g r a n d is  ) a n d  S ta r  

g o o s e b e r r y  ( P h y l l a n t h u s  a c i d u s )  n e a r  
h o m e ste a d  fa rm in g  tr ia l.

E v a lu a t io n  o f  m e d ic in a l p la n ts  u n d e r  
m a tu re  an d  im m a tu re  r u b b e r  (re c ta n g u la r  
s p a c in g ) h a s  b e e n  in it ia te d  a t  T a r a n a g a r  
fa r m . S ix  d i f f e r e n t  s p e c ie s  v iz .  A r ju n a  

(T erm in alia  a r ju n a ) ,  B a k u l (M im u s o p e e le n g i) ,  
A g a r (A q u ila r ia  a g a llo c h a ) , A m la  ( P ly lla n th u s  
e m b l i c a ) ,  B e h e r a  ( T e r m i n a l i a  b e l l i r i c a ) ,  
H a r i ta k i  (T e r m in a l ia  c h e b u la )  h a v e  b e e n  
p la n te d  in  in te r  r o w  s p a c e s  a v a ila b le  in  th e  
m ain  c ro p  o f  r u b b e r  p la n ta tio n .



In e v a lu a t io n  o f  c r o p p in g  s y s te m  
m o d e l,  th e  g i r t h  o f  r u b b e r  in  th e  
i n te r c r o p p in g  p lo t s  ( 6 4 .3  cm  6 4 .1  cm  
r e sp e c tiv e ly  fo r  M o d e l I an d  II) a n d  in 
m o n ocrop p ed  p lo ts (6 3 .8  cm  an d  64.1 cm  
r e s p e c t i v e l y  f o r  M o d e l I a n d  I I )  is 
s t a t i s t i c a l l y  o n  p a r  a f t e r  1 2  y e a r s  o f  
p la n tin g . T h e d ry  ru b b e r  y ie ld  o b ta in e d  
from  in tercro p  and  m o n o cro p  in b o th  the 
M od els a r c  a lso  on  p ar  i.e., 1602  an d  1578 
k g  h a  1 fo r  in te r c r o p  a n d  m o n o c r o p  in  
M od el I and  1542 k g  ha ' and  157 6  k g  ha 1 
in M od el II resp ectively .

In th e  s k ip p in g  fe r tiliz e r  ex p e rim e n t, 
the g irth  o f  ru b ber in 'N o  fertilizer  p lo t ' and 
co n v en tio n a l fe rtilized  p lo ts  is  s ta tis tica lly  
o n  p a r  in both  d ie  y e a rs  i.e . 57.1 an d  5 7 .7  
cm  d u rin g  2020-21  resp ectiv e ly . T h e  m ean  
y ie ld  in  'N o  f e r t i l i z e r  p lo t '  a n d  
C o n v en tio n a l fe r tiliz ed  p lo ts ' w as 1401 kg 

ha 1 an d  1385 k g  h a  1 d u rin g  2020-21  w h ich  
is a lso  s ta tis tica lly  o n  par.

F o r  z e ro  ti lla g e  e x p e rim e n t th e  e ffe c t 
o f d iffe ren t d im en sio n s o f  p it o n  the g ro w th  
an d  d e v e lo p m e n t o f  r u b b e r  p la n ts  w as 
found to  b e  s ta tis tica lly  n o t s ig n if ic a n t at 
th e  e nd  o f  7th y e a r  i.e  5 0 .3  fo r  reco m m en d ed  
p it size , 4 9 .7  fo r  p o lv  b a g  s iz e  p its  a n d  49 .3  
for ro o t tra in e r  s iz e  p its . W h e re  th e  so ils  
a r e  d e e p  a n d  d e v o id  o f  h a r d p a n s ,  
irresp ectiv e  o f  th e  s iz e  o f  th e  p its , th e  trees 
d evelop ed  a lon g  tap  ro o t o f le n g th  2 .8  m, 
2 .9  m  an d  2 .7  m fo r  c o n v e n tio n a l p it size , 
p o ly  b a g  p it s iz e  an d  root tra in e r  p it s iz e  
r e s p e c t i v e l y  a f t e r  s e v e n  y e a r s  a f t e r  
p lan tin g .

G o a te ry

A g o a te ry  u n it h a s  b een  starte d  a s  a 
c o m p o n e n t o f r u b b e r  b a se d  h o m e s te a d  
fa r m in g  s y s t e m . T h is  e x p e r i m e n t  w as 
in itia ted  w ith  fou r b lack  b en g a l g o at (C apra  
hircus) w h ich  is a reg io n a l breed  p o p u lar

in T rip u ra  sta te . G o a t n u m b e r  h as in creased  
to  s e v e n  d u e  to  a d d it io n  o f  th r e e  k id s  
d u r in g  e ig h t m o n th  p e r io d . T h e  av e ra g e  
b irth  w e ig h t o f  k id  w as o n e  k g . T h e  an im als 
w ere  v a cc in a te d . T h e y  a re  a llo w e d  to  g raze  
d u r in g  d ay  tim e  a n d  s u p p le m e n t w as fed 
d u r in g  e v e n in g . A v era g e  w e ig h t o f  p a ren t 
g o a ts  in cre a se d  fro m  8 .9  k g  t o l 2 .8  kg w ith 
a m o n th ly  w 'eigh t g a in  o f  0 .4 9  kg .

3. Latex h a rv estin g  study

L o w  fre q u e n c y  ta p p in g  in c lo n e  PB 
2 3 5  w ith  th r e e  s y s t e m  o f  ta p p in g  w ith  

s t im u la t io n  w a s  c o n c lu d e d . T h e  r e su lts  
sh o w ed  th a t S/2 d 3  6 d 7  sy s te m  o f  ta p p in g  

w ith  s t im u la tio n  h a s  r e c o rd e d  h ig h  y ield  
c o m p a r e d  to  S/2 d 4  6 d 7  o r  S/2 d 7  6 d 7  
sy s te m s  o f  ta p p in g . S ig n if ic a n t d iffe r e n c e  

w as o b se rv e d  in  d ry  r u b b e r  y ie ld  (g  t 1 t ') 
a m o n g  th e  tr e a tm e n ts  in a ll th e  y e a rs . T h e  
h ig h e s t  p e r  ta p  y ie ld  w as in  d 7  a n d  lo w est 

p e r  tap  y ie ld  w as in  d 3  ta p p in g  s y ste m . F ive 
y e a r  m e a n  y ie ld  p e r  tr e e  w as 8 0 .8 , 8 5 .2  and
1 1 1 .5  g  f 1 t_l in d 3 , d 4  a n d  d 7  re sp e c tiv e ly . 

F iv e  y e a r  m e a n  a n n u a l y ie ld  w as 2 6 5 2 ,2 4 7 5  
an d  187 3  kg/400 tr e e s  /year in  d 3 , d 4  and  

d 7  resp ectively . A v erag e  n u m b e r  o f  tap p in g  
d a y s  in  a y e a r  w a s  8 2  fo r  d 3  sy s te m , 6 5  for 
d 4  s y s te m  an d  4 2  f o r  d 7  s y s te m  o f  tap p in g .

In  b lo c k  tr ia l e x p e r im e n t w ith  R R IM  
6 0 0  w ith  s t im u la tio n  in  S/2 d 3  6 d 7  sy stem  

an d  S/2 d 7  6 d 7  w a s  c o n c lu d e d . T h e  resu lts  
sh o w ed  th a t h ig h e r  y ie ld  w a s  r e c o rd e d  in 
d 3  s y s t e m  c o m p a r e d  to  d 7  s y s t e m  o f  
ta p p in g . A v e r a g e  th re e  y e a r  d r y  r u b b e r  
y ie ld  w as 131 2  k g  /400 tr e e s  / year fo r  d3 
sy s te m  a n d  1142  k g  /400 tre e s  / year fo r  d7 
sy s te m  o f  ta p p in g .

T h e  e x p e r im e n t o n  e f fe c t  o f  p la n tin g  
d e n s ity  o n  d 3  ta p p in g  s y s t e m s  is  b e in g  
c o n tin u e d  w ith  c lo n e  R R II 4 2 9 .  H ig h e r



yield p er tr e e  w a s o b se r v e d  in  lo w  d en s ity  
planting c o m p a re d  to  h ig h  d en sity .

4 . Ecosystem study

A g lo b a l c lim a te  m o d e l (G C M ), B C C - 
CSM w as u se d  to  c o n s tr u c t  th e  e co lo g ica l 
n ich e  d is t r ib u t io n  o f  H e v e a  s p e c ie s  in 
N orth-E ast (N E ) u s in g  fo u r  R ep re se n ta tiv e  
C lim ate P a th w a y s  (R C P ) i.e ., R P C  2 .6 , 4 .5 ,
6.0 and  8 .5 . In  th e  in it ia l  a tte m p t, th ere  w as 
no s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  th e  
G CM s a n d  a m o n g  th e  R C P s  in  te rm s  o f 
d istrib u tio n  p a tte rn  e x c e p t  in few  p o ck ets  
in A ssam  u n d e r  p r e s e n t  c lim a te  s itu a tio n s . 
The a n n u a l a v e r a g e  te m p e r a tu r e  in 2 000  
clim ate s c e n a r io  ra n g ed  fro m  -9 .0  to  26.1°C . 
The p ro je c te d  a n n u a l te m p e r a tu r e  w ou ld  
be v a ry in g  fr o m  -6 .0  to  2 8 .2 'C  in  205 0  for 
the sam e r e g io n  in d ica tin g  th e  c lim a te  b ein g  
w arm er in N E . T h e  m in im u m  tem p era tu re  
in w in te r  s e a s o n  in  N E  is  p r e d ic te d  to 
in crease  fro m  1 4 .8 °C  in 2 0 0 0  to  1 7 .3°C  in 
2050. O n  th e  o th e r  h a n d , p re c ip ita tio n  o f 
w arm est q u a rte r  ( b io l8 ) an d  co ld e st q u arter  
(b io  19) w e r e  c o n t r i b u t in g  m a x im u m  in 
W estern G h a ts  re g io n  u n d e r  R C P  2 .6 , the 
m ost s tr in g e n t s c e n a rio , w h e re a s  a d ifferen t 
set o f b io -c lim a te  i.e ., m e a n  d iu rn a l ran g e  o f 

te m p e r a tu r e  ( b io 2 ), te m p e r a tu r e  a n n u a l 
range (b io 7 )  a n d  te m p e r a tu r e  se a so n a lity  
(bio4) a re  im p o rta n t in  r e s t  o f  R C P s.

R C P  s t u d ie s  in  B C C -C S M  c l im a te  
m o d e l in d ic a t e d  t h a t  p r o je c t e d  H e v e a  
d is trib u tio n  w ith  h ig h e s t  p r o b a b ility  (>0 .8 ) 
will b e  7 1 2 3  h a  in  N E  u n d e r  R C P  2 .6 , w h e re

ex p e c te d  in c re a s e  in te m p e r a tu r e  ra n g e s  
from  0 .3  to 1 .7°C. A n  e stim a te d  area  o f  8 7 5 7  
h a  w ith  p r o b a b i l i ty  o f  0 .6 - 0 .8  o f  H ev ea  
s p e c ie s  p r e s e n c e  w o u ld  b e  a v a ila b le  b y  
2 0 5 0  in N E  u n d e r  R C P  4 .5 , w h e re  ra n g e  o f 
te m p e r a tu r e  in c re a s e  is  1 .1 -2 .6 °C . U n d e r  
th e  c l i m a t e  s c e n a r i o  o f  R C P  6 .0 ,  th e  
p o te n tia l d is tr ib u tio n  o f  H ev ea  sp e c ie s  in 
N E  w ill b e  a ro u n d  5 5 8 3  h a  w ith  M a x e n t 
p r o b a b i l i ty  o f  > 0 .8 . U n d e r  th is  c l im a te  
sce n a rio , th e  a v e ra g e  p r o je c te d  in c re a s e  o f 
a m b ie n t te m p e r a tu r e  is 0 .8 °C  d u r in g  2 0 4 6 -  
2 0 6 5 . U n d e r  th e  n ig h tm a r e  s c e n a r io s  o f  
R C P  8 .5 , w h e re  a v e ra g e  p r o je c te d  in c re a se  
in te m p e ra tu re  is 2 °C  w ith  ra d ia tiv e  fo rc in g  
o f  8 .5  W m !, th e  p o te n tia l d is t r ib u t io n  o f 
H ev ea  w ith  h ig h e s t s u i ta b ility  o f  m o re  th a n
0 .8  is  6161  ha.

T h e  p o te n t ia l  d is t r ib u t io n  o f  H ev ea  
sp e c ie s  in  W estern  G h a ts  re g io n  is  6 2 8 2  ha 
w ith  m a x im u m  su ita b ility / p r o b a b ility  o f 
m o re  th a n  0 .8  u n d e r  R C P  2 .6  o f  B C C -C S M  
g lo b a l  c l im a t e  m o d e l.  T h is  m a x im a l ly  
su ita b le  a rea  o f  6 2 8 2  h a  is  d e c r e a se d  to  5 8 4 0  
ha u n d e r  R C P  6 .0  w h ic h  is  2 .1 8  p e r  c e n t  o f  
to ta l a r e a .  H o w e v e r , th e  p o t e n t i a l  a r e a  
u n d e r  R C P  8 .5  s c e n a r io  is  fo u n d  to  b e  6 4 3 9  
ha, w h ic h  is  2 .4  p e r  c e n t  o f  th e  to ta l a r e a .

5. A d v iso ry  w o rk

T o t a l  6 4  s o i l  s a m p le s  f r o m  s m a ll  
h o ld in g s  w e re  a n a ly z e d  a n d  o f fe r e d  s ite  
s p e c if ic  fe r tiliz e r  r e c o m m e n d a tio n . T o ta l 
281  la t e x  s a m p le s  w e r e  t e s te d  f o r  d r y  
r u b b e r  c o n te n t .



H ie R egio nal R esearch  S ta tio n , Tura 
c o n t in u e d  it s  r e s e a r c h  a c t iv i t i e s  o n  
ev aluation  o f clon es, p o lyclon al p op u lation , 
crop  physiology/ latex h arv est tech n ology  
and  crop  m an agem ent.

