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R u b b e r  R esea rch  In s titu te  o f In d ia

The Rubber Research Institute of India (RRJI), under 
th e R u b b e r  B o ard  (M in is try  o f  C o m m erce  and 
Industry, G overnm ent o f India), had its inception in 
1955. W ith a very m odest beginning, the RRII is now 
capable of handling m ost o f the problem s associated 
w ith  natural ru bber (N R ) prod uction  technology, 
prim ary processing and product developm ent. The 
stead y grow th of R R II in its sc ien tific  w orth  and 
research contributions has won it the recognition as 
an International C entre of Excellence in NR research.

L o catio n

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 all m ajor cities in the country 
by rail. There are tw o International Airports, one at 
Thiruvananthapuram , 160 km south and the other at 
Nedumbassery, 95 km north to RRII.

Organization

For the efficient discharge o f its functions, the RRII 
has established m ajor research divisions and research 
supporting sections at its headquarters and regional 
research establishm ents at appropriate locations where 
Heiiea brasiliensis  is com m ercially grow n or is likely 
to be grown.

Continued on inside back cover
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THE RUBBER BO A RD

T h e  In d ia n  R u b b e r  B o a r d  w a s  
co n stitu ted  u n d er th e  R u b b e r  (P ro d u ctio n  
an d  M ark etin g ) A ct, 1947, w h ich  c a m e  into 
fo r c e  o n  19  A p r il  1 9 4 7 .  T h is  A c t  w a s  
am e n d ed  in 1954, 1 960  an d  1982. T h e  A ct 
w a s  a g a in  a m e n d e d  b y  th e  R u b b e r  
(A m e n d m e n t)  A ct, 199 4  (A ct 3 3  o f  1994), 
w h ich  is n o w  in force.

Organization

T h e  C h a ir m a n  is  th e  p r in c ip a l  
e x e cu tiv e  o ff ice r  an d  e x e rc is e s  co n tro l o v er 
a ll d e p a rtm e n ts  o f  th e  R u b b e r  B o ard . T h e 
R u b b e r  R e se a rch  In s titu te  o f  In d ia  (R R II) 
w o rk s  u n d e r  th e  a d m in is tra t iv e  co n tro l o f 
th e  B o ard , th e  D ire cto r  b e in g  th e  h ead  o f  th e  
in s t itu t io n .  B e s id e s  R R II, th e re  a r e  e ig h t 
d e p a r t m e n t s  u n d e r  th e  B o a r d  v iz .  
A d m i n is t r a t io n ,  R u b b e r  P r o d u c t io n ,  
P ro ce ssin g  &  P ro d u ct D ev e lo p m en t, F in ance 
&  A cco u n ts , T ra in in g , L ic e n s in g  & E xcise  
D uty, S ta tis t ic s  &  P la n n in g  an d  M ark etin g  
P ro m o tio n .

C h airm an
M r. S a je n  P eter IA S

R u b b e r  R e se a rch  In s t itu te  o f  In d ia
Dr. Ja m e s Ja co b  
D ire cto r

R u b b e r  P ro d u ctio n  D e p a rtm e n t
R u b b er P ro d u ctio n  C o m m issio n e r  
(v acan t)

A d m in is tra t io n  D e p a rtm e n t
Mr. V iju  C h a ck o  FC A  
S e cre ta ry  (in  ch arg e)

P r o c e ss in g  &  P ro d u ct D e v e lo p m e n t 
D e p a rtm e n t
M r. S u n n y  S eb a stia n  
D ire cto r

F in a n c e  &  A c co u n ts  D e p a rtm e n t
M r. V iju  C h a ck o  FC A  
D ire cto r

T r a in in g  D e p a rtm e n t
Dr. C. K u ru v illa  Ja co b  
D ire cto r

L ic e n s in g  &  E x c ise  D u ty  D e p a rtm e n t
M r. C. C. C h a ck o  
D ire cto r

S ta t is t ic s  &  P la n n in g  D e p a rtm e n t
M r. G . M o h a n a ch a n d ra n  
Jo in t D ire cto r

M a r k e t P r o m o tio n  D e p a rtm e n t
B in o i K u rian  
D ep u ty  D ire cto r



ADVISORY PANEL OF EXPERTS

CROP IMPROVEMENT

D r. K . U. K. N am p oo th iri

P ro ject D irector
M SSR F Biju Patnaik  M edicinal Plants 
G ard en & R esearch  Centre 
Psulabad , Ja ip u r (R. S.) -  7 64 002 
K orap u t, O rissa

Dr. Z. A brah am

O fficer-in -C h arge 
Regional S tation
N ation al Bureau o f P lant G enetic Resources 
V ellanikkara, KA U . P. O., Thrissur- 680 656

CROP MANAGEMENT 

Dr. P. R a jen d ra n

D ire cto r  and  Ex O fficio  A dditional 
Se cre ta ry
A g ricu ltu re  PPM  Cell 
G o v ern m en t Secretaria t
T h iru v a n a n th a p u ra m -1

P rof. A b d u l S a la m

D ep artm en t o f A gronom y
C ollege o f A g riculture
V ellay ani- 695  522 , Th iru van anthap u ram

CROP PHYSIOLOGY, 
b io t e c h n o l o g y , g e n o m e  
ANALYSIS, MOLECULAR 
PHYSIOLOGY, MOLECULAR 
PLANT PATHOLOGY

P rof. D r. Swamiyappan

D irector
C entre  for P lant M olecular Biology 
Tam il N ad u  A gricu ltu ral U niversity  
C oim batore - 641 003

Dr. K . N ataraja K araba

Associate Professor 
D epartm ent o f C rop Physiology 
U niversity o f A gricultural Sciences 
G KVK, Bangalore- 560 065

CROP PROTECTION

Prof. D r. K oshy A braham  

Professor and Head, KVK 
Kerala A gricultural University 
M annuthy P.O., Th rissur

Dr. Jim  T h om as

Associate Professor and Head 
D epartm ent o f Entom ology 
K erala A gricultural U niversity 
College of H orticulture 
Vellanikkara, Th rissur -  680 656

Dr. G . G op alasw am y

Professor
D epartm ent of M icrobiology 
Tam il N adu A griculture University 
C oim batore- 641 003

Prof. D . Jag an n ath an

Professor and Head 
A groclim ate Research Centre 
Tam il N adu A gricultural U niversity 
Coim batore- 641 003

LATEX HARVEST TECHNOLOGY

Prof. A. N arayan an

Em eritus Scien tist (ICA R)
919, Phase 5
M aharani Avenue, V adavalli 
C oim batore-641 041



M r.C . V in ay arag h av an

V ice  P resid en t (R u bber)
Harrisons Malayalam Ltd.
B risto w  Road 
K ochi

E C O N O M IC S

D r. D . N aray an a

A sso cia te  F e llo w
C en tre  fo r  D ev e lo p m en t S tu d ies
M ed ical C o lleg e  P.O.
U llo or, P rasan th  N agar 
T h iru v a n a n th a p u ra m  -  6 9 5  O il

Prof. K. Nagaraj
M ad ras In stitu te  o f  D ev e lo p m en ta l S tu d ies 
79, S eco n d  M ain  Road  
G an d h i N agar, A d ayar 
C h en n a i -  6 0 0  020

R U B B E R  T E C H N O L O G Y /  
T E C H N IC A L  C O N S U L T A N C Y

P ro f. R a n i Jo se p h

Head
D ep t, o f  P o ly m e r  S c ien ce  and  R u bber 
Tech n ology
C o ch in  U n iv e rs ity  o f  S c ien ce  and
T ech n olog y
K o ch i -  682  022

D r. K .N .N in a n

E m e ritu s  p ro fesso r
In d ian  In stitu te  o f  S p a ce  Sc ien ce
IS R O  P.O ., T h iru v a n a n th a p u ra m  -  695  022

P ro f. S .S .  B h a g a w a n

D e p a rtm e n t o f  C h em ica l E n g in eerin g  
A m rita  In stitu te  o f  E n g in eerin g  
E ttim ad ai, C o im a b a to re  -  641 105



D ev elo p m en t o f h igh  y ie ld in g  clones 
and agro-m an agem en t practices, upkeep of 
p la n t  a n d  s o il  h e a l th ,  e lu c id a t in g  th e  
m o le c u la r  b a s is  o f  g r o w th  a n d  y ie ld , 
m e ch a n is m  o f to le ra n ce  to  d isea ses  and 
environ m en tal stress, optim ization o f latex 
h a r v e s t in g ,  d e v e lo p m e n t  o f h e a l th y  
p la n tin g  m ateria ls  e tc . w ere  so m e o f the 
p r io r i ty  a r e a s  o f  r e s e a r c h  d u r in g  th e  
rep o rtin g  year.

B r e e d in g  a n d  e v a lu a t io n  o f  c lo n e s  
co n tin u ed  to b e  one o f the m ajor activ ities of 
R R I I .  S e v e r a l  p r o m is in g  c lo n e s , b o th  
in d ig en o u s and  ex o tic  w ere evalu ated  in 
fie ld s . H y b rid s  h a v e  been  p ro d u ced  by 
c ro ssin g  e lite  W ickh am  c lones (fem ale) w ith 
se lected  g erm p lasm  accessions (m ale) and a 
la rg e  n u m b er o f th ese  h y b rid s  exp ressed  
h e te ro s is  in y ie ld  and  tim ber production. 
Sev era l h a lf-s ib s  and  polycross progenies 
w e r e  u n d e r  f ie ld  e v a lu a t io n .  S o m e  
p rom isin g  o rtets  h av e been  identified from  
th e old  p la n ta tio n s  b e lo n g in g  to R u bber 
Board  in S ou th  A ndam ans. T h ese selections 
h a v e  b een  m a d e  from  the PBIG  seed lin g  

progenies.
S e co n d  p h a se  o f p a rtic ip a to ry  clon e 

ev alu ation  w as in itiated  in w hich  on-farm  
ev alu ation  o f sev eral p ipeline c lones w ill be 
d on e sim u ltaneou sly  at d ifferent locations. 
A  p ro g ram m e for m o n ito rin g  the grow th 
and  yield  o f new ly  released  RR II 400  series 
clo n es in grow ers' fields w as also  tm tiated. 
In  a d d it io n , s t u d ie s  o n  g e n o ty p e  
e n v ir o n m e n t  in te r a c t io n s ,  p h y s ic a l ,  

■chanical and  an a to m ica l p ro p e rtie s  o f
.. _____ o lr  WPff*m ecnaiui.tu

T i b e r ,  as req iS red  under the Protection

of Plant Varieties 
an d  F a rm e rs '
R ig h ts  A ct w ere 
a ls o  p r e p a re d .
C h a ra cteriz a tio n
o f th e  1981
g e r m p l a s m  
c o lle c t io n  w as 
c o n tin u e d  fo r  
y ie ld  an d
se co n d a ry  tra its  
su c h  a s  t im b e r  
p r o d u c tio n , to le ra n c e  to  d r o u g h t an d  
d iseases etc. at the p hysiological, m olecular 
and phenotype levels.

T h e root trainer technique, optim ized 
for H evea single handedly by Dr. T.A. Som an, 
offers an effective planting technique rapidly 
a d o p te d  b y  r u b b e r  g r o w e rs . P la n ts  
developed in root trainers possess a com pact 
an d  w e ll d ev e lo p e d  root sy stem , w hich 
ensures their successful establishm ent in the 
field  P lants raised  in root trainers have 
uniform  grow th and h av e the potential to 
attain early tappability. R oot trainer plants 
are m uch ligh ter than polybag plants and 
easier for transportation , and hence, there 
is considerable reduction in labour costs in 
planting. Further research ettorts are also 
on the w ay to refine the potting m edia etc. 

for root trainers.
In v ie w  o f g r o w in g  c o n c e rn  o f 

d eterio ra tin g  soil h ea lth  (m  te r n s  c f  50.1 
o r g a n ic  m a tte r  c o n te n t an d  m .c ro  and  
m a c ro  n u tr ie n ts ) , th e  v a r io u s  r e se a rch  
program s of A gronom y/Soils team  a.m ed 
tow ards developm ent, a s w ell as refinem ent 
of agro m an agem ent practices to 'm prove 
grow th a n d  yield  o f rubber w hile soil health



V lr.C . V in ay arag h av an

V ice  P resid en t (R u b b er)
H arriso n s  M alay a lam  Ltd
B risto w  R oad
K ochi

ECONOMICS

D r. D . N aray an a

A sso c ia te  F e llo w
C e n tre  fo r  D ev e lo p m en t S tu d ies
M ed ical C o lleg e  P.O.
U lloor, P rasan th  N agar 
T h iru v a n a n th a p u ra m  -  695  O il

P ro f. K . N ag ara j

M a d ra s  In stitu te  o f  D ev e lo p m en ta l S tu d ies 
79 , S eco n d  M ain  R o ad  
G an d h i N ag ar, A d a y a r 
C h en n a i -  600  020

RUBBER TECHNOLOGY/ 
TECHNICAL CONSULTANCY

P ro f. R a n i Jo se p h

H ead
D ept, o f  P o ly m er S c ien ce  and  R u b b er 
T ech n olog y
C o ch in  U n ive rsity  o f  S c ien ce  and
T ech n olog y
K o ch i -  682  022

D r. K .N .N in a n

E m e ritu s p ro fesso r
In d ia n  In stitu te  o f  S p a ce  S c ien ce
IS R O  P.O ., T h iru v a n a n th a p u ra m  -  695

P ro f. S .S .  B h a g a w a n

D ep a rtm en t o f  C h em ica l E n g in eerin g  
A m rita  In stitu te  o f E n g in eerin g  
E ttim ad ai, C o im a b a to re  -  641 105



D ev elop m en t o f h igh  y ie ld in g  clones 
and agro-m an agem en t practices, upkeep of 
p la n t  a n d  s o il  h e a l th ,  e lu c id a t in g  th e  
m o le c u la r  b a s is  o f g r o w th  a n d  y ie ld , 
m e ch a n is m  o f to le ra n ce  to d ise a s e s  and 
environ m en tal stress, op tim ization  o f latex 
h a r v e s t in g ,  d e v e lo p m e n t  o f  h e a lth y  
p la n tin g  m ateria ls  etc. w ere som e o f the 
p r io r i ty  a r e a s  o f  r e s e a r c h  d u r in g  th e  
rep ortin g  year.

B r e e d in g  a n d  e v a lu a t io n  o f  c lo n e s  
continu ed  to be o n e o f the m ajor activ ities o f 
R R I I .  S e v e r a l  p r o m is in g  c lo n e s , b o th  
in d ig en o u s and  ex o tic  w ere ev a lu ated  in 
fie ld s . H y b rid s  h a v e  b e e n  p ro d u ced  by 
c ro ssin g  e lite  W ickh am  clon es (fem ale) w ith 
se lected  g erm p lasm  a ccessio ns (m ale) and a 
la rg e  n u m b er o f  th ese  h y b rid s expressed  
h etero sis  in y ield  and  tim ber p rod uction . 
S ev era l h a lf-sib s and  p o ly cro ss progenies 
w e r e  u n d e r  f ie ld  e v a lu a t io n .  S o m e  
p ro m isin g  ortets have been iden tified  from 
th e o ld  p la n ta tio n s  b e lo n g in g  to R u bber 
Board  in  S o u th  A ndam ans. T h ese  selections 
h a v e  been  m ad e from  the P B IG  seed lin g  
p rogenies.

S eco n d  p h a s e  o f p a r tic ip a to r) ' c lon e 
e v a lu atio n  w as in itiated  in w hich  on-farm  
e v a lu atio n  o f several p ipeline c lon es w ill be 
d on e sim u ltan eou sly  at d ifferent locations. 
A p ro g ram m e for m o n ito rin g  the grow th 
and  yield  o f new ly  released  RR II 400  series 
c lo n es  in gro w ers ' field s w as also  in itiated. 
In  a d d it i o n ,  s t u d ie s  o n  g e n o ty p e  x 
e n v ir o n m e n t  in te r a c t io n s ,  p h y s ic a l, 
m e ch a n ica l a n d  an ato m ica l p ro p erties o f 
w o o d , a n a to m y  o f  T P D  tr e e s  e tc . w ere  
con tin u ed . D raft gu ide lin es for D U S testing 
in rubber, a s  requ ired  un d er the Protection

o f Plant Varieties 
an d  F a r m e r s ' 1
R ig h ts  A ct w ere 
a ls o  p r e p a re d .
C h aracteriza tio n  
o f  th e  1981 I
g e r m p l a s m  
c o lle c t io n  w as j
c o n tin u e d  fo r
y ie ld  a n d j

se co n d a ry  tr a its  _|
su c h  a s  tim b e r
p r o d u c tio n , to le r a n c e  to  d r o u g h t an d  
d iseases etc. a t the physiological, m olecular 
and phenotype levels.

Th e root trainer technique, optim ized 
for H evea  single handedly by Dr. T. A. Som an, 
offers an effective planting technique rapidly 
a d o p te d  b y  r u b b e r  g r o w e rs . P la n ts  
developed in root trainers possess a com pact 
and  w ell d ev e lo p e d  root sy stem , w h ich  
ensures their successful establishm ent in the 
field . P lan ts raised in root trainers have 
uniform  grow th and have the potential to 
attain early  tappability. R oot trainer plants 
are m uch ligh ter than polybag p lan ts and 
easier for transportation , and hence, there 
is consid erab le reduction in labour costs in 
planting. Further research efforts are also 
on the w ay  to refine the potting m edia etc. 
for root trainers.

In v ie w  o f  g r o w in g  c o n c e rn  o f 
d e te rio ra tin g  soil h ealth  (in  term s o f soil 
o r g a n ic  m a t te r  c o n te n t an d  m icro  and 
m a cro  n u tr ie n ts ) , th e  v a r io u s  re se a rch  
program s o f A gronom y/Soils team  aim ed 
tow ards d evelopm ent, as w ell a s refinem ent 
o f agro m an agem ent practices to im prove 
grow th and y ield  o f rubber w hile soil health



w as m a in ta in e d  su s ta in a b ly . O p tim iz in g  
w ays to  in crease  lan d  p ro d u ctiv ity  w ithou t 
in c r e a s in g  c o s t  o f  c u l t iv a t io n  th ro u g h  
e f f ic ie n t a g r o -m a n a g e m e n t p r a c tice s  w as 
a n o th e r  m a jo r  o b je c t i v e  o f  th e  te a m . 
D e v e lo p in g  a s a t e - o f - t h e - a r t  r u b b e r  
in fo rm atio n  sy stem  u sin g  recen t ad v an ces 
in  r e m o t e  s e n s in g  a n d  G IS  h a s  b e e n  
a ttem p ted . E ffo rts  w ere  m ad e  to stu d y  the 
f e a s ib i l i t y  o f  m a n a g in g  r u b b e r  p la n t 
n u t r i t io n  th r o u g h  r e v is io n  o f  e x is t in g  
g en era l fe r tiliz er  reco m m en d atio n .

E x p e r im e n t s  w e r e  c o n t in u e d  on  
m a n a g em e n t o f  activ e  a n d  m icro b ia l carbon  
p o o ls  in  r u b b e r  g r o w in g  s o ils  w ith  th e  
o b je c t iv e  o f  im p r o v in g  o r ig in a l  c a rb o n  
s ta tu s  th ro u g h  a d d itio n  o f  b io fertiliz ers/  
g reen  m an u res. It w as fou n d  th at p otassium  
c a n  b e  p a r t ly  s u b s t i t u t e d  b y  s o d iu m . 
E x p erim en ts w e re  carried  o u t to find o u t the 
feasib ility  o f  g ro w in g  p exenn ial in tercrop s 
v iz ., co ffee , v a n illa , G arc in ia  an d  n u tm e g . 
A n o th e r  e x p e r i m e n t  w a s  in i t ia t e d  to  
e v a lu ate  th e  p erfo rm a n ce  o f sh ad e  to leran t 
m e d ic in a l  p la n ts  in  m a t u r e  r u b b e r  
p la n ta t io n . It  w a s  fo u n d  th a t th e re  w as 
s ig n if ic a n t ly  m o re  a v a ila b le  K  in ban an a  
in tercro p p e d  area . E x p erim en t o n  th e  effect 
o f  d en s ity  o f p la n tin g  o n  g ro w th  and  yield  
o f ru b ber w as co n tin u ed . D ev e lo p m en t o f 
ag ro  m a n a g em e n t tech n iq u es  for red u cin g  
the g e sta tio n  p erio d  w as a n o th er  im p o rtan t 
a rea  in w h ic h  v a r io u s  e x p e r im e n ts  w ere  
c a r r ie d  o u t .  S o i l  p r o p e r t ie s  b e tw e e n  
d ifferen t cy cles  o f  ru b be r c u ltiv a tio n  and  the 
a d jacen t fo rest w e re  a lso  c o m p a red . A  n ew  
stu d y  w as in itia ted  to  a sse s s  th e  soil q u a lity  
in m a tu r e  r u b b e r  p la n ta t io n  u n d e r  tw o  
s it u a t io n s ,  w ith  s ta n d a r d  w e e d  c o n tr o l  
p ractices an d  w ith  restr ic ted  w eed  con tro l.

A d v an ced  C e n tre  for M o le cu lar  B iology 
and  B io tech n o lo g y  u n d er R R II co n tin u ed  its 
stu d ies in th e  m o lecu la r  a sp ec ts  o f  e co n o m ic  
traits an d  u sin g  a d v a n ced  b io te ch n o lo g ica l 
to o ls  fo r  g e n e t ic  im p r o v e m e n t  o f  H ev ea

brasilien sis .  T h e  research  p ro g ram m es w ere 
aim ed  at d ev elop m en t o f  in  v itro  propagation 
m ethod s for elite  H evea  c lon es, d ev elop m en t 
o f  t r a n s g e n ic  H e v e a  p la n ts  fo r  b e t t e r  
a d a p ta t io n  to  e n v ir o n m e n ta l  s t r e s s  an d  
tap p in g  pane l d ry n ess, d ev e lo p m en t o f in 
v itro  fe r tiliz a tio n  te ch n iq u e s  an d  em bry o  
r e s c u e  to  c o m p l im e n t  c o n v e n t io n a l  
b r e e d in g  p r o g r a m m e s ,  u n d e r s t a n d  
m o lecu lar  m e ch an ism  an d  ch aracteriza tio n  
o f  g e n e s  co n tro llin g  to le ra n ce  to  d iseases, 
a b io t i c  s t r e s s e s ,  la te x  b io s y n th e s is  an d  
c h a r a c te r iz a t io n  o f  la t ic i fe r  c e ll  s p e c if ic  
p r o m o te r s .  U s in g  in  v it r o  d e r iv e d  le a f  
ex p lan ts, an  e ffic ie n t so m a tic  em bry o g en e is  
p a th w a y  a s  w e l l  a s  s u b s e q u e n t  
a cc lim a tiz a t io n  o f  th e  re g e n e r a te d  p lan ts  
w ere  s ta n d a rd iz ed . E x p e rim e n ts  to  in d u ce 
p o ly e m b ry o n y  w e re  co n tin u ed .

D e v e lo p m e n t ,  o p t im iz a t io n  a n d  
v a l id a t io n  o f  m o le c u la r  to o ls  fo r  th e  
a sse s sm e n t o f  g e n e tic  d iv e r s ity  in ru bber, 
c lon al id e n tifica tio n  an d  g e n o m e  m ap p in g , 
d ev e lo p m en t o f  g e n e tic  m a rk e rs  fo r  b io tic  
a n d  a b i o t i c  s t r e s s  t o l e r a n c e  a n d  
u n d e r s t a n d in g  th e i r  s t r e s s  a d a p ta t io n  
p ro c e sse s  th ro u g h  tr a n s c r ip to m e  an a ly sis  
a n d  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 
a g ro n o m ica lly  im p o rta n t g e n e s  (la tex  yield  
an d  to leran ce  to  b io tic  a n d  a b io tic  s tresses) 
rem ain ed  p rio rities  o f  th e  G e n o m e  A n aly sis  
te a m . T h ir t y - s e v e n  p o ly m o r p h ic  S S R  
m ark ers w e r e  u sed  to  g e n o ty p e  th e  p ro g en y  
p o p u la t io n  a n d  s e g r e g a t i o n  d a ta  w a s  
r e c o rd e d  fo r  l in k a g e  m a p  c o n s tr u c t io n .  
R e s is ta n t  G e n e  A n a lo g u e  a p p r o a c h  w a s  
a d o p ted  to id en tify  d ise a s e  re s is ta n t gen es 
in  H ev ea . T r a n s c r ip t  p r o f i l in g  in  s t r e s s  
to le ra n t H ev ea  c lo n e s  w a s  c o n t in u e d  for 
fu n c tio n a l g e n o m ic  s tu d ie s . S tu d ie s  w e re  
a ls o  c o n t in u e d  o n  th e  d e v e lo p m e n t  o f  
e x p re ss e d  se q u e n c e  tag s fo r  H evea.

F o c u s  o f  P a th o lo g y  r e s e a rc h  w a s  on 
r e f in in g  e x i s t i n g  d is e a s e / p e s t  c o n t r o l  
m e a s u r e s  fo r  d e v e lo p in g  a n  in te g r a te d



d is e a s e  a n d  p e s t m a n a g e m e n t th ro u g h  
e c o n o m ic  a n d  e c o fr ie n d ly  m e a su r e s . 
E v a lu a t io n  o f  s p r a y e r s  an d  sp ra y  o ils , 
assessm en t o f fie ld  lo ss d u e to diseases! 
ev a lu a t io n  o f  n ew ly  ev o lv ed  c lo n es  for 
d isease tolerance, studies on tapping panel 
dryness, bee keeping in rubber plantations, 
use o f beneficial m icroorganism s for plant 
g row th and treatm ent o f sh eet processing 
e ff lu e n ts  w ere  co n tin u ed . S tu d ies  w ere 
carried  ou t to find the factors in fluencing 
P hytophthora  in fection in rubber plantations 
in N orth-E ast region . A  bio-degradable oil 
w a s  fo u n d  e f f e c t iv e  in s p r a y in g  for 
con tro llin g  Phytophthora  leaf disease.

G en e exp ression  p rofiles o f Corynespora 
challenged  leaf sam p les w ere studied using 
D D -R T -P C R  te ch n iq u e . T h e  ro le  o f low  
m o lecu la r  w eig h t RiNJA in tap p in g  panel 
d ry n ess  w as a lso  in ve stig a ted . Bacteria l 
is o la te s  w e r e  sc r e e n e d  fo r  a n ta g o n is tic  
activ ity  again st m ajor pathogens o f rubber. 
E xp erim ents w ere carried  out to asses the 
factors governing C orynespora  leaf fall disease 
u sing agrom eteoro log ical param eters from 
diseased  p lan tations. Exp erim ents w ere also 
carr ied  o u t on im p ro v em en t o f sp ray ing  
t e c h n o lo g y  fo r  p e s t  a n d  d is e a s e  
m an agem ent o f natural rubber.

A n e x p e r im e n t  w ith  an  a n a e r o b ic  
hybrid  reactor w ith a packing m edia inside 
fo r  in c r e a s in g  th e  a t ta c h e d  m ic ro b ia l 
popu lation  sh ow ed  th at the hybrid reactor 
w as highly  effectiv e  in reducing pollution 
load in R SS processin g  efflu ents. W ith an 
aim  to  d evelop  an econ om ical a ltern ative to 
diffused aeration , a reed bed system  has been 
developed. D evelopm ent and dem onstration 
o f  in te g r a te d  v e c to r  c o n tro l sy s te m  for 
p re v e n tio n  o f  C h ik u n g u n y a/  d e n g u e  in 
r u b b e r  p la n ta t io n  a r e a  w a s a n o th e r  
research  area.

P la n t P h y sio lo g y  team  co n tin u ed  its 
research  in m ajor areas o f p lan t physiology

viz., environm ental physiology, physiology 
o f grow th and yield , tapping panel dryness, 
gene expression, secondary m etabolites and 
e c o lo g ic a l im p a c t o f N R  c u lt iv a tio n . 
E x p e r im e n ts  w e re  ca rr ie d  o u t on 
id e n tif ic a t io n  o f  p h y s io lo g ic a l fa c to rs  
influencing drought and cold resistance in 
H evea  clones. Investigations on molecular 
basis o f ad ap ta tio n  o f c lon es to drought 
stress show ed up-regulation of certain genes 
in d ro u g h t to le ra n t c lo n e s . R esu lts  o f 
another experim ent revealed  variations in 
CO  assim ilation and stom atal conductance 
am ong the RRII 400 series clones.

E x p re ss io n  p a tte rn  o f e n d o g e n o u s 
control genes during cold expression was 
studied in Hevea  c lon es by qPCR analyses 
using real tim e PCR. Experim ents w ere also 
carried out to find physiological basis for 
d ro u g h t to le ra n c e  in w ild  g erm p la sm . 
S tu d ie s  w e r e  c a r r ie d  o u t to  fin d  the 
relationship  o f ATP status o f latex, lutoid 
m em brane com position and A TPase activity 
w ith  ru b be r y ie ld . U sin g  ra d io activ ely  
labelled am ino  acid s, c lon al variation s in 
la tex  r e g e n e ra tio n  m e ch an ism  in H evea  
brasiliensis  w as studied . Experim ents were 
continued on d ecipher effects o f the ethylene 
com pounds to latex production and stress 
responses and  results indicated enhanced 
stress responses in the bark tissues o f the 
stim ulated  tree com pared  to trees tapped 
w ithout stim ulation . A ttem pts w ere m ade 
fo r  c lo n in g  an d  ch a ra c te r iz a tio n  o f TPD  
r e s p o n s iv e  g e n e s  th ro u g h  s u b tr a c t iv e  
h y b rid ization .

R u b b e r  T e c h n o lo g y  team  o f th e  
Advanced  C en tre  for R ubber Technology 
u n d er RR II focused  its w ork on evolving 
im p ro v e d  te c h n iq u e s  in  p r o c e ss in g , 
re fin e m e n t in tes t p ro ced u res , ch em ica l 
m odification o f N R, developm ent o f blends 
o f NR w ith o th er rubbers, polym eric fillers 
for reinforcem ent o f NR, scorch control of



p e r o x id e  v u lc a n iz a tio n  a n d  r u b b e r  n an o  
co m p o sites. E x p erim en ts w ere  con tin u ed  to 
im p ro v e  th e  q u a lity  o f rad ia tio n  v u lcan ized  
n atu ral ru b be r la tex . T h e  e ffe c t o f  p article  
s iz e  o f  la tex, m atu rity  o f latex and  leach in g  
co n d itio n s  o f  film s w e r e  ev a lu a ted . Tw o 
p o ly m eric  f ille r  sy stem s w h ich  can  re in force  
n a tu r a l r u b b e r  w e re  id e n tif ie d . S tu d ie s  
w e r e  c o n t in u e d  o n  p r e p a r a t io n  a n d  
s t a b i l iz a t io n  o f  n a n o  z in c  o x id e  u s in g  
ch em ica l rou te . T h e  team  a lso  carried  out 
e x p erim en ts  o n  d ev e lo p m en t o f e p o x id ised  
n a tu r a l r u b b e r  (E N R ), n a n o  c o m p o s ite s , 
fo o tw e a r  so le  fo r  p h y sica lly -h a n d ica p p e d  
an d  H u rth  co u p lin g  fo r  rail locom otive .

T e c h n ic a l  C o n s u lt a n c y  te a m  o f  
A d v a n ced  C e n tre  fo r  R u b b e r  T ech n o lo g }' 
u n d er R R II co n tin u ed  to  ca ter  to  th e  n ee d s 
o f  ru b b e r  b a se d  in d u str ie s  b y  a ss is tin g  in 
p r o d u c t  d e v e lo p m e n t ,  q u a l i ty  c o n t r o l ,  
a d v iso ry  serv ices , tra in in g  an d  sch e m e s  on 
d iv ersified  u se s o f  N R . L atex b ased  prod u cts 
like  la tex  ca rp et backing,, la tex  a d h es iv es  etc. 
w ere  d ev e lo p e d . T h e  team  a lso  a ssis ted  in 
r e s e a r c h ,  d e v e lo p m e n t  a n d  t e s t in g  o f  
n a t u r a l  r u b b e r  la t e x  p r o d u c t s  a s  p e r  
n a tio n a l an d  in tern atio n a l sta n d a rd s . T h e  
team  a lso  o ffered  consu ltan cy ' se rv ice s  fo r  
th e  p r e p a r a t io n  a n d  s t a b i l i z a t i o n  o f  
d isp e rsio n s/ em u lsio n s w h ich  are  esse n tia l 
in g red ie n ts  o f  la tex  co m p o u n d s.

E co n o m ic  resea rch  team  co n tin u ed  its 
s t u d ie s  in  f iv e  m a jo r  a r e a s ,  v iz .  fa r m  
m a n a g e m e n t ,  p r im a r y  p r o c e s s in g  a n d  
m a r k e t in g  o f  N R , r u b b e r  p r o d u c t s  
m a n u fa ctu rin g  in d u stry  a n d  fo re ig n  trad e, 
in te r  c r o p s  a n d  b y -p r o d u c ts  a n d  in te r -  
d iv is io n a l c o lla b o ra tiv e  p ro jects . A n a ly sis  
o f  r e l a t i v e  c o n t r i b u t io n s  o f  p r ic e  a n d  
p r o d u c t iv i ty  in s u s ta in in g  th e  te m p o  o f 
gro w th  in  farm  in co m e re v ea led  th a t tren d s 
in rea l fa rm  in c o m e  h a d  b een  in flu e n ce d  
m o re  b y  p r o d u ctiv ity  th a n  b y  p rice . T h e  
study o n  lab o u r sh o rtag e  u n d er ru b be r B lock

P lan tin g  S ch em e in T rip u ra  fou n d  g row in g  
sh o rtag e  o f  fam ily  la b o u r  in th e  im m atu re  
ru b be r p la n ta tio n s  in  th e  co n tex t o f  varied  
w ag e rates.

L a te x  H a r v e s t  T e c h n o lo g y  te a m  
c o n t in u e d  it s  r e s e a r c h  o n  d e v e lo p in g  
su s ta in ab le  la tex h a rv estin g  tech n iq u es. T h e 
team  in itia ted  a co lla b o r a tiv e  p ro g ra m m e 
fo r  d ev e lo p in g  a m e ch a n iz e d  ta p p in g  too l. 
T h e  team  carried  o u t e v a lu a tio n  o f g aseo u s 
s t im u l a n t  ( e t h y le n e )  f o r  fu r th e r  
im p ro v em en t in  y ie ld  an d  fu rth er  red u ctio n  
in th e  len g th  o f  tap p in g  cut. E x p erim en ts  on 
L ow  Frequ en cy  T ap p in g  (L F T ) w ith  d ifferent 
le v e ls  o f  y ie ld  s tim u la tio n  w e re  co n tin u ed . 
I t  w as fo u n d  th a t lo w  fre q u e n cy  ta p p in g  (d4 
an d  d 7  ta p p in g ) w ith  ra in  g u a r d in g  w a s  
su ccessfu l. E x p e rim e n t w a s  a ls o  ca rr ie d  out 
o n  L o w  F r e q u e n c y  C o n t r o l le d  U p w a r d  
T ap p in g  (L F C U T ), as an  a lte rn a te  tap p in g  
m e th o d .

B e sid e s  m e e tin g  th e  re se a rch  n e e d s  o f 
R R I I ,  C e n t r a l  E x p e r im e n t  S t a t io n ,  
C h eth ack a l rea lized  1 266980  k g  o f  total crop. 
T h e  R e g io n a l  R e s e a r c h  S t a t io n s  o f  R R II 
c o n t in u e d  th e ir  r e s e a r c h  p r o g r a m m e  o n  
d e v e lo p in g  c lo n e s  s p e c i f i c  to  r e s p e c t iv e  
re g io n s  a s  w e ll a s  a sse s s in g  a d a p ta t io n  o f 
n e w ly  r e le a se d  c lo n e s  to  th e  c lo n a l a g ro - 
c l i m a t i c  c o n d i t io n s .  T h e  L ib r a r y  & 
D o c u m e n ta t io n  C e n tr e  o f  R R II a d d e d  92  
b o o k s , su b scr ib e d  51 in tern a tio n a l jo u rn a ls  
an d  7 7  n a t io n a l jo u r n a ls , u p d a te d  lib rary  
d a ta b a se s  a n d  d e v e lo p e d  n e w  d a ta b a se s  for 
T h esis/ D isserta tio n s, R u b b e r  S ta n d a rd s  and  
R u b b er B oard  P u blica tio n s. S c ien tis ts  o f  RRII 
p u b lis h e d  4 3  re se a rc h  p a p e r s  in jo u r n a ls  
an d  2 0  ch a p te rs  in v a rio u s  b o o k s . R R II a lso  
p u b lish ed  a b o o k  an d  a m o n o g ra p h  d u rin g  
th e  re p o rtin g  year. B esid e s , R R II sc ien tis ts  
p r e s e n te d  3 4  r e s e a rc h  p a p e r s / a rtic le s  in 
in te rn a tio n a l an d  n a tio n a l se m in a rs . RR II 
a lso  s ecu red  o n e  p a te n t d u r in g  the rep o rtin g  
p eriod .