1. Crop im provem ent

1.1. P o ly -cro ss p ro g en y  ev a lu a tio n s

In  th e  2 0 0 8  p o ly - c r o s s  p r o g e n y  
ev alu ation  trial, a n e w  se t o f  C lon al N u rsery  
Evaluation T rial-2014 h as been  started  at the 
R u b b er B oard  cam p u s, D akop gre , Tura in 
tw o d esign s in RBD , P la n ts  are m ain ta in ed  
in  th e  f ie ld .  In  a n o th e r  s e t  o f  2 0 1 1  
po p u la tio n s, a total o f  3 4  to p  y ie ld e rs  w ere 
se lected  o n  the b asis o f  gro w th  p erfo rm an ce  
and  ju v e n ile  y ie ld  an d  m a in ta in ed  in th e  
field  for fu rth er  evalu ation .

1.2. H a lf - s ib  p r o g e n y  e v a lu a t io n  tr ia l-  
2008  an d  2009

S e le c te d  p o p u la t io n s  f o r  b o th  th e  
years o n  th e  b asis  o f g ro w th  p e rfo rm a n ce  
and  ju v en ile  y ield  and  are  m ain ta in ed  in the 
field  for fu rth er ev alu ation .

1.3 O n - f a r m  e v a lu a t io n  o f  s e le c t e d  
c lo n e s

T h r e e  o n  fa rm  tr ia ls  w e r e  s ta r te d  
d u r in g  2 0 0 9  a n d  2 0 1 0 . T ria l I in c lu d e s  
b lo ck s  o f  six  c lo n e s , v iz .  R R II 4 1 7  R R II 422  
RRH 429 , P B  235 , R R II 2 0 3  an d  R R IM  600, 
in  M e n d ip a th a r  (N o rth  C a r o  H ills )  a n d  
Trial 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 II 4 2 9  a n d  R R I M  600 in 
B o k h u g re , W est G a ro  H ills . In th e  N orth  
C a ro  H ills , th re e  y e a r s  m e a n  y ie ld  d a ta  
w e re  r e c o rd e d  in  b o th  th e  t r ia l s  a n d  
p r e l im in a r y  d a ta  o n  y ie ld  s t a le s  th a t  
h ig h est m ean  an n u a] y ie ld  w as reco rd ed  in 
R R II 429  (3 9 .6  g  t 11 ')  c lo se ly  fo llo w ed  by

R R IM 6 0 0 (3 8 .4 g f  t ’) , R R I I4 2 2 (3 5 .2 g f M  
PB 2 35 (34.4 g  f 1 1 ') and  RRII 4 1 7  (30.8 g f ' t  'j 
a n d  m in im u m  y ie l d  w a s  r e c o r d e d  in 
R R II 2 0 3  (2 5 .4  g f ' t  ').

1 .4 . E v a lu a t io n  o f  p o ly -c r o s s  p ro g e n ie s  
fro m  fo u r  s t a t io n s  o f  N E  re g io n

T h e  p r o m i s i n g  s e e d l i n g s  w e re  
s c r e e n e d  o n  th e  b a s is  o f  te s t  ta p  y ie ld  
a m o n g  p o l y c l o n a l  s e e d s  w h i c h  w e re  
c o lle c te d  fr o m  fo u r  lo c a t io n s  in  th e  NE 
reg io n  viz . R E S  N a g ra k a ta , R R S  A g arta la , 
R R S  G u w a h a t i  a n d  R R S  T u r a  a n d  the 
se le c te d  b u d  w o o d s  a re  m a in ta in e d  in the 
n u rs e r y  fo r  fu r th e r  stu d y .

1 .5 . N u r s e ry  e v a lu a t io n  o f  p o ly -c lo n a l 
s e e d l in g s  tr ia l  2 0 1 3  a n d  2 014

T h e  p o ly  c lo n a l s e e d s  co lle c te d  from 
P o ly  C lo n a l S e e d  G a rd e n , M iz o ra m  w ere 
p la n te d  in th e  f ie ld  in  th e  y e a r , 2 0 1 3  a t  tw o 
lo c a t io n s  o f  th e  R R S , G a n o lg r e  fa rm  and 
o n e  lo c a t io n  a t  R .B . c a m p u s , D a k o p g r e , 
T u ra . O n  th e  b a s is  o f  te s t  ta p  y ie ld , to p  25 
b e s t  p e r f o r m in g  p r o g e n i e s  h a v e  b e e n  
se le c te d  a n d  m a in ta in e d  a s  b u d -w o o d s  at 
R u b b e r  B o a r d  c a m p u s ,  T u r a  a n d  f iv e  
p r o g e n i e s  h a v e  b e e n  s e le c t e d  a t  R R S , 
G a n o lg r e  fa rm  fo r  fu r th e r  e v a lu a t io n .

1 .6 . G e r m p la s m  A r b o r e tu m  a t T e k sra g re  
fa rm

In  o r d e r  to  m a in ta in  th e  1 '', 2 nd, 3 ,d, 
4 'h a n d 5 ,h s e t  o f  G e r m p la s m  A r b o re tu m  
u n d e r  th e  a g r o -c lim a t ic  c o n d itio n  o f  G aro  
H ills  o f  M e g h a la y a  a t  T e k s r a g r e  farm  near 
A n o g re , a ll th e  6 0 4  a c c e s s io n s  in c lu d in g  
W ick h a m s fo r  5 s e ts  o f  G e rm p la s m  w ere 
p la n te d  in th e  f ie ld  a n d  m a in ta in e d  the 
p la n ts . F ie ld  p r e p a ra t io n  w o rk  fo r  6 ,h s e t  of 
G e rm p la sm  p la n tin g  is in p ro g re s s .



2 . Crop physiology/Latex harvesting
technology

2.1 . E f fe c t  o f  lo w  w in te r  te m p e ra tu re  on 
y ie ld  o f  r u b b e r  a t  h ig h  a lt itu d e

S e v e r e  lo w  w in te r  te m p e ra tu re  is  o n e 
o f the m a in  fa c to r s  fo r  d e p r e ss io n  o f y ield  
and p er c e n t d r y  r u b b e r  co n te n t in  H evea  
under th e  a g r o -c lim a t ic  co n d itio n  o f  G a ro  
H ills. T h e  a n n u a l m e a n  y ie ld  (2 9 .8  g  [ ' t ') 
and D R C  (3 4 .0  % ) fo r  th e  re p o rt in g  y e a r  
was re co rd e d . L o w  te m p e r a tu r e  a d v erse ly  
a f fe c te d  th e  y i e l d  a n d  D R C . E a r ly  
d efo lia tio n  a n d  r e fo lia t io n  w a s  o b serv ed  
and d u r i n g  w i n t e r  a n d  D R C  r a n g e d  
o bserved  fro m  2 8 .8 -  2 9 .4  p e r  c e n t. L o w est 
soil m o is tu re  c o n t e n t  w a s  a ls o  reco rd ed  in 
the m o n th s  o f  F e b r u a ry  an d  M arch .

2.2. S h a llo w  ta p p i n g  -  a n  o p t io n  to  s tre ss  
a l l e v i a t i o n  in  H e v e a  p la n t a t i o n s  
d u r in g  w in te r  in  N E

T h e re  w a s  n o  s ig n if ic a n t  d iffe r e n c e  
b e tw e e n  t r e a t m e n t s .  M a x im u m  a n n u a l 
mean y ield  w a s  r e co rd e d  in  n o rm a l tap p in g  
system  (29 .1  g  t 1 t 1) fo llo w e d  b y  n o rm al 
co n tin u o u s ta p p in g  (2 8 .2  g t 11 ') a n d  L F T  + 
norm al ta p p in g  (2 7 .9  g  t 1 t ') a n d  lo w e st 
was in s h a llo w  + n o rm a l ta p p in g  sy stem  
(25.4 g t 1 L 1). A n n u a l D R C  m e a n  w as low  
(33.7 % ) in n o rm a l c o n t in u o u s  ta p p in g  a n d  
high (3 4 .2  % ) in  s h a llo w  + n o rm a l ta p p in g

sy stem . N orm al c o n tin u o u s ta p p in g  s y stem  
sh o w ed  h ig h er  T P D  (7 .0  % ) fo llo w ed  b y  the 
sh a llo w  + n o rm a l ta p p in g  sy s te m  (6 .5  %) 
a n d  L F T  + n o rm a l ta p p in g  (6 .2  % )  an d  
m in im u m  w as in n o rm a l ta p p in g  sy stem  
(5 .4 % ) .  r  6  '

2.3 . L o c a t i o n  s p e c i f i c  s t i m u l a n t  
a p p lic a t io n

E th y le n e  in d u ce d  s t re s s  r e sp o n s e  in 
the ta p p in g  p a n e l o f  th e  H ev ea  tr e e s  w as 
in itia ted  w ith  th e  a im  to re d u ce  th e  s tre ss  
in tissu es  in th e  ta p p in g  p a n e l. In  R R IM  6 00  
six  t r e a tm e n ts  w e re  a d o p te d  w ith  b a rk  
a p p lic a t io n s  o f  f iv e  p e r  c e n t  E th e p h o n . 
R e s u lt s  sh ow re d  th a t  m a x im u m  a n n u a l 
m e a n  y ie ld  (3 9 .0  g  t 1 f )  an d  lo w  D R C  (3 3 .4  
/o) w e re  reco rd ed  in  T 3  (B a rk  a p p lic a tio n  

o f  fiv e  p e r  c e n t e th a p h o n  a t 150  cm  a b o v e  
th e  b u d  u n io n  a n d  n e a r  b u d  u n io n  a n d  
m in im u m  y ie ld  (3 0 .7  g  t 11 ')  a n d  h ig h  D R C  
(34 .2  % ) w ere  r e co rd e d  in  T 6  (U n s tim u la n t 
trees). T h e re  w as n o  s ig n if ic a n t  d iffe r e n c e  
in D R C  b e tw e e n  th e  tr e a tm e n ts .

3. Crop management
3 .1 . S o i l  m o is tu r e  r e te n t io n  c h a r a c te r i ­

s t ic s  u n d e r  th e  r u b b e r  g r o w in g  a re a s  
o f  M e g h a la y a

S o i l  s a m p le s  w e r e  c o l le c t e d  e a c h  
m o n th  a t  th e  d e p th  o f  0 -1 5  c m , 1 5 -3 0  cm

Table Tura. 1 . 

Districts

R u bber grow ing areas 
d istr ic t o f  M eghalaya

n each districts and the num ber of so il sam ples collected  from  each

North Garo HilLs (N GH )

West Garo Hills (VVGH)

East Garo Hills (EGH)

Suuth G aroH ills (SGH )

South West G aro H ills (SVVGI1) 

? ^ o i jE a s t  &  W est Khasi Hills) 
Total

Area (Ha)

Immature

16407.0

Num ber of 

soil sam ples
2249.1 3557.3 S5

2394.7 4205.7 6600.3 162
599.3 2115.1 2714.4 57
495.6 1074.7 1570.2 39
479.2 415.6 894.8 59
119.5 950.5 1070.0



and 30-60  cm  lo r  so il m o istu re  study. So il 
m o istu re  co n ten t in creased  w ith  in crease  
in th e  d ep th . M ax im u m  w as in A ugust/  
S e p tem b er and  m in im u m  w as in Jan/Feb. 
A nn u al m ean  w as 2 4 .5S , 2 5 .38  and  2 6 .1 6  %, 
respectively.

3.2. A n a ly t ic a l/ a d v is o r y  w o r k  fo r  
fe r tiliz e r  reco m m en d atio n

D u rin g  th e  y e a r , 2 4  s o il s a m p le s  
co lle cted  from  th e r u b b e r  g r o w in g  a re a s  
in d icated  th at th e  O .C . co n ten t w as at the 
m edium  ran g e (0.81 to 1.32 % ) in  the su rface  
soil (0 -30  cm ), av a ilab le  p h o sp h o ru s  w as at 
low  ran g e (3 .5  to  7.1 m g  k g  ') an d  av a ilab le  
p otassiu m  w as at m e d iu m  ran g e (75  to 96.1 
m g kg :). T h e  soil is a c id ic  in n a tu re  w ith  
pH  r a n g in g  f r o m  4 .6 - 5 .5 ;  f e r t i l i z e r  
recom m en d ation  g iv en  accord ingly .

3.3. E v alu ation  o f  so il fe r tili ty  s ta tu s and  
m a p p in g  in  M e g h a la y a  - A 
c o lla b o r a tiv e  r e se a rc h  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 ottayam

in itia ted  th e  n ew  p ro ject and  co llected  
4 0 4  c o m p o site  soil sa m p les  (0-30  cm  d ep th ) 
from  th e r u b be r g ro w in g  areas  o f  G a ro  h ills  
o f M eg h a la y a  (W est, E ast, N o rth , S o u th , 
S o u th -w e st G a ro  H ills  d is tric ts  and  Ribhoi/ 
E a st a n d  K h asi h ills  d is tr ic t )  u s in g  G P S  
sy s te m  w ith  th e  h e lp  o f  R u b b e r  B o a r d , 
R eg io n al O ffice  Tura Field o fficers, Sri. Babu 
P, Jr. Farm  o fficer, R R II, K o ttay am  an d  Dr. 
D e b a s is  M a n d a l, S e n io r  S c ie n t is t ,  R R S , 
A garta la  . All th e  4 0 4  soil sa m p les  co lle cted  
from  G aro  H ills  and  Ribhoi/ E ast a n d  K h asi 
H ills  o f M e g h a la y a  w e re  tr a n s p o rte d  to 
RRII, K ottayam  fo r  an a ly tica l and  fertility  
m ap p in g  w o rk s fo r  R U B S IS  study.