A G R O N O M Y /S O IL S  D IV IS IO N

T h e  various research program s of the 
d iv is io n  a re  a im ed  at d ev e lo p m en t and 
p erio d ic  re fin em en t o f agro m anagem ent 
p ractices to im p rove grow th and yield of 
rubber, su sta in  soil quality, in crease land 
p rod u ctiv ity  and  reduce cost o f cultivation. 
D e v e lo p m e n t o f th e  ru b be r in fo rm atio n  
s y s te m  u s in g  r e m o te  s e n s in g  a n d  G IS  
continu ed . T h e  D ivision also functions as a 
cen tre  for d issem in ation  o f know ledge on 
v a r io u s  s o il a n d  c ro p  m a n a g e m e n t 
tech niq ues.

1 . N u trie n t m a n ag em en t

S e e d l in g  n u r s e r y  e x p e r im e n t  w as 
c o n d u c te d  to  re v ise  th e  cu rre n t g en era l 
f e r t i l i z e r  r e c o m m e n d a tio n . A m o n g  th e  
treatm ents, h igh est green buddability  was 
n o ticed  in the treatm ent N and P@ 150 kg/ 
h a  a s  a m m o p h o s (2 0 -2 0 ) in co m bin atio n  
w ith  PG P R  w hich  w as on p ar w ith  standard 
p r a c t ic e  a n d  N a n d  P @>150kg/ha as 
a m m o p h o s , fo u r  m o n th s  a fte r  p la n tin g  
(Table A g .l) .

In  th e  s e e d l in g  n u rse r y , a n o th e r  
ex p erim en t w as con d u cted  to d evelop  an 
in tegrated  n u trien t m an agem ent package 
in corp oratin g  bio -fertilizers (BF). G row th 
o f th e  p lan ts and bu d d in g  success w ere 
com p arab le  in standard  practice, standard

practice + BF and 50 p er cent N and P + full 
K  + BF treatm ents and significantly superior 
to  co n tro l and  BF a lo n e trea tm en ts . No 
sign ificant d ifference w as recorded in the 
b u d d a b ility  p er  c e n t . P seu d o m o n a s  
population w as significantly  h igher in  BF 
alone, standard practice +BF and 50 per cent 
N and P +full K+ BF. VAM infection p er cent 
in  th e  r o o t in d ica te d  7 0  to  80  p er  cen t 
in fection in all the plant roots irrespective 
o f treatm ents.

A n experim ent w as initiated in the glass 
house w ith p olybag plants o f clone RRII 105 
d u r in g  2 0 0 9 -1 0  to  s tu d y  th e  e f fe c t  o f 
p otassiu m  and silicon  on m oistu re stress 
to le ra n c e  o f  y o u n g  r u b b e r  p la n ts . T h e  
e x p e r im e n t  c o n s is te d  o f  tw o  m ain  
treatm en ts, v iz . w ith  and  w ith o u t w ater 
stress and under each m ain treatm ent, there 
w ere four su b  treatm ents, viz, control, Si, K 
and  S i +K. O b serv a tio n s  o n  ch lo ro p h y ll 
co n te n t in d e x  an d  le a f  w a te r  p o ten tia l 
indicated positive effect o f potassium  and 
silicon in  overcom in g m oisture stress effects 
in young plants. A fter im posing w ater stress 
for 30 days, there w as 54 per cent reduction 
in w ater s tresse d  p lan ts w ith o u t K  or Si 
co m p a red  to  p la n ts  w ith o u t s tre ss . Th e 
reduction in C C I w as 25, 33 and  3 4  per cent 
fo r  w a te r  stresse d  p la n ts  su p p lem en ted

Table Ak 1 Effect of fertilizer levels

T r e a t m e n t ________________

n diameter and buddability four months after planting

T1-Control
T2- Standard practice (NPK #  500-250-100-kg/ha)
T3- N&PS> 150 kg/ha (ammophos) + K «>’ 30 kg/ha 
T4- N& P# 250 kg/ha (ammophos) + K ® 50 kg/ha 
T5- N&!’(“' 150 kg/ha (ammophos) + K <3- 30 kg/ha +PGPR 

S E
CD ( P » 0.05) ___________________________________________

63.62
71.83
72.29
67.03
73.33

1.83
5.65



w ith  K. A fter  im p o sin g  w a te r  stress  for 35 
d ays, all the p lan ts w ere  irrig a ted  u n iform ly  
an d  it w as o b serv ed  th at K  su p p lem en ted  
p lan ts recou p ed  a t a  faster rate and  sh ow ed  
better su rv iv a l p ercen tag e.

E x p e r im e n t s  in i t ia t e d  in 2 0 0 8  fo r  
d e v e lo p in g  an  in te g r a te d  n u t r ie n t  
m an ag em e n t p a ck a g e  for y ou n g  ru bber is 
b e in g  co n tin u ed . G irth  o f  p lan ts  from  the 
ex p erim en t in v ou n g  ru b ber w ith  co v er  crop 
s y s te m  c o n d u c te d  in  tw o  lo c a t io n s  
in d icated  no s ig n ifica n t d ifferen ce  betw een  
trea tm en ts. P o p u la tio n  o f  th e  in tro d u ced  
m icro b es  in th e  so il w as reco rd ed  d u rin g  
M a y  a n d  S e p t e m b e r .  B u ild  u p  o f  
P h o sp h o bacteria  w as s ig n ifica n t at both  the 
lo ca tio n s in both  reco rd in g s  d u rin g  2009.

T h e  e x p e r i m e n t  in i t ia t e d  a t  C E S , 
C h eth ackal to  d ev elo p  an in tegrated  n u trien t 
m an ag em e n t p a ck a g e  fo r  ru b be r + ban an a 
(N e n d r a n )  in t e r c r o p p i n g  s y s t e m  w a s 
continu ed . T h e  trea tm en t w h ich  received  100 
p e r  c e n t  c h e m ic a l  f e r t i l i z e r  a n d  b io  
fertilizers reco rd ed  th e  h ig h est g ir th  an d  it 
w a s  c o m p a ra b le  w ith  th at o f  25  p er  c e n t 
in o rg a n ic  + b io  fe r tiliz e r  a n d  75  p er  c e n t 
in o rg a n ic  + b io  fertilizer. S o il n u trien t statu s 
and  p H  w ere  n o t s ig n ifica n tly  in flu en ced  b y  
tre a tm e n ts .

P o p u la tio n  o f  P h o sp h o a b a cteria  th ree  
m o n th s  a fte r  b io fe r tiliz e r  a p p lic a tio n  w as 
h ig h e r  in b io fe r tiliz e r  a p p lie d  trea tm en ts . 
T h e r e  w a s  s ig n if ic a n t  d i f f e r e n c e  in  th e  
p o p u la tio n  o f  total b acteria  also , h o w ev er it 
d id  n o t in d ica te  an y  d e fin ite  trend.

T h e  p r o je c t o n  m a n a g e m e n t o f  a c tiv e  
a n d  m ic r o b ia l  c a r b o n  p o o ls  in  r u b b e r  
g r o w in g  s o i l s  w ith  th e  o b je c t i v e  o f  
im p r o v in g  c a r b o n  q u a l i t y  o f  r u b b e r  
g ro w in g  so ils  th ro u g h  th e  ad d itio n  o f  b io  
fertilizers / g reen  m a n u res  a t  P o ttam k u lam  
E sta te , Y en d a y a r  co n tin u e d . S o il sa m p le s  
w ere an a ly z ed  fo r  O C , pH , M in era l-N  and

a v a ila b le  C a, M g, P an d  K . It w as observed  
th at C  an d  N w ere  s ig n if ica n t ly  h ig h er  in 
treatm ents w hich  receiv ed  Glyriciciiti a s  green 
m an u re. So il m icro b ia l p o p u la tio n  a n d  girth 
o f  th e  ru b be r p lan ts w ere  n o t sig n ifican tly  
d ifferen t.

C o n tin u ed  th e  fie ld  tr ia l to  s tu d y  the 
e ffect o f  c o ir  p ith  o rg a n ic  m an u re  (C P O M ) 
a s  s o il a m e n d m e n t  in  m a r g in a l s o ils , a t 
T h a n n ee rm u k k o m  n e a r  C h e rth a la . In term s 
o f  g r o w th  o f  r u b b e r  a n d  m ic r o b ia l  
popu lation  in  soil, b oth FY M  an d  C P O M  w ere 
c o m p a r a b le .  G o o d  e s t a b l i s h m e n t  a n d  
sa tis fa c to ry  g ro w th  o f  r u b b e r  w as observed  
in the sa n d y  area . D ry  m a tte r  accu m u la tio n  
o f P u eraria  in  th e  seco n d  y e a r  w a s  10 .5  t/ha.

T h e field  e x p e rim e n t in itia ted  in 2001 
a t  C E S, C h e th a ck a l to  s tu d y  o f  th e  e ffe c t o f 
lo n g  te rm  a p p lic a t io n  o f  in o r g a n ic  and  
o rg a n ic  m a n u res  o n  th e  grow '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 ro p erties o f  soil w as co n tin u ed  (T ab le A g.2). 
A p p lica tio n  o f 2 5  p e r  c e n t c h em ica l fertilizer  
an d  75 p er  c e n t fa rm  y a rd  m a n u re  record ed  
s ig n if ic a n t ly  h ig h e r  g ir th  c o m p a re d  to  all 
o th e r  trea tm en ts .

T able A g.2. E ffe c t  o f  in te g ra te d  n u trien t 
m anagem ent on growth o f  rubber

Treatment G irth(cm )
T l-  No fertilizer/no m anure (Control) 4 9 .5 4
T2- Farm yard m anure (FYM ) alone 5 2 .95
T3-Fertilizers (Standard recom m endation) 5 2 .3 2
T 4- 25% Fertilizers +75% FYM 56.21
T 5- 50% Fertilizers+50% FYM 5 3 .54
T6-  75%  Fertilizers+25% FYM 5 1 .3 3
S E 0.78
CD (P -  0.05) 2 .35

T h e  e x p e r im e n t a t  M a la n k a ra  E sta te , 
T h o d u p u z h a  to  s t u d y  th e  e f f e c t  o f  z in c  
a p p l i c a t io n  o n  g r o w t h  o f  r u b b e r  w a s  
c o n t in u e d .  A p p l i c a t io n  o f  Z n  d id  n o t 
in flu en ce  th e  g ir th  o f  p lan ts.



T h e  exp erim en t on sequential skipping 
o f fe rtilizer  ap p lica tio n  in m ature rubber 
w as in progress. Y ield  (2009-10) and girth 
in c re m e n t (2 0 0 2 - 10) o f ru b be r w ere  not 
s ig n if ic a n t ly  in flu e n ce d  by sk ip p in g  o f 
fe r tiliz e rs . S ig n if ica n t d ifferen ce  w as not 
n oticed  e ith er in soil or leaf nutrient status 
am o ng the treatm ents.

S tu d y  on partial substitu tion o f K with 
sodiu m  N a in m ature rubber plantations at 
M a la n k a r a  E s ta t e ,  T h o d u p u z h a  w as 
com p leted . Su bstitu tion  o f K  w ith Na up to 
50  per cen t sh ow ed  no d ifference in girth 
an d  g ir th  in cre m e n t. S u b stitu tio n  o f 
v ariou s levels o f K by Na did not affect the 
N, P, C a an d  M g co n te n t o f leaf. All the 
t r e a tm e n t s  r e c o r d e d  h ig h e r  K co n te n t 
c o m p a r e d  to  th e  c o n tr o l  p lo ts  w h ich  
r eceiv ed  n e ith e r  K n o r N a. T h e d ifferent 
treatm ents d id n ot in fluence EC, pH, organic 
carbon , availab le  P, Ca, M g and Na status of 
soil. So il av a ilab le  K  status w as higher in all 
th e  treatm ents com pared  to control.

In th e  ex p erim en t on n u trient uptake 
by p ro m in e n t H ev ea  c lo n e s , the n u trien t 
u p tak e by d ifferen t clon es w as com pared. 
T h e  n u tr ie n t u p ta k e  w as co m p arativ e ly  
h ig h er  for RR II 414 , RRII 429 and RRII 417 
c o m p a r e d  to  o th e r  c lo n e s .  C a rb o n  
seq u estration  potential w as also higher for 
th ese  c lon es (Table A g.3).

Table Ag. 3. C arbon sequeslrati 
trees/ha)

on potential (350

C-stock C-seq. potential
(kg/tree) (t/ha)

RRII 414 324.95 113.73

RRII 430 301.51 105.53

RRII 429 292 .34 102.28

RRII 417 171.74 60.11

RRII 422 154.36 54.03

RRII 105 163.18 57.11

CD (P -  0-05)_________ 41-35

2. Soil and w ater con servation

A fie ld  ex p erim en t w as in itia ted  at 
M undakayam Estate during 2009 to evaluate 
the effectiveness of biological hedges for soil 
co n s e rv a tio n , V etiv e r, g u in ea  g rass , 
pineapple and karim kurinji w ere established 
as biological hedges. The experim ent w as laid 
out in RBD with four replications. All the 
biological hedges established well in young 
rubber plantation.

3. Intercropping and cropping system s

Experim ent to find out the feasibility of 
grow ing perennial in tercrops in rubber was 
continued. Perennial in tercrops viz., coffee, 
v an illa , G arc in ea  an d  n u tm e g  are  being  
evalu ated  in the no rm al and  paired row 
system  of planting o f rubber. In the paired 
row system  o f p lanting a strip  o f 1.5 m w idth 
w as available at the centre o f w ide in ter row 
area  w ith o u t sh a d in g  fo r  in tercro p p in g . 
T h ere w as no sign ificant difference betw een 
treatm ents w ith resp ect to girth and girth 
in cre m e n t o f r u b b e r  in th e  p a ired  row  
system  of p lanting. H ow ever, in the norm al 
sy s te m  o f  p la n t in g ,  g ir th  an d  g ir th  
in cre m e n t o f r u b b e r  w as h ig h e r  in  th e  
in tercropped plots.

Y ield o f Garcinea  has started to decline 
in the norm al system  of planting due to the 
intense shade and  yield  w as h ighest in the 
p a ired  row  sy stem  o f p lan tin g . Y ield  of 
vanilla and coffee w as h igher in the paired 
row  system  o f  planting.

Exp erim ent on inter plan tin g o f rubber 
w ith tim ber trees viz., teak, w ild  jack  and 
m ahogany w as continu ed . G irth  o f rubber 
w as n o t s ig n ifica n tly  in flu en ce d  by row 
spacing, typ e o f tim ber in tercrop and their 
in teractio n s . H ow ever, gro w th  of rubber 
w as com paratively  b etter in norm al spacing 
com pared  to w ide row  spacing. Trees w ere



o p en ed  fo r  tap p in g  a n d  y ield  reco rd in g  w as 
s ta rte d .

A n o th e r  e x p e r im e n t w a s  in itia ted  at 
M u n d akayam  E state d u rin g  200 9  to  ev alu ate  
the p erfo rm an ce o f  sh ad e to leran t m ed icin al 
p la n ts  in  m a tu re  r u b b e r  p la n ta tio n . T h e  
m ed icin al p lan ts w hich  are  b e in g  e v a lu ated  
a r e  A d a th o d a  b e d d o m e i,  A lp  in i  a  c a lc a r a la ,  
A n drograph is pan icu lata , A sparagu s racem osus. 
D esm odium  g m g etieu m , H olostem m a ada-kodien, 
P ip er  ton gu m , P seu d arth ia  v isc id a , R au v o lfia  
s erp en tin a  an d  S tro b ila n th u s  cu sp id a te . T h e  
m e d ic in a l p lan ts  w ere  esta b lish ed  in a 20  
y ea r  old  P B  28/59 p lan ta tio n . T h e  p lo t size  
w a s  911  m 2. A ll th e  m e d ic in a l  p la n ts  
e stab lish ed  w ell in ru b be r p lan ta tion .

E xp erim ent to fin d  o u t the ch an g e  in soil 
p h y s ic a l  a n d  c h e m ic a l  p r o p e r t ie s  by 
p la n t in g  d if fe r e n t  in te r  c ro p s  in it ia te d  
d u rin g  200 3  reco rd ed  s ig n ifica n tly  h ig h er  
a v a ila b le  K  sta tu s  in ban an a  in tercro p p e d  
a rea . W ith  r e sp e c t to  th e  o th e r  n u tr ie n ts , 
th ere  w as n o  sig n ifica n t d ifferen ce  betw een  
t r e a tm e n t s .  B u lk  d e n s i ty  w a s  a ls o  n o t 
affected  by p la n tin g  d iffe re n t in tercro p s.

4. P la n tin g  sy s te m s

T h e  e x p e r im e n t o n  p la n tin g  d esign /  
g eo m etry  in itia ted  d u rin g  2 0 0 7  to  s tu d y  th e  
e ffe c t  o f  d iffe r e n t p la n tin g  g e o m e tr ie s  on

can o p y  d ev e lo p m en t, g ro w th  an d  y ield  o f 
ru b be r is in p ro g ress. G ro w th  o f ru b be r in 
th e  tr ia n g u la r  sy stem  o f  p la n tin g  an d  twin 
system  o f  p la n tin g  w as s u p e rio r  to th at of 
c o n tro l (sq u a re  s y s te m  o f  p la n tin g ) . T h e  
ca n o p ies  in a lte red  p la n tin g  sy s te m s  started  
to  e x h ib it asy m m etrica l p a ttern  o f grow th .

E x p e rim e n t o n  th e  e ffe c t o f  d en s ity  o f 
p la n tin g  o n  g ro w th  an d  y ie ld  o f  ru b be r at 
C E S, C h eth ack a l is  b e in g  co n tin u ed . P lants 
in  th e  low 'est d e n s ity  o f  4 2 0  trees/ ha had 
s ig n if ic a n t ly  h ig h e r  g ir th  c o m p a re d  to all 
o th e r  trea tm en ts .

P lan ts in  th e  lo w est d e n s ity  o f  4 2 0  trees/ 
h a  reco rd ed  s ig n ifica n tly  h ig h e r  y ie ld  (g/t/t) 
c o m p a r e d  to  a ll  o th e r  tr e a tm e n t s .  T h e  
a n n u al y ie ld  p er  h e c ta re  w a s sig n ifica n tly  
h ig h e r  in  th e  h ig h e s t  d e n s i ty  (749 t/ h a) 
w h ic h  w a s  on  p a r  w ith  th e  y ie ld  in  th e  
d en s ity  5 4 9  trees/ha (T ab le  A g.4).

5. Developm ent of agro managem ent 
te c h n iq u e s  fo r  r e d u c in g  the  
gestation period

T h e  p o ly  b a g  n u rse ry  e x p e rim e n ts  on 
co m p a riso n  o f  g ro w th  p e rfo rm a n ce  o f  tw o 
ty p e s  o f  p la n t in g  m a t e r ia ls  v iz .,  d ir e c t  - 
seed ed  and  bu d d ed  stu m p  r u b be r p lan ts  and 
th e  e ffe c tiv e n e ss  o f  in o rg a n ic  a n d  o rg a n ic  
s o u r c e s  o f  f e r t i l i z e r s  o n  g r o w t h  w e r e

Treatments

D” -  (420 
D . - (47V 
D , -  (549 
D  -  (638

[749D,___
Mean 
Main plot S E

trws/ha) 
trees/ha) 
trees/ ha) 
trees/ha) 
Jrcv</ha)

la b le  Ag. 4. Effect o f  d ifferent p lanting d en sities on yield 
M l  M 2 M ean M l M 2

gm/tree/tap

- 4.72 
CD 

Interaction

92
71
67
59
61

93 .5
70 .5
7 3 .6  
68.1 
5 9 .9

1976
2 0 7 4
3 065
3021
3531

2 12 6
2 3 5 5
3 1 5 6
2 8 4 7
3 2 1 7

M ain plot S E  - 173 .5 5  
1 0 .27  C D  
N S  Interaction

M ean 
kg/ha/yea i

2051
2 214
3111
2 9 3 4
3 3 7 4

3 7 8 .1 7
N S



Table Ag.5. Effect of inorganic and organic fertilizers on growth of planting materials four months after cut

Treatment Direct seeded Budded stump
Diameter Height Fibrous D M P Diameter Height 1fibrous DM I’

(mm) (cm) root (g) (g) (mm) (cm ) i
T l-  NPKMgsv 6-6-2.4-1 g/plant 8.40 93.40 3.12 40,4Q 4.75 28.10 0.75 10.90
T2- T l  + Cowdung slurry 8.60 95.30 3.85 51.60 5.14 36.50 0.98 13,55
T3- T2 ^Ground nut cake 8.40 91.10 3.96 62.10 5.06 34.30 1.50 16.40
T4- NPKMg® 6-6-2.4-1 g/plant 
(N&P as ammophos) 9.10 96.70 3.26 56.60 5.31 32.60 1.80 22 ,70
T5- T4 + Cowdung slurry 8.50 96 .50 8.02 62.00 5.45 34 .30 2.20 25.70
T6- T5 + Ground nut cake 8.10 87.80 7.13 59.60 5.61 34.60 20 24.00
T7- T5+ Neem cake 8.20 92 .30 7.42 64.90 5.34 33.00 2.90 22,80
T8 - 50% of T4+ PGPR 8.60 89.00 6.59 64.50 5.71 31.90 2.40 24.30

S E 0.11 1.50 0.29 2.90 0 .07 1.26 0.14 1.30

C D  (P -  0.05) 0 .32 4.50 0.88 8.80 0.21 3.79 0.42 3.90

rep eated . It w as observed that irrespective 
o f treatm en ts, p lan tin g  m aterial produced 
th ro u g h  d ire c t-se e d in g  w as sig n ifican tly  
s u p e r io r  in d iam eter , h e ig h t, n u m b er o f 
w h o rls, fib rou s root production and in dry 
m atter prod u ction  over the budded stum p 
p la n ts  fo u r m o n th s a fter  cut b ack  (Table 
A g .5). In tegration  o f various inorganic and 
o rg an ic  fertilizers sign ifican tly  in fluenced 
th e  gro w th  o f  p lan tin g  m aterials.

T h e  f ie ld  e x p e rim e n t in itia te d  at 
M alan kara Estate to develop  an agronom ic 
package to reduce the im maturity period of 
H ev ea  co n tin u ed . G row th  of ru bber w as 
p o sitiv e ly  in flu en ced  by the m an agem ent

Table Ag.b. Effect of agromanagement practices on 
growth of rubber

Treai™. “5SK1HT
(cm )

Standard practice 32.93
Selective m anuring 35 78
Enhanced nutrient application 
Conservation oriented tillage 37.41

17 32Irrigation
Irrigation* Enhanced nutrient application 37.76 
Integrated management ________4 L 2 2 —

sir------------------------
C D (P -  0-05)_________ ___ ___________________ L i i —

p ra ctices . T h e g ir th  o f th e  p lan ts  u n d er 
integrated m anagem ent w as significantly 
superior to all other treatm ents (Table A g. 6).

Th e experim ent in itiated w ith the sam e 
o b je c t iv e  o f d e v e lo p in g  an  a g r o n o m ic  
package to reduce the im m atu rity  period o f 
H evea at CES, C hethackal is in progress. The 
girth o f green - budded stum ps raised in 
polybags and the girth and height of direct 
s e e d e d  g r e e n -  b u d d e d  p la n ts  w ith  
in teg rated  m an agem en t w as found to be 
s u p e rio r  to  th o se  o f resp ec tiv e  ty p e  o f 
p lanting m aterial under standard  practice.

T h e field  experim ent to study the effect 
o f  d if fe r e n t  ty p e s  o f p la n tin g  m a te ria l 
(p olybag -  o n e w horl, tw o w horl and three 
w horl and  root tra iner - one w horl, tw o
w horl and three w horl) on grow th of rubber 
w a s  c o n t in u e d . T h e r e  w a s s ig n if ic a n t  
d ifference in the g irth  o f the p lants betw een 
d ifferent stages o f the sam e type o f p lanting 
m aterial (p olybag - one w horl, tw o w horl 
an d  th ree  w ho rl and  root tra in e r  - one 
w horl, tw o w horl and  th ree w horl). Three 
w ho rl p lan ts w ere sign ificantly  sup erior to 
tw o w ho rl w hich in turn w ere superior to 
one w horl p lants irrespective o f the type of 
p lan tin g  m aterial. H ow ever, there was no



significant d ifference betw een  the sam e stage 
o f d ifferent typ es o f p lan tin g  m ateria l except 
fo r  th e  th re e  w h o rl s ta g e  w h e re  p o ly b ag  
th r e e  w h o r l  p la n ts  w e r e  s ig n i f i c a n t ly  
su p erio r  to ro o t tra in e r  th re e  w h o rl plants.

F ield  e x p erim en t w as a lso  in itia ted  to 
co m p are  the g ro w th  p erfo rm a n ce  o f ag e  o f 
th e  p la n tin g  m a te r ia ls , v iz .,  b ro w n  an d  
g r e e n  b u d d e d  p o ly  b a g  p la n ts  w ith  
d ifferen ce in ag e  o f  th e  ro o t s tock  a n d  d irect 
seeding in p oly  b ags and  y o u n g  budded poly 
b ag  p lan ts. T h e  g irth  in crem en t o f  d ifferen t 
typ es o f p lan tin g  m ateria ls  w as s ig n ifican tly  
in flu en ced  d u rin g  th e  in itia l s ix  m o n th s o f 
g ro w th . T h e  g irth  in crem en t w as h ig h est 
in  b ro w n  b u d d e d  p o ly b a g  p la n ts -  (1 0  
m o n th s old  ro o tsto ck  w ith  p o ly b ag  s iz e  5 5  
x  2 5  cm ), w h ich  w a s  o n  p a r  w ith  g reen  
b u d d e d  p o ly b a g  p la n ts  w h ic h  w e r e  
r e ta in e d  in  p o ly b a g  fo r  1 6 -1 8  m o n th s

(p o ly b a g  -  4 5 x 1 8  c m .) ,  g r e e n  b u d d e d  
p o ly b ag  p lan ts  ( 5 -6  m o n th  old  rootstock 
w ith  p oly  b ag  s iz e  5 5  x  2 5  cm .) an d  young 
bu d d ed  p o ly b a g  p lan ts  (p o ly b a g  -  45  x 18 
cm .). D u rin g  th e  la ter  p h ase  o f  g ro w th  (6-12 
m o n th s )  s ig n i f i c a n t  d i f f e r e n c e  in  g ir th  
in crem en t w as n o t n o ticed  a m o n g  d ifferen t 
typ es o f  p la n tin g  m a te ria ls  (T ab le  A g.7).

6 . R u b b e r  g r o w in g  s o ils

A s s e s s m e n t  o f  th e  s t a t u s  an d  
d is tr ib u tio n  o f  Z n  in th e  n in e  m a jo r  soil 
s e r ie s  in  th e  t r a d i t i o n a l  b e lt  o f  r u b b e r  
cu ltiv a tio n  in d ica ted  th a t th e  to ta l Z n  status 
o f  th e  so il w as c o m p a ra t iv e ly  low . M a jo r  
sh are  o f  th e  Z n  w as in  th e  res id u a l fraction  
an d  is n o t a v a ila b le  fo r  p la n t g ro w th . The 
w a te r  s o lu b le  p lu s e x ch a n g e a b le  fraction  o f 
Z n  w as v e ry  lo w  a n d  th e  v a lu e s  red u ced  
d o w n  th e  h o riz o n s. E v en  th o u g h  th e  w ater

Table Ag. 7. G irth increm ent of p lant during the T  year
Treatments

0-6,h m onths

G irth increm ent (mm) 

6-1 2lh m onths 0- 12 'h m onths

1. Brown budded -  18-20m rootstock 
(polybag-45 x 18 cm) 15 .66 7 .5 4 23 .21

2 . Green budded polybag plants -
retained in polybag for 16-18 m onths 
(polybag -  45 x 18 cm.) 19 .39 7 .8 6 2 7 .2 9

3. D irect seeded rootstock 
(polybag -  45 x 18 cm.) 15.41 7 .3 2 2 2 .7 7

4. Young budded rootstock 
(polybag -  45  x 18 cm.) 17 .16 7 .5 1 24 .68

5. Brown polybag plants -  10 m. old 
rootstock (polybag -  45 x 18 cm.) 16 .8 7 5 .9 8 2 2 .8 9

6. Greenpolybg plants -  5-6 m.
old rootstock (polybag -  45 x 18 cm.) 16 .40 7 .4 8 2 3 .8 8

7. Brown polybag plants -
polybag 55 x 25 cm. (control) 20 .0 6 5 .9 5 22.86

8 . Green polybag plants -
polybag 55 x 25 cm. (control) 17.51 7 .0 0 24 .5 5
SE 0.968 0 .5 5 7 1 .388
C D  (P = 0.05) 2 .9 3 6 N S N S



Table A g.8. Change in fertility status of surface soil 
______________(0-30 cm) ____________
Nutrient Year Signi

ficance1977 2009
Organic carbon (%) 2 .025 2.129 NS
Available P (mg/IOOg soil) 0.535 3.413 •
Available K (mg/IOOg soil) 2.759 5.546
Available Ca (mg/IOOg soil) 3.973 11.982 **
Available Mg (mg/IOOg soil) 3 .996 2.517 NS
PH 4.606 4.398

Table Ag.9. Change in fertility status of sub surface
soil (30-60 cm)

Nutrient Year Signi
1977 2009 ficance

Organic carbon (%) 1.324 1.291 NS
Available P (mg/IOOg soil) 0 .245 0.296 NS
Available K(mg/100g soil) 2.184 4.376 **
Available Ca (mg/IOOg soil) 2.907 7.857 **
Available Mg (mg/IOOg soil) 4 .067  1.503 **
pH 4.55 4.45 NS

so lu b le  p lu s e x ch an geab le  fraction was high 
in th e  Ap h o rizon  in som e series, drastic 
red uctio n  in the v a lu es w ere recorded in the 
s u b s u r fa c e  h o r iz o n s  in d ic a tin g  th a t Zn

availability is restricted to the Ap horizon 
(0-15 cm ) o f the soil and dow n the layers the 
a v a ilab ility  is low. K an jirap p ally , Lahai, 
Thiruvanchoor and K unnathur series were 
fou n d  to be ex tre m ely  low  in av a ilab le  
fractions o f the Zn.

In a separate study status o f available 
Zn (D TPA -Z n ) the rep lan tin g  field s was 
assessed. The values ranged from 0.106 to 
2.36  ppm . 61.0 per cent o f the soil sam ples 
tested w as found to be d eficient in available 
Zn.

E ffe c t  o f co n t in u o u s  c u lt iv a tio n  o f 
rubber on so il fertility  by com p arin g  the 
v a lu es g en era ted  d u r in g  197 7  and  2009 
w as assessed  and p resen ted  in Tables Ag. 
8  and 9.

No decline in O C  content w as noted at 
both depths. A build  up o f a v ailab le P was 
noted and  the d ifference w as significant at 
0 -3 0  cm  d e p th . S im ila r ly ,  s ig n if ic a n t  
im provem ent in availab le  K  and Ca status 
w as noted  in both  depths. A reduction in

TableAg. 10. Comparison of soil fertility status of three cycles o f rubber and adjacent forest -  Fullengode 
Estate, Nilambur

Soil properties '  F oresl 1" rubber cycle 2 -  rubber cycle 3“ rubber cy<fe_ 

Bulk density (s/cci ™  ^

2 .3 2  2.23
0 .3 0  0 .3 6  0.34

24 .57  13.90

Av. M g (mg/lOOg) 12 .76  8-72 lg  3g 29.2914

Av. P C x g W O #  »--™ » ■ *  , 5 4  6 .1480
Aw. K (nig/100gj 24-57 13.90 10-21 t  u „

Av.Ca (mg/IOOg)________  64 77__________ 3 9 '31.-------------- ----------------------------------- —1

Table A g .ll.
Soil properties --------  ----------------  --------- ^ --------  1 .10 ^ --------------------- r u T  OsTTO
Bulk density (g/cc) • 4 24 0 1379

S o i lPH , ' 95 1 8 2  1-34 0 .3452
O C (% ) 0 30  0 .6 0  NS
AvailableP (mg/IOOg) ■ g ^  NS
Available K (mg/100g.) • Q 89 0 g495
A vailable Mg (mg/IOOg) • ' 3 , 4 3 0504
Available Ca (mg/lOOR) ____________------------------------_ ---------------- ----------------------------------------------------



a v a ila b le  M g  w as no ted  an d  th e  d ifferen ce  
w as sig n ifican t at lo w er d ep th  D ec lin e  in 
p H  w a s  n o te d  a n d  th e  d i f f e r e n c e  w a s  
s ig n ifica n t a t  0 -30  cm  d ep th .

S o il p ro p erties  b etw ee n  d iffe re n t c y cles 
o f  ru b ber cu ltiv a tio n  and  th e  a d ja cen t forest 
w e r e  co m p a re d  a t d iffe r e n t lo ca tio n s . A t 
P u llen g o d e  E sta te  (N ilam bu r) b u lk  d en sity  
o f  su rfa ce  soil sh ow ed  in creasin g  trend  from  
fo rest to 3 rd cy cle  ru b be r (T ab le A g .10). Soil 
pH , O C  an d  a v a ila b le  K  w ere  s ig n ifican tly  
h i g h e r  in  fo r e s t  c o m p a r e d  to  r u b b e r  
p la n t a t i o n .  B e tw e e n  c y c le s  o f  r u b b e r  
cu ltiv a tio n  th o u g h  a d ecrea sin g  tren d  w as 
record ed  fo r  pH , O C , a vailab le  K, C a an d  M g, 
th ere  w a s  n o  sig n ifica n t d ifferen ce.

A t th e  s e c o n d  lo c a t io n  (S h a lia c a ry , 
n e a r  P u n a lu r )  a ls o , th e  s a m e  tr e n d  w a s  
o b serv ed  ex ce p t for a v a ila b le  K . T h e re  w as 
n o  s ig n if ic a n t  d if fe r e n c e  fo r  a v a ila b le  K 
s t a t u s .  H o w e v e r ,  b u lk  d e n s i t y  w a s  
s ig n if ic a n t ly  h ig h e r  in  r u b b e r  p la n ta tio n  
co m p a red  to  fo re s t (T ab le A g . l l ).

In  th e  th ir d  lo c a t io n  (N e w  A m b a d i 
E sta te  -  K an y ak u m ari) O C  w as s ig n ifican tly  
h ig h e r  in  th e  f ir s t  c y c le  c o m p a re d  to  2 nd 
cy cle . W ith  resp ect to  o th e r  n u trien ts , th ere  
w a s n o  s ig n if ic a n t d iffe re n c e  b e tw e e n  the 
tw o cy c le s  th o u g h  a d e cre a sin g  tren d  w as 
ob serv ed  in th e  seco n d  cy cle .