F o u r h u n d red  and  fo u r soil sa m p les  
(N o rth  G aro  H ills  n=55, W est G a ro  H ill n= 
162, E ast G a ro  H ills  n=57, S o u th  G a ro  H ills 
n = 39. S o u th  W e st G a r o  H ills  n = 5 9  a n d  
R ibhoi/Eastand W est K hasi H ills n=32) w ere

co lle cted  from  th e  r u b b e r  g r o w in g  areas  of 
M eg h alay a  u n d e r  th e  N o rth -e a s te rn  states 
an d  an a ly z ed  fo r  a v a ila b le  m a cro -n u tr ie n ts  
a n d  m i c r o - n u t r i e n t s  s t a t u s  o f  13 
p a r a m e te rs . O n e  c o m p o s ite  s o il  sa m p le  
(0 -3 0  cm ) w a s  c o l le c te d  f o r  e a c h  3 0  ha 
ru b b e r  a re a s . S o il sa m p le s  w ere  co lle cted  
fro m  B lo ck s  w ith  m o re  th a n  fiv e  p e r  cent 
a re a  u n d e r  ru b be r. S a m p le s  w e re  co lle cted  
b o th  fro m  m a tu r e  a n d  im m a tu re  a re a s  in 
th e  p r o p o r t io n  o f  1 :2 , c o n s id e r i n g  th at 
a p p r o x i m a t e l y  6 7  p e r c e n t  o f  th e  to ta l 
r u b b e r  is  in im m a tu re  p h a s e  (T ab le  T ura 1). 
S o i l  s a m p l e s  w e r e  c o l l e c t e d  d u r in g  
D ecem b er, 2 0 1 7  to  N o v e m b e r , 2 0 1 9 . G lob a l 
P o s itio n in g  S y s te m  (G P S  G a rm in  D ak o ta  
2 0 ) d e v i c e s  w e r e  u s e d  f o r  r e c o r d in g  
l o c a t io n  o f  s o i l  s a m p l e s .  S p a t ia l  
d i s t r i b u t i o n  m a p  o f  r u b b e r  a r e a  w as 
o v e r la id  o v e r  s o il s a m p le s  o f  e a ch  d istr ic t 
in  G I S  e n v i r o n m e n t  f o r  c h e c k i n g  th e  
d istr ib u tio n  p a ttern  an d  re v is its  w ere  m ade 
w h e n e v e r  n e c e s s a r y  to  e n s u r e  a d e q u a te  
r e p re s e n ta t io n  o f  th e  e n t ir e  r u b b e r  area . 
S o ils  v a ried  fro m  sa n d y  lo a m  to  c la y  loam  
in te x tu re , e x tre m e  to  m o d e ra te ly  a c id ic  in 
r e a c tio n  (p H : 4 .0  to  6 .3 ), m e d iu m  to  high 
o r g a n ic  c a rb o n  c o n te n t (8 .3  to  34 .1  g  k g  '), 
a v a ila b le  p h o s p h o r u s  w a s v e ry  low  (0.1 to
3 2 7 .2  m g k g  '), a v a ila b le  p o ta s s iu m  varied  
from  lo w  to  m e d iu m  (1 0 .6  to  7 2 7 .9  m g  kg ') 
(T ab le  T ura 2 a ). A v a ila b le  c a lc iu m  (1,2.3 to
3 0 0 0 .7  m g  k g  ')  a n d  m a g n e s iu m  ( 8 .0  to
2 2 2 7 .0  m g  k g  ') sh o w e d  h ig h  in  fe r tili ty  
r a n g e d  a n d  a v a i la b le  s u l p h u r  sh o w e d  
m e d iu m  r a n g e  (0 .0  to  1 5 8 .4  m g  k g  ')  9. 
D T P A  e x tra c ta b le  B, C u , M n , F e , Z n  and 
e x c h a n g e a b le  A l c o n t e n t  o f  o f  th e  so il 
s a m p le s  o f  M e g h a la y a  ra n g e d  fro m  0 .0 4  It)
2 .7  (m e a n  0 .6  m g  k g  ') , 0 .0  to  5 .2  ( m ean
1.04 m g  k g  ') , 4 .0  to  3 9 1 .5  ( m e a n  6 0 .0  m g 
kg '), 5 .7  to  8 .0  (4 5 .7  m g  k g  '), 0.1 to  74 .6  
(m e a n  3 .8  m g  k g  ') a n d  0 .0  to  4 .6  ( m ean
1 .2  cm o l (P+ ) kg ')  o f  so il, re sp e c tiv e ly .





R EG IO N A L E X P ER IM E N T  STA TIO N , 
N A G RA K A TA , W E S T  BE N G A L

1. Crop im provem ent

1.1. E v a lu atio n  o f  c lo n e

T w en ty  s ix  p r o m is in g  c lo n e s  w ere  
e v a lu a t e d  u n d e r  th e  a g r o - c l im a t ic  
co n d itio n s o f su b -H im alay an  W est Bengal. 
A fte r  2 7"' y e a r  o f  p la n tin g , s ig n if ic a n t ly  
h igher g irth  w ere  ex h ib ite d  by c lo n e s  PR 
107, SC A TC  93/114, R R IM  703’ R R IM  605, 
RRII 118  and  R R IM  6 1 2  th an  ch e ck  clon e 
RRIM  600. Tw o c lo n es  PB  3 1 0  and  PB  280  
recorded  sig n ifica n tly  h ig h er  ru b be r yield  
th an  ch eck  clon e R R IM  600.

1 .2 . E v a lu atio n  o f  g erm p lasm

G e rm p la sm  e v a lu a t io n  tr ia ls  w e re  
b e in g  c o n t in u e d  a t  R E S , N a g r a k a t a  
com p ris in g  ol 21 accessions. H ig h est gro w th  
w as o b serv ed  in RO  2629, M T  44. R O  3430, 
R O  2635, M T  196, M T  2229, A C  619, R O  5 557

an d  R O  2 890 . A s co m p a re d  to  ch e ck  clone 
R R II 105 , s ig n if ic a n t ly  h ig h e r  d ry  rubber 
y ie ld  w as accord ed  in  A C  763.

1 .3 . M u l t i  t r a i t  s c r e e n i n g  o f  h a l f  s ib  
p ro g e n ie s  fo r  co ld  to le ra n ce  a n d  y ield  
a ttr ib u te s

H a lf-s ib  p ro g e n ie s  w ere  ra ised  from  
se v e n  d iffe re n t c lo n e s  in 2 0 1 4 . T h e  ju v en ile  
y ie ld  o f  p r o g e n ie s  r a is e d  fr o m  s e e d s  o f 
S C A T C  8 8 -1 3  d u r in g  n o n -w in te r  p e r io d  
sh o w ed  th e  h ig h e s t y ie ld  fo llo w ed  b y  RO 
5 3 6 3 . D u rin g  w in te r  p e r io d , th e  av e ra g e  
ju v e n ile  y ie ld  o f  SC A T C  8 8 -1 3  p ro g en ies  w as 
h ig h e r  th an  th a t o f  R R IM  6 0 0 , fo llo w ed  by 
R R II 4 1 7  a n d  R R II 4 2 9 . N u m b e r  o f  seed lin g  
p lan ts  s h o w in g  a b o v e  av e ra g e  ju v e n ile  yield  
w a s  a l s o  h i g h e r  in  S C A T C  8 8 - 1 3 .  T h e  
p o ten tia l o f h a lf-s ib  p ro g e n ie s  o f  S C A T C  8 8 -

Table N.ig I. Performance of frees show ing above 50 t* t 
Cate- Mother plants Girth Mean ~
S°fy  at 12* yield ov.

50 cm 
height

— L°fl
WBGHY 112 

WBGHY182 
WBGHY 248 

WBGHY 32 

WBGHY 355 
WBGHY 340 

WBGHY 385 

WBGHY 390 
WBGHY 41 

Population mean 75.13 

WBKAN 282 80.0

69.2

64.9

89.0

77.0

89.2

Pre-winter 
yield 

four contribution 
vears (%)

t yield  every year over fou r years
Cate- Mother plants 
gory

Girth 
at 12'h

g ‘ I height g t  t

Mean Pre-winter 
yield over yield 

four contribution
(58)

65.3 39.6 N W BNCK146 79.2 79.7 42.4
63.0 56.4 WBNGK 276 82.8 63,1 45.8
86.7 41.7 WBNGK 297 81.0 56.2 51.8
53,8 54.0 WBNGK 379 84.7 58.3 51.5
675 39.3 Population mean 81.93 64.3 47.9
56.9 55.5 T  WBTUR 11 75.8 56.2 55.5
58.8 52.9 WBTUR 200 65.6 71.1 48.2
67.6 45.4 WBTUR 213 86.2 53.0 56.0
104.1 41.7 WBTUR 320 99.5 57.4 59.5
6913 47.4 WBTUR 327 79.8 70.2 48.9
54.0 49.2 WBTUR 328 73.3 59.0 40.7

WBTUR 69 85.7 66.5 50.4----- --------------- - Population mean 80.8 61.9 51.3



13 w as show m  to  b e  p ro m in e n t from  th is 
study.

t d .  P e r f o r m a n c e  o f  n e w  g e n e r a t io n  
c lo n e s  u n d e r  th e  a g ro -c lim a te  o f  su b- 
H im a la y a n  W est B e n g a l

E v a lu a t io n  o f  f iv e  p r o m is in g  n e w  
g e n e ra t io n  c lo n e s  u n d e r  th e  co ld  a g r o ­
c lim a te  o f  s u b -H im a la y a n  W e st B e n g a l 
show ed th a t g ir th  a n d  y ie ld  o f  a ll th e  c lon es 
were on p a r  w ith  R R IM  6 00 . H ow ever, y ield  
o f RRII 4 2 2  w as fo u n d  h igh  fo llo w ed  by R R II 
429  a n d  R R I I  4 1 7  d u r in g  th e  y e a r . 
C o m p a r a tiv e ly  R R I I  4 1 4  r e c o rd e d  lo w e r  
yield  th an  o th e r  c lo n e s  in th is reg ion .

2. Crop phy siology

2.1. P e r fo r m a n ce  o f  p o ly c r o s s  p ro g e n ie s  
ra ise d  fro m  s e e d s  o f  lo c a lly  ad ap ted  
m a tu re  r u b b e r  p la n ta tio n

S e e d s  w e r e  c o lle c te d  fro m  K am ru p , 
A ssa m ; J a l p a i g u r i ,  W e s t B e n g a l ;  T u ra ,

M eg h a la y a  a n d  K a n y a k u m a ri, T a m iln a d u  
lo r  th e  e v a lu a tio n  o f  s e e d lin g  tre e s  ra ised  
fr o m  s e e d s  d e v e lo p e d  a c r o s s  d iv e r s e  
e n v iro n m e n t. S e e d lin g  tre e s  w ere  p la n ted  
u n d e r  th e  a g ro c lim a te  o f S u b -H i m a la y a n  
W est B en g a l. G irth  an d  y ie ld  o f  se e d lin g s  
f r o m  v a r ie d  s e e d  s o u r c e s  w a s  n o t  
s ig n if ic a n t ly  d i f f e r e n t  o v e r  in i t ia l  fo u r  
y e a r s  o f  ta p p in g .  O v e r a l l ,  21  p e r  c e n t  
se e d lin g  tre e s  s h o w ed  a b o v e  5 0  g  f  f  y ield  
a m o n g  all th e  ta p p in g  tre e s . T re e s  s h o w in g  
a b o v e  a v e ra g e  y ie ld  w e re  h ig h  in  se e d lin g  
tre e s  ra ised  fro m  s e e d s  o f  K a n y a k u m a ri, 
T a m iln a d u  f o l lo w e d  b y  t h a t  o f  T u r a ,  
M e g h a la y a . H o w ev er, in c a se  o f  se e d lin g s  
s h o w in g  a b o v e  5 0  g  f  t 1 y ie ld , it w a s  h ig h  
in se e d lin g s  s o u rce d  fro m  G -uw ahati (T ab le  
N ag . 1). A ll th e  to ta l 21 s e e d lin g  tre e s  w 'ere 
sc re e n e d  o n  th e  b a s is  o f  m a tu r e  y ie ld  th at 
sh o w e d  a b o v e  5 0  g  f t 1 y ie ld  e v e r y  y e a r  
o v e r  fo u r  y e a r s . D o m in a n c e  o f  s e e d l in g  
tr e e s  fro m  G u w a h a ti se e d -s o u rc e  s h o w in g

■ C o n t r o l  s o il  ■  H igh  pH  s o il

mill
R R IM  6 0 0  RR II 2 0 8  RR II 6 0 5  RRII 4 1 7  RRII 4 2 2  R R 1 U 2 9

Nag. 1 . G irth o f  rubber clones in control soil (pH  5.5) at RES, N agrakata and high pH soil (pH  7.9) 
found in abandoned tea grow ing areas of Dooars belt of North Bengal



—  W in te r  y ie ld  ( g  1 1t  ' )  —  N o n -w in te r  y ie ld  (g  t °  t ! )

Fig. Nag. 2. The winter and non-winter yield of orlet selections and check clones at RES, Nagrakata

ab ov e 50  g  t ' t 1 y ie ld  e v ery  y e a r  w as n oticed  

fo llow ed by th a t o f  Tura. F ive s eed lin g  trees 
sh ow ed  h ig h  g ir th  an d  y ie ld  w h ich  w ere  
p in n ed  fo r  fu rth er  s tu d ie s  to  g e n e ra te  n ew  
p la n tin g  m ateria l fo r  N E  In d ia .

2.2. P h y s io lo g ic a l e v a lu a t io n  o f  r u b b e r  

c lo n e s  in  a b a n d o n e d  te a  g r o w in g  
areas o f  D o o a rs  b e lt  o f  N orth  B en g al

A to ta l  o f  s ix  c lo n e s  w e r e  u n d e r  
e v a lu a t io n  in  h ig h  p H  s o il .  G r o w th  o f  
p lan ts  in  h igh  pH  so il (7 .9 ) w as a p p rec ia b le  

b u t lo w er to  th a t o f  th e  n o rm a l so il (5 .5 ) 
a fter  e ig h t y e a rs  o f p la n tin g . G irth  at 125 

cm  h e i g h t  f r o m  th e  b u d  u n io n  w a s  
co n s id ere d  a s  a  m e a su re  o f  g r o w th . T h e  

gro w th  o f R R II 2 0 8  and  R R II 4 1 7  w as b e tte r  
in both  co n tro l an d  h ig h  pH  so il. R R II 4 2 2  

an d  R R IM  6 0 5  r e c o rd e d  c o m p a r a t iv e ly  
lesser g ro w th  a fte r  e ig h t y e a rs  (F ig . N ag.
1). RR II 4 2 9  sh ow ed  good g ro w th  in co n tro l 
soil a t  p ar w ith  R R II 2 0 8  an d  R R II 4 1 7  b u t 
in  h igh  pH  soil R R II 4 2 9  sh o w ed  v ery  p o o r

g r o w th .  T a p p in g  h a s  b e e n  in i t ia t e d  in 
S e p te m b e r  202 0 .

2 .3 . E v a lu a tio n  o f  O rte ts  fo r  a b io t i c  stress  
to le r a n c e  in  d i f fe r e n t  a g r o -c lim a tic  
re g io n s

A m o n g  th e  2 3  o r te t  s e le c t io n s  and  
p o p u la r  c h e c k  c lo n e s ,  R R II  4 2 9  sh o w e d  
s ig n ifica n tly  h ig h  g ir th  a fte r  e ig h t y e a rs  o f 
g ro w th  a t  R E S , N a g ra k a ta , w h ich  is a cold 
p ro n e  reg ion . A m o n g  th e  o r te t se le c tio n s  G H
1, G H  3  (se le ctio n s from  R R S, G u w a h a ti)a n d  
R R S T  3 7  ( se le ct io n  fro m  R R S, T u ra ) sh ow ed  
h ig h e r  g i r t h s  th a n  R R IM  6 0 0  th  e  m o st 
p o p u la r  c lo n e  o f N E  reg io n . O rte t  se le ctio n s  
v iz ., G H  1, G H  3, R R S A  9 8  a n d  R R S T  37 
sh ow ed  m in im u m  d efo lia tio n  d u rin g  w in ter 
(w in te r in g )  c lo s e  to  R R II 4 2 9 .  R R IM  600  
sh o w ed  h ig h e r  w in te r in g  p e rce n ta g e . Th e 
w in t e r  a n d  n o n - w i n t e r  y ie l d  o f  o r t e t  
s e le c t io n  C H  1 s u p e r s e d e d  th e  y ie ld  o f 
p o p u la r  c lo n e s  R R IM  6 0 0  a n d  R R II 429 . 
O rte t se le c tio n s  R R S T  3 7  an d  G H  9  w ere a lso  
fo u n d  to  b e  g o o d  y ie ld e rs  (F ig . N ag . 2).



T h e  th r u s l  a r e a s  o f  r e se a rch  o f  the 
Station a re  e n v iro n m e n ta l c ro p  p h y sio lo g y  
and cro p  im p ro v e m e n t an d  th ere  a re  15  on 
going tr ia ls  in th e  S ta tio n  in  th ese  tw o areas. 

There a re  tw o  L S T s in  en v iro n m e n ta l cro p  
phy sio logy  a n d  in c ro p  im p ro v em en t th ere  
are 2 L ST s, 3  F E T s a n d  8 c lo n a l n u rse rv  
ev aluation  tr ia ls .

1. E v a lu a tio n  o f e n v iro n m e n ta l  
stress tolerance and physiological 
adaptations of cold and drought 
to leran t o rte t selection s under 
varying agro-clim ates in India

T h e  tr ia l w a s  la id  o u t w ith  R B D  in 
Ju ly  2 0 1 2  w ith  15  o r te t s  fro m  A g a r ta la . 
Tura, N a g a rk a ta , D a p c h a r i a n d  G u w ah ati 
with 7  c h e c k  c lo n e s . R e c o r d in g  or c a u sa lity  
counts, v isu a l s c o r in g  o f  d ro u g h t, g ro w th  
p a r a m e t e r s  e t c .  w e r e  c a r r ie d  o u t .  A 
sign ifican t d iffe r e n c e  in  g ir th  w as record ed . 
G irth ra n g e d  fro m  19.7. 2 5 .4  cm  in D ap  36  
to 34 .2 , 3 8 .9  cm  in  R R S A  3 1 5  d u r in g  202 0  
and 2 0 2 1 .  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 ir th  o f  3 4 .2  cm  in M arch  
2020 and  c o n tin u e d  to  a t ta in  h ig h e r  g ir th  
in M arch  2 0 2 1  (3 8 .9  c m )  w h ile  in c h e c k  
clones, th e  h ig h e s t  g ir th  w a s r e co rd e d  in 
clone R R Ii 4 1 7  (3 3 , 3 7 .9  cm  in  2 020 . 2021 
resp ectiv e ly ). In 2 0 2 0  g ir th  is a t  p ar  fo r  all 
A g arta la  o r te t s ,  G H  3 , R R S T  3 9  a n d  a ll 
check c lo n e s  e x c e p t  R R 1 M 6 0 0  w h ile  in  2021 
all o rtets  fro m  A g a r ta la  a n d  T u ra  a ll ch e ck  
c lon es G H  3  a n d  D A P  3 5  a r e  a t  p ar . In 
gen eral, o r te t  R R S A  is  s u p e r io r  in g ro w th  
ch a ra c te rs  s t u d ie d  (3 1 .7 ,  3 6  cm  g ir th  in 
M arch 2 0 2 0  &  M a r c h  2 0 2 1). T u ra  h a d  IInd 
ran k , G H  o r te t s  h a d  I I I rd r a n k  a n d  D A P  
°r te ts  w e re  p o o r  p e r fo r m e r s  u n d e r  th is  

ag ro -c lim a tic  c o n d itio n .

2. S creen in g  o f w ild  H ev ea  accession  
f o r  d r o u g h t  u n d e r  D a p c h a r i  
condition

T h e  tr ia l w as la id  o u t  in  Ju ly  2 0 0 3  
u sin g  130 w ild  g e rm p la s m  a c c e s s io n  a lo n g  
w ith  se le c ted  c lo n e s  R R II 105 , R R IM  600 , 

Tjir 1 an d  R R II 2 0 8  a s  c h e c k s  (c o n tro l)  in 

a u g m en ted  R B D  w ith  p lo t s iz e  o f  fiv e  and  
a  sp a c in g  o f  2 .5  x  2 .5  m . O b s e rv a t io n  on 

g ro w th  p a r a m e te rs  w ere  r e co rd e d  a t  p r e  

d r o u g h t  p e r io d . T h e  a c c e s s io n s  sh o w e d  
w id e  v a ria b ility  fo r  a ll  c h a r a c te r s  s tu d ie d . 

In g e n e ra l, M a to  G ro s s o  a c c e s s io n s  w e re  

s u p e r io r  fo r  a l l  th e  g r o w th  c h a r a c t e r s  

s t u d ie d  th a n  th o s e  fr o m  th e  A c r e  a n d  

R o n d o n ia  p ro v e n a n ce s . A m o n g  th e  c o n tro l 
c lo n e s  R R IM  6 0 0  a n d  R R I I  2 0 8  w e r e  

s u p e r io r  to  R R II 105 . T w e n ty  f iv e  p o te n tia l 

d ro u g h t to le ra n t a c c e ss io n s  w ere  id e n tifie d  

b ased  o n  3 -4  y e a rs  fie ld  p e r fo rm a n c e  fo r  
fu r th e r  a n d  d e ta i le d  s t u d ie s  a n d  a r e  in  
p r o g ress .

3. Further field ev alu ation  o f  selected
H evea  clon es fo r d ro u g h t to leran ce

T h e  tr ia l w a s la id  o u t  in  J u ly  2 0 0 7  

u s i n g  2 3  p o t e n t i a l  d r o u g h t  t o l e r a n t  

a c c e ss io n s  a lo n g  w ith  f iv e  H P  c lo n e s  a n d  
se le c ted  c lo n e s  R R II 105 , R R II 4 3 0 , R R IM  

600, T jir  1 an d  R R II 2 0 8  a s  c h e c k  (c o n tro l)  in 

a u g m e n te d  R B D  w ith  p lo t s iz e  o f  f iv e  a n d  a 

s p a c in g  o f  2 .5  x  2 .5  m . O b s e r v a t io n  o n  

g r o w th  p a r a m e t e r s  w e r e  r e c o r d e d . T h e  

a c c e ss io n s  sh o w ed  w id e  v a r ia b ility  fo r  all 

c h a r a c te r s  s t u d ie d .  A m o n g  th e  c o n t r o l  

c lo n e s  R R IM  6 0 0  a n d  R R II 2 0 8  w a s  s u p e rio r  
to  R R II 105.



4. Further evaluation o f D apchari
ortets selected in LST

Trial started  d u rin g  2008 to  ev a lu ate  
the g ro w th  and  yield  p erfo rm a n ce  o f  o rte ts  
selected  from  p o ly cro ss seed lin g  p lan ted  at 
th is  s ta tio n  w ith  co n tro l c lo n e s  w ith  the 
o b jectiv e  to  e v a lu a te  fu r th e r  g ro w th  and  
yield  potentia l o f  D ap chari o rte ts  s e le ctio n s  
from  p o ly c lo n a l p o p u la tio n s . S ig n if ic a n t 
d ifferen ce in g irth  w as n o ticed . A m o n g  the 
check clon es g irth  ranged  from  3 7 .4 ,3 S .9  cm  
in R R II 105 to 41 .9 , 44 .3  cm  in R R II 4 3 0  in 
2020  and 2021 A m o n g th e  o rtets  O S  173 and 
O S 1 record ed  h ig h er  g irth  o f  4 3 .9  and  47.1 
cm  in 202 0 , 2021 w h ile  lo w e st g ir th  w as 
noticed in o rtet O S  236  (2 9 .1 ,2 6 .6  cm ) in 2 020 
and 2021 respectively . In 2 020  g irth  w as at 
par for a ll o rte ts  e x ce p t O S  8 , O S  42 , 136, 
236 , 3 1 7  an d  R R IM  6 0 0  w h ile  in  2021 all 
ortets and  ch eck  c lo n es  w ere  a t p ar  ex cep t 
O S 236 . It w as a lso  n o ticed  th a t all o rtets  
w ere  su p e r io r  in g ir th  to  c lo n e  R R II 105 
ex cep t o r te t O S  4 2 , O S  111, O S  3 17 , O S  136
O S 236  in  202 0  an d  2021.

Table Dap. 1. Girth in various ortets selected from
Dapchari (2019-21)

Clones 20-Mar 21-Mar Clones 20-M ar 21-Mar
0 5 1 43.7 47.1 0 5 1 3 5 38.4 40.0
0 5 8 36.0 39.2 O S 136 35.5 37.7
O S 34 40.7 43.1 O S 173 43.9 46.7
OS 35 42.4 45.6 0 5 2 1 6 43.0 46.6
OS 36 42.8 45.3 0 5 2 3 6 29.1 26.6
OS 37 39.5 41.8 O S317 33.6 33.6
0 5 4 2 33.4 35.7 RRII 105 37.4 38.9
OS 111 37.7 40.0 _
5. S m a ll  s c a le  f u r th e r  f ie ld  

evaluation trial o f  selected  w ild 
accession for drought tolerance

E x p erim en t w as in itia ted  d u r in g  2 010 
w ith 4 7  selection  from  w ild H evea  accessio n s 
alon g w ith  fou r ch eck  c lo n es  (R R II 105 , RRJI

208 , RR II 430 , R R IM  6 0 0 ) w ith  th e  ob jective  
to co n firm  th e  d ro u g h t to le ra n ce  potentia l 
o f  s e le c te d  s e v e n  w ild  a c c e s s io n s  fro m  
p r e lim in a r y  f ie ld  s c r e e n in g  b y  g r o w in g  
th em  a t n o rm al s p a c in g  at d ro u g h t prone 
r e g io n  an d  su b je c t in g  to  d e ta ile d  stu d ies  
a lo n g  w ith  reco rd in g  m a tu re  y ie ld . T h e  trial 
is in in itia l stage.

6. C lo n a l n u rse ry  e v a lu a tio n  o f 
p ro m isin g  Hevea  c lo n e s  (H alf 
s ib  progen y o f p rep o ten t clones) 
in  h o t  sp o t a re a s  fo r  d ro u g h t 
to lerance

A  c lo n a l  n u r s e r y  e x p e r im e n t  w ith  
c lo n e s  s e le c te d  fro m  h a lf  s ib  p r o g e n y  of 
p rep o ten t c lo n e  w as in itia te d  in 2 0 1 0  w ith 
th e  o b je c t iv e  to  e v a lu a te  th e  c lo n e s  in  a 
c lo n a l n u rse y  a n d  a d v a n c e  th e  p o te n tia l 
o n es  s h o w in g  d r o u g h t to le ra n ce  a lo n g  w ith 
r u b b e r  y ie ld  to  L S T  a n d  P C E  to  re d u c e  the 
b re e d in g  cy c le . T h e  tr ia l is in in itia l stage.

7. F ield  ev alu atio n  tria l o f  selected  
w ild  accessio n s fo r d rought

T r ia l b a s e d  in  r e c t a n g u la r  la t t ic e  
d e sig n  w as la id  o u t in  2 0 1 0  w ith  11 w ild  
H ev ea  a cce ss io n s  a lo n g  w ith  tw o  c h eck  clon e 
(R R II 105 and  R R IM  6 00) in o rd e r  to  ev alu ate  
ju v e n ile  a n d  m a tu r e  p e r fo r m a n c e  u n d e r  
d r o u g h t  c o n d it io n .  T h e  tr ia l is in  in itia l 
s t a g e .  R e c o r d in g  o f  g r o w t h  d a ta  a n d  
d r o u g h t sc o r in g  w ill b e  ca rr ie d  o u t . T h e 
e x p e rim e n t is in in itia l stag e.

8. C lo n a l n u rse ry  e v a lu a tio n  of 
p ip e  l in e  c lo n e s  f o r  d ro u g h t 
to leran ce

T ria l w as la id  o u t in  Ju ly  2011 u sing
50  p ip e lin e  c lo n e s  an d  tw o ch e ck  c lo n e s  in 
re c ta n g u la r  la ttice  d e s ig n  at s p a c in g  o f 2 .5  x
2 .5  m  w ith  th e  o b je c tiv e  to id e n tify  d ro u g h t



to leran t c lo n e s  fo r  th e ir  a d a p ta b il ity  an d  
stability  to  th e  a g r o -c lim a tic  co n d itio n  o f 
M a h a r a s h tr a .  O b s e r v a t io n  o n  g r o w th  
param eters w e re  r e co rd e d . T h e  test tap p in g  
w as c o n d u c t e d  f o r  tw o  y e a r s .  C lo n e  
re sp o n s e s  fo r  f ie ld  e s t a b l is h m e n t  w e re  
assessed . T h e  14 p ip e lin e  c lo n e s  w ere  found 
to be s u p e rio r  to  c lo n e  R R JI 4 30 . H ig h est test 
tapping y ie ld  w as reco rd ed  in P 20  a lon g  
with R R II 4 3 0 , w h ile  11 c lo n e s  p erform ed  
better th an  c lo n e  R R II 105  an d  sh o w ed  the 
local a d a p tiv e  n a tu r e  o f  p ip e lin e  c lo n es.