T h e  s tu d y  o n  c o m p a ris o n  o f  s ix  so il 
e c o s y s te m s  v iz .  m a tu r e  r u b b e r , r u b b e r+  
c o v e r  c ro p  (M u c u n a ), r u b b e r  + p in e a p p le  
( in te r c r o p ) ,  c a ssa v a  (m o n o c r o p ) , m a tu r e  
tea k  p la n ta tio n  an d  fo r e s t  fo r  so il q u a lity  
a n d  h e a l th  c o n t in u e d .  N it r o g e n  
m i n e r a l iz a t i o n  r a te  o f  th e s e  s o i l s  w e r e  
e s t im a t e d  b y  la b o r a t o r y  in c u b a t io n  
m e th o d . S o il sa m p le s  w e re  co lle c te d  from  
th e se  s y s te m s  a n d  in cu b a ted  fo r  d iffe re n t 
tim e in terv a ls . T h e  N m in e ra liz a tio n  rates 
(ca lcu la ted  b ased  o n  th e  n et N  m in era lized  
in 4 0  d a y s) o f  so ils  in  th e  d iffe re n t sy stem s

v aried  an d  it d ecreased  in th e  o rd e r  fo re s t > 
M u c u n a  > p in e a p p le  > te a k  > r u b b e r  > 
cassav a . E stim a tio n s  o f  o rg a n ic  ca rb o n  and 
total N  as w ell a s  so il q u a lity  in d ices  such 
a s  so lu b le  c a rb o n s and  p articu la te  o rg an ic  
m atter  w ere  in itia ted .

T h e  su b  p r o je c t  to  s tu d y  fa u n a l an d  
m icro b ia l p o p u la tio n  in th ese  so il sy stem s 
w as co m p le ted . T h e  d ata  o f th ree  y e a rs  w ere 
p o o led  an d  an a ly zed . B acteria l, fu n g a l and  
n e m a to d e  p o p u la tio n s  in  d iffe re n t sy stem s 
a r e  p r e s e n t e d .  I t  is  o b s e r v e d  th a t  
s ig n if ic a n t ly  h ig h e r  b a c te r ia l  p o p u la tio n  
w a s  p r e s e n t in fo r e s t  w h ile  s ig n if ic a n t ly  
h ig h e r  fu n g a l p o p u la tio n  w a s  in  m a tu re  
ru b ber. T h e  n e m a to d e  p o p u la tio n s  w ere  n o t 
s i g n i f i c a n t l y  d i f f e r e n t  in  th e  s y s t e m s  
s t u d ie d .  S o i l  fa u n a  w e r e  g r o u p e d  in to  
sh re d d e r s , p r e d a to r s  a n d  h e r b iv o r e s  and  
th eir p o p u la tio n  in  d iffe re n t sy ste m s w ere 
e x a m in e d . A n ts , sp id e rs  an d  m ite s  / tick s  
w e r e  in c lu d e d  in  p r e d a t o r s  g r o u p ,  
e a r th w o rm , te rm ites , c h ilo p o d e s  a n d  fungi 
(a b o v e  g ro u n d ) w ere  in clu d ed  in sh red d ers  
g ro u p  w h ile  in  h e rb iv o re s ' g ro u p  b e e tles  / 
g r u b s ,  c a t e r p i l l a r s ,  s n a i l s ,  s i l v e r f i s h ,  
b la t t o id e s / c r ic k e ts  / g r a s s h o p p e r s  w e r e  
in c lu d e d . T h e  sh re d d e r s  g r o u p  d is t in c t ly  
varied  in  d iffe re n t sy ste m s an d  in g en era l, 
th is  fa u n a  g r o u p  h a d  m u c h  h ig h e r  
re p re s e n ta tio n  in  n u m b e r  in tea k  a n d  fo rest 
so ils . E a r th w o rm s w e re  s ig n ifica n tly  h ig h er  
in  te a k  a n d  fo r e s t  s o ils  w h i le  s c a n t y  in 
m a tu re  r u b b e r  an d  ru b b e r-p in e a p p le  and  
a lm o s t  a b s e n t  in  ru bber-M i/ ci/ >m  a n d  
c a ssa v a  so ils . T h e  h e rb iv o re s  w ere  less  in 
n u m b e r  in  so ils  u n d e r  ca ssa v a  an d  ru b be r- 
p in eap p le . T h e  p red ato rs g ro u p  o f fau n a w as 
g e n e r a l l y  l e s s  in  c a s s a v a  a n d  r u b b e r -  
p in ea p p le  s o ils  a n d  h ig h e r  in teak  a n d  fo rest 
so ils . In g e n e ra l so il fau n al p o p u la tio n  had 
d ec lin ed  in cu ltiv a ted  sy ste m s co m p a re d  to 
fo rest soil.



A new  study w as in itiated to a ssess the 
so il q u a lity  in m atu re  ru b be r p lan ta tio n  
un d er tw o situations, with standard weed 
control practices and  with restricted weed 
co n tro l to  fac ilita te  m o vem en t o f tapper. 
Eight f ield s in each situation w ere identified. 
T h e clon e w as RRII 105 and  all fields w ere 
planted  in 1994-96  period . T h e girth o f all 
ru b b e r  p la n ts  and  o th e r  tre e s  in a ll the 
six teen  field s w ere m easured. T h e  average 
girth  o f rubber p lan ts w ere in general h igher 
in field s w ere w eed flora w as not controlled.

A n observation al trial w as in itiated at 
M alan k ara  estate, T h odupuzh a during 2009 
to  e x p lo r e  th e  fe a s ib il ity  o f e sta b lish in g  
M u cu n a  in the later im m atu rity  p hase and 
m a tu re  p h a s e  o f  ru b b e r  p la n ta tio n s  and  
fo d d er c ro p s in  ru b ber p lan ta tio n s under 
lim ited  av ailab ility  o f ligh t (after rem oving 
p in eap p le). It w as observed  th at per cent 
estab lish m en t and grow th of M ucuna  under 
p a rtia l sh ad e  w as h ig h er  th an  th at under 
sh ad e (m ature rubber). A m ong the d ifferent 
fo d d er cro p s g u in ea  g rass, sten otrophru m ,

Fig. A g .l. IR S  P6 s a te l l i te  im ages cov erin g  
traditional rubber growing areas

Siy losanlhus scabra  and  Stylosanthus ciat  136 
grow s com paratively  better under partial 
shade.

7. D e v e lo p m e n t o f  r u b b e r  
in form ation  system  u sin g  rem ote  
sen sin g  and G IS tech n iq u es
P r o je c t  o n  d e v e lo p in g  r u b b e r  

in fo r m a tio n  sy s te m  in  th e  tr a d itio n a l 
region o f rubber cu ltivation  using rem ote 
sen sing and G IS w as continu ed . C om pleted 
reg istration  o f top osheet (Fig. Ag. 2), soil 
series association  m ap s and IR S P6 satellite  
im ages (Fig . A g. 1) co v erin g  K era la  and 
K a n y a k u m a ri d is t r ic t  o f T a m il N a d u . 
C o m p le ted  v e c to r isa tio n  and  d ata  b a se  
c r e a t io n  o f  s o il in fo r m a t io n  fo r  th e  
t r a d it io n a l r u b b e r  g r o w in g  a r e a s . 
Prep aration  o f rubber d istribu tion  m ap of 
fou r d istricts o f K erala is in  progress. Did 
a c c u r a c y  a s s e s s m e n t  o f  s a t e l l i t e  b a s e  
rubber area using ground G PS read ing  and 
it w as 81 p er cen t fo r  th e  K an yaku m ari 
d is tric t .

Fig. Ag.2. 1 :250 ,000  to p o sh eets  coverin g  the
traditional rubber growing areas



B I O T E C H N O L O G Y  D I V I S I O N

G e n e t ic  im p r o v e m e n t  o f  H e v e a  
h rasilien sis  u sin g  m o d ern  too ls  is th e  m ajor 
goal o f  B io tech n o lo g y  research  at R R II. Th e 
m a jo r  o n g o in g  r e s e a rc h  p r o g ra m m e s  in 
B io tech n o lo g y  D iv is io n  a re  1) d ev elo p m en t 
o f in v itro  p ropagation  m ethod s for elite  H evea  
c lon es 2) d ev e lo p m en t o f  tra n sg e n ic  H evea  
p la n ts  fo r  b e t t e r  a d a p ta t io n  to
e n v ir o n m e n ta l  s t r e s s  &  ta p p in g  p a n e l 
d ry n ess , la tex  y ie ld  a n d  d is e a s e  to le ra n ce  
3 ) d e v e lo p m e n t  o f  in  v it r o  fe r t i l i z a t io n  
t e c h n i q u e s  & e m b r y o  r e s c u e  to  
c o m p l im e n t  c o n v e n t i o n a l  b r e e d in g  
p r o g r a m m e s  4 )  s t u d y  o f  m o le c u la r  
m e ch a n is m  a n d  c h a r a c te r iz a tio n  o f  g e n e s  
c o n tr o l l in g  to le ra n c e  to  d is e a s e s , a b io tic  
s t r e s s e s  a n d  l a t e x  b i o s y n t h e s i s  a n d  
5 )  s t u d y  o f  l a t i c i f e r  c e l l  s p e c i f i c  g e n e  
e x p re s s io n  a n d  ch a ra c te r iz a tio n  o f  la ticifer 
cell sp e c ific  p ro m o ters .

1. S o m a tic  e m b ry o g e n e s is

N ew  lea f cu ltu re s  w e re  ra ised  for ca llu s 
in d u ctio n  from  le a f ex p la n ts  co lle cted  from  
six  m o n th  old  bud g ra fted  p la n ts  o f  c lon e 
RR II 105 m ain ta in ed  in th e  g la ss  ho u se. C alli 
form ed  w e re  ex cised  fro m  th e  e x p la n t a fter  
45 -5 0  d ays in cu ltu re  an d  su b -cu ltu red  for 
p ro life ra tio n . W ith  2 -3  seria l su b cu ltu re s  in 
p r o l i f e r a t io n  m e d iu m  b y  g r a d u a l ly  
in c re a s in g  th e  cy to k in in / a u x in  ra tio , th e  
te x tu re  o f  th e  c a llu s  c o u ld  b e  im p ro v e d . 

S im u lta n eo u sly  a s e p a ra te  e x p e rim e n t w as 
a lso  carr ied  o u t b y  in c lu d in g  s ilv e r  n itra te  
(0 -3 0  mg/1) in th e  p r o life r a t io n  m e d iu m . 
P ro life ra te d  c a llu s  o b ta in ed  from  m ed iu m  
su p p le m e n te d  w ith  2 0  mg/l s ilv e r  n itra te  
w a s  l ig h t  y e l l o w  in  a p p e a r a n c e  w ith  
im p r o v e m e n t  in  th e  c a l lu s  te x tu r e .  
E m b r y o g e n ic  c a llu s  fo r m a tio n  fro m  th e  
friab le p ro life ra tin g  ca llu s  w as o b ta in ed  in

m o d ified  M S m e d iu m  c o n ta in in g  C a(N O  ) 
4 H ,0  (360  mg/l), s ilv e r  n itra te  (10  mg/l) and 
su cro se  (80  g/1). T h e  m e d iu m  a lso  contained  
p h y to h o rm o n e s , 0 .2  %  a c tiv a te d  ch arco a l 
a n d  0 .5 %  p h y ta g e l .  E m b r y o g e n ic  c a llu s  
c lu m p s  p ro life r a te d  in  th e  sa m e  m ed iu m  
w ith  s im u l t a n e o u s  e m b r y o  in d u c t io n . 
E m b r y o  in d u c t io n  w a s  o b t a in e d  in 
p ro lifera ted  e m b ry o g e n ic  c a llu s  in m o d ified  
M S basal m ed iu m  (C a (N 0 3)24H 20  -  3 60  mg/l 
a n d  K H 2P 0 4 -1 7 0  m g / l) c o n t a in i n g  B5 
v itam in s , a m in o  a c id s , o r g a n ic  su p p lem en ts 
su ch  as c o co n u t w a te r  (5% ), m a lt e x tra c t (50 

m g l '1), c a s e in  h y d r o l y s a t e  ( 3 0 0  m g l ') , 
su cro se  (60  g/1), BA  (0 .2  mg/l), k in  (0 .3  mg/l), 
G A 3 (0 .8  mg/l) an d  N A A  (0 .1  mg/l). C allu s 

c lu m p s  th a t p r o d u c e d  e m b r y o g e n ic  ca lli 
w e re  m a in ta in e d  b y  s u b c u l tu r e  to  fresh  
m e d iu m  e v e r y  m o n th  a n d  fr e s h  

e m b ry o g e n ic  ca lli co u ld  b e  o b ta in e d  from  

th em  fo r  6 -8  m o n th s . M a tu ra tio n  an d  apex 
in d u c t io n  c o u ld  b e  a c h i e v e d  in  W P M  
m e d iu m  c o n ta in in g  o r g a n ic  su p p le m e n ts , 
C W  (10% ), m a lt e x tra c t  (2 0 0  mg/l), casein  
h y d ro ly sa te  (400  mg/l), BA  (0 .5  mg/l), IBA  (0.1 
mg/l) a n d  G A 3 (1 .0  m g/l). P la n t d ev elo p m en t 

occu rre d  in m e d ia  d e v o id  o f h o rm o n e s and 
c o n ta in in g  o r g a n ic  s u p p le m e n ts  s u c h  as 
c o c o n u t  w a te r , m a lt  e x tr a c t  a n d  s u c r o s e  
(40  g/1). P la n t d e v e lo p m e n t w ith  1 -2  se ts  o f 
le a v e s  o c c u r r e d  w it h in  o n e  m o n th  a n d  
tran sfe rred  fo r  h a rd e n in g .

U sin g  in v itro  d eriv ed  le a f  ex p la n ts , an 
effic ien t s o m a tic  e m b r y o g e n e s is  p a th w a y  as 

w ell a s  s u b s e q u e n t a c c lim a tiz a t io n  o f  the 
r e g e n e r a te d  p la n ts  w e r e  s t a n d a r d iz e d .  
M a tu re  le a v e s  o f  in  v itro  p lan ts  d ev elo p ed  
th r o u g h  s o m a t ic  e m b r y o g e n e s i s  fro m  
im m a tu re  in flo re s c e n c e  o f  c lo n e  R R II 105 
w ere  u se d  a s  in itia l e x p la n t fo r  in d u cin g



________ Table Biotech. 1 Comparison of initial survival rate of somatic plants during hardening (%)_______
Pre- treatment _____________________ Potting medium____________________________________
_________________________________ So il Soilrite Soil & sand Soilrite & sand Soil, soilrite & sand
Without preconditioning 0 10 8 42  17
With preconditioning 0 29  33  7 0  45

s o m a tic  e m b r y o g e n e s is . C o n d it io n s  for 
c a llu s  in d u c t io n ,  e m b r y o  in d u c tio n , 
m aturation  and  germ in ation  o f the em bryos 
a n d  a c c lim a tiz a t io n  o f  th e  re g e n e ra te d  
p lants w ere stand ard ised . M axim um  callus 
in d u ctio n  freq u en cy  (90% ) w as obtain ed  
w ith in  o n e  m onth in m odified  M S m edium  
supplem en ted  w ith  2,4-D  (4.5|xM), N AA (2.0 
)iM  ) a n d  K in  (3 .0  |iM). F u rth e r  ca llu s  
p r o l i f e r a t io n  w a s  b r o u g h t  a b o u t by 
red u cin g  the auxin levels to one fourth and 
th e  cy to k in in  level to half. Em bryogen ic 
ca llu s w as induced  a t a high frequency (71% ) 
from  the p ro life ra te d  ca llu s  w ith in  th ree 
m o n th s o f tran sfer to the em bryo  induction 
m ed iu m  con sistin g  o f W PM  basal fortified 
w ith  G A 3 (3 .6  p.M) and  BA (4.4 |iM) in the 
p resen ce  o f low  lev e ls o f N A A  (1 .0  H-M). 
E m b r y o  m a tu r a t io n  w a s  fa v o r e d  b y  a 
c o m b in a t io n  o f  0 .2  |iM A BA  a n d  0 .5%  
p h y ta g e l. T h ir ty  p er  c e n t o f the m atu re  
em bryos germ in ated  in th e  p resence o f BA 
(8.8 |iM) and  G A , (2.9  ̂ M ) and advanced into 
w ell d eveloped  plants.

Several experim ents on standardization 
o f the p lan tin g  su b strates as w ell as p re­
condition ing treatm ents o f the som atic plants 
prior to transfer for hardening, w ere carried 
out. As a result o f these experim ents, survival 
rate o f the som atic  plants could  be enhanced 
c o n s id e r a b ly  w h e n  p la n ts  w e re  
p reconditioned  in a m ed iu m  w ith  reduced 
level o f basai sa lts  and  su cro se  and  w ere 
su b seq u en tly  p lan ted  in earth e n w are pots 
filled  w ith  so ilrite  -  san d  m ixtu re  and kept 
in  an  e n v iro n m e n ta lly  co n tro lled  grow th 
c h a m b e r  (T a b le  B io t e c h .1). L a ter , th ese

h a r d e n e d  p la n ts  w e r e  t r a n s fe r r e d  to 
polybags and m aintained in the shade house.
A final survival rate o f 50%  could be obtained.

2 .  E m b ryo  rescu e and in d u ction  of 
polyem bryony in Hevea brasiliensis

E xp erim ents w ere  cond u cted  for the 
refinem ent o f the m edia already developed 
for the rescue o f im m atu re em bryos. Open 
pollinated fruits w ere collected at different 
m aturity (1 to 5 w eeks) and inoculated in 
d ifferent com binations o f nu trient m edium  
for th e  recov ery  o f p lan tlets . Fru its w ere 
dipped in 80%  alcohol for 10 m inutes and 
w ere a llow ed to dry on a filter paper. Using 
N istch basal m edium , e ffect o f BA & Kin (1-5 
mg/1) on em bryo developm ent, in presence 
o f G A 3 (lmg/1) w as evaluated . Th e results 
revealed th at Kin h ad  a p ositive influence 
on em bryo d evelop m ent w hereas BA had 
no  p o s i t iv e  in f lu e n c e  in  e m b ry o  
developm ent. G radual dry ing  o f the ovules 
w as observed in the m edium  sup plem ented  
w ith BA. It w as o bserved  that w hen Kin w as 
given in the sam e concentration  as G A , (1 
mg/1), a slight red uctio n  in the p ercentage of 
em bryo recovery  w as observed  com pared 
to th e  m ed iu m  su p p le m e n te d  w ith  G A , 
alon e (Table B iotech .2). T h e frequency of 
em bryo recovery increased  gradually  with 
increase in Kin concentration . T h e frequency 
o f em bryo  recovery could  b e  increased to 
32.4%  w hen 5 .0  mg/1 K in a lon g w ith 1.0 mg
l 'G A 3 w as used (Table B iotech . 2). Further 
experim ents are required  to understand the 

effect o f K in at h ig h er  levels (>5.0 mg/1).



Table B io tech . 2. E ffe c t  o f  K in e tin  on  em bryo  
develop m en! in presence o f  GA, 

___________________(1 mR/l)__________
Kinetin (mg/1) Em bryo recoverv (%)

1 18 (4 .2 4 )’
2 23(4.79)*-
3 2 4(4 .9 0 )b
4 26.4(5.14)“
5 32.4(5.69)J

CD (5%) 0 .1 8
c v 2.81

E x p erim en ts to in d u ce p o ly em b ry o n y  
and p rod u ction  o f  m u ltip le  seed lin g s  from  a 
sin gle ovu le  w ere continu ed . Im m ature fruits 
o f  8 -10  w eek s  w ere  co lle cted  from  th e field 
and  in ocu lated  in N itsch  m ed iu m  w ith  th ree 
g ro w th  r e g u la to rs  G A }, K in  a n d  Z e a tin . 
W e e k ly  o b s e r v a t io n s  w e r e  ta k e n . 
P o ly em b ry o n y  co u ld  b e  rep eated ly  in d u ced  
in a fe w  c o m b in a t io n s .  T h e  n u m b e r  o f 
e m b r y o s  v a r ie d  fro m  2 -5 0 .  P la n ts  w e re  
d evelop ed , h ard en e d  an d  fie ld  p lan ted .

3 . G e n e tic  tra n s fo rm a tio n

G e n e t ic  tr a n s fo r m a tio n  e x p e r im e n ts  
w ere  con tin u ed  to  d ev e lo p  tra n sg e n ic  p lan ts 
w ith  in creased  to leran ce  to a b io tic  stresses, 
ta p p in g  p a n e ! d r y n e s s  a n d  h ig h e r  la te x  
y ie ld . T h e  g e n e s  c o d in g  fo r  s u p e r o x id e  
d ism u tase  u n d er th e  co n tro l o f  C a M V  3 5 S  

a n d  F M V  3 4 S  p r o m o t e r s  s e p a r a te ly ,  
s o r b i t o l - 6 - p h o s p h a t e  d e h y d r o g e n a s e ]  
isop en ten y l tran sfe rase , h m g rl an d  osm otin  
p rotein  w ere  used  in th ese  stu d ies .

A g rob acter iu m  in fe c tio n s  w e r e  carried  
o u t  w it h  M n S O D  g e n e  c o n s t r u c t s  
c o n t a in i n g  C a M V 3 5 S  a n d  F M V  3 4 S 

p r o m o t e r  s e p a r a t e l y  u s i n g  th e  c a l lu s  
d e r iv e d  f r o m  im m a t u r e  a n t h e r .  M a n y  
p u t a t iv e ly  t r a n s fo r m e d  c e ll  l in e s  w e r e  
o b t a in e d .  T r a n s f o r m a t io n  e v e n t  w a s  
co n firm ed  b y  G U S  sta in in g  an d  PC R  with

gene specific prim ers. T h e in flu en ce o f salinity 
stress, A BA  an d  o sm o tica  (P E G  an d  sucrose) 
on in d u ction  o f  e m b ry o g e n ic  ca llu s from  the 
tr a n s g e n ic  c e ll l in e s  o f  H e v e a  b ra s il ien s is  
incorporated  w ith  M n S O D  g e n e  u n d er CaM V  
3 5 S  p r o m o te r  w a s e v a lu a t e d . W h e n  the 
tra n sg e n ic  c a llu s  w a s  su b je c te d  to osm otic  
s t r e s s  u s in g  P E G , th e r e  w a s  s ig n if ic a n t  
im p ro v em en t in th e  in d u ctio n  o f  friab le calli. 
T h e  fr e q u e n cy  o f  f r ia b le  c a llu s  fo rm atio n  
w as 13 % w h e n  th e  m e d iu m  o sm o ticu m  w as 
a ltered  u sin g  6 %  P E G  w h e re a s  in presen ce  
o f  8 %  PEG , th e  fre q u e n cy  w as r a ise d  to 20%  
(T ab le B ito ech . 3 ).

Table Biotech. 3 . In flu en ce o f PEG  on friab le  callus
______________ in itia tio n  (%) _____________

PEG (% ) Transgenic callus (%)» C ontrol callus (%)»
0 2.0 (1 .62) 1.0 (1.31)
4 5 .0  (2.43) 9 .0  (3.15)
6 13 (3.73) 6.0 (2 .62)
8 20 (4 .57) 5 .0  (2.43)

10 7 .0  (2 .81) -  (1 .00)
12 3 .0  (1 .93) -  ( 1 .00)

C D  (P  = 0 .05) Q.71 Q.55

"A n a ly s is  w as c a rr ie d  o u t u s in g  sq u a re  root 
transformation.
The values given in parenthesis are the transformed 
values.

In  o r d e r  to  i m p r o v e  th e  r a te  o f  
fo rm a tio n  o f  e m b r y o g e n ic  ca llu s, d iffe ren t 
l e v e ls  o f  A B A  ( 0 .1 - 8 . 0  mg/1) w e r e  
in c o r p o r a t e d  th e  e m b r y o  in d u c t io n  
m ed iu m  in c o m b in a tio n  w ith  6 a n d  8 %  P EG . 
L ater  th e  tra n sg e n ic  c a llu s  w a s  su b je c te d  to 
sa lt s tre ss  (0  - 3 0 0  m M ) a n d  th e  e m erg en ce  
o f  e m b ry o g e n ic  ca lli w a s  a sse s se d  a fte r  30  
d ay s  o f  tra n sfe r  to m e d iu m  d e v o id  o f  N aC l. 
A m o n g  th e  d iffe re n t o sm o tica  tested , fr iab le  
em b r y o g e n ic  ca lli w a s  o b ta in e d  w h e n  8 % 
P E G  w a s u se d  a lo n g  w ith  1 .0  m g ]-' A B A  
(68  % ). S a l t  s t r e s s  (3 0 0  m M ) a ls o  h a d  a 
b e n e fic ia l ro le  in p ro m o tin g  e m b r y o g e n ic



NaCl (mM)*
————-------

100 150 200 250 300
Treatment 34 .8(5 .89) 37.8(6.14) 53.2(7.29) 68 .8(8.29) 76.2(8.73)
Control - - - - -
CD (P ■» 0.05) - 0.15

* Analysis was carried out using the transformed values. The values given in parenthesis are the transformed values

calli form ation  from  th e transgenic cell lines 
(76 % ) upon transfer to m edium  devoid of 
N aC l (Table B io tech . 4).

T h e  fr ia b le  e m b r y o g e n ic  ca lli  from  
th ese treatm en ts w ere further subcultured 
to th e  e m b ry o  in d u ctio n  m edium . Th e 
callu s obtain ed  w ith  8%  PEG  and 1.0 mg/l 
A B A  p r o d u c e d  n u m e r o u s  tr a n s g e n ic  
em bry o s.

E x p erim en ts w ere  a lso  carried  out to 
ex p lo re  the possib ility  o f u sing  leaf derived 
callu s a s th e  in itia l e x p lan t for H evea  genetic 
t r a n s fo r m a tio n . C a llu s  in d u c e d  in lea f 
s e c t io n s  a n d  m a in ta in e d  in an a c tiv e ly  
p r o l i f e r a t in g  s ta g e  w a s u se d  fo r  
A g robacteriu m  in fection . M odification s w ere 
m a d e  in th e  in fectio n , co -cu ltiv a tio n  and 
se le ctio n  m ed ia  so  as to co n tro l bacteria l 
o v e rg ro w th  an d  im p ro v e  tran sfo rm ation  
e ff ic ie n c y . T h e  e ffe c t  o f s ilv e r  n itra te  in 
c o n t r o l l in g  b a c te r ia l  o v e r  g r o w th  an d  
im p ro v in g  th e  tex tu re  o f ca llu s  in new ly 
e m erg ed  lin es  w as s tu d ie d . W h en  silver  
n i t r a t e  (0 -1 0  m g/l) w a s  a d d e d  in  th e  
in fec tio n  an d  co -cu ltiv a tio n  m ed iu m  and 
(0 -3 0  mg/l) in th e  se le ctio n  m edia, it w as 
found th at ov erg ro w th  o f b acteria  could be 
c o n t r o l le d  w ith o u t  r e d u c in g  th e  
tr a n s fo rm a tio n  freq u en cy . T h e  op tim u m  
c o n c e n tr a t io n  o f  s i lv e r  n i tr a t e  u se d  in 
d i f fe r e n t  s te p s  fo r  tr a n s fo r m a tio n  w as 
id en tified  as 5 .0  mg/l in in fection  and  co- 
cu ltiv a tio n  m ed iu m  and 10 mg/l in selection 
m ed iu m . W h en  the selection  m edium  w as 
su p p lem en ted  w ith  silver n itrate  (10 mg/l),

overgrow th o f bacteria could be controlled 
by 80% . Infected tissues m aintained in this 
m e d iu m  c o u ld  b e  r e c o v e re d  w ith o u t 
overgrow th after one m onth culture.

The effect o f thiol com pound, L-cysteine 
(0-300 mg/l) in the in fection, co-cultivation 
an d  se le c tio n  m e d iu m  an d  a d d itio n  o f 
d ith io th re ito l (5 .0  mg/l) in  th e  in fection  
m e d iu m  in im p ro v in g  tr a n s fo rm a tio n  
fr e q u e n c y  a n d  tr a n s g e n ic  t is su e  
regeneration w as stu d ied . It w as observed 
that in clusion o f d ith iothreitol (5 mg/l) in 
the in fection and co-cultivation m edium  and 
L -c y s te in e  (1 0 0  m g/l) in  th e  in fe c tio n , 
cocultivation and  selection  m edium  helped 
in im proving the transform ation  efficiency. 
P resen ce  o f th iol co m p o u n d s a lon g  w ith 
silver nitrate helped  in reducing overgrow th 
an d  im p ro v in g  c a llu s  te x tu re  in n ew ly

Table Biotech 5 .E ffec t o f L -cy stein e and 5 mg/l 
D T T  in p resen ce o f  A gN O , on
transformation efficiency_________

L-cysteine _______Bacterial Strain______
(mg/l) E H A 101 LBA 4404

Transformation efficiency 
_______________  (Mean %)*____________

0 9.1 (1.64) 15.8 (2.17)

50 13.3 (1.99) 20.8 (2.49)

100 14.6 (2.23) 24.6 (2.82)

200 14.6 (2.23) 22.5 (2.59)

250 13.0 (2.12) 18.3 (2.30)

300 13.5 (2.06) 21.6 (2.55)

CD (P »  0.05) 0 .2 9  ____________NS
* Data from four replicate experiments using 30 callus 
clum ps per treatm ent. Values in parenthesis are 
transformed values



form ed  tr a n s g e n ic  lin es . A d d it io n  o f th e  
su rfa c ta n t p lu ro n ic  F6 8  (300  mg/1) to  th e  
m od ified  in fectio n  m e d iu m  a lso  h elp ed  in 
in c re a s in g  th e  tr a n s fo rm a tio n  e ff ic ie n cy . 
I m p r o v e m e n t  in  th e  t r a n s f o r m a t io n  
f r e q u e n c y  b y  1 0 %  w a s  o b ta in e d  b y  th e  
in c lu s io n  o f  th e  th io l  c o m p o u n d  
d ith io th reito l (5  mg/1) in the in fectio n  and  
co-cultivation  m edium , L -cy ste in e  (100  mg/1) 
in the in fectio n , cocu ltiv a tio n  an d  selection  
m e d iu m  a n d  a d d it io n  o f  th e  s u r fa c ta n t  
p lu ro n ic  F 6 8  (3 0 0  mg/1) in  th e  in fe c tio n  
m e d iu m . It  w a s  a ls o  o b s e r v e d  th a t th e  
freq u en cy  o f tra n sfo rm a tio n  w as fo u n d  to 
vary  w ith  th e  b in a ry  vector, A grobacteriu m  
s tra in  an d  th e  tex tu re  o f  ta rg e t tissu e. A fter 
a b o u t  5 s u b c u l tu r e s ,  n e w  lin e s  s ta r te d  
e m e rg in g  fro m  th e  in fe c te d  tis s u e s  an d  
p ro life ra te d  in  th e  s a m e  m e d iu m . T w elve 
S O D  tr a n sg e n ic  lin es, 19 TB an tig en  g en e 
in c o rp o ra te d  tr a n sg e n ic  lin es  an d  3 8  IP T  
g en e in co rp o ra ted  tra n sg e n ic  lin es co u ld  be 
o b ta in e d . P r o l i f e r a t i n g  n e w  lin e s  w e r e  
su b c u ltu re d  fu r th e r  in s e le c tio n  m e d iu m  
co n ta in in g  k an am y cin  (200  mg/1). E igh t SO D  
tra n sg e n ic  lin es, 15  T B  an tig en  tra n sg e n ic  
lin e s  a n d  2 3  IP T  tr a n s g e n ic  lin e s  tu rn ed  
fr iab le , y e llo w  a n d  p r o life ra tin g  an d  th ey  
w e r e  t r a n s f e r r e d  to  e m b r y o  in d u c t io n  
m e d iu m  f o r t i f i e d  w ith  c h a r c o a l .  F o u r  
tran sgen ic lin es from  SO D , five from  IP T  and  
s e v e n  f r o m  T B  a n t ig e n  p r o d u c e d  
e m b r y o g e n ic  c a l lu s  a f t e r  f iv e  m o n th s  
c u ltu r e . E m b r y o  in d u c tio n  w a s  in itia te d  
from  th e p ro life ra ted  em b ry o g e n ic  ca llu s.

T h e  M n S O D  t r a n s g e n ic  p la n ts  
d ev e lo p e d  e a r lie r  w e re  m u ltip lied  b y  bud 
g r a f t in g .  W a te r  s t r e s s  w a s  in d u c e d  in 
c o n t r o l  a n d  t r a n s g e n i c  p la n ts  b y  
w ith h o ld in g  w a te r  fo r  tw o  w e e k s . L e a f  
sam p les w ere  co lle c ted  and  total R N A  w as 
i s o la te d  fo r  n o r t h e r n  h y b r id iz a t i o n  
a n a l y s is .  N o r t h e r n  h y b r id iz a t i o n  w a s

carried  ou t w ith  th e  R N A  iso la ted  from  all 
the sa m p les  u sin g  M n S O D  p ro b e accord in g  
to th e  s ta n d a rd  p ro to co l . H ig h e r  M n S O D  
tran scrip t level w as o b se rv e d  in  the stress 
in d u ced  tr a n sg e n ic  le a v e s  in d ica tin g  over 
e x p re s s io n  o f  th e  in te g r a te d  g e n e  u n d er 
e n v iro n m en ta l s tre ss  c o n d itio n s .

A tte m p ts  w e re  co n t in u e d  to  d ev elo p  
tra n sg e n ic  p lan ts  in teg ra ted  w ith  th e  gene 
co d in g  fo r  o sm o tin  p ro te in , fo r  im p artin g  
b io tic  an d  a b io tic  s t r e s s  to le ra n c e . S ev en  
d ifferen t e x p la n ts  s u ch  a s  e m b ry o g e n ic  calli 
o f  an th er, o v u le , le a f  a n d  2 -m o n th -o ld  calli 
d eriv ed  fro m  le a f  an d  a n th e r  an d  lea f d iscs 
w e re  tr ie d . 15  t r a n s g e n ic  l in e s  sh o w in g  
resistan ce  to k a n a m y cin  w e re  o b ta in ed  from  
e m b ry o g e n ic  ca lli o f  an th er. T en  tran sg e n ic  
lin es  w e re  o b ta in ed  fro m  2 -m o n th -o ld  calli 
d e r iv e d  fro m  a n th e r . N o  tr a n s g e n ic  ca lli 
w e r e  o b ta in e d  fro m  le a f  d is c s .  In fe c te d  
c u ltu res cou ld  not b e  fro m  e m b ry o g en ic  calli 
o f lea f d u e  to  A grobacteriu m  o v erg ro w th . Four 
tr a n s g e n ic  c e ll lin e s  w e r e  o b ta in e d  from  
o v u le  d eriv ed  e m b r y o g e n ic  ca lli.

A m o n g  d if fe r e n t  g r o w th  r e g u la to rs  
tried fo r  p ro lifera tio n , a co m b in a tio n  o f  N AA 
w ith  2, 4 -D  fa v o re d  c a llu s  g ro w th  an d  the 
p r o l i f e r a t io n  r a t e  c o u l d  b e  im p r o v e d  
c o n s id e ra b ly  (T a b le  B io te c h .  6 ). A ste a d y  
in crea se  in th e  ca llu s  p ro life r a tio n  ra te  w ith 
in c r e a s e  in  2 , 4 -D  w a s  o b s e r v e d . It  w a s  
o b serv ed  th a t u p  to  1.5 mg/1 2, 4 -D , the calli 
w e r e  y e llo w  a n d  f r ia b le  w h e r e a s ,  w ith  
h ig h e r  c o n c e n tr a t io n s  th e  c a lli  a p p e a r e d  
w h ite  a n d  w atery . T h e  c a lli w as p ro lifera ted  
in m o d ified  M S m e d iu m  s u p p lem en ted  w ith  
2 , 4 -D  ( 1 .5  m g/1) a n d  N A A  (1  m g/1). 
P r o l i f e r a t e d  c a l l i  w e r e  t r a n s f e r r e d  to  
e m b ry o  in d u ctio n  m e d iu m .

F o r  e m b r y o  in d u c t io n , m o d ifie d  M S 
m e d iu m  w ith  d iffe re n t le v e ls  (0 .1 -5  m g l'1) o f 
g ro w th  r e g u la to rs , v iz . N A A , A B A , K in , BA 
a n d  2 , 4 -D  w e r e  tr ie d . E m b r y o  in d u ctio n



w a s  o b se rv e d  in  m o d ified  M S m ed ium  
sup plem en ted  w ith N AA and m annitol after 
2 m o n th s  in c u ltu r e . M ax im u m  em bryo  
induction frequency (36% ) could b e obtained 
in a c o m b in a tio n  o f 10 g l' 1 m a n n ito l and 
2 mg/l N A A . It w as also  noticed that when 
N A A  a n d  m a n n ito l  w e re  s u p p lie d  
individually , n o  em bryos could be obtained. 
M axim u m  em bryo  in duction w as observed 
at a h igher concentration  o f N A A  (2 mg/l) in 
th e  presen ce  o f m annitol. However, higher 
con cen tration s beyond 3.0 mg/l resulted in 
r e d u c t io n  in  th e  e m b r y o  in d u c tio n  
frequ en cy . E m b ry o s w ere  m atured  (15% ) 
and  a few  germ in ated  (2 % ).

A study w as also  carried out to develop 
tran sgen ic p lan ts in tegrated  w ith HM GR-1 
gen e for in creased  rubber b iosyn thesis. T h e 
e m b r y o g e n ic  c a l lu s  d e v e lo p e d  frpm  
im m atu re  an th er  w as used  as the explant 
fo r  A g rob acteriu m  in fection . T h e effect o f 
d ifferen t factors su ch  a s antinecrotic  agents, 
m e d ia  c o m p o n e n ts ,  c o -c u lt iv a t io n  
tem p eratu re , d esiccation  o f the cu lture after 
in fection , d ifferen t A grobacterium  strains etc. 
co n tr ib u tin g  to  in crea sed  tran sfo rm atio n  
frequ en cy  w as assessed . In o rder to im prove 
the ex p lan t v iability, the em bryogen ic callus 
w a s t r e a te d  w ith  a n t in e c r o t i c  m ix tu re

Table Biotech. 6. Effect of 2,4,D on callus proliferation 
in presence of NAA (1 mg/l)______

2,4-D  Callus
(mg/l) proliferation Appearance of calli

_____(%)* _________
0 ,5  1 9 .5 3 (1 1 .2 )  Yellow friable calli

1 34 .57  (32.2) Yellow em bryogenic calii
1 .5  60.00 (75 ) Yellow em bryogenic calli

2  73.38 (91.8) Loose watery calli
2 .5  93-2 (74.94) Loose white calli_________

CD (P ■ 0 5) 1.39____________ ____________ ______ _ _
* T h e  a n a ly s is  w as p erform ed  using A rc sine 
transformation and transformed values are given in 
parenthesis

contain ing 15 mg/l ascorb ic acid , 40  mg/l 
cy ste in e  and  2 .0  mg/l silver  n itrate  for a 
period o f 5-10 h. T h e  co cultivation m edium  
(MS) containing acetosyringone (20 mg/l) and 
g ly c in e  b e ta in e  HC1 (1 5 4  m g/l) w as 
ad d ition ally  su p p lem en ted  w ith varying 
concentrations o f L -cysteine (0 ,1 0 0 ,2 0 0 ,3 0 0  
mg/l) and  A gN Q 3(0 , 20 , 40, 6 0  JiM ). In the 
experim ents on antinecrotic treatm ent, co­
c u lt iv a t io n  m e d ia  c o m p o n e n ts  and  
desiccation after in fection w ere no t having 
any positive influence. In order to identify 
th e  ideal co -cu ltiv a tio n  tem p eratu re , the 
Agrobacterium  infected tissues w ere subjected 
to different tem perature regim es such as 4,
20  and 28°C  for th ree d ays. It w as observed 
th at w hen th e  p lates w ere co  cu ltured  at 
20°C, the callu s rem ained yellow  after two 
sub cultures and em ergen ce o f transgenic 
cell lines w as observed.

Agrobacterium  strain is considered as one 
o f th e  k e y  p a r a m e te rs  w h ich  p la y s  an 
im portant role in transform ation efficiency. 
W hen different A grobacterium  strains w ere 
used  for in fec tio n , th e re  w as s ig n ifican t 
variation in the transform ation frequencies. 
T issues infected w ith  A grobacterium  strains 
EH A 105 and p G V 1303 p roduced transgenic 
cell lines w ith  v arying frequencies, but no 
transgenic line w as produced from the callus 
in fe c te d  w ith  L B A  4 4 0 4 .  E f f ic ie n c y  o f 
transgenic cell lin e form ation  w as observed 
to  b e  h ig h e r  w ith  th e  s t r a in  E H A  105 
com pared  to pG V 1303. U sing fresh anther 
c a llu s  as th e  e x p la n t , th e  fre q u e n cy  o f 
transform ation w as 8 %  w ith EH A  105 strain 
an d  4 %  w ith  the s tra in  pG V  1303 (Table 
Biotech. 7). Th erefore the strain EHA 105 w as 
better than pG V 1303 w h ile  LBA  4404 was 
the least responsive strain . From  the results 
o b ta in e d , it ca n  b e  c o n c lu d e d  th a t th e  
e ff ic ie n c y  o f  H ev ea  tra n s fo rm a tio n  w ith 
H M G R-1  g en e  ca llu s  can b e  s ign ifican tly



en h an ced  by u sin g  th e  stra in  EH A  105 co 
cu ltured  at 2 0 KC.

Table Biotech. 7. In flu e n ce  o f  b a c te r ia l s tra in  on
transform ation efficiency

N o o f N o. o f Transformation
Strain callus clum ps lines frequency

cultured em erged (%)
EH A 105 50 4 6
pC V  1303 50 2 4
LBA 4404 50 - -

4. M o le c u la r  s tu d ie s

4 .1 .  M o le c u la r  m e c h a n is m  o f  d is e a s e
to le ra n ce

In our e a r lie r  a ttem p ts to am p lify  the 
promoter o f  the gene coding Ji-1 ,3-glucanase 
enzyme involved in abnormal leaf fall disease 
tolerance, four different prom oter fra g m en ts  
(910 , 550 , 5 7 9  an d  198 b p ) w e r e  o b ta in ed  
w h en  in ve rse  P C R  w a s  carried  o u t w ith  /3- 
1.3 -g lu can ase  g en e sp ecific  p rim ers. A ttem pts 
w e re  co n tin u ed  to  am p lify  th ese  p ro m o ter  
fo rm s  a lo n g  w ith  c o d in g  r e g io n s  o f  th e  
g e n o m ic  D N A  u s in g  p r o m o t e r - s p e c i f ic  
fo rw ard  an d  g e n e -sp e c if ic  re v erse  p rim ers. 
T h e  r ev erse  p rim ers  w e re  d esig n ed  from  th e 
c o n s e rv e d  r e g io n s  u p s tre a m  to  th e  s to p  
co d o n . D u rin g  th e se  e x p e rim e n ts , tw o m o re 
is o f o r m s  w e r e  o b t a in e d .  T h e  8 4 7  b p  
p r o m o te r  sh o w e d  m o re  co d in g  se q u e n c e  
sim ila r ity  w ith  an e a r lie r  rep o rted  seq u en ce  
AY 3 2 5 4 9 8  (T h a n s e e m  et. a l .  2 0 0 3 )  a n d  
ex h ib ite d  o n ly  fo u r  n u c le o tid e  d ifferen ces . 
A n o th e r  fo rm  is fro m  H ev ea  c lo n e  F X -516  
w h ich  is m o re  to le ra n t to  a b n o rm a l le a f  fall 
d isease . T h e se  re su lts  c lea rly  in d ica ted  the 
e x is te n c e  o f  a t  le a s t  f iv e  fo r m s  o f  f i-1 ,3 -  
g lu c a n a s e  g e n e  c o n t r o l le d  b y  s e p a r a t e  
p ro m o ters in a s in g le  H ev ea  c lo n e  R R II 105. 
O u t o f th e  n ew ly  iso la te d  s ix  fo rm s o f j3-7,3- 
g lu c a n a s e  in c lu d in g  o n e  iso la ted  fro m  the

clo n e  F X -516 , th e  o n e  w h ich  h ad  a 579 bp 
p ro m o te r  se q u e n c e  (G in  4 )  sh o w e d  m ore 
d is s im ila r ity  w ith  th e  o th e r  fo rm s . This 
p articu lar  fo rm  h ad  a d iffe re n t sto p  codon, 
'T A A " (a m b e r  c o d o n ) ra th e r  th an  th e  'TG A ' 
(o ch re  c o d o n ) in  o th e r  fo rm s. G in 4  show ed 
o n e  a m in o  a c id  d e le t io n  (2 1 s1 am in o a c id  
m e th io n in e) w ith  resp ect to o th e r  form s thus 
h av in g  a total o f  3 7 3  a m in o  a c id s  w h ile  374 
a m in o  a c id s  w ith  th e  o th e r  fo rm s. Th ese  
ch an ges in th e  o p en  read in g  fram e cou ld  lead 
to stru ctu ra l and  fu n c tio n a l ch a n g e s  o f the 
d ifferen t fo rm s. T h is  c a n  b e  p ro v ed  through 
sp e c ific  e x p re ss io n  o f  th e  p ro te in s  through 
q u a lita tiv e  a s  w ell a s  q u a n tita tiv e  analysis.

T h e 3 ' u n tra n sla te d  re g io n s  (3 ' U T R ) of 
g e n e s  co n tro l th e  s ta b il ity  a n d  tran slo ca tio n  
o f  m R N A s . In  o r d e r  to  u n d e r s t a n d  th e  
s ta b ility  o f m R N A  a n d  tra n s lo ca tio n  o f the 
p r o te in  o f  d if fe r e n t  fo r m s  o f  g lu ca n a se s , 
t r ia l s  w e r e  c a r r ie d  o u t  to  a m p li f y  th e  
d iffe re n t iso fo rm s a lo n g  w ith  th e ir  3 'U T R  
w ith  d iffe re n t se ts  o f  p r im e rs . T h e  isoform - 
s p e c if i c  fo r w a rd  p r im e r s  w e r e  d e s ig n e d  
fro m  th e  p r o m o te r  r e g io n  s h o w in g  c lea r  
n u c le o t id e  s e q u e n c e  v a r i a t io n s  in  th e ir  
p ro m o te r  s e q u e n c e  a n d  th e  re v e rse  prim ers 
from  d iffe re n t re g io n s  o f  th e  3 ' U T R  o f the 
cD N A  rep o rted  e a r lie r  b y  C h y e  et. a l  (1996). 
T o  s t u d y  th e  f u n c t io n  o f  th e  fu lly  
c h a r a c te r iz e d  is o fo rm s  o f  g lu c a n a s e  gen e, 
a tte m p ts  w ere  m a d e  to  o b ta in  th e  tran slated  
p ro te in  in its o r ig in a l fo rm . F o r  th is  p u rp ose 
y e a s t e x p re ss io n  v e c to rs  w e r e  co n s tru cted  
w ith  fi-1 ,3 - g lu c a n a se  g e n e  iso fo rm s  fo r  over 
e x p re ss io n  o f  th e  p ro te in  in  th e  y ea st , Pichia  
p astoris. T w o typ es o f  ex p ress io n  v ectors w ere 
c o n stru cted  for e a ch  o f  th e se  d iffe re n t form s 
o f  g lu ca n a ses  in se c r e to r y  (p P IC Z  8 ) a s  well 
as  in n o n  s e c r e to r y  (p P IC Z ) v e c to r s . T h e  
restr ic tio n  d ig e stio n  o f  th e  v e c to rs  as w ell 
as th e  in serts (am p lified  from  th e clon ed  g ene 
in sert) w e re  d o n e  su c c e s s fu lly  w ith  E c oR l  
an d  K p n l  fo r  th e  se c re to ry  sy stem  an d  X b al



and K p n l  for the no n - secretory  system s. 
T w elve v ecto rs w ere con stru cted  w ith all 
th e  in serts in appropriate reading fram e in 
th e  vector. T h e vectors w ere am p lified  in 
D H 5 <=•= ce lls  u sing  Z eocin antib iotic as the 
se lection  m arker. T h e c lones harbouring the 
re co m b in a n t p la sm id s w e re  su b jected  to 
p la s m id  is o la t io n .  L a te r  th e  lin e a riz e d  
p lasm id s w ere in troduced  in the com petent 
P ich ia  p a sto r is  an d  se le ctio n  w as m ad e in 
Y P D S p la tes w ith  100 Hg/ml Z eocin . The 
P ichia  strain  X -33  w as used as the host for 
the ex p ress io n  o f the recom binant proteins 
(X -3 3  is  a w ild  ty p e  s t r a in  w ith  M u t' 
p h e n o ty p e ). T h e  s c r e e n in g  o f th e  h o st 
stra in s w as d on e in M M  and M G Y  plates for 
non- secreto ry  and  BMM/ BM G Y  plates for 
the secreto ry  type.

4 .2  T is s u e  s p e c if i c  g e n e  e x p re ss io n  and 
ch a racteriza tio n  o f  p rom oters 

A n  a tte m p t w as m a d e  to  c lo n e  and 
c h a r a c t e r iz e  th e  p r o m o te r  o f  c is -  
p ren y ltran s fera se  g e n e  from  RR II 105. The 
u p stre am  p ro m o ter  reg ion  w as am p lified  
th rou gh in verse PC R u sing  gen om ic DNA. 
P C R  w as p erform ed  w ith  oligonu cleotid e 
p r im e r s  d e s ig n e d  b a s e d  o n  s e q u e n c e s  
r e g is te re d  e a r l ie r  in  G e n B a n k  d a ta b a se  
(A c c e s s io n  n o s . A Y 7 1 2 9 3 9 , A Y 2 9 9 4 0 5  
EF587242 and  E U 675683) and the restriction 
en zy m e sites in the kn o w n  sequence. Two 
am p licon s o f size  700 bp  and 400 bp w ere 
obtain ed  w ith  D ra l d igest. D N A  b ands w ere 
e lu ted  from  th e gel, p u rified , c lon ed  into 
p lasm id  vecto r  (S trataclon e clon ing kit for 
seq u en cin g ) and  n u cleotid e  seq uenced . T h e 
la rg er  D N A  frag m en t co n ta in e d  610 base 
p a ir s  w h ic h  in c lu d e d  th e  fo rw a rd  an d  
reverse p rim ers, g en e  p ortion  and  5 UTR. 
By ex clu d in g  the n u cleotid es belon ging to 
the k no w n g en e p ortion  and 5 ' UTR, a 504 
bp  p r o m o te r  re g io n  w as o b ta in e d . Ih e  
k n o w n  p o rtio n  o f th e  am p lified  fragm ent

show ed s im ilarity  to  the H bC P T  m R N A  
reported by Sando e l al (2008) isolated from 
the Hevea clone RRIM  600 (NCB1 Acc No: 
A B 294715). T h is  is an in d ica tio n  o f the 
occurrence o f sim ilar forms/isoforms of cis- 
prenyltransferases across various Hevea clones. 
T h e  sm aller  fra g m en t co n ta in e d  361 bp 
including forw ard and reverse prim ers and 
5 ' UTR. A  241 bp  region, upstream  to the 
early  reported  portion  w as obtained . The 
know n portion show ed sign ificant levels of 
identity to the cis- prenyltransferase-2  reported 
by Saleena e t al (2008) from  H evea  clone RRII 
105 (N CBI Acc No: E U 675683). In the 610 bp 
fragm ent, the TATA b ox w as present at the 
257th position.

T h e relative expression  o f tw o isoform s 
o f cis-prenyl transferase, cis-1 and cis-2 reported 
earlier w ere studied through A  A C t M ethod. 
L a tex  cD N A  p rep a re d  fro m  tw o c lo n es, 
representing a h igh latex y ield ing (RRII 105) 
and a low  latex yield ing clone (RRII 33) w ere 
used for Real T im e PC R analysis. Th e relative 
ex p ressio n  w as ca lcu la ted  b y  settin g  the 
value o f cis-1 as reference ( " 1" )  and the value 
o f c is -2  w a s  c o m p a r e d . T h e  r e la tiv e  
exp ression  o f cis-2 w as low er in both  the 
clones. In the c lon e R R II 105, the c.is-2 gene 
expression w as o n ly  abou t 7 5%  and in RRII 
33  it w as a b o u t 60  %  in com p arison  with 
c is -1 .  A n a ly s is  o f  c is -1  a n d  c is -2  g e n e  
expression w as carried  out by using cis-1 of 
RRII 105 alon e as the reference. In RRII 33, 
the expression  o f cis-1  w as h igher com pared 
to RRH 105. H ow ever, in clon e R R II 105, the 
expression o f cis-2 w as m ore com pared  with 
the clone R RII 33. T h e  expression rate o f cis-1 
&  2  g en es in th e  h ig h  an d  low  y ie ld in g  
p lants o f the sam e clon e w as a lso  com pared. 
T h e expression  o f cis-1 and  cis-2 w ere higher 
in the high y ie ld in g  p lants o f RRH 105 and 
R R II 3 3 . M o re  s t u d ie s  a r e  n e e d e d  to 
u n d e rs ta n d  th e  fa c to r s  co n tro llin g  th e



differen tia l e x p ress io n  o f cis-1  and  cis-2  and 
th e ir  r o le  in  r u b b e r  y ie ld  a n d  c h a in  

elon gatio n .

A n  a t t e m p t  w a s  a l s o  m a d e  to  
un d erstan d  th e  re la tiv e  ex p ress io n  o f  cis-1  
and  c is -2  g e n e s  w ith  re sp e c t to e n h an ced  
ru b be r p ro d u ctio n  w h e n  stim u la te d  w ith  
eth ep h o n . Real T im e  PC R  an a ly sis  sh o w s a 
h ig h e r  a c c u m u la t i o n  o f  th e  cis- 
p ren y ltra n s fera se  tra n scr ip ts  in th e  la tex o f 
e th ep h o n  treated  trees co m p a red  to  th at o f 
c o n t r o l .  T h e  r e la t iv e  e x p r e s s io n  w a s

ca lcu la ted  by u sin g  th e  v a lu e  o f cis-1  and  cis-
2 o f 0 h r  a s  re fe re n ce  ( ' ! ' ) .  In  R R II 105 , cis-1 
sh ow ed  a tw o fold  in crea se  an d  cis-2  show ed 
a fou r fold  in crease  a fte r  4 8  h r  o f stim ulation . 
In RR II 33, cis-1  sh o w e d  a 1.75  fold  an d  cis-2  
a 3  fo ld  in crease . A  s ig n if ic a n t in crease  in 
m R N A  a c c u m u la t i o n  w a s  d e t e c t e d  in 
s t im u la te d  tr e e s  a f te r  2 4  a n d  4 8  h. T h e 
s tim u la to ry  e ffe c t  w a s  fou n d  to  b e  high at 
48  h . o f tre a tm e n t w h e re  th e  m ax im u m  cis-1 
an d  c is-2  m R N A  le v e ls  co u ld  b e  d ete cted  as 
co m p a red  to  0 h  trea tm en t.

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

E v o lv in g  n e w  a n d  im p ro v e d  r u b b e r  
c lo n e s , ev a lu a t io n  o f c lo n e s  fo r  la tex  and 
tim b er y ie ld , d ro u g h t a n d  d isea se  to leran ce , 
need  based  in v e s tig a tio n s  o n  p ro p ag atio n  
asp ects  an d  stu d ie s  o n  th e  a n a to m y  o f b ark  
an d  w o o d  w e re  th e  th ru st a re a s  o f  w o rk  in 
th e  B o ta n y  D iv is io n  d u r in g  th e  r ep o rtin g  
year. T h e seco n d  p h a se  o f th e  p a rtic ip a to ry  
c lo n e  e v a lu a t io n  p r o je c t w as in itia te d  fo r  
m u lti- lo c a tio n a l o n -fa r m  a n d  la r g e  sc a le  
e v a lu atio n s  o f  th e  th ird  b a tch  o f p ro m is in g  
c lon es in the p ip e lin e . P o s t-re le a se  fo llo w - 
up  o b serv a tio n s  o n  th e  y ie ld  o f  th e  R R II 400  
series c lo n e s  p lan ted  in 'sm all h o ld in g s  w ere  
in itia ted  d u r in g  th e  year.

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

1 .1  H y b r id iz a tio n  an d  c lo n a l s e le c tio n  

T h e  y ie ld  o f  4 2  p r o m is in g  s e le c tio n s  
from  a m o n g  200  h y b rid  c lo n e s  resu lta n t o f 
the 1986 h y b r id iz a tio n  p ro g ra m m e, w h ich  
w e r e  in  th e  1 2 lh y e a r  o f  ta p p in g  (T a b le  
B ot. 1) in fo u r sm all sca le  tr ia ls  la id  o u t at 
C E S , C h e th a c k a l  in  1 9 8 9 , w a s  a s s e s s e d .

T w e n ty  n in e  h y b r id  c lo n e s  m a in ta in e d  
h ig h e r  a n n u a l m e a n  y ie ld  th a n  R R II 105 
d u rin g  th e  p e r io d , a n d  2 7  c lo n e s  m ain tain ed  
a h ig h e r  su m m e r  y ie ld  th a n  R R II 105.

O u t  o f  th e  3 7  p r o m is in g  s e le c t io n s  
a m o n g  1 9 6  h y b r id  c lo n e s  u n d e r  
o b s e r v a t io n  in  e ig h t  s m a l l  s c a le  tr ia ls  
p lan ted  in  1 9 9 0 ,2 2  c lo n e s  m a in ta in e d  h igher 
y ie ld  th a n  R R I I  1 0 5  in  th e  l l lh y e a r  o f 
ta p p in g . A m o n g  21  h y b r id  c lo n e s  u n d er 
e v a lu a tio n  in tw o  sm a ll sc a le  tr ia ls  p lan ted  
in 1992 , fiv e  c lo n e s  reco rd ed  s u p e rio r ity  in 
y ie ld  o v er  th e  c h e ck , R R II 105 in  th e  tenth 
y e a r  o f  ta p p in g  w ith  y ie ld  r a n g in g  from  
5 5 .7 3  to  6 5 .7 2  g/t/t.

T h ir ty  fo u r  h y b r id  c lo n e s  a r e  u n d e r  
ev a lu a tio n  in th e  S S T  p la n ted  in 1995. O f 
th ese , 2 5  c lo n e s  r e c o rd e d  p r o m is in g  y ield  
c o m p a re d  to  R R II 1 0 5  in  th e  7 ,h y e a r  o f 
ta p p in g  (T ab le  B ot. 2).

A m o n g  th e  2 6  W  x  A h y b r id  c lo n e s  
u n d er e v a lu a tio n  in  a n  S S T  p la n te d  in 1995, 
15 c lo n e s  w e re  p r o m is in g  co m p a re d  to the 
c h e c k  c lo n e  R R I I  1 0 5  in  th e  7 ,h y e a r  o f 
ta p p in g  (T ab le  B ot. 3).



Table Bol.l.Y ield  (g/t/t) o f selections in the small scale trials in the year of tapping
Trial A Trial B Trial C Trial D

C lone Yield

(g/t/t)

Clone Yield

(K/t/t)
Clone Yield

(R/t/t)

Clone Yield

86/244 120.62 86/32 90.98 86/428 166.13 86/188 106.29
8 6/110 59 .43 86/44 82.68 86/424 87.22 86/674 89.46
86/60 9 7 .77 86/64 80.55 86/650 104.08 86/599 31.65

86/120 8 7 .70 86/79 84.02 86/778 64.09 86/400 79.26

86/34 99 .67 8 6 /111 112.20 86/908 53.54 86/191 35.65

86/59 84 .73 86/117 68.97 86/968 61.35 86/597 160.45

86/23 7 8 .30 86/122 140.90 86/966 75.98 86/99 103.07

86/5 40.15 86/174 97.38 RRII 105 57.68 86/98 92.98

86/157 100.19 86/306 50.95 86/70 41.79

86/304 9 0 .83 86/651 48.79 86/68 48.96

86/902 72.21 RRII 105 75.71 RRII 105 55.04

86/957 71 .52
86/607 66 .63
86/602 91.61
86/613 8 8 .17
86/660 60 .10

RRII 105 74 .74

In  a n o th er sm all scale trial o f 17 hybrids 
o b ta in ed  by c ro ss in g  RRII 105 w ith six w ild  
g erm p la sm  access io n s , on e hybrid  clone, 
90/109, from  the cro ss RRII 105 x RO  26 was 
better in y ield  than RRII 105 and four hybrid 
c lo n es  w ere  com p arab le  w ith  the check  in 

the 7 ,h y ear  o f tapp ing.

In a clon al n u rsery  o f 3 6  hybrid clones 
( W ic k h a m  x A m a z o n ia n  g e r m p la s m ), 
com p rised  o f the progenies o f 1997 HP, test 
ta p p in g  w a s  c o n d u c te d  fo r  th re e  
co n secu tiv e  years. M ean test tap yield over 
th ree  y ears rev ea led  th at five clones w ere 
su p erio r  o v er  the ch eck  (RRII 105). C lone 
97/300 w as the h igh est y ield er (29.32 g/t/10 
tap) fo llow ed by 97/213 (28.83 g/t/10 tap). 
T h e  c h e c k  c lo n e  sh o w ed  16 .08  g/t/lOtap. 
H ig h est g irth  (25 .25  cm ) w as observed  in 
clon e 97/300 fo llow ed by clon e 97/213 (21.1/ 
cm ). E stim ates o f standard  heterosis for yield 
and  g irth  w ere  w orked  out (Table B ot. 4).

O u t o f  the 26  hybrid  clon es and their 
p aren ts u n d er ev alu ation  in the tw o trials

planted in 1998, one c lon e w as sup erior and 
13 clones w ere on par w ith R RII 105 in term s 
o f y ield  in the fifth year o f tapping. A m ong 
40  hybrid clon es u n d er ev aluation  in tw o 
sm all scale  trials planted in 1999, four clones 
w e r e  s u p e r io r  a n d  1 5  c lo n e s  w e re  
c o m p a ra b le  in y ie ld  to  R R II 105  w h ich  
registered 49 .9  and  68 .5  g/t/t in trials 1 and 2 
respectively in the fourth  year o f tapping. 
A m ong 24  hybrid  clon es under evaluation 
in ano ther sm all sca le  trial, in the second 
y ear  o f ta p p in g , n in e  c lo n e s  w ith  y ield  
r a n g in g  fro m  3 7 .0  to  6 9 .1  g/t/t w ere  
prom ising com pared  to  th e  ch eck  RRII 105 
w hich registered  34 .5  g/t/t. A m o ng 54 clones 
u nder evalu ation  in th ree sm all scale  trials 
p la n te d  in  2 0 0 1 , in th e  s e c o n d  y e a r  o f 
tapp ing, 22 hybrid  c lon es registered better 
yield  com pared  to the h igh  yield ing check, 
RRII 105, w hile 39  clon es w ere  sup erior in 
g irth com pared  to th e  check.

A m ong the 22 c lon es o f full-sib and half- 
s ib  o r ig in  g e n e r a t e d  d u r in g  th e  2 0 0 2
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Table Bot. 2. Perform ance of

R R II

hybrids from the 1989 HP

A N N U A L  REPO RT2 009-2010

program m e
SI. No. C lones Parentage M ean girth  in the 7" ' year 

of tapping (cm )
M ean  y ield  in the 7lh year 

(R/t/t)
1 89/7 PB 260 \ RRIM 600 76 .13 8 9 .1 8
2 89/21 PB 260 \ RRIM 600 61 .83 5 1 .4 9
3 89/27 PB 260 x RRIM 600 83 .2 5 9 6 .1 4
4 89/30 PB 260 x RRIM 600 61 .34 5 1 .0 6
5 89/49 RRIM 600 x PB 242 59 .22 5 2 .9 3
6 89/63 RRIM 600 x PB 242 7 2 .93 7 2 .6 2
7 89/64 RRIM 600 x PB 242 7 8 .04 6 0 .0 5
8 89/79 PB 311 x RRII 105 68.22 7 1 .6 9
9 89/88 PB 311 x RRII 105 67 .54 5 9 .1 2

10 89/95 PB 311 x RRII 105 71 .90 9 1 .4 6
11 89/102 PB 311 x RRII 105 6 6 .8 9 6 5 .8 2
12 89/103 PB 311 x RRH 105 6 8 .15 4 7 .2 8
13 89/124 PB 311 x RRII 105 6 9 .33 6 1 .6 6
14 89/128 PB 311 x RRII 105 6 7 .4 6 48 .4 1
15 89/145 RRII 105 x RRII 118 58.41 4 4 .2 0
16 89/230 RRII 105 x RRII 118 6 6 .1 7 43 .7 9
17 89/240 RRII 105 x RRII 118 60 .4 6 5 4 .5 4
18 89/243 RRII 105 x R R I1118 6 0 .0 6 65 .7 3
19 89/262 IAN 873 x RRII 105 6 4 .4 2 4 9 .0 0
20 89/308 G T 1 x PB 311 6 7 .3 7 6 2 .8 0
2 1 89/309 G T  1 x RRIM 600 68 .71 7 9 .9 0
22 89/318 G T 1 x RRIM  600 7 3 .7 9 6 2 .0 7
23 89/344 G T 1 x RRII 105 59.71 5 1 .0 6
24 89/349 G T  1 x  RRII 49 7 1 .2 5 7 2 .0 8
25 89/356 IAN 873 x RRII 118 73 .71 7 1 .6 9
26 RRII 105 T jir  1 x Gl 1 5 6 .0 0 4 2 .2 4

CD  (0.05)___________________________ 1 0 .57

h y b r id iz a t i o n  a n d  p o ly c r o s s  b r e e d in g  
p rog ram m es, w h ich  a re  u n d e r  e v a lu a tio n  
in a c lo n al n u rse ry  p la n ted  in 2 0 0 7  a lo n g  
w ith  the c h eck  c lo n e s R R II 105, RRII 414  and 
R R II 429, p ro g en y  o f th e cro ss  co m b in a tio n  
PB 3 3 0  x R R II 4 1 4  sh o w ed  h ig h e st g row th  
(13.8  cm ) fo llo w ed  b y  p ro g e n y  o f PB 330  x 
R R II 414  w ith  12.8  cm  g irth , in th e  secon d  
y e a r  a fte r  p la n tin g . T h e s e  tw o  c lo n e s a lso  
exh ib ite d  g ood  b ra n ch in g  habit.

Six  fu ll-sib  fa m ilie s  and  th re e  half-s ib  
fam ilies c o n s istin g  o f  465  se e d lin g s  resu ltant 
o f th e  2 0 0 5  h y b r id iz a tio n  a n d  p o ly c ro s s  
b re e d in g  p ro g ra m m e s  w e re  s u b je c te d  to

d e ta i le d  e v a lu a t io n .  S e e d l in g  p r o g e n ie s  
e x h ib i te d  w id e  v a r i a b i l i t y  in  te r m s  o f  
g ro w th , te s t tap  y ie ld  a n d  m o rp h o lo g ica l 
c h a ra cte rs . T h irty  fiv e  p ro m is in g  p ro g enies 
w e re  se le cted  b a sed  o n  g ro w th  and  v ig o u r 
in  th e  e a r ly  s t a g e  fo r  fu r th e r  e v a lu a tio n . 
S e l e c t i o n  o f  m e d iu m  to  h ig h  g r o w th  
s eed lin g s co u ld  m a x im iz e  g e n e tic  g a in . T h e 
p re se n t stu d y  co u ld  a lso  id en tify  potential 
p a r e n ts  fo r  r e p e a te d  r e c o m b in a t io n  to  
g e n e r a t e  m o r e  p r o d u c t i v e  p r o g e n ie s .  
R ecov ery  o f  h ig h  frequ en cy  o f elite  p rogenies 
f r o m  th e  h a l f - s ib  p r o g e n y  e v a lu a t io n  
u n d erlin ed  the im p o rta n ce  o f  th is ap p ro ach



Table Bot. 3. Mean girth and yield of promising clones
SI. No. C lone Parentage Mes n girth in the 7"' year 

of tapping (cm)
Mean yield in the 7"' year 

(g/t/t)
1 . 90/3 RRII 105 x RO 142 74.65 47.58
2 . 90/10 RRII 105 x RO 142 81.66 120.93
3. 90/21 RRII 105 x RO 142 80.83 56.38
4. 90/25 RRII 105 x RO 142 63.42 57.47
5 . 90/29 RRII 105 x RO 142 88.33 56.05
6 . 90/34 RRII 105 x RO 142 74.91 74.43
7. 90/241 RRII 105 x RO 142 74.95 68.32
8. 90/322 RR1M 600 x RO 142 74.00 49 .37
9 . 90/340 RR1M 600 x RO 142 62.21 63.17

10 . 90/170 RRIM 600 x RO 87 71.87 63.58
1 1 . 90/171 RR1M 600 x RO 87 83.88 53.57
1 2 . 90/174 RRIM 600 x RO 87 81.46 51.41
13. 90/193 RRIM 600 x RO 87 73.93 81.07
14. 90/352 RRIM 600 x RO 87 69.58 53.83
15. 90/271 RRIM 600 x RO 87 78.92 73 .46
16. RRII 105 Tjir 1 x GI 1 55.69 58.45

CD (0.05) 10.15 12.23

Table Bot. 4. Standard heterosis for girth and yield o f W x A hybrid clones

SI. No. C lone Parentage Standard heterosis 
for girth (%)

Standard heterosis 
for yield (%)

1 . 97/4 RRII 105 x MT 1014 73.89 14.00

2 . 97/10 RRII 105 x MT 1027 68.82

3 . 97/213 RRII 105 x MT 1005 75.97 79 .29

4. 97/219 RRII 105 x MT 1005 73.15

5. 97/224 RRII 105 x MT 1005 24.68

6 . 97/225 RRII 105 x MT 1005 38.57

7 . 97/238 RRII 105 x MT 1021 32.33

8 . 97/13 RRIM 600 v MT 999 50.29
21.64

9. 97/47 RRIM 600 x RO 380 67.33

10 . 97/62 RRIM 600 x MT 1021 60.68

1 1 . 97/63 RRIM 600 x MT 1021 55.19

1 2 . 97/72 RRIM 600 x MT 1021 40.81

13. 97/98 RRIM 600 x MT 1005 39.23

14. 97/245 RRIM 600 x M T 1005 67.66

15. 97/255 RRIM 600 X MT 1005 7.14

16. 97/125 RRIM 600 X MT 1014 46.38

17 .
18.

97/181
97/182

RRIM 600 x MT 1014 
RRIM 600 x MT 1014

82.21
68.99 17.03

19. 97/300 RRIM 600 x MT 1014 110.00 82.34

2 0 . 97/166 RRIM 600 x AC 495 15.87

2 1 . 97/170 RRIM 600 x AC 495 82.87

2 2 . 97/173 RRIM 600 x AC 495 7522

23. 97/279 RRIM 600 x AC 495 70.40

24. 97/289 RRIM 600 x AC 495 60.26

25. 97/189 RRIM 600 x MT 1027 30.92

26. 97/196 RRIM 600 x MT 1027 54.44

27. 97/199 RRIM 600 x MT 1027 42.89



Table Bot. 5  a. Narrow sense heritability o f yield  and grow th traits

Parent progeny relationship Heritability
equations

AM Y
(g/t/t)

S Y
(g/t/t)

G
(cm )

BH
(m)

Narrow sense heritability estimates (/i;> 

Offspring - fem ale parent h2= 2b -0..18 -0.22 -0 .14 -0.28
Offspring -  m ale parent hJ = 2b 0.56 0 3 2 0 .3 6 0 .1 8
Offspring- midparent mean /i! = b 0.34 0.36 0 .1 7 -0.11
AMY- Annual mean yield; SY- Sum mer yield; G- Girth; BH- Branching height 
b  - parent-offspring regression.

Table Bot. 5  b. G enetic correlation (rn) o f yield and 
g ro w th  tra its  b ased  on  o ffsp r in g - 

________________parent 'cross-variance' estimates
Sum mer

yield Girth
Branching

height
Annual mean yield 0 .8 5 5 7 0 .8 4 3 2 -0 .1709
Summer yield 1 .3448 -1 .3714
Girth 0 .1 4 6 4

w h ic h  c a n  b e  re p e a te d  o v e r  th e  y e a rs  to  
co n so lid a te  p ro d u ctiv e  seed ling s.