9. L ager sca le  p ip e lin e  clo n es for
drought tolerance
T ria l w a s  la id  o u t in 2 0 1 8  w ith  th e  

o b je c tiv e  to  e v a lu a t e  g r o w th  a n d  y ie ld  
p oten tia l o f  p ip e l in e  c lo n e s  an d  to  s e le c t 
d ro u g h t to l e r a n t  c lo n e s  fo r  th is  re g io n . 
G row th an d  d r o u g h t sc o r in g  an d  su rv iv al 
p e r c e n ta g e  w a s  r e c o r d e d . T h e  tr ia l  w as 
m ain tain ed  a n d  su r v iv a l an d  adop tability ' 
assessm en t w a s  b e in g  c a rr ie d  o u t. C h eck  
clones R R II 4 3 0  a n d  R R IM  6 0 0  sh o w ed  12 .9  
and 13.4 p er  c e n t le a f  d ry in g  w h ile  ch eck  
c lon e R R II 1 0 5  sh o w e d  m o re  le a f  d ry in g  
(18.5% ). P ip e lin e  c lo n e s  P  114 (3 .7% ), P 192 
(5 .7% ), P 2 0 0  ( 6 .8 % ), P  2 2 5  (8 .4 % ) a n d  P 
68(8.9% ) h a d  co n s id e ra b ly  lesser  lea f d ry in g  
than R R II 4 3 0 . C lo n e s  P  2 0 5  (17 .8 % ), P  27  
(18 .3% ), P  2 0 7  (2 1 .4 % )  an d  P 196 (21 .7 % ) 
show ed th e  h ig h e s t  lea f d ry in g  am o n g  all the 
clone tested . T w o  to p  ran k in g  c lo n e  in term s 
of leaf d ry in g  (P  114 , P 192) a lso  m ain ta in ed  
relatively m o re  n u m b e r  o f  w h o rls  and  leaves 
and th ese  c lo n e s  h ad  m o re  h e ig h t in d ica tin g  
their b e tte r  in itia l g r o w th  in th e  fie ld  in a 
d rought p ro n e  reg io n .

10. D evelopm ent o f drought 
tolerant root stock for the non 
traditional areas (2015)

T r ia l  la id  o u t  in  2 0 1 5  a im e d  a t 

d ev elo p in g  d r o u g h t to le ra n t ro o t s to ck s  for

th e  no n trad itio n a l area  b y  e v a lu a tin g  the 
d ro u g h t to leran ce  ca p a c ity  o f  th e  se e d lin g s  
p ro d u ced  from  se e d s  o f  d ro u g h t to le ra n t 
c lo n e s  a n d  s e e d s  f r o m  tr e e s  g r o w n  in  

d r o u g h t  p r o n e  n o n  t r a d it io n a l  a r e a s  a s  

ag a in st th e  s eed lin g s  from  tra d itio n a l a reas. 
T h e root sto ck s  sh o w ed  a w id e  v ariab ility  

fo r  a ll c h a r a c te r s  s tu d ie d . O u t  o f  th e  4 0  

c lo n es  an d  n in e  c o n tro ls  p lan ted  in th is  trial, 
16 c lo n e s  in  te rm s o f g ro w th  and  2 5  c lo n es  

in  te r m s  o f  te s t  ta p  y ie ld  w e r e  fo u n d  

su p e rio r  to  th e  ch eck  c lo n e s  R R II 4 2 2  and  
RR II 417 . T h e  se le ctio n  6 9  sh o w ed  a su p erio r  

g ro w th  a n d  y ie ld  p erfo rm a n ce .

11. C lo n a l n u rse ry  e v a lu a tio n  o f  
selected  p ro g en ies  o f  th e  cross 
R R II  10 5  X P B  2 8 0  a n d  its  
recip rocal fo r drought to leran ce

T h e  tr ia l a im s  to  id e n tify  d r o u g h t  

to lera n ce  c a p a c ity  o f  th e  s e le c te d  p ro g e n ie s  

o f  th e  1996 HP, b y  e v a lu a t in g  th em  in  sm a ll 

s ca le  c lo n a l n u rse ry  in d r o u g h t p ro n e  area  

an d  to  s e le c t d ro u g h t to le ra n t c lo n e s  fo r  th e  

n o n  tra d itio n a l a rea .T r ia l is  in  in itia l sta g e .

12. E v alu atio n  an d  s e le c tio n  fro m  
p ro g e n ie s  o f  p o ly c lo n a l  seed  
g a r d e n s  a n d  m u l t i - c lo n e  
p op u lation s

S e le c tio n  o f  p r o g e n ie s  o f  p o ly c lo n a l 

seed  g a r d e n  a n d  m u lt ic lo n e  p o p u la t io n s  

fro m  d if fe r e n t  lo c a t io n s  w a s  m a d e  a n d  

t e s te d  in  d i f f e r e n t  a g r o  c l i m a t e .  T h e  

e v a lu a tio n  re su lte d  in  th e  s e le c tio n  o f  146 

su p e rio r  p ro g e n ie s  b a se d  o n  te s t  ta p  y ie ld  

an d  g irth . H ig h e r  n u m b e r  o f  s e le c tio n  w as 

o b ta in ed  fro m  p ro g en ies  fro m  T u ra. T h e  trial 

w as co m p le te d  a n d  m u ltip lic a tio n s  o f  th e  

se le c tio n s  fo r  n u rse ry  w a s  d o n e .



13. C lo n al n u rsery  ev a lu a tio n  o f  
pipeline clones/ m arker assisted 
selection  for drought and cold 
tolerance

T h e  tr ia l  a im e d  to  e v a lu a t e  th e  
d ro u g h t to leran ce  p o ten tia lity  o f  p ip e lin e  
clones/ m a rk er  a ss is te d  se le c tio n s  u n d er 
d rou gh t co n d itio n s  and  to se le c t d ro u g h t 
tolerant p ipeline / m ark er assis ted  c lo n es  for 
th is  r e g io n . S u r v iv a l  p e r c e n t a g e  w as 
record ed . Th e trial is  in in itial stage.

14. E v a lu a t io n  o f  p o ly c lo n e s  o f 
K a n y a k u m a ri o rig in  in  clonal 
n ursery

T h e  tr ia l a im e d  to  s tu d y  th e  gro w i h 

a n d  y ie l d  p e r f o r m a n c e  o f  p o ly c l o n a l  
se e d lin g s  a t  e a r ly  s ta g e  in  th e  n u rs e r y  and

10 e x a m in e  th e  s c o p e  fo r  th e  e a r ly  se le ctio n  

based  on d e p e n d a b le  ju v e n ile  tr a its  u n d er 

r a in fe d  c o n d i t io n .  T h e  tr ia l  is  in  in it ia l 
s tag e.

r e g i o n a l  r e s e a r c h  s t a t i o n , d h e n k a n a l , o d i s h a

T h e S ta tio n  c o n tin u e d  its  r e s e a rc h  
a c tiv itie s  w ith  th e  p a r ticu la r  o b je c tiv e  o f 
sc re e n in g  b e s t c lo n e  fo r  p la n tin g  an d  to 
dev elop  location  sp ecific  c lo n es, su ited  to 
the dry sub  hu m id  c lim a te  reg io n  an d  the 
O d is h a  s t a te  a n d  to  p r o v id e  te c h n ic a l  
g u id a n c e  to  r u b b e r  g r o w e rs  fo r  r u b b e r  
fa r m in g  a n d  p r o c e s s in g  a s p e c t s  in  th e  
region .

1. Crop im provem ent

T h e  c lo n e  e v a lu a t io n  t r ia ls  a r e  in 
p ro g ress w ith  th e  p r im e  aim  to  screen  and 
ev o lv e  the m o st su ita b le  and  high y ie ld in g  
an d  a d a p ta b le  lo ca t io n  s p e c if ic  c lo n e  fo r  
d rou gh t p ro n e  reg io n  and  fo r  O d ish a  state .

1-1. Clone evaluation

In 1 n a ! 1 11987), the e life  c lo n e  R R IM  
600  has record ed  h ig h est m ean  y ie ld  o f  5 7  I

M -n  a" d  G T  ’  a ' co rd ed  lo w est y ield  
 ̂ 0 & f t ) .  RRIM 600  is the p re ferred  clon e

In the region . Furth er, G T  1 (87 .9  c m , has 
re co rd e d  s ig n ifica n tly  h ig h e r  m e an  g irth

(8 7 .9  cm ) o v er  R R II 105  a n d  R R IM  600 . In 
te rm s o f  g ro w th  a ll th re e  c lo n e s  reco rd ed  
go o d  p e rfo rm a n ce  an d  a ls o  sh o w e d  g ood  
a d a p ta b il ity  in th e  re g io n  (T ab le  O D . 1).

Table OD.1. Yield and erowth nprlnrm m^ ..i:, .1 o--------- fv u u iu ia ii ic  ui en ie

Clone Yield (g ' t ' t 1) Girlh (cm)
RRII 105 47.6 79.4
RRIM 600 57.1 83.6
GT I 45.0 87.9
CD(P=0.05) 8.02 4.88

In clon e trial 1990, RR II 208 (63.5 e  f t 1), 
S C A T C  8 8 -1 3  (7 5 .3  g  t ’t ' )  a n d  R R IM  601) 
6 3 .4 g  t H-1)  fou n d  m o sl h ig h  y ie ld in g  clon es. 

R R II 2 0 8  w ay  fou n d  m o st p r o m is in g  c lo n es  
in  th e  re g io n  in  te r m s  o f  b o th  y ie ld  and  
g r o w th  a n d  a d a p ta b il ity . O th e r  p o p u la r  
c lo n e s  a lso  p e r fo rm e d  w ell in  th e  reg io n .
- C A 1 C  9 3 -1 4  r eco rd ed  co m p a ra tiv e ly  low er 
y ie ld  (3 6 .0  g  t ' r 1). H o w e v e r  S C A T C  93-1 4



recorded  c o m p a r a t iv e ly  b e s t  g r o w th  in 
terms o f girth, fo llo w ed  by S C A T C  88-13 and 
Rtf I I208 (T ab le  O D . 2),

Table O D . 2. G ro w th  and  y ie ld  p erfo rm an ce  of
d ifferentclo nes in Odisha

Clones Yield
( g ’tr'f

Girth
(cm)

Haiken 1 46.1 89.8
RRIM 600 63.4 90.7
RRIM 701 49.5 93.1
RRII 5 52.4 92.5
SCATC 88-13 75.3 100.0
SCATC 93-14 36.0 100.3
PB310 45.6 93.2
RRII 208 62.5 92.7
PCK1 50.5 93.1
RRII 300 54.3 93.2
C.D. (P-0.05)

Table O D . 3. Perfo rm ance o f  d if fe re n t c lo n es  in 
com parison to poly clonal seedlin gs in 
the O disha region

Clones Yield Girth__ t e 't V ) (cm)
G T l 48.8 105.9
RRII 105 64.1 91.3
RRII 208 75.5 102.3
RRII 5 54.5 94.9
RRII 300 54.4 101.0
PR 261 56.0 92.5
PR 255 58.5 102.6
RRIC 102 66.1 95.3
RRIM 600 63.4 91.1
Polyclonal 44.0 117.9
C.D. (P= 0.05) 1457 9.65

In  th e  1 9 9 1  c lo n e  e v a lu a t io n  tr ia l, 
clones d iffe r e d  s ig n if ic a n t ly  in m e an  yield  
p rod uction . R R II 2 0 8  (7 5 .5  g  t ' t 1), R R IM  600 
(63.4 g  f ' t '1) a n d  R R IC  102  r e co rd e d  h ig h est 
yield a m o n g  th e  c lo n e s . R R II 2 0 8  w as found 
high y ie ld in g  a n d  m o st su ita b le  c lo n e  for 
O d is h a  r e g i o n .  P o l y c lo n a l  s e e d l in g  
popu lation  (4 4 .0  g  t  ' t '1) y ie ld e d  low  th ou gh  
h a v in g  b e t t e r  g r o w th  a n d  a d a p ta b i l i ty  
under th e  p r e v a ile d  s t re s s  c o n d itio n s  (Table 
OD. 3).

In  th e  o t h e r  m o d e r n  c lo n e s '  tr ia l  
(2000), th e  h ig h e s t m e a n  y ie ld  w as o bserved  
in RR II 2 0 8  (60 .1  g  t ' t  ’) an d  IR C A  109 (57.1 
g t ' t 1). R R II  2 0 8  w a s  fo u n d  m o st p ro m is in g  
clone in  th e  re g io n . IR C A  s e r ie s  c lo n e s  a lso

perform ed w ell in the region. T h e low est m ean 
yield w as record ed  in R R II 51 (39 .7  g  t ' t 1). 
H ig h e s t  g r o w th  in  te r m s  o f  g i r t h  w a s  
observed  in R R JI 300  (81 .9  cm ) (T ab le  O D . 4).

TableO D . 4. Y ie ld  an d  g ro w th  p e r fo r m a n c e  of 
m odern c lones

Clones Yield
te‘W )

Girth
(cm)

RRH 300 46.7 81.9
RRII 208 60.1 64.0
RRH 357 44.0 64.0
RRJI 352 51.1 63.1
PB 28/59 51.7 65.7
RRIM 600 59.5 6 75
RRII 351 51.1 61.8
IR C A  109 57.1 51.6
RRII 105 56.2 59.2
RRII 51 39.7 63.1
IRCA 111 53.6 665
C.D.(P-0.05) 9.88 10.32



to le ra n c e  to  d ro u g h t/ d is e a se  a r e  th e  m ajor 
th ru s t a r e a s  o f  r e s e a rc h  in th e  S ta tio n . Th e 
S t a t io n  h a s  a w e ll m a in ta in e d  a g ro m w  
o b s e r v a to r y  a n d  a s o u r c e  b u s h  n u rs e r y  , ,i 
p r o m is in g  c lo n e s  a n d  o r t e t  s e le c t io n s  
s u ite d  to  th e  re g io n .