B a sed  on  d a ta  from  th e  fu ll-s ib s  and  
th e ir  p a r e n t  c lo n e s ,  n a r r o w  s e n s e  
herita b ility  o f y ield  a n d  g ro w th  traits and 
th e ir  g e n e tic  c o r r e la t io n  w e re  e s t im a te d  
b a se d  on p a re n t-o ffsp rin g  re g re s sio n . T h e 
h e r ita b ility  fo r a n n u a l m e a n  ru b b e r  y ield  
based  on  p a re n t-o ffsp rin g  re g re s s io n  w as 
m o d e ra te  (/i2= 3 4 %  in  o ffsp r in g -m id p a re n t 
g rou p in g ) to h ig h  (h 2=56%  in o ffsp rin g -m a le  
p aren t g rou p in g ). In resp ect o f su m m er yield  
a lso , th e  o ffs p r in g -m a le  p a re n t g ro u p in g  
sh o w e d  c o m p a r a t iv e ly  h ig h  h e r ita b i lity  
(/j2= 5 2 % ) th a n  th e  o f f s p r in g - m id p a r e n t  
g r o u p in g  (h 2=3 6 % ),  b a s e d  o n  re g re s s io n  
a n a ly s is .  H e r ita b i l i ty  fo r  g ir th  w a s  low  
(/i2= 17%  in o ffsp r in g -m id  p a re n t a n a ly sis) 
to  m o d e r a t e  (/i2= 3 6 %  in  o f f s p r in g - m a le  
p a r e n t  g r o u p in g )  u s i n g  r e g r e s s io n .  
R eg ard in g  b ra n ch in g  heig ht, o ffsp rin g -m ale  
p arent g ro u p in g  sh o w e d  a low  herita b ility  
(/i2=18% ) in re g re s s io n  a n a ly s is . B a sed  on 
p a r e n t-o ffs p r in g  c ro s s -v a r ia n c e s ,  a n n u a l 
m e a n  ru b b e r  y ie ld  s h o w e d  h ig h  g e n e tic  
co rre la tio n  w ith  su m m e r  y ie ld  a n d  girth .

S u m m e r y ie ld  sh o w ed  v e ry  h ig h  co rrela tio n  
w ith  g irth  (T ab les B ot. 5 a a n d  b).

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

A to ta l  o f  1 1 5  o r te t s  s e le c te d  fro m  
v a r i o u s  s m a ll  h o ld in g s  a n d  la r g e  
p lan tatio n s a re  u n d e r  e v a lu a tio n  in s ix  sm all 
sca le  tr ia ls  and  tw o  la rg e  sc a le  tr ia ls  a t C ES, 
C h eth a ck a l. In  th e  tw o  sm all sca le  trials of 
o r te ts  se le c te d  fro m  P C K  L td . K o d u m o n  
esta te  (T ab le  B o t.6 ), O K n  3 6, a p o ten tia l latex 
t i m b e r  c lo n e  in  o n e  S S T  c o n t in u e d  to  
p e r fo rm  b e tte r  (7 1 .0 9  g/t/t) fo llo w e d  by 
O K n  4 9  (6 8 .1 3  g/t/t) and  O K n  7 3  (6 1 .3 0  g/t/t) 
d u r in g  th e  7 lh y e a r  o f  ta p p in g , w h e re a s  
R R II 1 0 5  r e c o r d e d  a n  a v e r a g e  y ie ld  o f 
6 6 .5 9  g/t/t d u rin g  th e  p e r io d . R is in g  y ield  
trend  o f  th ese  c lo n e s w a s o b se rv e d  d uring  
7 ‘h y ea r  o f ta p p in g . In th e o th e r  S S T  w h e re  
clon es a re  in th e 8 lh y e a r  o f  tap p in g , O K n  28, 
O K n 75 and  O K n  3 9  reco rd ed  co m p a ra b le  
yield with RRII 105 w hich recorded 62.75 g/t/t. 
O K n  39, O K n  4 a n d  O K n  7 3  w e re  s u p e rio r  in 
girth  c o m p a red  to R R II 105.

In th e sm a ll sc a le  trial o f  o r te ts  selected  
from  v a rio u s  sm a ll h o ld in g s , y ie ld  in th e 5 lh 
y e a r  sh o w e d  th a t O  7 3  (s e le c t io n  fro m  a 
sm all h o ld in g  a t K a n jira p p a lly )  a n d  O  72 
(se le ctio n  from  th e se lfe d  p ro g en y  o f RRII 
105), record ed  su p erio r y ield  w ith  87.31 g/t/t 
a n d  8 2 .6 8  g/t/t r e s p e c t i v e l y  a n d  g ir th  
com p ared  to  ch eck  c lon e  R R II 105 (55.03 g/t/t) 
(T ab le  B ot.7 ). G ro w th  o f  c lo n e  O  7 3  w as very 
h ig h  reco rd in g  8 2 .7 9  cm  d u rin g  5 lh y e a r  o f



Table Bot. 6. Yield a ortet selections (Kodumon estate)
Trial I (1993 SST) Trial 2  (1994 SST)

C lone
Yield (g/t/t) 
8,k year of 

tapping

Girth 
S’*1 year of 

tapping
Clone

Yield (g/t/t) 
7 *  year of 

tapping

Girth (cm) 
7 *  year of 

lapping

OKn 28 56.91 87.91 OKn 50 35.86 79.55
O Kn 11 41 .08 81.17 OKn 4 27.52 91.34
OKn 59 26 .20 75.64 OKn 73 61 .30 73.96
OKn 54 3 7 .43 85.70 OKn 51 48 .65 68.29
OKn 63 32.11 67.02 OKn 38 39 .65 68.88
O  Kn 75 58 .70 83.80 OKn 10 18.88 67.75
O Kn 22 48 .68 71.81 OKn 29 33 .45 61.65
OKn 25 25.91 69 .22 OKn 32 31 .53 68 .37

OKn 01 2 1 .97 62.65 OKn 17 49 .17 85.36

O Kn 12 39 .87 79.43 OKn 68 30.60 63.27

O Kn 39 61.59 85.45 OKn 61 24.49 48.52

OKn 74 37 .04 74.62 O Kn 26 46 .66 80.24

OKn 27 2d.61 70.07 O Kn 15 20.86 59.88

OKn 19 23.21 74.42 O Kn 37 46 .59 75.71

RRIM 600 51 .37 69.76 OKn 2 33 .90 70 .32

RRII 105 62 .75 66.02 OKn 36 71.09 77 .00

OKn 49 68 .13 77.14

OKn 44 39.19 81 .90

OKn 48 38.11 62.94

OKn 46 31 .50 65.15

OKn 41 58 .77 71.82

OKn 24 32 .80 67.07

OKn 55 40 .30 64.95

OKn 23 44.81 80.27

OKn 35 39 .22 64 .07

RRH 105 66 .59 62.20

CD (P = 0.05) 2 3 .69 16.14 CD (P =■0.05) 21.88 -----------
ta p p in g  in d ic a t in g  th e  c lo n e  a s  a v ery  
p rom isin g  latex tim ber clone.

In  th e  s m a ll s c a le  tr ia l o f 12 o rte ts  
se le cted  from  H M L  K aliyar, Thodupuzh a, 
laid  o u t at C E S in 1998, O K r 75, O K r 48 and 
O K r 14 record ed  co m p arab le  yield  w ith the 
ch eck  R R II 105 in th e  fourth  year o f tapping. 
In  an o th er  sm all scale  trial laid out in 2000, 
on e o rtet se le ctio n  from  K asargode, O Kgd 3 
(4 6 .7 4  g/t/t) r e c o rd e d  y ie ld  su p e r io r  to 
RR II 105 (35 .38  g/t/t) in the secon d year of 

tap p in g .

In a sm all scale trial planted in 1997 four 
c lones sh ow ed  higher yield  than the check 
clone in the 5 *  year o f tapping. H ighest yield 
was recorded by the ortet clone 12 (85.46 g/t/t) 
fo llow ed by c lon e 35  (70 .18  g/t/t) and 33/8 
(6 9 .7 0  g/t/t), w h ile  th e  ch e c k , R R II 105 
recorded  60 .4 7  g/t/t.

In the large  scale  tria ls  o f ortets selected 
from  large estates, w hich  are in the 4 th year 
o f grow th, c lon e M O  2 8  in o n e tria l recorded 
th e  h ig h est g irth  (3 2 .5 8  cm ) fo llo w ed  by 
RRII 4 30 (32 .17  cm ) w hereas the girth o f RRII



Table Bot, 7. Yield  and girth of orte^selections from 
____________sm all holdings in the 5 year o f tapping

Clone Yield Girth

O  49 (PCK Kodumon) 36 .33 7 9 .94
O  77  (Erum ely -  E B 1 ) 29.61 6 3 .92
O  74 (Kanjirappally) 42 .28 7 9 .25

O  73 (Kanjirappally) 87.31 8 2 .79
O 75 (Kanjirappally) 2 0 .2 6 73 .34

O  76 (Kanjirappally 18 .27 64 .82
O  21 (Kattappana) 38 .06 81 .13
O  72 (Progeny of RRII 105) 8 2 .68 77 .47
O  36 (Kothamangalam) 3 1 .8 3 78 .36
O  81 (CES, Chethackal) 3 9 .7 8 8 9 .62
O  79 (CES, C hethackal) 18.21 6 8 .50
O 80 (CES, C hethackal) 2 8 .0 4 6 1 .62
O  78 (CES, C hethackal) 3 0 .6 4 6 9 .98
O  66 (PCK Kodumon) 30 .14 6 4 .2 8
RRII 105 5 5 .0 3 6 7 .3 7
RRIM 600 3 1 .2 3 6 0 .9 3
CD  (P = 0.0 5) 20.2 17.81

105 w as 2 2 .9 5  cm . In a n o th er  la rg e  sca le  trial, 
th e  h ig h e s t  g ir th  w a s  r e c o rd e d  b y  c lo n e  
O C h y  35  (3 3 .4 4  cm ) fo llo w ed  by O C h y  48 
(33.31 cm ) w h e re a s  th e  g ir th  o f R R II 105  w as 
27 .69  cm .

T w e n ty  o n e  o r t e t s  s e le c t e d  fro m  
G u w ah ati, P a d iy o o r an d  A m b a la v a y a l a re  
u n d e r  s m a ll s c a le  e v a lu a t io n  in  a c lo n a l 
n u rsery  laid  o u t in 2 0 0 7  at R R II a lo n g  w ith  
c h e c k  c lo n e s  v iz .,  R R II 105 , R R II 4 1 4  an d  
RR II 430 . T h re e  o rte ts  fro m  P ara  liar, viz . P ar
O  10, P ar  O  18 an d  P ar  O i l  w ere  v ig o ro u s 
in g ro w th  in th e  seco n d  y e a r  a fte r  p lan tin g  
com p ared  to th e  fa s t g ro w in g  ch e ck  c lo n e  
R R II 414.

A n  o r te t  s e le c t io n  p r o g r a m m e  w as 
u n d e r t a k e n  a t  A n d a m a n s  in  a n  a r e a  
c o m p ris in g  2 0 6 .3 6  h a . p la n te d  w ith  G G I, 
G G II, an d  G G III s e r ie s  o f  P B IG  se e d lin g s . 
Initially, 7 5  trees w ere  se le c ted  a n d  y ield  and  
seco n d ary  ch a ra c te rs  reco rd ed  for o n e  year. 
O f th ese, 2 3  trees w ere  fin a lly  se le cted  and  
the c lo n es  w ere  m u ltip lied  for e stab lish m en t 
o f so u rce  b u sh  nu rsery.

2. E v a lu a tio n  o f  c lo n e s

2.1. L arg e sc a le  e v a lu a t io n

In th e  m u ltid isc ip lin a ry  e v a lu a tio n  o f
2 6  c lo n es, w h ich  is in th e  12 Ih y e a r  o f  tapp ing 
in tw o larg e  sca le  tr ia ls  p lan ted  in 1989 at 
R R II F arm , R R II 5  a n d  R R II 118  c o n tin u ed  to 
be  th e  to p  y ie ld e rs  in T ria l 1 , s h o w in g  b etter 
p e r fo r m a n c e  o v e r  R R I I  1 0 5 .  In  T r ia l 2, 
P B  2 5 5  fo llo w e d  b y  PB  3 1 4  w e r e  th e  top 
y ie ld ers  (T ab le  B ot. 8 ). C lo n e s  P B  280 , P B  311 
an d  P B  235  a lso  r e co rd e d  s ig n ifica n tly  high 
yie ld s.

Table Bot. 8. Y ield  o f  in trod u ced  and  ind igenous 
______________ c lon es in  the 12  year o f  tapping

Trial 1________  ___________ Trial 2
C lo ne Yield C lo n e Yield

(g/t/t) (g/t/t)
RRII 5 93 .51 PB 217 49 .33
RRII 118 8 4 .7 7 PB 235 70 .14
RRII 208 3 0 .8 4 PB 255 93 .07
RRII 300 3 7 .9 2 PB 260 65 .70
RRII 308 5 8 .0 2 PB 280 83 .6 3
RRIM  600 4 3 .2 6 PB 310 53 .4 7
RRIIM  703 3 7 .9 5 PB 311 75 .39
PCK I 5 6 .2 5 PB 312 52 .83
PC K 2 3 2 .6 1 PB 314 52 .43
SC A T C  88/13 3 8 .7 4 K R S 25 4 4 .5 7
SC A TC  93/114 2 1 .1 5 K R S 128 46.71
HN 1 1 9 .5 0 KR S 163 6 6 .94
RRII 105 5 4 .6 2 RRII 105 3 4 .6 4
GM * 4 6 .8 6 G M 6 0 .6 8
*G.M . - General mean

C lo n e s  P B  2 8 0 ,  P B  3 1 4  a n d  P B  2 1 7  
re c o rd e d  s ig n if ic a n t ly  h ig h e r  y ie ld  th an  
RR II 105  in th e  1 3 th y e a r  o f  tap p in g  in a no ther 
la r g e  s c a le  e v a lu a t io n  o f  in tro d u c e d  and 
in d ig e n o u s  c lo n e s  a t  C E S . Y ie ld  in  th e  
su m m e r  m o n th s  w a s  h ig h  in  c lo n e s  PB  311 , 
PB 280 , PB 3 1 4  a n d  P B  2 1 7  w h e n  co m p a red  
to  R R II 105.

In th e  la rg e  sc a le  tr ia ls  p la n te d  a t  C E S 
in 1993, C lo n e s  R R II 4 1 4  a n d  R R II 4 1 7  in



trial 1 and  clon es RRII 422  and RRII 430 in 
trial 2  w ere su p erior to  RRII 105 in term s of 
m ean yield  o v er n ine years o f tapping. In 
gen eral th e  clon es sh ow ed  a rise in yield  in 
th e  th ird  y ear  o f ta p p in g  in pane l B O  2, 
c o m p a re d  to  th a t o f  th e  p r e v io u s  year. 
C lo n e s  R R II  4 1 7  a n d  R R II 4 3 0  w ere  
sign ifican tly  su p erior to the rest in the ninth 
year o f tapp ing. T h e  oth er clones yielding 
b e tte r  th a n  R R II 105  w e re  RR II 4 1 4  and 
RRII 55 in trial 1 and  PB 330 in trial 2 . Based 
on lon g  term  y ie ld , an attem p t w as m ad e to 
d e te rm in e  th e  p e r io d  o f s ta b il isa tio n  o f 
rubber yield  by em p loyin g  the Spearm an's 
ra n k  c o r re la t io n s . In  g e n e ra l th e  c lo n es  
a tta in ed  s ta b le  y ie ld  lev e ls a fter the th ird 
y ear  o f tap p ing  as ev iden ced  by significant 
p o s i t iv e  a n d  h ig h  c o r r e la t io n s  in  y ie ld  
rankin gs am o n g  the th ird and subsequent 

y ears o f tapp ing.

In term s o f s tru ctu ra l featu res o f the 
v irg in  an d  ren ew ed  b ark  o f th e  RR II 400 
series clon es, th ere w as no clonal variation 
fo r  b a r k  th ic k n e s s ,  b u t th e  n u m b e r  o f 
la ticifers varied  sign ificantly . In the virgin 
b ark, th e  n u m b er o f la ticifers w as h ighest 
(>23 n o s.) in c lon es R R II 4 02 and  RRII 429 in 
trial 1 and  R R II 52  and  R R II 422  in trial 2. 
T h e s e  c lo n e s  w e r e  s u p e rio r  to R R II 105. 
C lo n es RRII 402  (>24 nos.) a n d  R R II 4 22 (>23 
n o s .)  m a in ta in e d  s u p e r io r ity  w ith  th e  
h ighest n u m b er o f  latex vessel row s in the 

renew ed  b ark  a lso .

In a co lla b o ra tiv e  s tu d y  on the RRII 400 
series clon es, p aram eters related  to rubber 
b io sy n th e sis  su ch  as su cro se  content, ATP 
a n d  C -se r u m  in v e rta s e , an d  a n tio x id an t 
en zy m es (SO D  and peroxid ase), and other 
b io ch e m ica l co m p o n en ts  su ch  a s  thiols and 
p r o te in s  w e r e  m e a s u r e d  d u r in g  p e a k  
y ie ld in g  seaso n  (Sep -N ov ) and  low  y ield ing 
s u m m e r  s e a s o n  ( F e b -A p r i l )  fo r  tw o 
c o n s e c u tiv e  y e a r s  (2 0 0 8  a n d  2 0 0 9 ) . T h e

results indicated that RRII 422, follow ed by 
RRII 430 and RRII 414 , had potentia l for 
better toleran ce to  stress situation than the 
other clones.

Yield in the seventh year in the large 
scale evaluation o f 12 clones o f exotic  and 
in d ig e n o u s  o r ig in  at C E S , C h e th a k k a l, 
show ed that clones, viz. 86/120 (91.73 g/t/t), 
86/ 44 (77.80 g/t/t) and RRIM  7 12 (84.60 g/t/t) 
w ere sh ow ing yield  com parable writh RRII 
105 w hich recorded 95 .87  g/t/t. T h e clone 
86/ 44 perform ed better than RRII 105 in 
th e  la r g e  s c a le  tr ia l  a t  R R S , P a d iy o o r, 
show ing 8.3%  yield im provem ent w ith 49.40 
g/t/t w hereas R R II105  recorded  45.60 g/t/t 
during the second year o f tapping. In another 
large scale  trial at R R S, Padiyoor, clone 86/ 
4 6 8  (55 .3 1  g/t/t) r e c o rd e d  2 1 .3 4 %  y ie ld  
im provem ent over R R II 1 05 w hich  recorded 
4 5 5 8  g/t/t followed by clone 86/613 (51.25 g/t/t) 
w ith yield  im provem ent o f 12.43% .

2.2. O n farm  ev a lu atio n

Tw o in d igenou s an d  seven introduced 
c lones are  u n d er evalu ation  in the on- farm 
trial a tS asth am kotta . M ean y ield in the sixth 
year (Table Bot.9) revealed  that clon e RRII 
105 w as the h ighest y ielder (2584 kg/ha/yr) 
follow ed by PR 255  (2219 kg/ha/yr). C lone 
PB 255 show ed the h ighest girth (66.00 cm ) 
follow ed by RR II 203  (62 .00  cm ).

Table Bot.9. Performance of clones atSasthamkotta 
in the 6 year of tapping_____________

C lones Girth Yield
______________ (cm )_________ (kg/ha/yr)

RRII 105 57 .60 2584

G T 1 56 .65 1707

RRII 203 62 .00 1850

PB 217 60 .74 1721

PB 255 66.00 2198

PB 260 56.71 1764

PB 311 57 .85 2007

PB 314 58 .15 2137

PR 255 61 .54 2219



In an  o n -fa r m  e v a lu a t io n  in th e  10 'h 
y e a r  o f  ta p p in g  a t  S h a l ia c k a r y  E s ta te ,  
Pu nalur, PB 2 8 0  (2473  kg/ha), RR II 5 (2345 
kg/ha) an d  PB 2 6 0  (2 3 3 6  kg/ha) reco rd ed  
b e tter  y ield  th an  R R II 105 (1979  kg/ha.). In 
a n o th e r  o n -fa r m  e v a lu a t io n  a t  th e  sa m e  
estate , am o n g  fiv e  c lo n es, RR II 176 a  hybrid  
clon e ev o lv ed  in In d ia  w ith  4 035  kg/ha w as 
su p erio r  in y ield  co m p ared  to  R R II 105 (3913 
kg/ha) in th e  12rh y e a r  o f  tap p in g . C lo n e  PB 
280 record ed  h ig h er y ield  a n d  g irth  follow ed 
by P R  261 , co m p a red  to  R R II 105 in the 2 nd 
y ear  o f  tap p in g  in an  o n -farm  ev a lu a tio n  at 
A yiranallu r, Pu nalur.

T h e  R R II  4 0 0  s e r ie s  c lo n e s ,  u n d e r  
tap p in g  in v ario u s  large estates, co n tin u ed  
to  m a in ta in  b e t t e r  y ie ld  a n d  g r o w th  
com p ared  to  R R II 105. A t C h eru v a lly  Estate, 
a m o n g  the five reco m m en d ed  R R II 4 0 0  series 
c lo n es , R R II 4 3 0  w a s  co n s is te n tly  th e  top  
y ie ld er o v er  s ix  y e a rs  o f  tap p in g . In th e  O F T  
at S h a lia ck a ry  E sta te  at P u n a lu r, R R II 429  
fo llo w ed  b y  R R II 4 1 4  an d  R R II 417 , w ere  
s u p e r io r  in  g ir th  a n d  y ie ld  c o m p a re d  to 
R R II 105.

A s p a rt o f p o st-re le a se  fo llo w -u p  on the 
R R II 4 00  s eries  c lo n es, m o re  d eta iled  stu d ies  
on  the g ro w th  a n d  y ie ld  o f  th ese  c lo n es  w ere  
in itia ted  in sm all h o ld in g s  sca ttere d  a cro ss 
K e ra la . D a ta  o n  g ir th ,  y ie ld  a n d  d is e a s e  
in c id e n c e  w e r e  c o lle c te d  fro m  fiv e  sm a ll 
g ro w ers  fie ld s  in C e n tra l K era la , tw o  sm all 
h o ld in g s  in S o u th  K e ra la  a n d  th re e  sm a ll 
h o ld in g s  in N o rth  K era la . A t M alay atoor, 
c lo n e s  R R II 4 1 7 , R R II  4 2 2  a n d  R R II  4 2 9  
r e co rd e d  h ig h e r  y ie ld  th a n  R R II 105 . A t 
O on n u kal, R R II 4 29  a n d  R R II 4 3 0  p erform ed  
b e t t e r  th a n  R R II  1 0 5 .  A t P o n k u n n a m , 
tap p in g  w as in itia ted  in 100%  trees in the 
5 lh y e a r  a f t e r  p la n t in g  a n d  y ie ld  w a s  
p ro m isin g . In th e  a d ja ce n t p lo t tap p in g  w as 
n o t  y e t  in i t ia t e d  in  R R II  1 0 5  d u e  to  
in ad eq u ate  g irth . G ro w th  d ata  o f  R R II 400

series c lo n es  in th e  fifth  y e a r  fro m  th e  O FT 
a t a sm all h o ld in g  in K a n jira p a lly  show ed 
th at RR II 4 2 9  r e co rd e d  h ig h e s t g irth  (45 5 
cm ) fo llow ed by R R II 4 1 4  (4 4 .4 c m ) com pared 
to R R II 105  (3 8 .8  cm ). In a n o th e r  sm all 
h o ld in g  in A yur, K o lia m  d is tr ic t , RR II 422 
fo llo w ed  b y  R R II 414 , R R II 4 1 7  an d  RR II 429 
w ere  su p erio r  in y ie ld  c o m p a re d  to  R R II 105. 
A m o n g  th e  lo c a t io n s  in  N o rth  K era la , at 
O tta p p a la m , c lo n e  R R II  4 1 7  p e r fo rm e d  
b e tt e r  th a n  th e  c h e c k .  A t M a la p p u ra m , 
R R II  4 2 2  e x h ib i te d  b e t t e r  p e r fo r m a n c e  
co m p a red  to  th e  o th e r  R R II 4 0 0  s eries  c lones 
an d  R R II 105 . A t K u n n a m k u la m , R R II 414 
e x h ib i t e d  b e t t e r  y ie l d  a n d  g ir th .  T h e  
in c id en ce o f  p in k  d ise a s e  a t O ttap p alam  was 
m u c h  lo w e r  in  c lo n e  R R I I  4 1 7  (1 4 .4 % )  
co m p a re d  to R R II 105 (22 .5 % ).

2 .3 .  I n v e s t i g a t i o n s  o n  g e n o t y p e  x 
e n v iro n m e n t in te r a c t io n s  

D ata  o n  m e a n  y ie ld  fo r  th e  4 " ’ to  6 lh year 
o f  ta p p in g  (y ie ld  s ta b il iz a tio n  p erio d ) from
3  lo ca tio n s , viz. K a n y a k u m a ri, A g a rta la  and 
N ag rak ata , w h ic h  w e re  o p e n e d  fo r  tap p in g  
s im u lta n e o u s ly , w e r e  su b je c te d  to A M M I 
(A d d itiv e  M a in  e ffe c ts  a n d  M u ltip lica tiv e  
In te r a c t io n )  a n a l y s i s  to  e s t im a t e  G  x E 
in teractio n . A tte m p t w a s  a ls o  m a d e  to  s tudy 
th e  in flu e n ce  o f  m e te o r o lo g ic a l v a ria b les  on 
ru b be r y ie ld . A t IM M T , B h u b a n esw a r , yield 
r e c o rd in g  w a s  in it ia te d  in  2 0 0 9 , a n d  the 
yield  data  fo r  th e  first y e a r  w as su m m arized .

T h e  A N O V A  fo r  A M M I m o d el sh ow ed  
th at g e n o ty p ic  v a ria tio n  c o n trib u te d  to  o n ly
2 7  %  o f  th e  to t a l  v a r i a t i o n  w h e r e a s  
e n v iro n m e n ta l v a ria tio n  a n d  G E I to g eth er  
co n trib u te d  to  m o re  th a n  7 0  %  o f  th e  total 
v a r ia tio n .

G e n o ty p e  e v a lu a t io n  b a se d  o n  A M M I-
1 b ip lo t is g iv en  in Fig . B ot. 1. C lo n es R R II 429, 
R R II 422 , R R II 417 , R R II 4 3 0  a n d  R R II 105 
w e r e  th e  h i g h  y i e l d i n g  c lo n e s  a c r o s s  
e n v iro n m e n t. R R IM  6 0 0 , w h ich  sh o w ed  the 
least in tera c tio n , w a s  fo u n d  to  b e  th e  m o st
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sta b le  clon e. RR II 429 w as the least stable. 
RR II 430  com bin ed  h igh  y ield  and  stability.

3 . P a r t i c i p a t o r y  e v a l u a t i o n  of  
ru b b e r  clo n e s

O n -farm  trials o f tw enty p ipeline clones 
and  th ree  h igh  y ie ld in g  check  clon es, viz. 
R R II 1 0 5 , R R II 4 1 4  a n d  R R II 430 , w ere  
e sta b lish e d  acro ss  13 lo ca tio n s in K erala, 
K a r n a t k a  a n d  T a m il  N a d u . C a s u a lty  
rep lacem en ts w ere carried  out in 12 on- farm 
tr ia ls  a n d  tw o  c e n tra l la rg e  sc a le  tria ls . 
D isea ses  w ere  reco rd ed  and soil sam p les 
w ere an aly sed . P h ase  II o f the project w as 
in itia ted  u sin g  17 c lon es (14 p ipeline clones 
an d  th ree  ch eck  clon es) in 10 O FT  locations 
and  at C E S  w h e re  th e  central LST  w ill be 

e sta b lish e d .

4 . B r e e d i n g  f o r  o t h e r  s p e c if ic  
o b jectiv es

4 .1 .  C o m p act can o p y

T h ree  progen ies o f cro sses betw een the 
g e n e tic  v a ria n t w ith  com p act canop y and

popular clones, viz. 'G e n etic  variant' x RRII 
1 1 8  a n d  R R IM  6 0 0  x  'G e n e t i c  v a r ia n t ' 
e x h ib ite d  n o rm a l g ro w th  w ith  co m p act 
canop y in th e  9 lh year. T h e  recom bin ants 
registered less y ield  com pared  to the check 
c lon e R RII 105. H ow ever, tw o hybrid clones 
o f parentage 'G en etic  variant' x  RRII 118 and 
RRII 105 x 'G enetic variant’ w ere com parable 
with check RR II 105 in term s of yield.

O f the h alf-sib  progenies o f the genetic 
variant un d er ev aluation , in term ediate (74.6 
cm ) and  norm al typ e (71.4 cm ) registered 
h ig h er  g irth  th an  R R II 105 , w h e reas the 
m ean yield o f the ab ov e m orph otypes was
28.8  and 33 .9  g/t/t respectively  com pared  to 
RRII 105 (40.1 g/t/t) in the 5th year o f tapping.

4.2. D ro u g h t to leran ce

Th e yield  o f the 24  hybrid  clon es and 
se v e n  p a r e n ts  in  tw o  sm a ll sc a le  tr ia ls  
p la n te d  in  1 9 9 8  w a s  m o n ito r e d  at 
fo r tn ig h tly  in te rv a ls  in th e  fifth  y ear  o f 
ta p p in g . T h e r e  w a s  s ig n if ic a n t  c lo n a l 
variation  w ith  resp ect to ann ual m ean yield



and g irth  in th e  tw o trials. Y ield  o f  sev en  o f 
th e  h y b r id  c lo n e s  w a s  co m p a ra b le  to  th at 
o f  RR II 105. O n e  c lon e, 93/ 2 1 4  in T rial 1, 
record ed  su p e rio r  y ie ld  than R R II 105 over 
5 years o f  tap p in g . In term s o f y ie ld  d u rin g  
th e  su m m e r  m o n th s  th e re  w a s  n o  c lo n a l 
v a r ia t io n  in  T r ia l 1. T h e  p a r e n t  c lo n e s  
PB 2 1 7 , R R IC  1 0 4 , R R IC  5 2 , PB  2 6 0  an d  
R R IM  6 0 0  r e c o r d e d  h i g h e r  y ie ld  th a n  
RR II 105 in th e  su m m er m o n th s. In Trial 2, 
o n e  c lon e, 93/58 w as su p e rio r  to RRH 105 in 
term s o f  an n u al m e an  yield  in th e  5 ,h y e a r  o f 
tap p in g  and  o v er  th e  first 5  y e a rs  o f  tap p in g  
an d  y ield  o f  c lo n e  93/92 w a s  c o m p a ra b le . In 
te rm s  o f  s u m m e r  y ie ld , c lo n e  93/92 w as 
s u p e r io r ,  w h i le  th r e e  c lo n e s  w e r e  

c o m p a r a b le  to  th e  c h e c k .  B r o a d  s e n s e  
h eritab ility  estim ates  for th e  tw o  tria ls  w ere  

h ig h er  fo r  an n u a l m ean  y ield  (0 .4 8  a n d  0 .62) 
th an  th a t fo r  su m m er y ield  (0 .1 5  an d  0.37).

A m o n g  th e  14  hy b rid  c lo n e s  from  the 
1994 H P  p ro g en y  u n d er ev a lu a tio n  in sm all 
sca le  tr ia l 1 p la n ted  in 1999 a t  C E S , y ield  
ran ged  from  2 3 .32  to  7 1 .2 5  g/t/t in th e  fou rth  
y e a r  o f  ta p p in g  an d  fo u r c lo n e s  ex h ib ite d  
p ro m is in g  y ie ld  co m p a red  to R R II 105. Tw o 
clon es, 94/41 and  94/50 w ere  su p erio r  to R R II 

105 in m e an  y ie ld  o v er  th e  first fo u r y e a rs  o f 
tap p in g .

D ata  fro m  T ria l 2 ,(p ro g en ie s  o f th e  1995 
h y b r id iz a t i o n  p r o g r a m m e )  r e v e a le d  
sig n ifican t c lo n a l v aria tio n . F o rty  s ix  c lo n es  

sh o w ed  h ig h e r  y ie ld  th an  th e  ch e ck  c lo n e  
R R II 105. W h ile  13  c lo n e s  w ere  s ig n ifica n tly  
su p erio r  in te rm s o f  a n n u al m ean  y ie ld , 11 
c lo n es  w ere  b e tte r  in te rm s o f  su m m e r  yield  
in  th e  fo u rth  y e a r  o f  ta p p in g . A n n u al m ean 
y ield  o f  th e  5 6  c lo n e s  ra n g ed  from  2 2 .0 8  to 
87 .12  g/t/t w ith  a g en era l m ean  o f  4 3 .2 8  g/t/t. 
S ig n ifica n t c lo n a l v a ria tio n  w as e v id e n t for 
yield  o v er four y ears o f tap p ing  and  11 clon es 
w ere  s u p e rio r  in y ie ld  to c lo n e  RR II 105.

T h ere  w as s ig n if ic a n t c lo n a l variation 
in y ie ld  a m o n g  th e  d r o u g h t to leran t ortets 
from  D ap ch ari, w h ich  are  b e in g  evaluated  
at C E S. T h e  c lo n e  D  111 w a s s ign ifican tly  
su p erio r  to  R R II 105 an d  tw o  c lo n es , D 37 
an d  D  2 3 6  w e re  c o m p a ra b le  to th e  check. 
Y ie ld  o f  R R II  1 0 5  w a s  8 1 .8 2  g/t/t. C lo n e s  
D i l l  an d  D  3 7  reco rd ed  s ig n ifica n tly  high 
su m m er  y ie ld  c o m p a re d  to  th e  ch eck . O ver 
five y e a rs  o f  tap p in g , c lo n e  D  111 em erged  
as a s ig n ifica n tly  h ig h  y ie ld e r  w ith  a high 
s u m m e r  y ie ld ,  fo l lo w e d  b y  c lo n e s  D  37, 
D  173 , D  9 5 , D  2 3 6  a n d  D  35.

S ig n if ic a n t  c lo n a l v a r ia t io n  fo r  y ield  
an d  g ir th  in th e  se co n d  y e a r  o f  ta p p in g  w as 
o b s e r v e d  in  th e  tw o  s m a l l  s c a le  tr ia ls  
p lan ted  in 2 0 0 1 . T w e n ty  n in e  c lo n e s  w ere 
s u p e rio r  in g r o w th  a n d  se v e n  c lo n es , with 
y ie ld  ra n g in g  fro m  42.1  to  66 .1  g/t/t, w ere 
s u p e r io r  in  y ie ld  c o m p a r e d  to  RRIT 105 . 

C lo n e  R R II 105 r e g is te re d  3 4 .2  an d  35 .9  g/t/t 
in T ria ls  1 a n d  2, resp ectiv e ly .

4 .3 . P o ly c ro s s  p r o g e n y  e v a lu a t io n

In th e  tw o  e v a lu a t io n  tr ia ls  o f p o ly cro ss 

p r o g e n i e s  c o m p r is e d  o f  1 5 0  c lo n e s  
s ig n if ica n t v a ria tio n  e x is te d  in d ry  ru bber 
y ie ld  a n d  g ir th  a m o n g  a n d  w ith in  p ro g en ies 
in th e  n in th  y e a r  o f  ta p p in g . T h e  m e a n  y ield  
o f  th e  p ro g e n ie s  in  T ria l 1 ra n g e d  fro m  38.94 
to 5 4 .7 6  g/t/t. P r o g e n ie s  o f  P B  2 1 5  g a v e  the 
h ig h e s t  m e a n  y ie ld ,  fo l lo w e d  b y  th o se  o f 
PB  2 1 7  a n d  R R II 105 . In  T ria l 1, 3 4  clo n es 

w ith  m e a n  y ie ld  r a n g in g  fr o m  5 4 .3 2  to 
104 .3 4  g/t/t p e r fo rm e d  b e tte r  th a n  R R II 105. 
T h e  m e an  y ie ld  o f  th e  p ro g e n ie s  in T rial 2 
ran g ed  from  3 2 .6 2  to  5 2 .1 8  g/t/t in th e  ninth  
y ear  o f tap p in g . T en  c lo n e s  w ith  a  m ean  y ield 
ra n g in g  fro m  8 2 .4 7  to  1 3 7 .7 2  g/t/t p erfo rm ed  
b e tte r  th an  R R II 105 . T h e  h ig h e s t m e an  y ield  
an d  r e co v e ry  o f  h ig h  y ie ld in g  c lo n e s  w as 
reco rd ed  b y  th e  p ro g e n y  o f  P B  2 52 , fo llo w ed  
by th at o f  C h  2 6  a n d  R R II 105.