I d e n t i f i c a t io n  a n d  e v a lu a t io n  ol 
clo n es a d a p ta b le  f o r  c o m m e r c ia l  
c u ltiv a tio n  in th e  re g io n , d e v e lo p m e n t o f 
a g r o  m a n a g e m e n t  t e c h n i q u e s  fo r  
im p ro v e d  p ro d u c tio n / p ro d u c tiv ity  w ith  
red u ctio n  in g e s ta tio n  p erio d  a n d  c lo n a l

Table PAD. 1. O ngoing trials

SI Exp erim en t 
N o

C R O P  IM P R O V E M E N T

1 In v estig a tio n s  o n  G en o ty p e  X  E n v iro n m en t in teractio n  
in H evea  brasilien sis

2 C lon e ev alu ation  trial

L arge scale  trial o f  p o ten tia l h y b rid  c lo n e s  1989 SST  se le c tio n s

4  L arge sca le  tria l o f  p o ten tia l h y b r id  c lo n e s  1996 SS  I se le c tio n s
11 P artic ip a to r)’ c lo n e  ev a lu a tio n - O F T

C R O P  M A N A G E M E N T

6  R esp o n se  to  app lied  fertiliz ers  in h ig h  , ie id in g  c lo n es  o f I
C R O P  P R O T E C T IO N  

D isease  e v a lu atio n  in c lo n e s  o f  H evea  

C R O P  IM P R O V E M E N T , G E R M P L A S M

8 S cre e n in g  o f  H e i’ca  g erm p la sm  fo r  la tex  tim b e r  tra its

9 P relim in ary  e v a lu atio n  tria l 2 0 0 0  A

10 P re lim in ary  ev a lu atio n  tr ia l 200 0  B

H C lon al n u rsery  ev a lu atio n  o f  h a lf-s ib s

- - ........
SI. E xp erim en t

Y ear o f 

c o m m e n c e m e n t

1996

1996
1996
1996
2019

2002

2000

2000

2000

2009

2000

F u rth er  e v a lu a tio n  a n d  se le c tio n  o f  wi ld l-lct'ai 
germ p lasm  (F E T  1995)

P h y sico  ch em ica l ch a ra c te r iz a tio n  o f  so ils  a t  th e  R R S 
Pad iyoor ,n  th e  N orth  M a la b a r  reg io n  o f K erala  

E ffect o f  irrig a tio n  on g ro w th  an d  w a te r  u se  e ff ic ie ,K y  o f

- £ ! S B j j j i i ! 2 g y ^ l u a lio n  o f  p o ly cro ss  p ro g en ies

P r o je c t L e a d er

C.P. R eg h u  

R ad h a  L a k sh m a n a n  

R a d h a  L a k sh m a n a n



for d r o u g h t to le ra n c e  in  N orth  M alab ar 

P re lim in a r y  e v a lu a t io n  tria l 2002  

E v a lu a tio n  o f  H ev ea  c lo n e s  and  o rte t se le ctio n s  

a t  h ig h  a lt itu d e  s itu a tio n s , A m balav ayal 

W ater  c o n s u m p tio n  in  ru b b e r  n u rseries 

M e ch a n ise d  lan d  p re p a ra tio n  fo r  H evea  p lan tin g  
a n d  p la n t g ro w th

K av ith a  K . M y d in  

G .P. R ao

R ad h a  L ak sh m a n a n  

R ad h a  L ak sh m a n a n

——:— ~ --------- ;------ —------- —------  ----------------------   ----------------------- R a d h a  L ak sh m a n a n
T h e  2 4  ta p p in g  b lo c k s  in th e farm  w as con v erted  from  th e 1/2S d 3  sv ste m  o f ta n n in a  

to w eek ly  ta p p in g  (1/2S d 6  6d/7) from  202 0  Ju n e  on w ard s ‘ P P  8

HEVEA BREEDING SUB-STATION KADABA, KARNATAKA

H e v e a  B r e e d in g  S u b -s ta tio n  (H B SS) 
w ith  a r e s e a r c h  fa r m  a t  N e t ta n a  w a s  
established  in  1 986 . T h e  m a jo r  co n stra in ts  
in co m m ercia l c u lt iv a tio n  in  th is  reg ion  is 
drought in s u m m e r  m o n th s  a n d  o ccu rre n ce  
P h y to p h th o r a  a n d  C o r y n e s p o r a  l e a f  fa ll 
d iseases. T h e  r e s e a rc h  p ro g ra m m e s in the 
S ta tio n  a re  e n v is a g e d  to  id e n tify  c lo n e s  
tolerant to  d if fe r e n t b io tic  and  a b io tic  s tress  
factors and to  id e n tify  lo ca lly  ad ap te d  clones 
for So u th  K o n k a n  re g io n . T h e  fa rm  h as a 
so u rc e  b u s h  n u r s e r y  o f  1 0 6  c lo n e s  fo r  
gen eratin g  n u c le u s  p la n tin g  m a te ria l and 
a w e l l - e s t a b l i s h e d  C l a s s  B A g r o -  
m e te o r o lo g ic a l  O b s e r v a t o r y .  T h e  f iv e  
on g o ing  tr ia ls  in  th e  s ta t io n  a re  a s  fo llo w s:

1. L a rg e  s c a le  c lo n e  e v a lu a tio n  trial 
(1 9 9 0 )

2. S m a ll s c a le  e v a lu a tio n  tr ia l 1991 A

3. S m a ll s c a le  e v a lu a tio n  tr ia l 1991 B

4. S m a ll s c a le  e v a lu a tio n  trial 1991 C

5. L a rg e  s c a le  e v a lu a tio n  trial 200 0

Large scale clone evaluation trial 
(1 9 9 0 )

In  L S T  1 9 9 0  tr ia l  H P  3 7 2  re c o rd e d

h ig h e st y ield  th an  o th e r  c lo n es b u t is o n  p ar 
w ith  H P  2 2 3 . A ll o th e r  c lo n e s  re c o rd e d  
c o m p a r a b le  y ie ld  w ith  e a c h  o th e r .  T h e  
low est y ield  w as reg iste red  b y  T jir  1 (4 5 .2  g ‘ 
't 4 -') (Table K ad . 1).

Table Kad. 1. Yield from large scale clone evaluation
trial (1990)

SI. Clones Yield SI. Clones Yield
No. (g t l ' ) No. (8  t 'V )
1 PB 260 84.2 9 PB 311 64.5
2 HP 223 89.4 10 T jir 1 45.2
3 Mil 3/2 66.9 11 GH 4 5 3
4 H P 204 55.7 12 Hit 28 55.4
5 HP 185 64.3 13 G T 1 58.7
6 PB 217 68.9 14 PB 235 78.2
7 RRII 105 55.8 15 H P 187 60,5
8 HP 372 95.6 - - -

SE.d 7.85 CD (p=0.05) 16.4

2. S m all sca le  c lo n e  e v a lu a tio n  trial 
(1 9 9 1  A )

In 1991, th re e  sm a ll s c a le  tr ia ls  w e re  
p la n ted  v iz ., 1991 A (36  c lo n e s), 1991 B  (13  
c lo n e s) and 1991 C  (1 3  co n e s). In  th e trial 
1991 A  w ith  3 6  c lo n e s ,  PB  2 3 5  r e c o rd e d



h ig h e r  y ie ld  ( 5 9 .9  g  ' t ' t  ')  w h ic h  w a s 
follow ed by R R II 6  an d  w ere sig n ifican tly  
h ig h er than RRJI 105 . T h e low est y ie ld  w as 
record ed  by RR II 105  fo llo w ed  bv A V R O S 
3 5 2  an d  a ll o th e r  c lo n e s  w e re  r e c o rd e d  
c o m p a ra b le  y ie ld  w ith  ea ch  o th e r  (T ab le  
Kad. 2).

Table Kad. 3. Yield from  sm all scale clone evaluation 
trial (1991 B) n

Table Kad. 2 Cup lump yield from sm all scale clone 
evaluation trial
Cup lump 

yield
( g t V )

Clones Cup lump
yield

f e t V )
RRIC 36 15.7 PB 280 24.7
PB 314 36 5 PB 255 20.0
SCATC 88 15.1 RRIM 703 15.2
PB 312 21.0 PB 310 36.9
RRIC 104 13.9 PB 217 23.7
RRIC 100 22.4 RRIM 701 13.7
0 6 3 18.1 PB 5/60 17.5
KRS 163 13.5 WARRING 4 1 1 3
LCB 1320 16.0 RRIM 605 17.2
AVROS 352 10.4 CH 4 12.1
P 46 16.7 CH 26 29.7
RRIM 501 19.2 RRII 6 46.4
PB 235 59.9 RRIM 600 12.1
RRH 105 10.3 KRS 25 11.2
RRII 203 29.4 SCATC 93-11 11.5
PB 260 17.9 HAJKEN 1 25.0
RRII 300 46.4 G T l 13 5
PB 311 27.8 KRS 128 13.1
SE.d 3.5 CD  (p=0.05) 7.2

Clones Yield Clones Yield
fe’V Y S

RRII 208 7.0 RRIC 102 8.4
CH 3 8.2 RRII 5 39.1
RRII 3 24.0 AVROS 255 19.6
CH 2 11.5 PB 5/139 2.3
G T l 25.0 NAB 17 16.5
RRII 118 37.5 RRII 105 8.7
RRII 308 17.8 — _
SE.d 2.51 CD  (p=0.05) 6.57

3. Sm all scale  clo n e  e v a lu a tio n  (rial 
(1991  B)

( ■ i ,o m  ‘T 8  th e  13 C loiles e v a lu a ted in the 
tria l 1991 B , R R I I  i J 8 (3 7 .5  g t  >t')  r e c o r d e d

h ig h e s t  m e a n  y ie ld  a n d  w a s  s ig n i f i c a n t l y  
h ig h e r  th a n  R R I 1 10 5  ( T a b le  K a d . 3 ).

4 g f f S * d0n6 eVa‘Ualion frial
N o  s ig n i f i c a n t  d i f f e r e n t  w a s  o b s e r v e d  

a m o n g  t h e  c lo n e s  w ith  r e s p e c t  to  y i e ld .  B u t

a m o n g  th e  c lo n e s  e v a lu a t e d  P R  261  

reco rd ed  n u m e rica lly  h ig h e r  y ie ld  th an  the 
o th e r  c lo n es .

5 . L a rg e  s c a le  tr ia l (2 0 0 0 )

T h e  la r g e  s c a le  tr ia l fo r  e v a lu a t io n  
p lan ted  in th e  y e a r  2 0 0 0  c o n s is ts  o f  h y b rid s 
R R II 4 0 3 , R R II 407 , R R II 414 , R R II 4 2 2 , RRH 

42 9  a n d  RR114 3 0  an d  th e ir  p a re n ts  z>/z.,RRIC 
100 an d  R R II 105 . S ig n if ic a n t d iffe re n c e  in 

y ie ld  w a s o b s e r v e d  b e tw e e n  th e  c lo n e s  
te s te d  a n d  th e  h ig h e s t  m e a n  y ie ld  w as 
reco rd ed  fo r  th e  c lo n e  R R II 4 1 4  (8 6 .7  g  f ' t 1) 
w h ich  is  o n  p ar  w ith  c lo n e  R R II 4 3 0 . C h e ck  

c lo n e  R R II 105  reco rd ed  41.1 g f ' t ' ( T a b l e  
K ad . 4).

Table Kar. 4. Yield from  large scale clon e evaluation 
______________ trial (2000)

Clone
1 RRII 422 33.1
2 RRII 414 86.7
3 RRH 403 55.0
4 RRII 105
5 RRIC 100 52.1
6 RRH 429 52.2
7 RRII 407 33.9
8 RRH 430 84.6- SE.d 6.25

CD  (jw=0.05)



H EV EA  BREED IN G  SUB-STATIO N, M A RTHANDAM , 
TAM IL NADU

G e n e tic  im p r o v e m e n t o f  H ev ea  
b r a s il ie n s is  fo r  d e v e lo p in g  id eal 
c lo n e s

1.1 . C o n v e n tio n a l b re e d in g

T h e  h i g h l i g h t s  o f  th e  r e s u lt s  
p erta in in g  to  th e  d i f fe r e n t  e x p e r im e n ta l 
trials u n d e r  fo u r  p r o je c ts  th a t a r e  b e in g  
pursued in th e  S ta tio n  v iz ., c lo n e  e v alu ation , 
h y b r id iz a tio n  a n d  c lo n a l  s e le c t io n , n ew  
g e n e ra t io n  p o ly c l o n a l  s e e d  g a r d e n  an d  
particip atory  c lo n e  e v a lu a tio n  a re  fu rnished  
in detail h e r e u n d e r  fo r  th e  p erio d  2 0 2 0 -2 1 .

1.1.1. C lo n e  e v a lu a t io n

a B lo ck  e v a lu a t io n  o f  se le c ted  c lo n e s  o f 
H ev ea  (2 0 1 9 )

T h e  tr ia l w a s  la id  o u t d u r in g  O cto b er  
2019 a t  M a r u th a m p a r a i  U n it  o f  C h ith a r  
D ivision o f  A R C  L td . w iith  11 c lo n e s  viz., 
PB 255 , PB 3 1 4 , IR C A  109, IR C A  111 , RR II 
203, R R II 4 1 4 , R R II 4 1 7 , R R II 422 , R R II 429 , 
RRII 4 3 0  a n d  R R II 105 .

D u r i n g  th e  p e r io d  u n d e r  r e p o r t ,  
vacancy e n u m e r a tio n  w as u n d e rta k e n  and  
a total o f  2 4  c a u s a l it ie s  w ere  rep laced  w ith  
the p lan ts  o f  th e  re sp e c tiv e  c lo n es .

1.1.2. H y b r id iz a t io n  a n d  c lo n a l  s e le c t io n  

T h e  r e s e a r c h  fa r m  a t  P a r a l ia r
c o n s t i t u t e s  tw o  b r e e d i n g  o r c h a r d s

co m p ris in g  o f  51 p a r e n ta l c lo n e s  a n d  w ere  
p ro p e r ly  m a in ta in e d . D u r in g  th e  p e r io d  
u n d er rep o rt, h an d  p o ll in a t io n  w o rk s  w ere  
su s p e n d e d  o w in g  to  th e  lo c k d o w n  (d u e  to  
C O V ID  19 p a n d e m ic )  a t  th e  tim e  o f p eak  
f lo w e r in g . T h e  fo u r  s e le c t io n s  p o lla rd e d  
fro m  th e  p r e v io u s  y e a r 's  h y b r id s  w e r e  
m a i n t a i n e d  f o r  t h e  n e x t  s t a g e  o f  
e v a lu a t io n .

1.1.3. N ew  g e n e r a t io n  p o ly c lo n a l  s e e d  g a rd en

T h e  seed  g ard en  w ith  n in e  c o n s titu en t 
c lo n e s  a t  N e w  A m b a d y  E s t a t e  w a s  
m a in ta in e d  w ell. S e e d lin g  n u rs e r ie s  h a v e  
b e e n  ra is e d  o v e r  th e  e a r l ie r  s e a s o n s .  A  
co u p le  o f  se le c tio n s  h a v e  b e e n  p o lla rd ed  for 
fu rth er  ev a lu atio n .

A n  e f f o r t  w a s  m a d e  to  s t u d y  th e  
re la tio n sh ip  b e tw ee n  th e  s iz e  a n d  w e ig h t o f 
s e e d s  o n  th e  v ig o u r  a n d  s e l e c t i o n  o f  
s e e d l in g s .  A s  p a r t  o f  th i s  s t u d y ,  th e  
fo llo w in g  w o rk  w as d on e .

A ro u n d  2 5  k g  (7 0 0 0  n o s .) o f  s e e d lin g s  
w e r e  c o lle c te d  fro m  th e  p o ly c lo n a l  se e d  
g ard en  in tw o  ro u n d s . S e e d s  w e re  s o r te d  
in to  th ree  s iz e  ca teg o ries  viz ., sm all, m e d iu m  

an d  large . A ro u n d  150  sa m p le  s e e d s  w e re  
tak e n  fro m  e a ch  c a te g o ry  a n d  th e ir  w e ig h ts  
w ere  taken . M a jo r ity  o f  th e  s e e d s  c o lle c te d  
fe ll in to  th e  m e d iu m  s iz e  ca teg o ry .
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L IB R A R Y  A N D  D O C U M E N T A T IO N  C E N T R E

T h e  L ib r a r y  a n d  D o c u m e n ta t io n  

C e n t r e  a t t a c h e d  to  R u b b e r  R e s e a r c h  
In stitu te  o f  In d ia  is w ell m a in ta in e d  w ith  

a co lle ctio n  o f  2 3 0 9 6  books, 2 4 7 5 5  b ou n d  

v o lu m es o f  p e r io d ic a ls ,  6 0 4 7  s ta n d a rd s , 

1563 rep rin ts, 193 T h eses/ D issertation s and  

1 2 0 0  M ic r o f ic h e / M ic r o f i lm s .  S u b je c t  
b ib l io g r a p h i e s  a n d  c o m p u t e r  b a s e d  

b ib l io g r a p h i c  d a t a b a s e s  o f  a l l  b o o k s ,  

re se a rc h  a r t ic le s ,  s ta n d a rd s , th e s e s  a n d  
re p rin ts  a re  a lso  a c c e ss ib le  to th e  u se rs.

Library continu ed  the in form ation  and  
literature su p p o rt to its in -h o u se and  ou tsid e 

in stitu tio n al u se rs by p ro v id in g  re fe re n ce  

serv ices , c u r re n t a w a r e n e ss  s e r v ic e s  an d  

rep ro g rap h ic  serv ices. D u rin g  th e  cu rre n t 
year, 66  b o o k s, on e P h D  T h esis , 2  s ta n d a rd s 

and on e bou n d  jo u rn a l w ere ad d ed  to  the 

stock . R eceived  and  reg istered  191 issu es  o f 

jo u r n a l s  a s  s u b s c r ip t io n / e x c h a n g e .  
C o m p le te  p h y s ic a l v e r if ic a tio n  o f  2 3 4 7 6  
b o o k s  a n d  2 4 7 5 4  b o u n d  jo u r n a l s  w a s  
con d u cted  d u rin g  th e  p eriod .

C o m p ile d  in fo rm a tio n  b u lle tin s , viz  
D o c u m e n t a t i o n  L i s t  ( 1 - 2 )  2 0 2 0 ,  N e w  
A d d it io n s  L is t  o f  B o o k s  2 0 2 0  a n d  S t a f f  

P u b lic a t io n s  l is t  2 0 2 0 - 2 0 2 1. D a ta b a s e s  w ere  

u p d a te d  w ith  th e  d e ta i ls  o f  6 6  b o o k s , 226  

r e s e a r c h  a r t ic le s ,  3 9  s ta n d a r d s ,  2  thesis/  

d i s s e r t a t i o n  a n d  o n e  b o u n d  jo u r n a l .  

C i r c u l a t e d  6 6 9  b o o k s ,  t e c h n i c a l l y  

p r o c e s s e d  1 571  b o o k s ,  f i le d  1 1 0 6  p r e s s  

c lip p in g s  o f  r e le v a n t a r t ic le s  a n d  p ro v id e d  

2841  p h o to c o p ie s .  L ib r a r y  m e m b e r s h ip  

w a s  is s u e d  to  3 4  m e m b e r s ,  r e f e r e n c e  

se r v ic e  e x te n d e d  to  5 9 5  u s e rs  a n d  N o D u es 
C e r t if ic a te  is su e d  to  6 0  m e m b e rs .

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 lic a t io n s ,  L ib r a ry  o r g a n iz e d  th e  sa le  

a n d  d i s t r i b u t i o n  o f  5 1 7  c o p ie s  o f  th e  

jo u r n a l  R u b b e r  S c i e n c e  a n d  3 1 1  o t h e r  

p u b l i c a t i o n s  i n c l u d i n g  R R I I  A n n u a l  

R e p o r t a n d  c o lle c te d  R s. 5 9 ,0 0 0  in c lu d in g  

th e  p r ic e  o f  p u b lic a t io n s  s o ld ,  c h a r g e s  fo r  

o v e r d u e  o n  c i r c u l a t e d  b o o k s ,  a n d  
p h o to c o p y in g .



R ecoin  m e n d ed  C alopogon ium  caeruleum  
a s  an  a lte rn a te  co v e r  cro p  in ru b ber 
p la n ta t io n s .  T h is  le g u m in o u s  co v er  

c ro p  ca n  b e  e sta b lish e d  u n d er partia l 
s h a d e  a ls o  d u r in g  la te r  im m a tu rity  * 

p eriod  o f ru b b e r  (7 7 th SA C  on 18th M ay 
2020 ).

R e c o m m e n d e d  a n e w  w a te r  b a se d  
c o m b i n a t io n  f u n g ic id e  w ith  th e  

fo r m u la t io n  o f  5 %  P y r a c lo s tro b in  +

55%  m e tira m  (trad e  n am e M an tram ) at 
a c o n c e n tr a t io n  o f  lg / L  to  c o n tro l 

C o r y n e s p o r a  l e a f  d is e a s e  in  r u b b e r  

p la n ta t i o n s  in  a d d it io n  to  a lr e a d y  

reco m m en d ed  fu n g ic id es ( 7 7 *  S A C  on 
18th M a y  202 0 ).

A cce p te d  th e  fin d in g s  th a t latex can  be 

p r e - t r e a t e d  w i t h  s u i t a b le  a g e n ts  

(ir re s p e c tiv e  o f  w h e th e r  L A T Z  o r  H A 

latex) p rio r  to  a d d in g  p reservatives and 

th e  p re -tre a te d  la tex  ca n  b e  stored  for 
u p  to  s ix  m o n th s  a n d  g o o d  q u a lity

Ribbed  Sm oked  S h eets  can  b e  m ad e 

fro m  it ( 7 8 *  S A C  m e e tin g  o n  1 6 *  

N ov em ber 2020).

A ccep ted  th e  in n ov atio n  o f  a  sim p le , 

q u ick  an d  a ccu ra te  m e th o d  fo r  D R C  

d eterm ination  o f  field  latex u sin g  70%  

isop rop y l a lcoh ol (M ed isp irit)  as the 

coagulant. T h e new  m ethod  w as m u ch 

fa s te r  a n d  c h e a p e r  th a n  th e  

conven tion al acid  coagu lation  m ethod 

and b oth  m ethods gave id en tical results 

(7 8 *  SA C  m e etin g  on  1 6 *  N o v em b er 

2020).

A ccep ted  the reco m m en d atio n  th at th e  

M o to ro l s p r a y  o il s u p p lie d  b y  M/s 

Q u eb ec  P etro leu m  R e so u rce s  L im ited , 

G u jara t, can  b e  u sed  a s  a ca rr ie r  o f o il- 

b a se d  c o p p e r  o x y c h lo r id e  (C O C ) in 

ru b ber p la n ta tio n s  (7 9 *  S A C  o n  2 2 nd 

Ja n u a ry  2 0 2 1 ).
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V. Jayashree M adhavan, M .Sc. (Ag.), Ph.D.
G. Prabhakara Rao, M .Sc. (Ag.)
M .A. Mercy, M .Sc. (Ag.), Ph.D.

Biotechnology D ivision
R.G. Kala, M .Sc., Ph.D.
S. Susham akum ari, M ,Sc., Ph.D.
P. Kum ari Jayasree, M .Sc., Ph.D.
R. Jayasree, M .Sc., Ph.D.
K. Rekha, M .Sc. (Ag.), Ph.D .

Joint Director / Principal Scientist 
Principal Scientist 

Senior Scientist 
Senior Scientist 
Senior Scientist 

Scientist 
Scientist

Junior Scientist (upto February 2021) 
Junior Scientific Officer (w.e.f. August 2020) 

Junior Scientific Officer 
Farm O fficer (31.12.2020) 

Farm Officer 
Farm Officer

Principal Scientist 
Scientist

Assistant Scientific Officer (w.e.f. 24.08.2020) 
Junior Scientific Officer 

Junior Scientific Officer (w.e.f. 24.08.21X20) 
Junior Scientific Officer (w.e.f. 24.08.2020)

Principal Scientist 
Principal Scientist 

Senior Scientist 
Senior Scientist 
Senior Scientist 
Senior Scientist 
Junior Scientist 

Assistant Scientific Officer 
Farm Officer 
Farm O fficer 
Farm Officer 
Farm  O fficer 
Farm Officer

Principal Scientist 
Senior Scientist 
Senior Scientist

Principal Scientist 
Senior Scientist 
Senior Scientist 
Senior Scientist 
Senior Scientist



K.U. Thomas, M.Sc., Ph.D. Scientist
K. A nantaram anan. M.Sc. lun.or V icm M  (i:o i

Plant Pathology Division
Shaii Philip, M.Sc. Ph.D. c  .
C  Bindu M.Sc., Ph.D. " ...... ? ™ " lw
c  CA • D ,  , Senior ScientistE .E d w m P r.m .M .S c lA g ) ^

**■*> I .Ml,, I , , .......

Crop Physiology D ivision

s“ “ “ h“ :5c- 'M P h i l , ’ h-D' , ° t a lD  -  ........
Jayasree Gopalakrishnan, M.Sc., M .Phil.,Ph.D . " s m to r  Scientist

Clim ate Change and Ecosystem Studies
Shammi Raj, M S c , Ph.D. n . . , _ .
T . S r i * * * U S c  I
B. Pradeep. M.Sc. S fflW .S rtB .lw
K.G.Javan 1 1 i

Assistant Farm Manager

Latex Harvest Technology D ivision
R. Rajagopal, M.Sc., M PhiL, Ph.D., Dip. Stat. c  • e
K. Karunaichamy. M.Sc.. Ph D » • ■ , =  - .  Sen ,or S“ " flsl

Principal Scientist (upto 31.05.2020)

Rubber Technology D ivision
K.N. Madhusoodanan, M.Sc.
Benny George, M.Sc., Ph.D. Principal Scientist
Joy Joseph, M.Sc. Sen ;or Scientist
Manoj Kurian Jacob, M.Sc., Ph.D Senior Scientist
M. Susamma Joseph, M.Sc. . . . _ . ,  Scientist
M L.G cethakum ariam m a, M .Sc. P h D  A s ,M a n tS a .m il ,. O ffice, („ r u, 2 9 2 m i l ,

A ssistant Scientific Officer

Technical Consultancy Division
Siby Varghese, M.Sc., Ph.D.
Shera Mathew, M .Sc., M.Tech., Ph.D. Director/ Principal Scientist
M.A. Fancy, M.Tech. - • • Scientist
Mathew Joseph, B.Tech. Assistant Rubber Technologist
Reethamma Joseph, M Sc., Ph.D . Assistant Rubber Technologist
K.I. Elizabeth, M.Sc., M.Tech., Ph.D, Assistant Rubber Technologist
Tessy K. George, M.Sc., M.Tech. Assistant Scientific Officer

Junior Scientific Officer
Economics D ivision

Toms Joseph, M.A i ( n-
Binni Chandy- M .A. director (Onw orking arrangem ent at H O.) (upto 31.12.2020)

S. Veeraputhran, M .A., M. Phil. Senior Scientist
T. Siju, M..Sc. (Ag.), Ph.D. Scientist
Joby Joseph, M.A. Scientist

Scientist
l ibrary' and Docum entation Centre

N. Lath a, M.Sc., M.L.I.Sc.
A S . Ajitha, M.A., M.L.I.Sc Docum entation Officer
V.R. Sujatha, B.Sc., M.L.I.Sc. Senior Librarian

Librarian



Statistics and C om puter
P. Aneesh, M .Sc., P.G.D.C.A.
K.A. Santhosh, M.C.A.

Instrumentation

M.R. A nilkum ar, Dip. in Inst. Tech.

R. Suni, M .Sc., M.Tech., MBA, B.Ed., PGDCA, PGDDI

Administration
B. Jayaprakash 
N.B. Sm itha

Security W ing
M.T. Varghese, MA

Central Experim ent Statio n , C hethackal, Kerala
Thom as Eappen, M .Sc., B.Ed.
N.K. Suresh, M BBS 
T.V. Thom as, BA 
V.M. C handran 

Sleeba V. Paul 
S.B. Sreejam ol

Regional Research Statio n , Padiyoor, Kerala
C .L. Benny

Regional Research  S tatio n , G uw ahati, Assam 
Gitali D as, M .Sc., Ph.D.

Regional Research  Statio n , A gartala, Tripura

Sushil Kum ar Dey, M .Sc., Ph.D.
Dehasis M andal, M .Sc. Ph.D.
Debabrata Ray, M .Sc. (Ag.)

Bhaskar Datta, M .Sc. (Ag.)
Pradip Baruah, B.Com ., ICWA (I)
Tapan Kum ar Pal, M .Sc.