In th e  c lo n a l n u rsery  ev a lu a tio n s  o f 
p o ly cro ss  p ro g en ies  p lan ted  in 2005, the 
grow th and test tap  yield  o f the 3-year-old 
c lo n e s  w e re  b e tte r  at C E S , C h e th a ck a l, 
co m p a re d  to  th a t a t th e  d ro u g h t prone 
location  o f  R RS, Padiyoor. A nother batch o f 
c lo n e s  w a s a ls o  te s t  tap p ed  in b o th  the 
locations. T h e clon es sh ow ed  test tap yield 
rangin g  from  17.85 to 127.25 g/1.0 tap  w ith a 
m ean o f  59 .57  g/10 tap at RRS Padiyoor and 
yield  rangin g  from  23 .33  to 141.67 g/ 10 tap 
w ith  a m ean o f 78 .60  g/10 tap at C ES. Th e 
clon es 263 , 329  and  98  w ere high y ield ers in 
both  th e  locations.

Tw enty four clon es selected from half- 
s ib  p r o g e n ie s  a r e  in th e  th ird  y e a r  o f 
ev aluation  in a clonal nursery planted in RRII 
in 2 007. Progen ies o f L C B 1320 (25.2 cm ) and 
BD  5 (24.8 cm ) sh ow ed  vigorous grow th in 
the third y ear w hen com pared to check clones 
RR II 105, RRII 414, RRII 430 and PB 235.

5. A n a to m ica l in v e stig a tio n s

A s p a rt o f  in v e s tig a t io n s  re la ted  to 
ta p p in g  p a n e l d ry n e ss , th e  d istrib u tio n ,

s tru c tu re , s e n e s c e n c e  an d  b io c h e m ic a l 
characteristics o f protein storin g  cells (PSC) 
in the b ark  o f healthy, T P D  affected  and 
stim ulated trees o f rubber w ere studied. In 
healthy trees, the PSC  w as found in one or 
tw o layers surround in g  the p hloic rays and 
also adjacent to the s ieve tubes, w here as its 
density  w as m ore in TP D  affected trees (4-5 
layers) as w ell as in stim ulated  trees. The 
p r o te in  a n a ly s is  a ls o  sh o w e d  h ig h e r  
am ount o f protein in the b ark  o f T P D  trees 
than healthy trees. As the sen escence starts 
th e  p ro te n a c e o u s  m a te r ia ls  c o m p le te ly  
d isappeared and  lignification w as initiated.

R a p id ly  m o v in g  o b je c ts  (s im ila r  to  
brow n ian  m o vem en t) co u ld  b e  observed  
in the tissu e  o f H evea  b a rk  p reserve d  in 
Form alin  -  A cetic  ac id  -  A lcoh ol m ixtu re  
for on e year. T h ese  m o vin g  o b jec ts  m ay 
be starch  gran u le s, c e llu la r  in c lu sio n s or 
e n d o p h y tic  b a c te r ia .  S in c e  th e  a b o v e  
m o ve m en t w as o b serv ed  o n ly  in health y  
trees and  not in fu lly  T P D  a ffected  trees, it 
a s s u m e s  im p o r t a n c e  in  T P D  r e la te d  
stu d ies .

Fig. Bot. 2a. Variation in fibre length (^Un) among different clones



RR8414 RRII 417 RR1I422 til 429 RRII 430 ill 105 RRIC 100

Fig Bot. 2 b. Variation in fibre w idth (|lm) am ong d ifferen t c lones

S tu d ie s  w e re  carried  o u t o n  p h y sica l, 
m e ch a n ica l an d  a n a to m ica l p r o p e r tie s  o f 
w ood o f  23 -y ea r-o ld  trees o f  R R II 414 , RRII 
417 , RR II 420 , R R II 422 , R R II 429 , R R II 430  
an d  th eir p a re n ts  R R II 105  an d  R R IC  100. 
D a ta  o n  w o o d  d e n s ity , M O R , M O E  a n d  
v o lu m e t r ic  s h r in k a g e  w e r e  a n a l y s e d .  
S tru ctu ra l p ro p erties  in c lu d in g  x y lem  vessel 
ch a r a c te r is t ic s  in re la tio n  to  p o ro s ity  an d  
fibre  c h aracters w ere  a lso  co m p a red . C lon al 
variation  w as o b serv ed  fo r  porosity , based  
o n  n u m b er and  total vessel a rea . C lo n es RRU 
414 , R R II 4 2 9  an d  R R IC  100  sh o w e d  low  
freq u en cy  o f  p o res  bu t h ig h  p o re  area . RR II 
430  ex h ib ite d  h ig h  freq u en cy  o f  p o res bu t 
lo w e r  p o r e  a r e a .  R R II 4 0 0  s e r ie s  c lo n e s  
record ed  lo w er in cid en ce o f ty losis th an  RRII 
105. In all the c lo n es , ten sio n  w o o d  fibres 
record ed  h ig h er  w all th ick n ess  th an  n o rm al 
fibres w ith  s ig n ifica n t c lo n a l v ariation .

T h e  R R II 4 0 0  s e r ie s  c lo n e s  r e co rd e d  
sh o rter fib re  len g th  an d  h ig h e r  fib re  w id th

co m p a red  to  R R II 105 , in d ic a tin g  th e ir  faster 
ra te  o f  g ro w th  (F ig s  B o t. 2  a &  b ). A m o ng 
th e s e  RRTI 4 2 9  r e c o r d e d  m a x im u m  fibre  
len g th  a n d  w id th . R R II 4 3 0  fo llo w ed  by RRII 
4 1 7  a n d  R R II 4 1 4  r e co rd e d  th e  h ig h e st w ood 
d e n s ity  v a lu e s , b e tte r  th a n  th a t o f  R R II 105.

5 . S tu d ie s  o n  p r o p a g a t io n

G irth  o f  th e  p la n ts  o f  d iffe r e n t typ es o f 
p la n tin g  m a te ria l w a s  r e c o rd e d  in th e  8 ,h

Table Bot. 11. G irth  of the trees eigh t years after

Treatm ents Girth (cm)

Brown budded stum ps 5 4 .8 2

Field budded plants 4 9 .83

Green budded plants 5 7 .9 0

Brown budded plants 5 5 .8 3

Young budded plants - stock 42 days old 5 5 .1 3

Young budded plants - stock 49 days old 53.51

Young budded plants - stock 56 days old 5 5 .4 3

C D  (P  -  0.05) 4 .0 3



Table Boi. 12. Growth and tappability of young-budded and brown-budded plants

Girth (cm) Tappability (%)
Region/Place Type of 

planting material
1*' year 
(2002)

year
(2004) (2009)* (2009)

K ozhikode Y 4.23* 14.55* 49.55* (9.72) 86.00
B 3.66 12.27 45.50 (11.41) 60 .00

Mannarkkad Y 5.31 20 .92 52.90 (7.68) 92.00
B 5.28 20.33 52.50 (8.25) 92 .00

Shoranur Y 4.47 15.00 47.21 (11.43) 59.00
B 4.65 15.10 45.80 (12.08) 57 .00

Kothamangalam Y 3.61* 18.35 48.96 (13.3:1) 80.76
G 2.31 17.82 47.81 (11.97) 77.00

Muvattupuzha I Y 3.26* 15.48* 44.97* (15.08) 57.00
B 2.71 13.72 39.66 (16.77) 33.00

Muvattupuzha II Y 3.90 16.76 48.75 (11.43) 82 .00
B 3.80 16.78 49.20 (11.90) 88.00

Thodupuzha Y 3.19* 13 56* 45.18* (10.38) 70 .00
B 4.20 14. 76 52.30 (8.14) 95.00

Kottayam Y 4.44* 16.50* 47.40 (10.57) 87.00
G 3.84 13.21 48.50 (6.94) 89 .00

Kanjirappally Y 4.31* 18.32* 44.21 (13.57) 46.00

B 3.52 15.00 43.40 (17.46) 43.00

Pathanamthitta Y 4.57 17.54 50.38 (8.53) 92.00

B 4 .05 16.95 48.65 (6.30) 90 .00

Punalur Y 3 .20 16.00 50.95 (9.13) 89 .00

G 3.31 17.58 52.05 (12.12) 90.00

Mean girth Y 4.04 16.63 48 .22 76.43

B/G 3.75 15.77 47 .76 74 .00

‘ Significantly different from respective control plants;
Y Young budded plants; B; Brown budded plants; G: Green budded plants; 
S Values given in parentheses are coefficients of variation.

y e a r  a f t e r  f ie ld  p la n t in g . S ig n if ic a n t  
d ifferen ce  for g irth  betw een  field budded 
p la n ts  a n d  o th e r  p la n tin g  m ateria ls  w as 
n o ted . G re e n  bu d d ed  p lants sh ow ed  better 
g irth  (T ab le  B ot. 11). F ield  bu d d ed  plants 
record ed  lo w est g irth .

In a s tu d y  o n  y o u n g  bu d d ed  p lan ts 
u n d er c o m m ercia l evalu ation , during the 7 
year, y o u n g  bu d d ed  p lan ts w ere sup erior 
(T a b le  B o t .  1 2 )  in  K o z h ik o d e  an d  
M u v a ttu p u z h a  w h e re a s  in T h o d u p u z h a

bro w n  bu d d ed  p la n ts  w ere  su p erio r . In 
o th e r  lo c a t io n s  g r o w th  o f b o th  ty p e  o f 
p la n tin g  m a te ria l w a s  co m p a ra b le . T h e  
r e s u lt s  r e v e a le d  th a t u n d e r  s im ila r  
m a n a g e m e n t c o n d i t io n s  th e r e  w a s  n o  
sign ificant d ifference in g row th o f p lanting 
m ateria l g en era ted  by d iffe re n t b u d d in g  
techniques.

In a  s tudy o n  the in fluen ce o f age o f bud 
w ood  stock  and  fresh  seed  sto ck  on field 
perform ance after th ree years o f grow th in



the field , gro w th  o f  p lan ts from  fresh  seed 
stock  w as fou n d  to b e  un iform  and better 
com p ared  to p lan ts  ra ised  from  the stored  
seed s sto ck . N o s ig n ifica n t g irth  d ifferen ce 
w as no ted  in th e  field  an d  p o ly b a g  n u rsery  
b etw ee n  th e  p lan ts  ra ised  from  bud w ood  
c o l le c te d  f r o m  fo u r  y e a r  a n d  2 0  y e a r  
b u d w o o d  sto c k . P la n ts  ra ised  fro m  b u d s 
c o l le c te d  d ir e c t ly  fro m  th e  t r e e s  w e r e  
in ferio r in g ro w th  w ith  h ig h er  co -e ffic ie n t 
o f  v aria tio n  co m p a red  to o th ers.

In  a n o t h e r  s tu d y , th e r e  w a s  n o  
s ig n ifican t d ifferen ce  in g ir th  o f  the p lan ts 
raised  from  bro w n  co lo u red  lea f a x il buds, 
sca le  b u d s o r  lig h t g reen  b u d s, th ree  y ears 
a fter p la n tin g  in th e  field . T rees ra ised  from  
ligh t g reen  b u d s sh o w ed  h ig h er  v ariab ility  
and  lo w e s t g ir th  co m p a red  to trees raised  
from  o th er  ty p e o f  b u d s.

A  stu d y  w as c o n d u cte d  o n  th e  effect o f 
p o ly h o u se  e co sy s tem  on g ro w th  o f p o ly b ag  
p lan ts . G re e n  b u d d e d  s tu m p s  an d  brow n  
bu d d ed  stu m p s  w e re  p la n ted  in p o ly b ag s

a n d  s e p a r a te l y  k e p t  in  p o ly h o u s e  and  
o u td o o r . H e ig h t o f  s c io n , s te m  d iam eter, 
n u m b e r  o f  w h o r ls , b io m a s s  c o n te n t and 
n u m b e r  o f  la te ra l r o o ts , w e r e  r e co rd e d  
P la n ts  ra ised  in p o ly h o u s e  w e r e  b e tter  in 
te r m s  o f  m e a n  h e i g h t  o f  s c io n ,  m e an  

d iam eter, n u m b e r  o f  w h o rls , to ta l b iom ass 
co n ten t an d  n u m b er  o f  la tera l roots/plant. 
P o ly b ag  p lan ts  o f  b o th  ty p es  reco rd ed  early 
em e rg e n ce  o f b u d s a n d  b e tte r  an d  u n iform  
g ro w th  in sid e  p o ly h o u s e  w h e n  co m p ared  
to  p la n ts  m a in ta in e d  o u td o o r . T h e  s tu d y  
in d ic a te d  th a t  g o o d  q u a l i t y  p la n t in g  
m a te ria ls  co u ld  b e  ra ise d  in p o ly h o u se  in 
la rg e  scale .

7. M o rp h o lo g ical ch aracterization  
of pop ular clones

D r a ft  g u id e l in e s  fo r  D U S  te s t in g  in 
ru bber, a s  req u ired  u n d e r  th e  P ro te ctio n  o f 
P lan t V arieties a n d  F a rm e rs ' R ig h ts  A ct (PP V  
a n d  F R A ) w as p rep a re d .

G E R M P L A S M  D IV IS IO N

T h e  H ev ea  g e r m p la s m  m a in ta in e d  at 
R R II in c lu d es  th e  d o m e stica te d  g e n e  p ool 
w ith  c lo n e s  d e r iv e d ,f r o m  th e  o r ig in a l  
W ic k h a m  c o l l e c t i o 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  th e  1981  IR R D B  
g erm p la sm  c o lle c tio n , an d  th e  c o lle c tio n  o f 
o th e r  H ev ea  s p e c ie s .  M a in te n a n c e  o f  th e  
d o m e s t i c a t e d  g e n e  p o o l  c o l le c t io n ,  
in tro d u ctio n  an d  c o n s e rv a tio n  o f rem ain in g  
H e v e a  s p e c ie s ,  c o n s e r v a t io n  o f  th e  w ild  
g e r m p la s m , it s  a g r o n o m ic  e v a lu a t io n ,  
s c r e e n in g  fo r  d is e a s e s , d r o u g h t  a n d  co ld  
s t r e s s  r e s is ta n c e ,  t im b e r  la te x  tr a its  an d  
m o le c u la r  c h a r a c te r iz a t io n  a r e  th e  m a jo r  
activ ities  o f  th e  D iv is io n .

1. In tro d u ctio n , co n se rv a tio n  and  
docum entation

1 .1  D o m e s t i c a t e d  g e n e  p o o l  f r o m  
seco n d ary  c en ters  (W ick h a m  co lle ctio n )

1 8 3  W ic k h a m  c l o n e s  a r e  b e in g  
co n s e rv e d  in fie ld  g e n e  b a n k s  (o n e  c lo n e  
m u seu m  at R R II F arm , K o tla y a m , an d  tw o 
g e r m p la s m  g a r d e n s  e s t a b l is h e d  a t  C E S , 
C h eth a ck a l).

A m o n g  th e  f iv e  IR C A  c lo n e s  in 
G e rm p la sm  G a rd e n  IV, IR C A  130 an d  IR C A  
111 co n tin u ed  to  s h o w  su p e rio r ity  o v er  RRII 
1 0 5  (T a b le  G e r . t ) .  S i g n i f i c a n t  c lo n a l  
d iffe re n ce s  w e re  r e c o rd e d  fo r  y ie ld  g irth ,



Table Gi-r. 1 Performance of IRCA clones at the age of 18 years
C lones Dry rubber yield 

(T" year o f  tapping) 

(g/t/0

Girth in the 18,b 
year of planting 

(cm)

Bole height 
(m)

Bole volume 
(mJ)

IRCA 130 110 .21 75.13 6.77 0.23
IRCA 109 44.77 65.64 5.87 0 .16
IRCA 111 675 8 75.24 4.77 0 .17

IRCA 18 51.47 69 .07 4.64 0 .14
IRCA 230 57.85 66.00 4 .64 0.13

RRII 105 73.70 69.38 3.58 0.11

CD (P = 0.05) 21.31 6.33 1.19 0 .03

b o le  h e ig h t an d  b o le  v o lu m e. IR C A  130 
con tin u ed  to b e  far sup erior to all the other 
c lo n e s  in  te rm s o f  y ie ld , g ir th  and  b o le  
vo lu m e. IR C A  111 w as on par with RRII 105 
for y ie ld , an d  su p erio r  for g irth  and  bole 
v olum e.

T h e  c lo n e s  IR C A  130, IR C A  111 and 
IR C A  109 w ere  m u ltip lied  for O n - Farm  
Evalu ation  in five d ifferen t locations.

A m o n g  th e  20  c lo n e s  in G erm p lasm  
gard en  V (Table Ger. 2 ), RRIC  100, RRII 23 
and RRTM 6 09 continu ed  to b e  the best clones 
in term s o f y ield  (90 .7-82 .8  g/t/t), w hile the 
control clone RRII 105 had an yield o f 62.1 g/t/t. 
P lu ggin g  in d ex  recorded  in the p eak season 
(D ecem b er) w as a lso  relatively  low  for these 
c lo n es, ran g in g  from  3.1 (R R IM  609) to 3.9 
(R R IC  100), w h ile  R R II 105 had a value o f
4 .1 . T h ese  th ree  c lon es also  had  high girth 
ran g in g  from  88.9  cm  (R R IC  100) to 82.6 cm 
(R R IM  609), w h ile  the c ontrol c lon e RRII 105 
had a g irth  o f 6 8 .3  cm .

1.1.1. F o r m u la t i o n  o f  D i s t in c t iv e n e s s ,  
U n ifo rm ity  a n d  S ta b ility  (DUS) testing  

n orm s

S tep s  w ere in itiated  to form ulate D US 
n o rm s for H ev ea  c lo n e s  for p la n t variety  
p r o te c t io n .  A v a ila b le  d e s c r ip to r s  from  
d iffe re n t so u rc e s  w e re  com p iled  in to the 
fo rm a t req u ired  by P P V F R & A . H ow ever, 
co m p ariso n  o f  the d escrip to rs prepared  by

various authors show ed lack o f uniform ity 
n o t o n ly  w ith  r e g a rd  to  th e  ch a r a c te r s  
proposed bu t a lso  for the c lasses (states) o f a 
character, a lthou gh th ere  w ere also  many 
sim ilarities. A n a ttem p t w as m ade to use 
this form at to collect data on ju ven ile grow th 
traits and  m atu re fru it characteristics from 
available clones. A  h igh d egree o f intraclonal 
v a ria tio n  fo r  m an y  tra its  w as o b serv ed , 
w h ic h  c o u ld  m a k e  th e s e  c h a r a c te r s  
un suitable for use in D U S testing. Hence, 
additional traits w ill have to be identified, 
a n d  a ll d e s c r ip to r s  w ill  h a v e  to be 
harm onised for D U S testing. A m ultilocation 
project has been  p rop osed  for this.

1 .2 .1 9 8 1  IR R D B  w ild  g en e pool

F ield  co n se rv a tio n  o f  a to ta l o f 3576 
w ild  a c c e s s io n s  w a s  c o n t in u e d  in  th e  
d iffe re n t c o n s e rv a tio n -c u m -s o u r c e  b u sh  
n u rseries (SB N s). A ll th e  w ild  accessio n s 
w ere m aintained  w ith  prop er identity.

R e -estab lish m en t o f th e  con serv ation  
n u rseries has been  carried  out. T h e first re­
established  nursery, SB N  2 003, w as cut back. 
O u t o f 975  w ild  a c ce ss io n s  in SB N  2004, 
b ased  on tw o ro u n d s o f test tap p in g , 13 
accessions h av in g  80%  o r m ore yield  o f RRII 
105 w ere identified  an d  selected  for Further 
E v aluation  Trial an d  15 accessio n s having 
50- 80%  yield  o f RR II 105 w ere identified and 
se le c ted  for C lo n a l N u rsery  E v a lu a tio n .



Table Ger. 2 Perform ance o f 20 ckham  clones in the sixth year o f tapping

Clone Yield Girth C lo ne Yield Girth PI

(g/t/«) (cm ) (g/t/t) (cm )

RRIC 100 90 .7 88 .9 PCK 1 38 .9 5 7 .0 7 .4
RRII 23 8 4 .6 8 4 .6 RRII 22 3 5 .2 5 7 .0 3 .9
RRIM 609 82.8 8 2 .6 RRII 27 32 .8 5 3 .9 5.2
RRII 105 62.1 6 8 .3 RRII 15 29 .6 7 2 .6 3 .0
SC A TC  93/114 61 .2 65 .5 RRII 20 2 9 .2 68.8 7 .0
RRII 178 5 8 .7 84 .4 PB 255 22.8 8 7 .3 6.1
RRIC 148 5 7 .5 88.6 SC A TC  88/13 18 .6 7 0 .2 5 .5
RRIC 102 5 3 .9 70 .2 RRIM  618 13 .6 5 5 .1 14.1
Haiken 1 4 8 .3 73 .6 RRII 12 11 .9 7 3 .0 8.1
RRIC 36 42.1 6 8 .5
RRII 108 4 0  9 7 2 .9 CD  (P = 0.05) 2 3 .6 6 12 .55 2 .95

T h ese  se le cted  a c ce ss io n s  w e re  m u ltip lied  
an d  ra ised  in a p o ly b a g  n u rse ry  fo r  field  
p lan tin g  d u rin g  n e x t year. A cce ssio n s  w ith  
g o o d  g irth  a n d  g ir th  in cre m e n t w e re  a lso  
id e n tifie d  in th is  S B N . T h e  3 5  se le c tio n s  
id en tified  from  th e first round o f test tap p ing  
in th e  701  a c c e s s io n s  in S B N  2 0 0 5 , w e re  
su b je c te d  to  a se c o n d  ro u n d , a lo n g  w ith  
ch eck  c lo n es . W h ile  th e  c h eck  c lo n es  y ie ld ed  
5 .7  g/t/t (R R II 105) to  7 .2  g/t/t (PB  235), M T  
201  g a v e  th e  h ig h e s t  y ie ld  o f  9 .3  g/t/t, 
fo llo w e d  b y  te n  o th e r  a c c e s s io n s ,  w h o se  
yield  ran ged  from  9 .04  to 5 .9 7  g/t/t. F o u r oth er 
access io n s  h ad  a t least 80%  o f  th e  test tap 
y ie ld  o f  R R II 105, w h ile  13 a c ce ss io n s  had  
b e tw ee n  5 0 -  8 0 %  o f  th at o f  R R II 105 . Bark 
s a m p le s  w e r e  c o lle c te d  fo r  p r o f i l in g  the 
an ato m ica l tra its  co n trib u tin g  to y ie ld . T h e 
fo u r th  s e t  o f  8 0 6  a c c e s s io n s  p la n te d  in 
co n se rv a tio n  n u rse ry  2 0 0 6  in an au g m en ted  
R B D  w ith  fo u r ch e ck  c lo n e s  is m ain ta in ed  
p rop erly . T est ta p p in g  o f  8 0 6  a cce ss io n s  w as 
co n d u cted  an d  6 3  a c c e ss io n s  id en tified  w ith  
m o re  th an  5 0 %  test tap  y ie ld  o f  th a t o f  RRII 
105 for seco n d  ro u n d  o f  test ta p p in g . T h e 
co n s e rv a tio n  n u rs e r y  2 0 0 7  c o m p ris in g  o f 
5 0 0  a c c e s s io n s  w e re  m o n ito re d  fo r  e a r ly  
g ro w th . T h e  201  w ild  a c c e ss io n s  in SB N
200 8  w e re  c h a ra c ter iz ed  m o rp h o lo g ica lly  at

th e  a g e  o f  o n e  y e a r  u s in g  2 2  q u a lita t iv e  traits 
an d  fo u r q u a n tita tiv e  tra its .

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

T h e  a r b o r e t u m  c o m p r is in g  a l l  th e  
sp e c ie s  o f  H ev ea  an d  th e ir  h y b r id s  a v a ila b le  
at R R II (H. b en tham ian a, H. spru cean a, H. nitida,
H. c a m a r g o a n a  a n d  tw o  a c c e s s io n s  o f  H. 
pnuciflora, tw o  H b rasilien sis  clon es, five natural 
p u ta tiv e  in te r s p e c if ic  h y b r id s  a n d  FX  516 
(an  in te rsp e c ific  c ro ss  b e tw e e n  H . brasilien sis  
a n d  H. b en th am ian a )  p la n ted  at C E S  in  2006, 
w as m a in ta in e d .

2. Ch aracterization and prelim inary
evaluation
In P r e lim in a r y  E v a lu a t io n  T ria l (P E T ) 

O rte ts- 9 9  a t  C E S , C h e th a ck a l, g ir th  o f  tw o 
w ild  a c c e ss io n s  O R  1 1 8 2  (6 1 .8  cm ) a n d  O M  
1 10 7  (5 9 .6  cm ) w e re  on  p a r  w ith  th a t o f  the 
ch eck  c lo n e s  R R IM  600 , PB  2 6 0  a n d  R R II 105, 
w h ich  ran g ed  fro m  5 8 .7  c m  -  6 5 .7  cm . T h ree  
w ild  a c ce ss io n s  O R  1 147 , O R  1184 an d  O R 
1 185 a lso  sh o w e d  y ie ld  ra n g in g  fro m  33 .6  -
28 .9  g/t/t, o n  p ar  w ith  R R II 105  (34 .5  g/t/t) in 
th e  first y e a r  o f  re g u la r  tap p in g .

S ix  w ild  a c c e s s io n s  o u t  o f  4 7  in P E T  
2 0 0 0  a t  R R II h ad  g ir th  ra n g in g  from  4 9  cm  - 
61 .6  cm , w h ile  th at o f  th e  ch e ck  c lo n e s  RRII



105 an d  R R IM  600  w ere 47 .2  cm  and 35 cm 
respectively. T h ree  accessions 11/76,3/82 and 
16/39 sh ow ed  p rom isin g  yield  levels, while 
s ix  a c c e s s io n s  sh o w e d  r e la t iv e ly  h ig h  
n u m b er o f latex vessels  (NLV) w hich will 
be u sefu l in cro p  im provem ent (Table Ger.3).

A m o n g  th e  ev a lu a tio n  tria ls  a t RRS, 
P a d iy o o r, a n n u a l g ir th  reco rd ed  in PET 
2000A  w as th e  m axim u m  in A C 2 537  (49.40 
cm ) fo llo w ed  by A C  3609 (49.00 cm ) and AC 
3075 (47 .50  cm ), w h ile  the check  c lones RRII 
105, R R II 208  and  R R IM  600 recorded 31.41 
cm , 36.11 cm  and 31 .67  cm  respectively. In 
P E T  200 0  B w ith  166 w ild  a ccessions, annual 
g irth  an d  g irth  at the end of sum m er period 
w a s  re c o rd e d  fo r  id e n tify in g  access io n s  
w ith  b e tte r  su m m er p eriod  grow th . Trees 
w ere  op en ed  for regu lar tapp ing during the 
peak  seaso n  an d  y ield  co llection  started in 
the form  o f c u p  lu m p s. In PET 2002, A C 567 
reco rd ed  th e  h ig h est girth follow ed by AC 
1964 and  M T  1717.

3. F u r th e r  e v a lu a tio n  an d  selection

T h e  a n n u al g irth , dry ru bber yield and 
volu m etric  tim ber (bole) y ield w ere recorded 
an d  an a ly sed  at th e  a g e  o f 15 years (6 Ih year 
after tap p in g) in the F urth er Evaluation Trial 
(F E T )-95 . T h e  an n u al g irth w as m axim um  
for th e  a ccess io n  M T  1032 (79 .63  cm ) and 
m in im u m  fo r  M T  1 88 (36.5 cm ) after 6lh year 
o f tapp ing. F iv e  accessions (M T 1032, M T941,

M T 1674, M T  1630 an d  M T 915) show ed 
annual girth significantly h igher than that 
of the check c lon e R RII 105 (61.01cm ) and 67 
accessions had the girth statistically  on par 
with the check clone.

Th e accession A C 166 had the highest 
d ry  r u b b e r  y ie ld  (5 8 .7 8  g/t/t) w h ich  is 
statistically  on p ar w ith  th e  yield o f RRII 
105 (64.74 g/t/t) a fter 6 ,h year o f tapping. This 
accession show ed 91%  o f the yield  o f the 
check c lon e RRII 105, w ith high ATP content 
d u rin g  th e  p eak  an d  s tre ss  se a so n s . 12 
accessions show ed 50  to 69%  yield  o f the 
check (Table Ger. 4). T h e biochem ical analysis 
indicated that tw o accessio ns viz. A C  166 
(2 6 5 .9  i m o l) a n d  A C  2 0 0 4  (2 7 5  i m o l.)  
show ed high ATP content than that o f RRII 
105 (250.2 i m ol). C onsid erin g the consistent 
yield  perform ance for the last three years, 
AC 166 has been  m u ltip lied  for O n-Farm  
ev a lu atio n  tr ia ls  in  fiv e  lo ca t io n s  u n d er 
different environm ents.

Th e vo lu m etric  tim ber in term s of b ole 
volum e w as m axim um  for M T  941 (0.13 m 3) 
and  m in im u m  fo r  M T  1 8 8  (0 .0 3  m 3). 13 
accessio n s (A cre  - 3, R on d onia  -  3, M ato 
G rosso -  7) had the bole volum e significantly 
h ig h e r  th a n  th a t o f  R R II 105 a n d  in 64 
accessions it w as o n  par.

In th e  F E T  2 0 0 3 , o b se r v a tio n s  w ere  
reco rd ed  on  e a r ly  g ro w th  p erfo rm a n ce . 
A ccess io n  R O  2 6 2 9  (4 7 .7 5  cm ) record ed

accessions iri PET 2000

A ccession  No. Girth A ccession  No. NLV A ccession  N o. Yield

(g/t/0

8/1 
25/24 
3/65 
4/4 
16/39 
3/54 
RRJI 105 
RRIM 600

6 1 .6
51 .0  
49 .9  
49 .5  
49 .3
49 .0  
47 .2
35 .0

3/82 
1/76 

8/1 
21/29 
25/113 
12/39 
RRII 105 
RRIM 600

15.3 
11 .8
11.3

9.0 
8.5

12.5
9.0

11/76 
3/82 
16/39 
RRII 105 
RRIM 600

21.6
16.8
22 .7
16.1



highest g irth  fo llo w ed  b y A C  414 9  (43 .25  cm ) 
and A C  626 (42.79 cm ), w h ile  the check c lones 
R R IM  600, R R II 105 an d  RR II 208  record ed  
3 4 .25  cm , 36 .19  cm  and  32 .69  cm  respectively.

S ig n ifica n t c lon al d ifferen ces  W ere seen 
fo r  an n u al g irth  in F E T  200 5  c o m p ris in g  22 
w ild  access io n s  an d  th ree  ch eck s . M T  2217 
and  A C  200 4  co n tin u ed  to h a v e  the h ig h est 
g irth  in th e  fifth  y e a r  o f  g ro w th  (33 .7  and
3 1 .2  cm  resp ectively ), o n  par w ith  th e  checks 
PB 2 3 5  (2 8 .7  cm ) a n d  R R II 105 (2S .4  cm ), 
w h ile  M T  4788, R O  273 1 , M T  185 an d  RO  
301 2  (28 .2  cm  -  2 5 .7  cm ) w ere  a lso  on p ar 
w ith  th e  b est a ccess io n s . B ark  sa m p les  w ere 
co lle cted  for an a to m ica l p rofilin g .

In th e  2 6  w ild  a ccess io n s  in F E T  2008, 
a lo n g  w ith  th e  tw'o ch eck s , g ro w th  in term s 
o f  g irth , h e ig h t an d  n u m b er o f  w h o rls  w as 
reco rd ed , an d  data  a re  b e in g  an a ly sed .

13 w ild  a cce ss io n s  se le cted  from  SB N  
2 004  h av in g  m o re  th an  80%  test tap  y ie ld  o f 
R R II 1 0 5  w e r e  m u lt ip lie d  a n d  ra is e d  in 
p o ly b ag  n u rsery  at C E S, C h eth a ck a l fo r  field 
p lan tin g  o f  F E T  2 0 1 0  A . 2 3  w ild  access io n s

Table Ger.4. Accessions show ing better perform ance 
______________ for dry rubber yield  (g/t/t)_____________
S i.N o . A c ce ss io n s D ry rubber 

yield (g/t/t )
%  o f the yield 

o f RRII 105

1 A C  166 5 8 .7 8 9 0 .7 7
2 R O  2908 4 4 .7 3 6 9 .0 7
3 M T 922 4 2 :2 0 6 5 .1 6
4 M T 54 4 1 .9 7 6 4 .8 0
5 AC 692 4 0 .3 6 6 2 .3 0
6 R O  2385 3 9 .5 8 61.11
7 RO  2976 3 9 .4 7 6 0 .95
8 AC 655 3 8 .0 9 5 8 .8 2
9 M T 1020 3 7 .2 8 5 7 .56

10 A C  635 3 6 .2 8 5 6 .02
! 1 A C  638 3 5 .84 55 .34
12 A C  2004 34 .81 5 3 .75
13 AC 650 3 2 .3 6 5 0 .00

RRII 105 6 4 .7 6
C D  ( P  = 0 .0 5 )  16.01

se le c te d  fro m  S B N s 2 0 0 3  an d  2 0 0 5 , a lon g  
w ith  3 c h e c k  c lo n e s  w e re  m u ltip lie d  and 
raised  in th e  p o ly b a g  n u rse ry  for p lan tin g  
in en su in g  sea so n  a t C E S , C h e th a ck a l (FET 
2 010B ) and  11 se le cted  w ild  a ccess io n s  along 
w ith  2  c h e c k  c lo n e s  w e r e  m u ltip lie d  and 
raised  in th e  p o ly b a g  n u rse ry  for p lan tin g  
in e n s u in g  se a so n  a t  R R S , D a p ch a r i (FE T  
2 010C ).

4 .  S c r e e n i n g  f o r  s t r e s s  t o l e r a n c e

4 .1 . B io t ic  s t re s s  r e s is ta n c e

S c r e e n in g  o f  th e  w ild  a c c e s s io n s  for 
res is ta n ce  to  m a jo r  d ise a s e s , in co llab o ra tio n  
w ith  P la n t P a th o lo g y  D iv is io n  co u ld  not be 
carr ied  out.

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

4.2.1. D ro u g h t to le r a n c e

In  th e  fie ld  s c r e e n in g  tr ia l p la n ted  in 
2 0 0 3  a t  R R S , D a p c h a r i  w it h  1 3 0  w ild  
a c ce ss io n s , tw ig  sa m p le s  w e r e  co lle c te d  for 
a n a to m ica l s tu d ie s  ( fo r  s tu d y in g  d ro u g h t 
re la ted  in tra x y le ry  p h lo e m  ch a ra c te rs )  and 
p r o c e s s in g  is  g o in g  o n . S e v e n  p o te n tia l 
a c c e s s io n s  o u t o f  1 3 0  c o u ld  b e  id e n tifie d  
b a s e d  o n  d r o u g h t  r e la t e d  g r o w th  
p a ra m eters  a n d  ju v e n ile  r u b b e r  y ie ld . T h ese  
a c c e s s io n s  w e r e  m u ltip lie d  a n d  ra is e d  in 
p o ly b a g  n u r s e r y  a t  R R S , D a p c h a r i  fo r  
fu r th er  ev a lu a tio n .