Regional Research  Statio n , Tura, M eghalaya

Ram phool Singh, M .Sc. (Ag.), Ph.D.
M erry Birth N M arak

Regional Experim ent Statio n , N agrakata, West Bengal

Jayanta Sarkar, M .Sc. (A g.), Ph.D.

Regional R esearch  Station , D apchari, M aharashtra

M eena Singh, M .Sc. (Ag.), Ph.D.
D ilip G anapat Shende

Assistant Statistician 
Assistant Systems Officer

Instrum entation Officer 
Assistant Instrum entation Officer

Assistant Secretary 
Section Officer

A ssistant Security Officer

Senior Scientist 
M edical Officer 
Farm M anager 

Farm Officer 
Farm Officer 

Section Officer

Farm Officer

Deputy D irector (RS) (upto 31.8.20)

Joint Director/ Principal Scientist 
Senior Scientist (upto 29.2.2020) 

Scientist 
Scientist

A ssistant D irector (Finance) 
Assistant Scientific Officer

Senior Scientist (upt o  06.04 2021) 
Section Officer

Scientist (Officer-in-charge)



Regional Research Station, D henkanal, O disha
Bal Krjshan, M Sc., Ph.D.

H e te j Breeding Sub station. Kadaba. Karnataka
S. Ravichandran, M Sc. (Ag.)
P. Ramachandran

Hevea Breeding Sub station, M arthandam , Tam il Nadu 
M. Suryakumar, M.Sc. Ph.D.

Regional Soil Testing Laboratory, Adoor. Kerala (Handed over to R 
managed company w.ei; J 4.08.2020)

D. Suja

Regional Soil Testing Laboratory, Kan jirappally, Kerala (Ilanded . 
managed company w.e.f. 14.0S.2020]

Beena Joseph, MSc.

11 PT. Sindhu, M.Sc.

Regional Soil Testing Laboratory, K ozhikode, Kerala (Handed over 
managed company w.e.f. 14.08.2020]

K. Jayasree, M.Sc.

Regional Soil Testing Laboratory, M uvattupuzha, Kerala (Handed. 
managed company w.e.f. 14.08.2020)

Mijo Jacob 
Joseph Chacko

Regional Soil Testing Laboratory, Palai, K erala (Handed over 10 Kubbe, Board 
managed company w.e.f. 14.08.2020)

Senior Scientist

Scientist 
I-arm Officer

Junior Scientific Officer

’<‘r to Rubber Board

Junior Scientific Officer (upto 14.8.2020) 

Junior Scientific Officer (upto 14.8.2020)

o Rubber Board 

Assistant Scientific Officer (upto 14.8.2020) 

ver to Rubber Board

Junior Scientific Officer 
Junior Scientific Officer

Sherlv Jacob

Regional Soil Testing Laboratory, Thrissur, Kerala (Handed o 
managed company w.e.f. 14.08.2020)

Regional Soil Testing Laboratory, Nedum angadu, Kerala (Handed o 
managed company w.e.f. 14,08.2020)

Parvathy S. Kumar

Junior Scientific Officer (upto 14.8.2020) 

to Rubber Board

Scientific Assistant



RESEARCH ESTABLISHMENTS
RU BBER RESEARCH  INSTITUTE OF INDIA 

Rubber Board, K ottayam - 686 009, Kerala, India 
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REGIONAL r e s e a  h c h  s t a t i o n s

Central Experim ent Station 
Rubber Board, C hethackal 
Thompikandom. P.O., Ranni- 689 676, Kerala 
Phone: 91 4735 261500 ,261176  
Email: ces®rubberboard.org.in

Regional Research Station
Rubber Board, Padiyoor. P.O
Kannur- 670 703, Kerala, Phone: 91 4982 273003
Email: rrspadiyoortm ibberboard .org.in

Regional Research Station 
Rubber Board, Dapchari- 401 610 
Thane, M aharashtra, Phone: 91 2528 202042 
Email: rrsdapchariCfl'rubberboard.org.in

Regional Research Station,
Rubber Board, PW D  Road,
Near District. Em ploym ent Exchange 
Dhenkanal- 759 001, O disha Phone: 91 6762 224946 
Email: rrsdhents’rubberhoard.org.in

Hevea Breeding Sub-Station 
Rubber Board, Subrahm anys Road,
Kadaba, Puttur Taluk- 574 221, D.K.District. 
Karnataka, Phone: 91 8251 260336 
Email: hbssnet#rubberboard.org.in

Regional Experim ent Station 
Rubber Board,. Grassm ore, Nagrakata,
Jalpaiguri- 735 225, W est Bengal
Phone: 91 3565 270016
Email: rrsnagO rubberboard.org.in

Research Com plex (N .E. Region), Rubber Board 
Beltola -  Basista Road, H ousefed Com plex 
D ispur, Guw ahati-781 006, Assam 
Phone: 91 3612 228220
Email: rrsgty«rubberboard.org.in

Regional Research Station 
Rubber Board, Baluakiattila 
K unjaban- 799 006, Agartala. Tripura 
Phone: 91 381 2355143 ,2352354 
Email: rrsagr@ rubberboard.org.in

Regional Research Station
Rubber Board, N ear AIR Quarters
D akobgre, PB No. 26, Tura- 794 001
West G aro H ills, M eghalaya, Phone: 91 3651 232413
Email: rrstura<«rubberboard.org.in

H evea Breeding Sub-Station 
Rubber Board Regional O ffice 
3/33 PPK Buildings, M ain Road,
M arthandam , Kanyakum ari District 
Tamil N adu 629165

REGIO N A L SO IL  T E ST IN G  LA BO RA TO R IES
(The seven Regional Soil Testing Laboratories we 
in the respective locality w.e.f. 14-08.2020) 

Regional Laboratory, Rubber Board 
East Nadakkavu, Kozhikode-673 011 
Phone: 0495-2369610,
Email: rlkozhi kode®rubberboa rd .org, in

Regional Laboratory, Rubber Board 
Vallathol Rubber's Building, Anappara 
Ram avarm apuram  P.O., Thrissur -  680 54s 
Phone:0487-2694105 
Email: rltchr® rubberboard.org.in

Regional Laboratory, Rubber Board 
Mary M atha Square, Arakuzha Road 
M oovattupuzha- 686 661 
Phone: 0485-2836996
Email: rlm uvaltupuzhaS rubberboard.org.in

Regional Laboratory, Rubber Board,
T.B. Road, Pala- 686 575. Phone: 0483-2216708 
Email: rlpalaw rubberboard.org.in

IN KERA LA
handed over to  Rubber Board m anaged com panies

Regional Laboratory, Rubber Board,
G eo Towers, C athedral Junction, 
Kanjirappally- 686 507 
Phone: 04828-203184 
Em ail: rlknj@rubberboard.org.in

Regional Laboratory, Rubber Board,
GN M  Buildings, 11 Floor,
Near RD  Office,
Adoor-691 523.
Phone: 04734-227168
Email: r!adr®rubberboard.org.in

Regional Laboratory, Rubber Board. 
Ram achandra Square,
N ear Surya Cine House 
N edtim angadu- 695 541 
Phone: 0472-2804660 
Email: rltvnw rubberboa rd.org. in

mailto:rrii@rubberboard.org.in
http://www.rubberboard.org.in
mailto:rrsagr@rubberboard.org.in
mailto:rlknj@rubberboard.org.in
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Research D ivisions and functions 
The m ajor research d iv ision s a re  Agronom y/Soils, 
Biotechnology, Botany, Clim ate C hange & Ecosystem  
Studies, Germ plasm , Latex Harvest Technology, Plant 
Pathology, P lant P h ysiolog y, R u bber T echn o lo gy , 
Technical C on sultan cy and E con om ics. S tu d ie s on 
C lo ne E v a lu a tio n , G en o m e A n a ly s is  an d  D R IS  
Fertilisation are dealt separately.
The th ru st a reas  o f  resea rch  o f  A g ro n om y/ Soils  
D iv isio n  a re  in v e s tig a tio n s  on th e  n u tr it io n a l 
requirem ents o f  rubber, irrig a tio n , in tercro p p in g , 
cover crop m anagem ent, w eed control and the study 
of the rubber grow ing soils. D evelopm ent o f tissue 
culture and another culture system  for propagation 
and developm ent o f  transgenic plants incorporating 
agronom ically im portant genes for im provem ent of 
H evea  are th e  im p o rta n t a r e a s  in w h ich  th e  
Biotechnology D ivision is engaged. The A dvanced 
C entre for M olecu lar  B io lo g y  and  B io tech n o lo g y  
(A C M B B ) is a fu n c tio n a l g ro u p in g  o f  s c ie n t is ts  
w orkin g  in th e a r e a s  o f  M o le c u la r  B io lo g v , 
B io tech n o lo g y , G en o m e A n a ly s is , M o le cu la r  
Physiology and M olecular Pathology. T h e im portant 
fields of research of the Botany D ivision are breeding, 
evaluation and selection of new clones, propagation 
techniques, planting m ethods, anatom ical studies and 
cytogenetic in vestigation s. Th e C lim ate  C han ge & 
Ecosystems Stud ies D ivision is pursuing studies on 
c lim a te  c h a n g e  p ro c e s s  in  tr a d it io n a l and  n on - 
trad itio n a l ru b b er g ro w in g  reg io n s  o f  In d ia  and 
developing information system  on rubber cultivation 
using rem ote sen sin g (RS) platform  to id entify  area 
under rubber cultivation and suitable area where rubber 
plantations can be extended. The G erm plasm  D ivision 
is con centratin g  on th e in trod u ctio n , con servatio n  
and ev a lu a tio n  o f  H ev ea  g e rm p la sm . T h e  P lan t 

athologv D ivision is engaged in in vestigation s on 
the diseases and pests o f rubber and associated cover 
c ro p s  an d  th e ir  c o n tro l. T h e  P lan t P h v s io lo g v  
Division conducts studies on both fundam ental and 
applied aspects o f H a v a  tree physiology. The Latex 
Harvest technology Division is concentrating on all 
applied asp ects o f  crop  h arvestin g  in rubber. The 

u b e r  T ech n o lo g y  D iv is io n  c o n c e n tr a te s  on 
im provem ent in prim ary p rocessin g of rubber, its 
clem ica l m odification, rubber product m anufacture 
and q u a lity  c o n tro l o f  p ro c e s s e d  ru b b e r. Th e 
tec h n ic a l C o n su lta n c y  D iv is io n  p ro v id e s  
consultancy services for the prom otion of the rubber 
in d u stry  Ih e  R u bber T ech n o lo gy  D iv is io n  and 
techn ical con sultan cy D ivision  to gether form s the 
A dvanced C en tre for Ru bber T echn ology (A C RT) 
Ih e  E co n o m ics  D iv is io n  u n d e rta k e s  s tu d ie s  on 
econom ic aspects related to rubber plantations.

The research  suppo rtin g  sections in clud es Library 
and  D o cu m en ta tio n , In stru m en ta tio n , S ta tis t ics , 
Com puter and M aintenance W ing. | here is also a

sm all experim ental farm  o f  33  ha. a t th e h ead quarters 
o f  RRII.

C entral Experim ent Station

T h e 255 ha. C entral E xperim en t Statio n  at C hethackal 
(Ranni), 50 km  aw ay from  K o ttayam , w as started  in 
1966. Field  tr ia ls  laid o u t by th e research  d iv is io n s  
cover a lm ost th e en tire area.

R egion al R esearch  S ta tio n s

R R II h a s  e s ta b lis h e d  a N o r th - E a s te r n  R e s e a r c h  
Com plex w ith headquarters at Agartala hav in g regional 
research stations at A gartala in Tripura, G uw ahati in 
A ssam  and Tura in M eghalaya. T h e RRII has a lso  set 
up  reg io n a l r e s e a r ch  e s ta b lis h m e n ts  a t  D a p ch a ri 
(M aharashtra), D henkanal (O rissa), N agrakata (W est 
B en g a l), T h ad ik aran k o n am  (Tam il N ad u ), K ad aba 
(Karnataka) and Pad iyoor (Kerala).

R e g io n a l s o il  t e s t in g  la b o r a to r ie s  h a v e  b e en  
estab lish ed  at K ozhiko d e, T h rissu r, M u vattu p u zha, 
Pala, Kanjirappally, A door and N edum angad. M ob ile 
u n its  fo r  s o il a n d  le a f  a n a ly s i s  a r e  a v a ila b le  a t  
K o z h ik o d e  la b o r a to ry , a p a r t  fro m  th a t  a t  th e  
headquarters.

National/International collaboration  

RRII is a m em ber of the International Rubber Research 
and D evelopm ent Board (IR R D B ), an association  of 
n a tio n a l o rg a n iz a tio n s  d e v o te d  to  re s e a r c h  and  
d evelopm ent on natural rubber. Ru bber Board is a 
m e m b e r  o f  th e  A s s o c ia tio n  o f  N a tu ra l  R u b b e r  
P ro d u cin g  C o u n tr ie s  (A N R P C ) and  In te rn a tio n a l 
R u bber Study G rou p (IRSG).

The RRII has research/academic linkages with the Banaras 
H indu U n iv e rsity  (V aran asi), K erala  A g ricu ltu ra l 
U n iv e rs ity  (T h r is s u r ), K era la  U n iv e rs ity  
(Thiruvananthapuram ), M ahatm a G andhi University 
(K o tta y a m ), C o ch in  U n iv e rs ity  o f  S c ie n ce  and  
T ech n o lo gy  (K o ch i), In dian  A g ricu ltu ra l R esearch  
In stitu te  (N ew  D elhi). Indian  In stitu te  o f  Sc ien ces 
(Bangalore), Indian Institute o f  Technology (Kharagpur), 
N ational C hem ical L abo rato ry  (P u n e). S ree  C hitra  
Tirunal Institute o f  M edical Sciences and Technology 
(T h iru v an an th ap u ram ), Tam il N ad u A g ricu ltu ra l 
U niversity (C oim batore), U niversity o l A gricultural 
Sciences (Bangalore) and U niversity of Goa (Goa). 
C o rresp o n d en ce  
T h e  D irector o f  Research 
Rubber Research Institute o f India 
K ottayam  - &86 009, Kerala, India 
P h o n e  1>1 481 23533 1 1 -2 0  

91 481 2352770-71  
481 235 2 7 7 3 -7U 

Fax 91 481 2 3 5 3 3 2 -  
Email: rriiiTrubberh*." i
W ebsite: w w w .ruM vr! ■

http://www.ruMvr