In th e  fu rth er  fie ld  e v a lu a tio n  o f  selected  
H e v e a  c lo n e s  a t  R R S ,  D a p c h a r i  in 
c o l la b o r a t io n  w it h  B o t a n y  D iv is io n ,  
assessed  th e  g ro w th  d u r in g  th e  s u m m e r  and 
p eak  p erio d  o f grow 'th a t  6  m o n th s  in terval 
in th e  34  s e le c te d  H ev ea  c lo n e s  c o m p ris in g  
2 3  w ild  a cce ss io n s , 5 H P  c lo n e s  an d  6  ch eck  
clon es, viz: RR II 430 , R R II 4 14 , R R II 105, RRIM  
600 , R R II 2 0 8  a n d  T jir  1. A m o n g  th e  23  w ild  
a c ce ss io n s , a c c e ss io n  M T  4 7 8 8  reco rd ed  the 
h ig h e s t  g ir th  a n d  it s h o w e d  c o n s is te n t 
p e r fo rm a n c e  th ro u g h o u t  th e  p e r io d . T h e



fo liag e p ro d u ctio n  a t th e  age o f six m onths 
w as a lso  h ig h e s t in th is  access io n . A fter 
ex p erien cin g  tw o su m m er periods of 2008 
and  2009, 4 w ild  accessio ns o u t o f 23  and 
o n e  a m o n g  th e  h y b r id  c lo n e s  reco rd ed  
h ig h e r  g ir th  th a n  th e  p r o v e n  d ro u g h t 
to le ra n t c lo n e s  R R IM  6 0 0  an d  R R II 208 . 
A m o n g th e  five hybrid  clon es, 93/53,93/270 
an d  93/105 w ere  su p erio r  to check  clones for 
an n u al g irth  in crem ent o f w hich  one clone 
93/270 w as su p erio r  for girth in the third 
y e a r  a fter  p la n tin g . S u m m e r p eriod  girth 
in crem ent w as h igh in a ccessions M T 67, M T 
1619, R O  1769 and  M T  1627. V isual scoring 
o n  le a f  y e llo w in g  an d  d ry in g  at w eekly  
in te r v a ls  w a s  d o n e  d u r in g  th e  su m m er 
p e r io d  o f  2 0 0 9 .  T h e r e  w a s  d iffe r e n t ia l 
r e sp o n s e  a m o n g  th e  c lo n es  for these tw o 
ch a ra cters  w h ich  ranged  from  0- 10 % for 
le a f y ello w in g  and  3 - 2 3  %  for leaf drying in 

th e  y ear  2009.
W ith  regard  to the perform ance o f the 

c lo n es  RRH 430  an d  RRH 414  a t Dapchari, 
th e  a n n u a l g ir th  in cre m e n t in th ese tw o 
c lo n es  w as h ig h er  th an  the rest o f the four 
ch eck  c lo n es, v iz . RR II 105, RR II 208, RRIM  
6 0 0  an d  T jir  1. RRH  430  w as su p erior in 
term s o f a b so lu te  g irth  in the third year after 
p lan tin g . C lo n e  R RII 4 30  also  show ed higher 
an n u al g irth  in crem en t w h ereas the clone 
R R II 414  sh ow ed  a h igher sum m er period 
g ir th  in c re m e n t th an  RRH 430. A lthough 
high  su m m er g irth  in crem en t w as noted for 
RR II 414  com p ared  to RRH 430, but w hile 
a ssessin g  the o verall grow th  response, clone 
R R II 4 3 0  ap p ears  m ore su itab le  than RRH 
41 4  in th e  d ro u g h t p ron e area. C om pared  to 
RR II 414 , lea f y ellow in g  w as less in the clone 
R R II 430  in d ica tin g  the better su itability  o 
R R II 4 3 0  fo r  e s ta b lish m e n t in a d rou gh t 

p ro n e  region .
A n o th er  ex p erim en t condu cted  was the 

ev a lu atio n  o f d ro u g h t to leran ce p otential ot 
h a l f - s ib  p r o g e n ie s  r a is e d  in  a  se e d lin g

nursery at RRII, using the seed s from  nine 
prepotent H evea  c lon es o f p olyclonal seed 
g ard en  at H B SS , N etta n a  (c o lla b o ra tiv e  
study w ith Botany D ivision). C onducted test 
tap p in g  d u rin g  b o th  p eak  an d  su m m er 
se a s o n s  a n d  a s s e s s e d  th e  fa m ily  w ise  
p e r fo rm a n c e  o f  c lo n e s .  F a m ily  w ise  
perform ance w ith  respect to test tap yield 
and percentage recover)' o f seedlings above 
the overall m ean o f sum m er yield  is show n 
in T ab le  G er.5 . T h e  n u m b er o f  seed lin g  
p ro g e n ie s  e v a lu a te d  in th e  n in e  c lo n e s  
ranged from 19 — 67. Th e m ean peak season 
yield (2008) o f the n ine progenies in general 
w as 6.54 g/10 tapp ings w hereas it w as 7.61 
g/ lO tappings d u rin g  th e  su m m er season 
(2009). Su m m er season test tap yield  was 
highest in the fam ily  o f the c lon e PB 28/83 
(10.2 g/10 tappings) follow ed by that o f PB 
215 (9.5 g) w hereas in the fam ily  o f clone 
RRII 105, it w as 7 .3  g.

T h e  h ig h e st p e rc e n ta g e  r e c o v e ry  o f 
su p e rio r  se e d lin g s  b a sed  o n  p o p u la tio n  
m ean of sum m er period test tap yield  w as 
from  the fam ily  o f c lo n e  PB 215  (44 .8% ) 
follow ed by PB 5/51(42.1% ), PB 28/83 (42% ) 
and PB 242 (41.7% ). A ltogether, 115 potential 
seed lin g s  o u t o f 3 5 9  (3 2 .0 3  % ) co u ld  be 
identified as hav in g  high su m m er test tap 
yield , sh ow in g  p oten tia l for c lo n in g  and 
n u rs e r y  e v a lu a t io n  a t  d r o u g h t  p ro n e  
reg ion s as an  a ttem p t to e v o lv e  d rou gh t 
tolerant and  high y ie ld in g  clon es.

V igou r in term s o f seed lin g  g irth  is an 
im portant ju v en ile  tra it as far as red uctio n  
in im m atu rity  p e r io d  is co n ce rn e d . T h e  
m ean g irth  w as h ig h e s t in  th e  fam ily  ot 
clon e PB 5/51 (17 .7  cm ) fo llo w ed  by PB 215 
(17.63 cm ) and  PB  2 1 7  (17 .35  cm ) w hereas it 
w as 1 5 .19  cm  in  th e  fa m ily  o f R R II 105 
ind icatin g  the g en era l v ig o u r o f PB clon es 

(Table G er. 6 ).
O u t o f 115 potential half s ib s identified 

as hav in g  h igh  su m m er test tap  yield , 50



Table Ger. 5. Fam ily w ise perform ance on test tap yield and percentage o f  seedlin gs above the overall mean 
o f  sum m er yield

i : —- "-------------r t* -------;— r ; -------- m — ^--------   u _____ o — . . . . r-\: <>' 7?
Progen y N o. o f 

seedlings 
evaluated

M ean yield 
(g /10  tap.) 

(Peak 
season)

R ange in 
peak 

season 
yield

C V %
(Peak

season)

M ean yield  
(g/10  tap.) 
(summ er 
season)

R an ge in 
sum mer 

yield

C V  %  
Slim m er 
s easo n

% o f
superior

seedlings
(summer)

PB 242 48 7 .0 2 .83-14 .73 49 .3 8.3 0 .0 6 -2 6 .2 7 86.8 4 1 .7

RRII 203 67 5 .4 2 .01-16 .84 62 .9 5.0 0-44 .9 1 6 2 .3 20 .9
PB 217 22 6 .9 2 .92 -17 .54 5 6 .52 6.0 0 -2 2.12 102 .9 26 .09

Ch 26 45 6.2 2 .91 -23 .54 6S.5 6.9 0 -3 4 .2 8 1 05 .7 33 .3
RRII 105 28 6.1 3 .2 3 -1 7 .5 ? 5 3 .6 7.3 0 .2 1 -2 6 .2 4 9 4 .8 32 .1
AV T 73 50 5.2 2 .4 9 -2 2 .S 6 66.8 6.1 0 -3 4 .8 8 1 46 .6 18.0
PB 5/51 19 7.1 2 .98 -14 .69 5 9 .4 9.2 0 -3 5 .6 5 1 0 7 .9 42 .1
PB 215 29 7 .8 0-28 .17 7 4 ,8 9.5 0 -3 7 .6 7 9 2 .5 44 .8
PB 28/83 50 7.2 0-23 .83 6 3 .6 10 .2 0-35 .51 9 6 .1 4 42 .0
M ean 6 .5 4 7.61

a n d  3 4  w e r e  m u lt ip l ie d  a n d  r a is e d  in 
p o ly b a g  n u rs e r ie s  a t  R R S , D a p c h a r i and  
R R S , P a d i y o o r  fo r  c lo n a l  n u r s e r y  
ev a lu a tio n s .

A n o th er ex p erim en t w as a pot s tu d y  in 
a se t o f  16 w ild  H ev ea  germ p lasm  to  iden tify  
th e  d ro u g h t to le ra n c e  p o ten tia l, b ased  on 
g row th and  d ro u g h t related  m o rp h ological, 
p h y sio lo g ica l a n d  a n a to m ica l p aram eters . 
T h e  a n a to m ica l p a r a m e te rs  s tu d ie d  w e re  
n u m b er o f p rim ary  xy lem  p oin ts an d  intra 
x y lary  p h loem  u sin g  o n e  y e a r  old  tw ig. Th e 
lin ear re latio n sh ip  o b serv ed  for IX P  tissues 
an d  g ro w th  an d  th e  p o ss ib le  a c tiv a tio n  o f

this t issu e u n d er co n d itio n s  o f  stress a ssu m es 
s ig n i f i c a n c e .  P o t e n t ia l  a c c e s s io n s  fo r  
s tru c tu ra l p a r a m e te rs  a r e  s h o w n  in  T ab le  
G er.7.

A cce ssio n  M T  1 6 2 3  sh o w e d  m ax im u m  
n u m b e r  o f  IX P  a n d  its d r o u g h t  to le ra n ce  
p o ten tia l in re la tio n  to  th is  c h a ra c te r  h as to 
b e  in v e stig a ted .

In  c o lla b o ra tio n  w ith  C ro p  P h y sio lo g y  
D iv is io n , a tte m p ts  w 'ere m a d e  to  id en tify  
a c c e s s io n s  t h a t  h a v e  i n t r i n s ic  d r o u g h t  
to le ra n c e  tra its . S y m p to m s  o f  d r o u g h t on 
the le a v e s  w e re  v isu a lly  s co re d  in o n e  year 
o ld  p lan ts  in  th e  fie ld . T h e  p e rc e n ta g e  o f  leaf

P ro g en y
M ean girth 

(cm )
Range in 

girth 
(cm )

CV  %
Yield/cm

girth

(g)

Range in 
yield/cm. 

(g )

C V  %

PB 242 15 .44 8 .0 -34 .0 3 5 .8 9 0 .4 4 9 0 -1 .56 74.30
RRII 203 14 .13 8 .0 -27 .0 3 4 .37 0 .3 2 9 0 -4 .4 9 191 .29
PB 217 1 7 .35 9 .0 -22 .0 45 .41 0 .3 4 6 0-1 .55 10 4 .5 5
Ch 26 15 .09 8 .0 -28 .0 3 4 .70 0 .5 2 9 0 -1 .4 3 91.23
RRII 105 15 .18 9 .0 -2 4 .0 3 1 .2 5 0 .3 9 3 0-1 .13 77.25
AVT 73 14 .96 8 .0 -35 .0 3 8 .95 0 .2 5 7 0 -2 .5 7 133 .0 9
PB 5/51 17 .70 10 .0-27 .0 3 4 .28 0.401 0 -1 .3 2 89.69
PB 215 1 7 .63 8.0 -30 .0 3 0 .84 0 .4 5 7 0-1.51 80.29
PB 28/83 1 6 .04 9.0 -27 .0 3 1 .0 2 0 .5 4 5 0- 1.68 72.44
M ean 15.95 0 .4 1 2
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y ello w in g  and  leaf sen escence w as recorded 
in th e s e  p la n ts  b y  e m p ir ic a l  sc o r in g . 
A ccessio n s  w e re  th en  sorted  nu m erically  
an d  ra n k e d  for lea f se n e sce n ce  and  leaf 
y e l l o w in g .  A b o u t  3 7 7 2  g e rm p la s m  
accessio n s w ere  screen ed  for visual drought 
to leran ce  tra its  an d  an a ly zed . A ccessions 
th a t w e re  e x h ib itin g  less  sen escen ce  and 
y ello w in g  in field  w ere ranked  in top as the 
m o s t d r o u g h t  to le r a n t  o n e s . S im ila r ly  
accessio n s exhib iting  h igh rate o f senescence 
and  sev e re  lea f y ello w in g  w ere ranked as 
the m o st d ro u g h t su scep tib le  ones. A total 
o f  1 6 8  w ild  a c c e s s io n s  w ere  se le cted  as 
d ro u g h t to le ra n t an d  125 w ild  accessions 
as d ro u g h t su scep tib le  o nes. T h e sh ort listed 
access io n s  w ere  su b jected  to in-vitro  water 
d efic it stress  w ith  PE G  and changes in the 
e f f e c t i v e  q u a n tu m  y ie ld  o f P S  11 w ere  
e stim a te d . A  s ig n ifica n t re la tio n sh ip  w as 
o b ta in e d  b e tw e e n  th e  v is u a l  d r o u g h t 
to le ra n c e  sc o r in g  and  PS II activ ity . Th e 
se le cted  a ccess io n s  w ith  in trin sic  drought 
to le ra n c e  q u a lit ie s  w o u ld  b e  in clu d ed  in 
fu tu re  b ree d in g  p rogram m es for evolving 
c lo n e s  th a t c a n  b e tte r  to le ra te  a d v e rs e  
en v iro n m en ta l con d ition s.

4.2.2. C o ld  to le ra n c e

A to ta l  o f  6 4  w ild  a c c e s s io n s  w ere 
screen ed  for co ld  resistan ce  in tw o trials at

R egional E x p erim en t S ta tio n , N agrakata , 
W est B e n g a l. G ir th  o f  th e  te n -y e a r-o ld  
accessions recorded during  pre- and post­
winter period, show ed sign ificant variation. 
M onthly yield  w as a lso  record ed . H igher 
a n n u al g ir th  w as o b se r v e d  in R O  2902 
(71.68 cm ), M T 5105 (71.01 cm ) and  R O  2387 
(68.96 cm ) as com pared  to clon es SC A TC  93/ 
114 (60.79 cm ) and RRIM  600 (58.69 cm ) in 
trial 1. In trial 2, clon e RO  2727 recorded the 
highest girth o f 73.51 cm  follow ed by M T 
915 (73.37 cm ) and M T 900  (69.01 cm ), w hile 
the checks H aiken  1 and RRIM  6 00  recorded 
68.52 cm  and 58 .27  cm  respectively.

5. Screening for tim ber characteristics

5 .1 . F ield  screen in g

A n n u al g ir th  an d  b o le  h e ig h t w ere  
recorded and estim ated the bole volum e at 
the age of 9 years. A m ong the wild accessions, 
the girth ranged from  34.26 cm  ( A C  651) to 
53.21cm  ( M T 9 1 9 ) . T h e m axim um  girth w as 
recorded b y M T 919  (53.21 cm ) and m inim um  
for AC 651 (34.26 cm  ). 11 accessions had the 
girth statistically on par w ith PB 260 and PB 
235; 14 accessions w ere on par w ith  R RII 118; 
15 accessions w ere on par with RR II 33; 18 
accessions w ere on par w ith RR II 105 and all 
the 19 accessions w ere on par w ith R RIM  600

7. Potential accessions for structural traits along with tw ig diam eter^table (_>er. /. r o ienu.u ------------ -----------------------—------------  ,yPi

a “ f o n ' « ■ * < * * *

™----- a— 5— s----^
M T 200 SI-®  J5  „ M  3.31
M T 37 .4  12.B0 3.03

M T4S 65 f 3 30.67 12-50 2.45
T ,M  W J  § g ,„  9.00
RRII 105 j 8'60
RRII 208 56 00
RRIM  600 __________5 7 .4 8 _
C D  (P « 0.05) 30 15
C V  (% ) 26 5 3 -

38.20
c ,  nn 39.88 1 1 9 0

RRII 208 5 6 ,0 0  dQ l 5  7.70

-------------------------  ---------- -—  •’ () an — ” 3.88 ■
C D  ( P -  0 .05) 3 0 .15  42 04 15.Q8



fo r  g ir th  (T a b le  G e r. 8 ). A m o n g  th e  six  
W ickh am  clon es, PB 260  sh ow ed  the h ighest 
girth (58 cm ) fo llo w ed  b y  PB 235  (58 .0  cm ), 
RR II 118(54 .41  cm ), RR II 33  (51 .54  c m ) . RRII 
105 (49.34 cm ) and  the low est g irth  w as 
recorded  in R R IM  600  (45 .9  cm )

O n e w ild  a ccess io n  A C  6 50  h ad  th e  b o le  
vo lu m e e q u al to  th at o f the ch eck  c lo n e  PB 
235  an d  RRH  118 an d  fo u r a c ce ss io n s  w ere  
o n  p ar . S e v e n  a c c e s s io n s  h a d  th e  b o le  
v o lu m e eq u al to th a t o f  PB  2 6 0  an d  RRH  33 
and  a ll the w ild  access io n s  sh o w ed  th e bo le  
v o lu m e sta tis t ic a lly  o n  p ar  w ith  RRH 105 
and  R R IM  600.

6. U til is a tio n  o f  H e v e a  g e rm p la s m

6.1. W  X  A O p e n  p o ll in a t io n  G a rd e n  2005 

T h e  o p e n -p o llin a tio n  g a r d e n  at R R S,
P a d iy o o r  p la n te d  in 2 0 0 5 , c o m p ris in g  24  
s e le c t e d  A m a z o n ia n  a n d  11 W ic k h a m  
clon es, w as m a in ta in ed .

6.2. B r e e d in g  G a rd e n  at R R II

A b re e d in g  g a rd en  e sta b lish e d  in 2 0 0 7  
at R R II h ead  q u a rte r 's  ca m p u s c o m p ris in g  
4 6  p oten tia l d o m estica ted  (W ick h am ) c lo n es 
an d  6 se le cted  w ild  a cce ss io n s  is m ain ta in ed  
p rop erly .

6.3. H an d  p o ll in a t io n  p ro g ra m m e s

A h a n d  p o l l in a t io n  p r o g r a m m e  
co n d u cted  d u r in g  2009/at C E S , C h e th a ck a l 
in v o lv in g  3 w ild  a c c e s s io n s  s h o w in g  
p o t e n t i a l  fo r  y ie l d ,  a n d  6  c u l t iv a t e d  
W ic k h a m  c lo n e s  r e s u l t e d  in  1 0  c r o s s  
c o m b i n a t io n s .  T h e  h y b r id  s e e d s  w e r e  
h a rv este d  from  th e  tre e s  an d  75  su ccessfu l 
hy b rid  se e d lin g s  w e r e  e sta b lish e d  an d  early  
g r o w th  w a s  m o n i t o r e d .  A n o t h e r  H P  
p ro g ra m m e in v o lv in g  tw o  p o p u la r  c lo n es  
an d  sev en  w ild  a c c e ss io n s  w as a lso  carried  
o u t a t  R R S, P ad iyoor, w ith  th e  o b je c tiv e  o f 
co m b in in g  y ie ld  w ith  d ro u g h t to leran ce . O f 
a to ta l o f  5 0 6  c r o s s e s ,  5 .1 %  s u c c e s s  w a s

Table Ger. 8. Annual girth and bole volum e of wild 
and W ickham  clon cs

SI.N o. A c ce ss io n s Girth
(cm )

B ole volum e 
(m3 )

1 M T 919 53 .21 0 ,0 4
2 M T 941 5 2 .0 8 0 .04
3 AC  685 5 2 .3 3 0.02
4 M T 999 4 9 .1 8 0 ,0 4
5 R O  255 49.41 0 .03
6 M T 915 4 8 .3 3 0 .04
7 M T 935 4 7 .6 4 0 .03
8 M T 1032 4 7 .9 2 0 .03
9 R O  322 4 7 .2 3 0 .04

10 M T 922 4 5 .8 7 0 .04
11 A C  707 4 6 .9 9 0.02
12 A C  635 4 2 .4 4 0.02
13 A C  650 4 2 .3 3 0 .0 5
14 A C  655 4 2 .2 3 0.02
15 A C  1021 3 9 .6 4 0 .0 3
16 M T 1020 3 6 .8 0 0 .0 3
1 7 RO  879 3 5 .7 9 0.02
18 AC  637 35 .4 1 0.02
19 AC  651 3 4 .2 6 0.02

W ickham  C lones

1 PB 260 5 8 .7 7 0 .0 4
2 PB 235 5 8 .0 0 0 .0 5
3 RRII 118 5 4 .4 1 0 .0 5
4 RRII 33 5 1 .5 4 0 .0 4
5 RRII 105 4 9 .3 4 0 .0 3
6 RRIM  600 4 5 .9 5 0 .0 3

CD (P = 0.05) 14. 56 0.02

o b ta in e d . R e c o r d e d  g r o w th  p a r a m e t e r s  
(p la n t h e ig h t, g ir th  an d  n u m b e r  o f  leav es) o f 
29  p ro g en ies  d eriv ed  fro m  2  c ro sse s  an d  25 
O P  se e d lin g s  (T ab le  G er. 9).

6 .4  G e n e r a t io n  o f  m a p p in g  p o p u la tio n

T h e  in t e r s p e c i f ic  c r o s s  b e tw e e n  th e  
pop u lar H. brasiliensis  c lo n e  R R II 105  an d  the 
d isease toleran t H. b en tham ian a  c lo n e  F 454 2  to 
raise a m ap p in g  p op u lation , resulted  in 112 
s e e d s , w h ic h  w e r e  p la n te d  in  a tr a y  fo r  
germ in atio n . 104 sp ro u ted , in c lu d in g  a few  
r e c ip r o c a ls .  T h e  p u t a t iv e  h y b r id s  w e re



Parentage H eight (cm) Girth (cm) No. of leaves Recovery of 
superior seedlings

RRII 105 x AC 675 203.7 7 .97 32.6 40%
RRII 105 x RO 368 220.5 7.07 45.1 37%
OP seedlings of RRII 105 230.5 8 .04 42.7 36%

planted  in a seedling nursery at 1 m x 1 m 
spacing, a lon g w ith  the budgrafted parents 
(replicated) to be used as checks. The hybridity 
w ill b e  confirm ed using molecular tools before 
taking up  further studies in this direction.

7 . O th e r  s tu d ie s

7 .1 . F e a s ib il ity  o f  ra to o n in g  in  H ev ea

R a to o n s  c o n tin u e d  to  b e  su p erio r  to 
t h e ir  c o r r e s p o n d in g  p o ly b a g  g ro w n  
co u n terp arts  in the tenth year o f grow th in 
term s o f girth (Fig . G er.l) . 94.2%  of the ratoon 
p lan ts h a v e  atta in ed  tapp able girth so far, 
w h ile  o n ly  2 2 .4 %  o f  th e  p o ly b a g  raised  
p lan ts h a v e  d o n e  so. A dditional trees were 
b r o u g h t  u n d e r  ta p p in g  th is  y e a r : 128 
r a to o n s  c o u ld  b e  ta p p ed , w h ile  on ly  17 
p o ly b a g  p la n ts  o f  th e  sa m e age could  be 
op en ed  for tap p in g  (Table G er.10). A m ong

Fig. G er .l. G row th over years o f ratoons and polybag 
plants

the ratoon and polybag raised plants, 12 and 
26  resp ectiv e ly  w ere  lo st in  v ery  stron g  
w inds in April th is year.

7 .2 . E ffect o f s t im u la tio n  in  th e  la ticifero u s 
tissues o f H. b r a s ilie it s is  

B a rk  s a m p le s  w e re  c o lle c te d  fro m  
BO -1 an d  B l - 2  p a n e ls  b e fo r e  an d  a fte r  
stim u lation  (C lo n e -R R ll 105) and  recorded  
the bark  th ickn ess, n u m b er o f fun ction al 
an d  d is o r g a n iz e d  la t ic i f e r s  T h e  b a rk  
th ick n ess in cre a se d  s ig n if ic a n t ly  d u rin g  
stim u lation  in both  p an e ls. T h e  n u m b er of 
both functional and  d isorgan ized  laticifers 
w as in creased  s ig n ifican tly  in b oth  panels. 
T h e total n u m b er o f la tic ifers sign ificantly  
increased in the case o f BO -1 panel w hereas 
in B l-1  panel it w as n o t s ign ifican t (F ig . Ger.

2-4).

7.3. S tu d ies  o n  th e  in c lin a t io n  o f la tic ife rs  
and c lon al v a ria b ility  in  H. b r a s i l ie n s is  

T h e  co n v e n tio n a l ( le ft  top  to  r ig h t 
bottom  s lo p e ) and  m od ified  tapping (right 
top to left bottom  slop e) w as carried  out in 
the c lo n e  PB 86  w h ich  sh o w ed  le ftw ard  
in clination  o f la tic ifers at. H B SS, N ettana. 
C om pared  the v o lu m e o f latex, D RC  and 
P lu g g in g  In d ex  fo r  o n e  y e a r  at m o n th ly  
in tervals betw een th e  tw o tapp ing system s. 
T h e results in d icated  th at the m ean volum e 
of latex w as sign ificantly  h igher during  the 
m od ified  tap p in g  (3 4 .7 6  m l) th an  th at o f 
conven tion al tap p ing  (28.97 m l). D R C  and 
PI w as no t sig n ifican t (Table G er.l 1).



Table Ger. 10. G row th and  yield of ratoon plants 7 .4 . E v o l v i n g  l o c a t i o n  s p e c i f i c  H eV c c i
Poly bag
plants

Number of plants 
Girth range (cm.) 
Mean girth (cm) 
>50 cm
Number of frees 

tapped Iasi year 
Yield (g/t/t)
Range (g/t/t)

139 174
40 - 100 20 -  77
66.6  44 .2
131 (94 .2% ) 39 (22.4%)

128
32 .6

17
21.8
48.6 -3 .4

c l o n e s  t h r o u g h  O r t e t  s e le c t io n  
p ro g ra m m e  fro m  R a m p a ch o d a v a ra m , 
A n d h ra  P r a d e sh  (C o lla b o r a t io n  w ith 
R P  D e p a rtm e n t)

T h e  o b je c t i v e  o f  th e  s t u d y  w as 
s c r e e n in g  a n d  id e n tif ic a t io n  o f  p o te n tia l 
o r te t c lo n e s  fro m  th e  15 - 18 y e a r  old  b lock 
p la n tin g s  o f  R u b b e r  B o a rd , c o m p ris in g  poly 
c lo n a l se e d lin g  trees . In itia ted  p relim in ary

ill 1

m m  m a  m<s ssee m ss fsctgj
0  Stimulated ■ Control

Fig.G er.2. B ark  th ick n ess  o f  stim u la ted  and  u n stim u la te d  b a rk  in  B O -1  an d  B l - 2  p a n e ls  o f  R R II  105

BO-1 panel

a n  Li

B1-2 panel

i n
□ Stimulated ■ Control

Fig. G er.3. Number of function al la tex  vessels in stim ulated  and un stim ulated  b ark  in B O -1  and B l-2  panels 
o f  R R II  105. v



discu ssion  w ith  the concerned  officials and 
farm ers.

7 .5 . A ssessm en t o f th e  p erform ance o f new 
r u b b e r  p la n ta tio n s  o f IT D A , Andhra 
P rad esh  (C o lla b o ra tio n  w ith  IT D A , RP 
D e p a r t m e n t  &  A g r o n o m y / S o ils  
D iv is io n  o f  R R II)

T h e  s t u d y  w a s  ta k e n  up  w ith  th e  
o b jectiv e  o f m o n ito rin g  g row th o f new  large

scale plantings in AP by the ITD A in 2008. 
In itiated p relim in ary  d iscu ssio n  w ith  the 
concerned officials and visited eight farm ers' 
fields. It w as found that poor grow th in som e 
fields w as d u e to poor after care,

8 .  P a r t ic i p a to r y  c lo n e  e v a lu a t io n :

8 .1 . O n farm ev aluation  o f p ip e lin e  c lon es- 
Phase I

G ap filling and p lo t d em arcation  were

BO-1 panel

h u m
|o Stimulated ■ Cofitiol)

Fig. I
panels o f R R II 105

BO -1 p an e l

O Stimulated ■ Control

Fig. G er.5. Total num ber of latex vessels 
R R II 105.

in stimulated and unstimulated bark in BO-1 and B l-2  panels of



T a b leG er.il. Variation in latex volum e, DRC and Plugging index in d ifferent lapping system s
Tree nos. LVR inclination  V olum e o f  latex D ry R u bber C on ten t Pluggin g Index

tow ards the l e f t _________ (ml)________________________ (g )
(d egrees) Normal

tapping
Modified
tapping

Normal
tapping

M odified
topping

Normal
tapping

Modified
tapping

1 6.8 " 3 8 .5 42 .4 2 5 .7 25 .4 3 .8

2 13.4 " 16.8 2 3 .6 3 6 .3 3 5 .3 5 .8

3 4-2" 21 .7 3 7 .5 36 .1 3 5 .8 2.8

4 4.9" 3 7 .7 4 6 .6 29.1 3 2 .5 5 .2

5 5 .4" 2 0 .9 25 .9 2 6 .8 2 9 .5 4 .7

6 3.4" 3 8 .2 35 .1 3 1 .9 3 5 .9 3 .1

7 7 .8" 1 8 .5 2 3 .4 3 1 .0 3 2 .0 4 .8

8 2.6 " 4 3 .9 55 .1 2 3 .7 2 3 .0 3 .8

9 3.0 ’ 24 .5 23 .1 2 5 .3 3 6 .4 4 .7

M ean 2 8 .9 7 3 4 .7 6 2 9 .5 4 3 1 .7 6 4 .3 0 4.55
S D 10.42 11.6 6 4.62 4.88 1.0 2 0.92

CV  (%) 3 5 .9 8 3 3 .5 5 1 5 .65 1 5 .36 23.59 20.19

ca rr ie d  o u t a t  S h a lia c a r y  E sta te , P u n a lu r, 
M o o p ly  E s t a t e ,  T r is s u r ,  T R & T  E s ta t e ,  
M u n d a k a y a m  a n d  C a lic u t E s ta te , C a lic u t . 
D isea se  in c id e n ce  w a s e v a lu a te d  in  th e  test 
c lo n e s  a n d  th re e  c h e c k s ,  w ith  R R II  105  

b e in g  u se d  fo r  c o v a r ia n c e  a n a ly s is  in  ea ch  
p lo t.

8 .2 .  O n  fa rm  e v a lu a t io n  o f  p ip e l in e  c lo n es- 
P h a se  II

P o ly b a g  p la n tin g  w a s  c a rr ie d  o u t in the 
test c lo n e s  a n d  th re e  c o n tro ls , w ith  R R II 105 
b e in g  u se d  fo r  co v a r ia n c e  a n a ly s is  in each 
p lo t a t  B C  C h e r u v a lly  E sta te , E ru m eli and 
M a la n k a ra  E sta te , T h o d u p u z h a .

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

T h e  d i v i s i o n  is  p r i m a r i l y  
c o n c e n tr a tin g  o n  s tu d ie s  o n  th e  e c o n o m ic  
a n d  e c o fr ie n d ly  m a n a g e m e n t o f d is e a s e s  
a n d  p e sts . E v a lu a t io n  s p r a y e r s  a n d  sp ra y  
o ils  a sse s sm e n t o f  f ie ld  lo ss  d u e  to  d isea ses , 
e v a lu a t io n  o f  n e w ly  e v o lv e d  c lo n e s  fo r  
d is e a s e  r e s i s t a n c e ,  s t u d ie s  o n  ta p p in g  
p a n e l  d r y n e s s ,  b e e  k e e p i n g  in  r u b b e r  
p l a n t a t i o n s ,  u s e  o f  b e n e f i c i a l  
m i c r o o r g a n i s m s  f o r  p la n t  g r o w t h ,  
t r e a tm e n t  o f  s h e e t  p r o c e s s in g  e f f lu e n ts  
w e re  th e  o th e r  a r e a s  o f  r e s e a rc h .

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

1 .1 . A b n o r m a l l e a f  fa ll  d is e a s e

A  stu d y  w a s ta k e n  u p  to d e te ct likely 
p resen ce  o f P h y lo p h th a ra  in o cu lu m  in ru b ber 
g ro w in g  re g io n s  o f  T r ip u ra  (N E  In d ia ), to 
e x a m in e  w h y  P h y to p h th o ra  d ise a s e  in ru b ber 
p la n ta t io n  is le ss  p r e v a le n t  in  N E  In d ia , 

re la te  A L F  d ise a s e  in c id e n ce  w ith  w eath er  
p a r a m e te rs  a t T r ip u ra  a n d  K o tta y a m  and 
fin a lly  p re su m e  p o s s ib ility  o f  A L F  d isea se  
o u tb re a k  in N E  In d ia n  ru b b e r  p lan ta tio n s .



P h y top h th ora  iso la ted  from  so il and  litter 
c o l le c te d  fr o m  r u b b e r  p la n ta t io n s  in 
A g arta la , T rip u ra  revealed  th at inoculum  
d en sity  w as low  in T ripura and  were less 
v iru le n t. A s w e a th e r  p la y s  an im portant 
r o le  in  d e v e lo p m e n t  a n d  s p r e a d  o f 
P h y to p h th o r a  d is e a s e ,  a c o m p a r is o n  o f 
w ea th er  p a ra m eters  betw een  T ripura and 
K o ttay am  d u rin g  M ay to A ugu st 1988  to
2 0 0 9  w a s  m a d e . A g a r ta la  w e a th e r  w as 
o b s e r v e d  to  b e  h o tte r  d u r in g  th e  ra iny  
se a so n , w h ich  m a y  b e  o n e  o f th e  factors 
in im ical to th e  d ev elo p m en t o f Phytophthora. 
D u rin g  th e  sam e p eriod , RH  w as found to be 
h ig h e r  in K o ttay am  (85% ) com pared  with 
th at o f A g arta la  (82 .6% ), yet an o th er factor 
p o s s ib ly  a s s o c ia te d  w ith  in o c u lu m  
estab lish m en t. T h u s, ho t w eather w ith low 
R H  co u p led  w ith  less n u m ber o f rain spells 
m a y  b e  s o m e  o f  th e  im p o r ta n t  fa c to rs  
p rev en tin g  in o cu lu m  bu ild  up  for initiating 
P hytophthora  in fection  in rubber plantations 
o f  T r ip u r a .  T h e  t r ia l  on  e v a lu a t io n  o f 
b io d eg ra d a b le  o il for A LF d isease control at 
th e  P u th u k k a d  esta te ,'T h rissu r and  Lahai 
estate , P u n a lu r  o n  the c lon e R R IM  600 was 
continu ed . T h e b io-degradable oil w as found 
g o o d  fo r  o il b a sed  C O C  m icro n  spraying 
w it h  a le a f  r e te n t io n  o f  6 8 .6 %  o v e r  
co n v en tio n a l sp ray  oil (50.6% ) and control 

(8.0%).
T o  s e le c t  p o te n tia l b io c o n tro l agen t 

ag a in st P. tneadii, 252  bacteria l endophytes 
w e r e  c o l le c t e d  b y  d is in fe c t io n  an d  
tr i tu r a t io n  m e th o d  fro m  r o o t, le a f  and  
p etio le  t issu es o f r u b be r clo n es R RII 105 and 
R R IM  600  fro m  five locations.

R o o t t issu e s  sh o w ed  h ig h er  bacteria l 
p o p u la tio n  co m p a re d  to p etio le  and  leaf 
tissu es. F orty  tw o iso la tes show ed grow th 
in h ib itio n  o f  P h y to p h th o ra  m ead ii  in dual 

cu ltu re  p late.
E lev en  s e le c te d  en d o p h y te s  sh ow in g  

m o re  an ta g o n ism  w ere  id en tified  through

16S  rD N A  s e q u e n c in g , e ig h t  sh o w e d  
sim ilarity  to  P seu d om on as aeru g in osa  and 
others w ere Bacillus subtilis, Klebsiella oxytoca 
and A lcaligenes faecalis. T h ese isolates w ere 
u n d e r  e v a lu a t io n  fo r  th e ir  b io c o n tr o l  
efficiency.

1.2. P ow dery m ild ew  d isease

A cro p  lo ss  tr ia l w a s  in itia ted  w ith  
clon e RRII 105 at N ew  A m bad i E state in 
K anyakum ari d istrict o f Tam il N adu. Two 
blocks w ere d em arcated  and  pre-treatm ent 
application  o f su lp hu r w as un d ertaken  at 
recom m ended d ose  u sing m icron  d uster. In 
th e  s u b s e q u e n t  y e a r s ,  o n e  p lo t  w a s  
m aintained as d usted and  other as undusted. 
T h e d isease in tensity w as assessed  on a 0-5 
scale  (very light, ligh t, m oderate, severe and 
v ery  sev ere ). M o d era te  d isea se  in ten sity  
(3 .0 %) w as observed  during  pre-treatm ent 
year. Su bsequ en t year (2009) the intensity 
w as very low  (0.3% ) and  no crop  loss w as 
recorded.

1.3. C ory nesp ora  le a f  d isease

G ene expression  p rofiles o f C on /nespora  
ch a llen g ed  le a f  sa m p le s  a lo n g  w ith  th e  
uninfected leaves o f RR II 105 a s control w ere 
s tu d ie d  u s in g  D D -R T -P C R  te c h n iq u e . 
D ifferentially expressed  u p-regulated  bands 
w ere clon ed  and seq u en ced . M an y o f the

Chilinaso

Fie.Path. 1. Chttm ase activity in tolerant (GT 1) and 
susceptible (R R II 105)



c D N A  c lo n e s  s h o w e d  c o n s is t e n t  o v e r ­
ex p ressio n  in  all the trea ted  sa m p les  w h en  
com p ared  w ith  th e  co n tro l. A m o n g  th e  up- 
r e g u la te d  c lo n e s ,  tw o  o f  th e m  sh o w e d  
sig n ifica n t h o m o lo g y  w ith  A n th o cy an id in
3 - O - g lu c o s y l t r a n s f e r a s e  a n d  G R A S  
tra n scrip tio n  factor.

Tolerant (G T 1) and  susceptib le (RR1T105) 
H e v e a  p la n ts  w e r e  c h a l le n g e d  w it h  C. 
c a ss iico la  to  q u a n tify  th e  c h itin a s e  ac tiv ity  
th r o u g h  r e a l  t im e  P C R . T h e  in d u c e d  
ch itin ase  a c tiv ity  w as o b serv ed  at 2 4 th hour 
in G T  1 (T h e  to le ra n t c lo n e) an d  ev en tu a lly  
it d e c r e a s e d  c o m p a re d  to  u n - in o c u la te d  
c o n t r o l .  W h e r e a s  in  R R II 1 0 5 , c h i t in a s e  
a c tiv i ty  le v e l h a d  b e e n  le s s e r  in  tr e a te d  
p lan ts  th an  th e ir  co n tro l (F ig .P a th .1). T h e  
r e s u lt s  in d ic a te d  th a t le v e l o f  c h i t in a s e  
a c t iv i ty  in c r e a s e d  o n ly  in  e a r ly  s t a g e s  
in fectio n  in to leran t c lon e.

2 . T a p p in g  p a n e l d ry n e s s  (T P D )

T o  c h a ra cterise  th e  L M W  R N A , R T-P C R  
from  total R N A  w as ca rr ie d  o u t w ith  v iroid  
sp e c ific  p rim ers  w h ich  y ie ld ed  p ro d u ct in 
th e  r a n g e  o f  v iro id  o n ly  in  T P D  a ffe c te d  
p lan ts  (T ab le .P ath  1 &  F ig .P a th .2 ) an d  the

Table. Path 1. Presence of viroid in healthy (R-PAGE 
-ve) and T P D  a ffected  (R-PA G E +ve)

Tree N o TPD  Status/ PCR S eq u en cin g  
__________ R-PAGE result

4/4 + ve + v e  V iroid
62 ♦ v e + v e  N ot sequenced
120 +ve ♦ v e  N ot sequenced
6/15 + v.e ♦ v e  V iroid
95 ♦ v e ♦ V e V iroid
2 + v e + v e  V iroid
116 + v e + v e  Not sequenced
24 -ve
98 -ve
103 -ve
36 -VC

M  1 2 3 5 6 7 8

: i " T
Fig. Path. 2. A g aro se g e l e le c tro p h o re s is  o f  PCR 

p rod u cts  (M - m ark er, la n e  1-7 TPD , 
lan e 8 A pparently healthy)

s a m e  w a s c lo n e d . T h e  s e q u e n c in g  o f  the 
c lo n e d  p r o d u c t  w a s  p e r f o r m e d  w h ic h  
sh o w ed  h o m o lo g y  to  P o ta to  S p in d le  Tuber 
V iro id  (P S T V d ) o n  B L A S T  a n a ly s is  s h ow in g  
th a t th e  L M W  R N A  c o u ld  b e  a v iro id . T h e 
v iro id  s e q u e n c e  o b ta in e d  fro m  r u b b e r  w as 
d ep o sited  in  G e n B a n k  (H M 1 0 7 8 4 3 .1 ).

U n d e r  th e  s tu d y  o n  th e  tra n sm iss io n  o f 
L M W -R N A  o n  r u b b e r  s e e d l i n g s  an d  
in d ica to r  h o sts  it w a s  fo u n d  th a t v iro id  is 
tr a n s m is s ib le . S e e d l in g s  th a t w e r e  L M W  
R N A  + ve o r  -v e  w e re  b u d  g r a fte d  w ith  scion  
co lle cted  fro m  L M W  R N A  + ve T P D  a ffected  
trees a n d  L M W  R N A  -v e  h e a lth y  trees. Th e 
re su lts  (e v a lu a te d  b y  R -P A G E ) sh o w ed  that 
a ll th e  p lan ts  tes ted  fro m  th e  g ro u p  in w h ich  
both s to ck  a n d  sc io n  w ere  v iro id  +ve, show ed 
viro id  b an d s in  R -P A G E . P lan ts  b u d d ed  w ith 
sc io n  tak e n  fro m  T P D  a ffe c te d  tre e s  a s  w ell 
a s  h e a lth y  tre e s  w ere  te s t ta p p ed  to  stu d y  
th e  a p p e a r a n c e  o f  T P D  s y m p to m s .  T h e  
re su lts  a fte r  s ix  m o n th s  ta p p in g  s h o w e d  that 
T P D  w as o b se rv e d  in b o th  g r o u p  o f  p lan ts, 
n a m e ly  s c io n  ta k e n  fro m  T P D  a s  w e ll as 
h e a lth y  trees.



3 . P e sts  o f  ru b b e r

T o  com p are  th e  efficacy  o f insecticides 
and  b io  con tro l agen ts again st w hite grub 
H olotrich ia  serrata  in festin g  rubber seedlings 
f ie ld  e x p e r i m e n t  w a s  r e p e a te d  at 
N agap u zh a Estate . T h e treatm ents included 
e n to m o p a th o g e n ic  n e m a to d e  (E P N ) 272 
la k h s  in  5 s p l i t s ,  B e a u m e t 65  x  106  (a 
co m b in a tio n  p ro d u ct o f B eauvcria  bassiana  
a n d  M etarrhizium )'\r\  4 sp li ts ,  B eau v er ia  
brongn iatii 72  x 1 06 in 4  splits and insecticides 
v iz . ,  I m id a c lo p r id  0 .0 0 5 %  4 sp li ts ,  
Im id aclop rid  0 .005%  + C arbaryl 0 .2%  4 splits 
an d  p h o rate  10%  25g/plant in 4  splits. The 
results in d icated  that a ll the treatm ents w ere 
sig n ifican tly  su p erio r  to control and  at par 
in e f fe c t iv e n e s s  g iv in g  71  to  7 7  p ercen t 
co n tro l a fter  tw o years.

S tu d ie s  w e re  c a rr ie d  ou t to fin d  the 
e f f e c t  o f  d i f f e r e n t  tr e a tm e n t s  su ch  as 
e n t o m o p a t h o g e n ic  n e m a to d e s ,
e n to m o p a th o g e n ic  fu n g u s, A zad irach tin  
(0 .0 3 % ) a n d  fe n v a le ra te  a g a in st m oop ly  
b e e t l e ,  L u p r o p s  c u r t i c o l l i s  in  r u b b e r  
p lan ta tio n s. F en v a la ra te  (0 .02% ) gave 98%  
m o rtality  fo llo w ed  b y  A zad irach tin  (0.03% ) 
(75% ). EPN  (6  lakh/m2) gave 52.20%  larval 
m o rta lity  o n  th e  10th day o f application .

A f ie ld  t r ia l  w a s  la id  o u t at PC K , 
K o d u m o n  to  co n tro l A eth era stis  c ircu lata. 
A m o n g  th e  treatm en ts, the com binatio n  of 
f e n v a l e r a t e  a n d  c a r b a r y l  sh o w e d  88%  
m o rtality  o f  A .circu lata  follow ed by neem  oil 
(75 .82% ) an d  n ee m ark  (52% ) (Table Path. 2).

M ealy bug, P aracacus m arginatus  was 
found infesting on m atured  tree branches, 
stem , fo liag e, in flo re scen ce  an d  seed s in 
P a la k k a d  a n d  E r n a k u la m  d is t r ic t s .  
Im id a c lo p r id  (0 .0 5 % ) w a s  th e  e ffe c tiv e  
in sectic id e  g iv in g  90%  co n tro l a fter  tw o 
days. Bioform u lations viz. verticillium  and 
m e ta rr h iz iu m  c o m b in a t io n s  w e r e  n o t 
effective. However, Neem  oil (0.1% ) reduced 
the num bers (12% ) after tw o w eeks.

4 . I m p r o v e m e n t  o f  s p r a y i n g  
tech n olog y  for p est and d isease  
m an ag em en t of n atu ral ru b b er

A study w as carried  in co llaboratio n  
w ith M/s. A spee C o. Ltd. in Pudukkad and 
Echipara Estates, T rissur for the evaluation 
o f  th e  m in i- t r a c to r  w ith  a d d it io n a l  
attachm ent for the m icron sprayer. T h e clone 
R R IM  6 0 0  w as s e le c te d  fo r  th e  s tu d y . 
P rop h ylactic  sp ra y in g  w as carried  o u t as 
per the standard practice. For com parison 
m icron sp ray ing  w as used. L eaf retention 
after the treatm ents w as assessed  (Table. 

Path. 3).

Table Path. 3. Leaf retention in clone RRIM  600 after 
micron spraying

Type of spraying

Leal retention (%) 
Pudukad Echipara

Mini-tractor with micron 28.0
Manual spraying with micron 30.5

42.5
3 8.0
NS

i unn nf profriendlv formulations and insecticides against bark feeding 
Table Path. 2. Com parative evaluation ot ecotnenai)
____________ ffliprpillar. M h c ra s th  d m , h i o________ ______________  ____   r r fu e i|̂

Treatments

N eem ark 0.03%  
Neem  oil 0.1% 
My co jaa l 10% 
Fenval+carbaryl 
C ontrol

Initial
populatio

Mean percentage population reduction ______ __
after 7days'~ % of mortality’ after 45 days % of mortality

26
70
27

- 10.59
- 13.18
- 19.23
- 91.42

22

-52.00
-75.82

23.07
-88.57

88.00



5 . B ee k eep in g  in ru b b e r p la n ta tio n s

O b serv a tio n  w as m ad e  o n  sy m p to m s 
o f T SB V  d isease  in h o n ey  b ee  co lo n ies  . D ue 
to  s u d d e n  o u t b r e a k  o f  th e  d is e a s e  th e  
co lo n ies w ere  lo st an d  hen ce th e  ex p erim en t 
w as d isc o n tin u e d . S u b se q u e n tly , h e a lth y  
colon ies w ere  establish ed . A bou t 20k g  honey 
cou ld  b e  ex tracted  from  th e co lo n ies.

6. M ic r o o r g a n i s m s  f o r  im p r o v in g
g ro w th  o f ru b b e r  an d  c o v e r  cro p s

C o m p e tit iv e  a b ility  o f  th re e  b a c te r ia l 
isolates, th at n o d u la te  M . b ractea ta , v iz . N E  2, 
(from  A g arth ala), N E 4 (from  T ura), a n d  RRI1- 
M (K erala), to occu p y  M u cu n a  n o du les, w hen 
in o c u la te d  t o g e t h e r  w a s  s t u d ie d  in 
p o ly b ag s. T en  p lan ts  w ere  u p ro o ted  a fte r  4 
m o n th s  g ro w th  an d  th e  o ccu p a n cy  o f  th e  
iso la tes in th e  n o d u les  w a s  e stim a te d  u sin g  
the a n tib io tics a t  th e  IA R  lev els . T h e  resu lts  
a re  g iv en  in  T a b le  P ath . 4.

O u t o f th e  10  in o cu la te d  p lan ts , 3  p lan ts  
w ere  in fected  w ith  iso la te  R R II-M , 4 p lan ts  
each w ith  iso la te  N E -2  an d  N E -4 . O n ly  on e 
p lan t sh o w ed  m ixed  in fectio n .

C h a r a c te r isa tio n  o f  tw e lv e  iso la te s  o f 
g ro w th  p r o m o t in g  r h iz o b a c te r ia  se le c te d  
fro m  p r e v io u s  s t u d ie s  w a s  c a r r ie d  o u t .

C o lo n y  c h a r a c t e r s  o f  th e  is o la te s  w ere  
s tu d ied  a fter  5 d a y s  g ro w th  in a g a r  m edia 
an d  b io c h e m ic a l c h a r a c te r is a t io n  by their 
reactio n  to  18 b io ch e m ica l tes ts . Fu n ction al 
c h a ra c te rs  o f  th e  iso la te s  w e re  reco rd ed  by 
th e ir  g ro w th  p ro m o tin g  a c tiv itie s  u n d er in 
v itro  c o n d itio n s  (T a b le  P ath . 5 ).

E ig h ty  b a c te r ia l iso la te s  w e r e  screen ed  
fo r  a n t a g o n is t ic  a c t iv i ty  a g a in s t  5  m a jo r  
p a th o g en s o f  ru b b e r  v iz ., P h y top h th ora  m cadii, 
C ory n esp ora  cassico la , C o lleto tr ichu m  acutatum , 
C ortic iu m  sa lm o n ic o lo r  a n d  P h ellin u s n oxiu s  by 
d u al c u ltu r in g . F iv e  iso la te s  w e re  se lected  
b a s e d  o n  z o n e  o f  i n h i b i t i o n  a n d  th e ir  
c o m p a t i b i l i t y  w it h  th e  f u n g ic id e s  v iz . 
tr id e m o rp h , h e x a c o n a z o le , p ro p ico n a z o le , 
c a r b e n d a z im ,  m a n c o z e b  a n d  w e t ta b le  
s u lp h u r  w a s  s tu d ie d  b y  in c o rp o r a tin g  in 
g ro w th  m e d ia  a t  2 5 %  to  2 0 0 %  reco m m en d ed  
lev e l. C a rb e n d a z im  a n d  w e t ta b le  su lp h u r 
w e re  s a fe  to  th e  a n ta g o n is ts  te s te d  w h ile  
m a n co z e b  w a s m o re  h a rm fu l.

T h e  c o lo n y  c h a r a c te r s  o f  th re e  se lected  
A zosp ir illu m  iso la tes , v iz . iso la te  A zo -5 , A zo- 
12  a n d  A z o -1 3  fro m  r u b b e r  p la n ta tio n s  w ere 
s tu d ied  in m a lic  a c id  a g a r  p la tes . T h e y  w ere 
sm a ll, c ir c u la r , tr a n s lu c e n t ,  f la t a n d  w ith  
e n t i r e  m a r g in .  T h e  b io c h e m ic a l

Table Path.4. N odule occupancy of the iso lates in M ucuna  p lants (cfu/plant)
N o. o f RRH-M NE-2 NE-4 Total bacteria
plants ( g e n ^ c y c . J (tet1JS,riflw) w ithout antibiotcs

1 66.5 x 102 (80% ) 82.5 x 10J
2 93.5 x 103 (74% ) _ 32.5 x 101 (26%) 125 x 103
3 -^1 -  '• _ 109 x 103 (76%) 143.5 x 10!
4 74.0 x 10’ (87% ) _ 85 x 103
5 _ 75.0 x 101 (58% ) 130 x 10J
6 _ 69.0 x 101 (56%) 123 x 10J
7 _ _ 83 x 103 (90%) 92 x 103
8 98 x 10 3 (79% ) 124 x 103
9 76 x 10J (90% ) 84 x 103

10 74 x 10* (90%) 82 x 10J



Table Path.5. Growth promoting activities of selected rhizobacterial isolates
Isolate IAA Phosphate solubilisation 

production (P released in Hg/ml)
(Hg/ml) SE % Ca .(POJ.. FePO, A1PO, Rajphos

Ammonia
production

’hosphatase
activity

(HgPNP/ml)

Sidero N, 
phore fixation 

production
Ri 25 23.1 220.00 509.0 131.6 252.3 95.5 Medium 0 78 High
K 43 25 .06 127 .27 380 .0 84.45 117.0 Medium 0 .08

K 52 17.4 112 .50 407 .5 117.1 219.85 High 0 .08

RB 88 6 .92 208 .3 3 337 .5 71 .0 108.45 20.5 Low 1.16 High

K 24 13 .4 106 .67 418 .5 - 147.55 0.0 Low

A 1 9 .0 4 162 .50 420 .0 107.9 High 0 .16 Low

R H 104 5 .36 200.00 479 .0 36.6 101.7 47.5 High 3.1 Medium

RH 34 10.80 184 .62 4 45 .0 13.2 229.5 High 1.71

3 p t 4 .68 121 .43 246 .5 15.15 125.3 High 0.78 Low

Ps 20 20.0 128 .57 402 .0 80.5 234.3 High 0 .08 Medium

Ri 10 25 .46 110.00 349 .0 49.40 106.75 Medium 0.23 Low

F 1 15 .90 118 .19 420 .0 73.7 104.85 Medium 0.08 Low +

c h a r a c te r is a t io n  o f  th e  iso la te s  w as also  
s tu d ied  by d ifferen t b iochem ical tests.

G r o w t h  c h a r a c te r s  o f  n in e  
p h o sp h o fu n g i isolates collected  from  rubber 
p lan ta tio n s w e re  record ed . T h ey  varied in 
th eir g ro w th  ra te  an d  sp o re  colour. Based 
on sp o re  form ation , 5 isolates w ere identified 

as Penicillium  and  Aspergillus.

In  th e  e x p e r im e n t o n  b io fa rm in g  o f 
r u b b e r  u s in g  b e n e f ic ia l m icro o rg a n ism s 
g r e e n  b u d d e d  s tu m p s  o f  R R II 4 3 0  w ere 
p lan ted  in p o ly b ag s for field  planting. The 
tr e a tm e n ts  im p o se d  to  th e  p lan ts  in the 
p o ly b a g s  w e re , m icro b ia l cu ltu re s  + cow  
d u n g  s lu r r y ,  b io lo g ic a l  m a n a g e m e n t + 
c h e m ic a l  m a n a g e m e n t o f  n u tr ie n ts  and 
d iseases at 50%  o f  recom m en d ation  level 
c h e m ic a l  m a n a g e m e n t  o f n u tr ie n ts  and  
d iseases a s  p er  recom m end ations. N itrogen 

fix ing A zotobacter  isolate G, PG PR isolates RH
104, R H  3 4  and  K  2 4  w ere used in polybags 
stu d ies . T h e  p lan ts w ere  transp lanted  to the 
field k eep in g  th e  sam e treatm ents. G ross 200 
p lan ts  w e re  p lan ted  for each treatm ent in 
o n e  a cre  area . A n an tag o n istic  bacteria (Ps 
24 ) o f th e  ro o t p ath ogen , Phellinus  w as also

added to the soil a t the tim e o f p lanting. Th e 
in itial g irth , h e ig h t an d  w h o rls  o f all the 
plants in each treatm ent w ere a lso  recorded 
(Table Path. 6).

Table Path 6. Growth m easurements o f plants in 
the bio farm ing trial at the time of 
planting ( average of 200 plants)

Treatment Height Girth W horls(no)
(cm ) (cm diameter)______________

Biological 28 .63  0 .696  L 7 9
Integrated 32 .18  0 .7 8 9  1-99
Chemical 25 .69  0-668_______________1 8 2  _

In  ord er to p ro tect th e  ten d er leaves 
from pow dery m ild ew  attack, prop hylactic 
application of the antag onistic bacteria-RH
104 in talc w as ap p lied  to the plants in the 
b io lo g ic a l tr e a tm e n ts  a n d  S u lfe x  to th e 
plants in the chem ical treatm ents at 14 days 
in tervals. For th e plants in the in tegrated 
tr e a tm e n ts ,  a l t e r n a te  a p p lic a t io n  o f 
chem ical and b io  agen t w as given. D isease 
incidence w as very  less in all the treatm ents.

S ix ty  f iv e  b a c te r ia l  is o la te s  w e re  
collected for stud ying th eir A C C  deam inase 
activity from  soil, rh izosp h ere and roots of



Parameter Raw Filtered 
effluent Effluent

Discharge 
from hybrid 

reactor

Efficiency 
of hybrid 

reactor
(%

Reduction)

After Com bined 
diffused efficiency 

aeration and of aeration 
sedimen- and 

tation sedimentation 
(% Reduction)

Final
(After

filtration)

Overall 
efficiency 

of ETP 
(% 

Reduction)

pH 4 .7 -6 .0  4 8 -6.3 6 8 -7 .2 -- 6 .5 -7 .7 ------ 6 .6- 8.0 —

C O D 10 9 6 4  9 0 3 7 441 9 5 .1 2 183 5 8 .5 0 150 98 .63

BO D 5 3 4 9  485 9 264 9 4 .5 7 3 0 8 8 .6 4 28 99 .48

T S 13 1 1 9  11 3 6 2 2 856 7 4 .8 7 2 5 6 2 1 0 .2 9 2 4 3 2 8 1 .46

D S 12 0 0 3  10388 2 437 7 6 .5 0 2371 2.71 2 2 1 9 81.51

Average values are taken (values are in  mg/l, except pH)

Table Path 7. Perform ance o f  the reed bed system .
Parameter Inflow O ut flow % Reduction Outflow % Reduction

(discharge from  (D ischarge from (D isch arg e from (After
hybrid reactor) reed bed 1 ) reed bed 2) biom ethanation-

reed bed 2)
pH 7.0 -7 .2 6.8 -7 .5 — 7 .3 -7 .5 —
C O D 494 2 9 3 4 0 .7 0 89 82
BO D 2 8 5 5 7 .5 8 0 .0 0 14 9 5 .0 8
T S 2 849 2 413 1 5 .30 2 7 3 8 -
D S 2 4 2 6 2 232 8.00 2 6 3 8 -
Average values are taken (values are in  mg/l, except pH)

ru b ber from  R R S, P ad iy o o r, N orth  K era la , 
o n e  o f th e  d ro u g h t p ro n e  area . A  stan d ard  
A C C  d e a m in a se  b acteria , O ch robac ter iu m  sp. 
from  IA R I, w ill b e  u sed  fo r  c o m p a riso n .

7. W a s t e  m a n a g e m e n t  in  r u b b e r  
p ro c e s s in g

A n  e x p e r i m e n t a l  a n a e r o b ic  h y b r id  
r e a c to r  w ith  a  p a c k in g  m e d ia  in s id e  fo r  
in c r e a s i n g  th e  a t t a c h e d  m i c r o b ia l  
p o p u la t io n  w a s  d e s ig n e d  a n d  b u i l t  a t  
E la v a m p a d a m  M o d e l R u b b e r  P r o d u c e r s ' 
S o c ie ty  in  P a la k k a d  D ist. T h e  e v a lu a tio n  
sh o w ed  th a t th e  re a c to r  is h ig h ly  e ffectiv e  
in red u c in g  p o llu tio n  lo ad . It  co u ld  red u ce

B O D  b y  9 4 .5 7  % , C O D  b y  9 5 .1 2 %  to ta l so lid s 
b y  74 .8 7 % , a n d  d isso lv e d  so lid s  b y 76 .50% . 
T h e  p H  a lso  in cre a se d  fro m  th e  r a n g e  o f  4.8- 
6 .3  to  6 .8 -7 .2 . T h e  a v e ra g e  b io g a s  p ro d u ctio n  
f r o m  th e  a n a e r o b ic  h y b r id  r e a c to r  w as 
4  m ’/day (T ab le  P a th . 6)

W ith  an  aim  to d e v e lo p  an  econ om ical 
a ltern ativ e  to  d iffu sed  aera tio n , th e  reed  bed 
system  h as been d esign ed  a n d  d evelop ed . The 
p relim in ary  a n a ly sis  o f  th e  sy s te m  sh ow ed  
prom ising  results. T h e  sy stem  is found to have 
an efficien cy w hich  is in p ar  w ith  th at o f the 
diffused  aera tio n  sy stem . T h e  p aram eters o f 
th e  tre a te d  w a te r  w e r e  fo u n d  w ith in  sa fe  
lim its (Table Path. 7).



PLANT PHYSIOLOGY D IVISION

C ro p  P h y sio lo g y  D iv ision  is involved 
in a w id e  ran g e o f research  activ ities such 
as e n v iro n m en ta l physiology, physiology of 
g ro w th  and  y ie ld , tap p in g  panel dryness, 
g e n e  e x p r e s s io n  s t u d ie s ,  s e c o n d a ry  
m e ta b o lite s  an d  eco lo g ica l im p act o f NR 
c u ltiv a tio n .

1 . E n v iro n m e n ta l p h y sio lo g y

1 .1 .  P h y s io lo g ic a l ad ap ta tio n  to h ig h  ligh t 
a n d  d ro u g h t stress  

E ffe c tiv e  q u a n tu m  y ie ld  o f PSII (O 
PSII) w a s  s tu d ie d  in  RRII 400 series clones 
and  th ree  ch eck  c lo n es  under soil m oisture 
d efic it co n d itio n s . T h e c lon es RRII 430 and 
R R IM  6 00  reco rd ed  a sm all inhibition in PSII 
as co m p ared  to o th er  clon es under drought 
co n d itio n s . T h e  c lo n es  RRII 414, RRII 417 
an d  R R II 4 2 2  w e re  sh o w n  to  be drought 
su scep tib le . L e a f d iscs from  RRIM  600 was 
i n c u b a te d  in  4 0 %  P E G  a n d  h ig h  lig h t 
cond ition  (1500  \i m ol n r2 s  ' ) for 12 hrs under 
g ro w th  c h a m b e r  co n d itio n s . T h e level o f 
ex p ress io n  o f the 23  k D a chloroplnst sH SP 
w a s  p r o m in e n t in P E G  in cu b ated  leaves 
co m p a red  to w ater con tro l and  it is proved 
th at th e  stress  p ro te in  can  be induced  in  leaf 

d iscs a lso.

1.2. Id e n tif i c a t io n  o f  m o le cu la r  b a s is  for
d ro u g h t to lera n ce

P o lybag  p lan ts o f c lon es RRII 105, RRIM  
600  an d  RRII 208  w e re  su b jected  to d ™ ® 1 
fo r  15  d a y s  in  n a tu ra l co n d itio n s  at KKb, 
D a p c h a r i  d u r in g  th e  s u m m e r  p e r io d  
(M a rch -A p ril)  o f 2009 . L eaf sam ples w ere 
co lle cted  a fter  assess in g  the d rought status 
o f the p lan ts b y p hy siological measurem ents. 
G e n e  ex p re ss io n  an a ly ses w ere perform ed 
u sin g  fo u r d ro u g h t resp o n siv e  gen es V O , 
H b D R T  5 b  (N A C  tr a n s c r ip t io n  fa c t.> 0,
H b N R C  18 (r p s  14  p ro te in ), H bN R G  21 
(u n k n o w n )  a n d  H b D R T  5 0  (u n k n o w n ).

G lyceraldehvde 3-phosphate dehydrogenase 
(G A PD H ) g en e w as used as en d o gen ou s 
control for n o rm alization . Th e qu antitative 
expression o f each gene had been  analyzed 
with reference to irrigated plants o f RRII 105.

T h e  q u a n tita tiv e  ex p ress io n  an a ly sis  
indicated u p-regulation  o f H bN R G  18 and 
H bD R T 5b in both  irrig a ted  and d rought 
im posed plants o f RRIM  600 and RRII 208.
Tin is confirm s the association  o f H bD R T  5b 
and H bN R G  18 w ith d rought to leran ce as 
both  R R IM  600  and  R R II 2 0 8  a re  know n 
drought tolerant clones.

A nother set o f polybag  p lants o f four 
H evea  c lones (RRII 105, RRIM  600, RRII 414 
and RRII 430) w ere im posed  w ith  drought 
for 18 days. G ene exp ression  analyses w ere 
perform ed  u sin g  sev en  stress  resp on siv e  
g e n e s  v iz .,  H b N R G  18 (rp s  14  p ro te in ) , 
H bD R T  50  (u n k n o w n ), p ero x id a se , A B C  
tr a n s p o rte r ,  L E A  5 p r o te in ,  C R T / D R E  
binding factor and  g lu tath ione peroxidase 
(G P X ). Tw o h o u se k e e p in g  g en es, A D P 
ribosylation factor and  polyu biqu itin  w ere 
u se d  a s  e n d o g e n o u s  c o n t r o l  fo r  
norm alization and  q u antitative expression  
of each gene w as a nalyzed  w ith  referen ce to 
irrigated p lants o f R R I1 105.

W h en  R R II 105  c o n tro l p la n ts  w ere  
ta k e n  a s  th e  c a l ib r a to r  (T a b le  P h y . 1), 
expression o f C -rep eat elem ent/dehvdration- 
resp o n s iv e  e le m e n t (C R T / D R E ) b in d in g  
factor w as found m o re in d rought toleran t 
clones (R R IM  600 an d  RR II 430) and it w as 
rem arkably high in c lon e R R IM  600. CRT/ 
D R E  b in d in g  fa c to r s  a r e  k n o w n  to  b e  
upstream  transcrip tion  factors th at b ind  to 
p rom oter n s -e le m e n t C RT/D RE an d  play 
v ita l r e g u la to r y  r o le s  in  a b io t ic  s t r e s s  
resp on ses in p lan ts. T h e  u p -reg u la t.o n  ot 
this factor m ay b e  v ita l for d rought tolerance 
in RRIM  600 and  RR II 430 . A B C  transp orter



Table Phy. I Relative quantification  o f  seven stress responsive genes in Heven  under drought stress (irrigated 
___________  plants o f  R R II 105 as c a l i b r a t o r ) ______________________________________________

Gene RRII 105 RRIM  600 RRII 414 RRII 430
C  D C D C D C D

H bNRG 18 1 .57 1.61 1 .84 1 .9 7 1.89 2 .71 7 .10
H bDRT 50 0 .6 5 1.13 1.52 1.68 1 .0 9 2 .5 5 0 .98
Peroxidase 0 .2 8 2 .6 4 3 .9 8 1 .4 5 0 .5 6 2 .5 7 0 .44
ABC transporter 1.25 0 .5 9 0 .1 8 1 .06 1 .52 0.66 0 .42
LEA 5 4 ,9 5 0 .8 0 1 .03 1 . 1 2 2 0 .3 8 0 .7 7 1 .47
CRT/ DRE bf 0 .3 6 2 .9 3 7.51 0 .0 7 0 .9 3 0 .9 0 1 .45
G PX 1 .1 2 1.03 0 .8 5 1 .10 1 .1 8 1 .0 5 0 .9 7

p rotein  h ad  b een  fou n d  d o w n  reg u la ted  in 
R R IM  6 0 0  and  R R II 4 3 0  (d ro u g h t to leran t 
c lo n es) w h e re  a s  it d id  n o t v ary  m u ch  in 
R R II 105 a n d  R R II 4 1 4  (d ro u g h t su scep tib le  
c lo n e s ) .  A T P -b in d in g  c a s s e t t e  (A B C )  
tran sp o rters a re  in vo lv ed  in d ie  m e m b ran e  
tran sp o rt o f w id e  ran g e  o f  stru c tu ra lly  and  
fu n ctio n a lly  u n re la ted  c o m p o u n d s su ch  as 
ion s, in o rg a n ic  ac id s , p e p tid e s , se co n d a ry  
m e t a b o l i t e s ,  to x in s  a n d  d r u g s .  D o w n  
reg u la tio n  o f  A B C  tra n sp o rter  (A B C T ) in the 
d ro u g h t to le ra n t c lo n e s  (R R IM  600  a n d  RR II 
4 30 ) im p lies th a t th is m ig h t b e  co n trib u tin g  
for d ro u g h t s tre ss  to leran ce .

H b N R G  18 w as rem a rk a b ly  h ig h e r  in 
th e  d r o u g h t  t o l e r a n t  c lo n e ,  R R II  4 3 0  
in d ic a t in g  its  a s s o c ia t io n  w ith  d r o u g h t  
to leran ce . E xp ressio n  o f  th e  g e n e  L E A  5 w as 
m o re in th e  d ro u g h t su s ce p tib le  c lo n e s  (R R II 
105 a n d  R R II 4 14 ) a n d  w as n o t m u ch  a ltered  
in th e  to le ra n t c lo n e s  (R R IM  6 0 0  an d  RR II 

4 3 0 )  a f te r  im p o s it io n  o f  d r o u g h t  s tr e s s .  
E x p re s s io n  o f  p e r o x id a s e  w a s  r e la tiv e ly  
lesser  u n d er d ro u g h t co n d itio n  in a ll c lon es 
e x ce p t R R IM  6 0 0  in  w h ic h  it w a s  h ig h er . 
E x p ressio n  o f  g lu ta th io n e  p e ro x id a se  and  
H b D R T  5 0  d id  n o t sh o w  a n y  s ig n if ic a n t  
tren d  w ith  d ro u g h t su scep tib ility / to leran ce  
o f d ifferen t H ev ea  c lo n es.

1.3. M o le c u la r  s tu d ie s  o n  co ld  s tre ss

P o ly b a g  p la n ts  o f  c lo n e  R R II 105 and 
R R IM  6 0 0  w ere  c o ld  a cc lim a tiz e d  in gro w th

c h a m b e r  a t  16°C  fo r  tw o  d a y s  a n d  w ere 
t r e a t e d  w it h  lo w  t e m p e r a t u r e  a t  a 
m in im u m  o f 8 °C  for th ree  d ays. C o ld  induced 
p h o to in h ib it io n  w a s  c o n f ir m e d  w ith  gas 
e x ch a n g e  p a r a m e te rs  b e fo r e  co lle c tin g  the 
le a f  s a m p le s  fo r  g e n e  e x p r e s s io n  stu d ies . 
m R N A  iso la tio n  an d  c D N A  sy n th e s is  w ere 
c a r r ie d  o u t  f r o m  th e  l e a f  s a m p le s .  
E x p r e s s io n  p a t t e r n  o f  fo u r  e n d o g e n o u s  
co n tro l g e n e s  w a s  s tu d ie d  b y  q P C R  a n alyses 
u sin g  rea l tim e  P C R . q P C R  w a s p erfo rm ed  
w ith  s e le c te d  s t re s s  a s s o c ia te d  g e n e s  such 
a s  W R K Y  tr a n s c r ip t io n  fa c to r  (W R K Y  tf), 
A B C  t r a n s p o r t e r  p r o t e in  ( A B C T ) ,  
tr a n sc r ip t io n  fa c to r  M B F  (T fM B F ), L E A  5 
p ro tein , C R T/ D R E b in d in g  fa c to r  (CRT/D RE 
b f ) ,  g l u t a t h i o n e  p e r o x i d a s e  (G P X ) ,  a 
h y p o th e tica l p ro te in  (3 3 H P ), D n a  J  p rote in  
a n d  p e r o x i d a s e .  S u i t a b l e  e n d o g e n o u s  
c o n t r o l  g e n e s  w e r e  s e l e c t e d  (A D P  
r ib o sy la tio n  fa c to r  a n d  p o ly u b iq u itin  gen e) 
fro m  fo u r  p r im e r s  a fte r  p e r fo rm in g  q P C R  
a n d  c a lc u l a t in g  th e ir  g e n e  s t a b i l i t y  (M  
v alu e) u sin g  G e N o rm  so ftw a re .

O n e  s e t  o f  q u a n t i t a t i v e  e x p r e s s io n  
a n a ly sis  w as p e r fo rm e d  w ith  co n tro l p lan ts 
o f R R II 105 a s  c a lib r a to r  a n d  th e  o th e r  set 
w ith  c o n t r o l  p la n t s  o f  e a c h  c lo n e  as 
ca lib ra to r . O u t o f  th e  n in e  g e n e s  an a ly zed , 
o n ly  tw o  g e n e s  sh o w e d  r e m a r k a b le  fold  
c h a n g e  (o v e r  c o n tro l)  u n d e r  c o ld  co n d itio n s  
in  b o th  th e  c lo n e s .  W h e n  r e la t iv e  g e n e  
e x p re ss io n  a n a ly s is  w a s  p e r fo rm e d  u sin g



co n tro l p la n ts  o f each  c lo n e  as calibrator 
(Table Phy. 2), b o th  LEA 5 protein as w ell as 
p ero xid ase  w ere  found to be up-regulated 
by  8 .14  and  5 .8  fold  in the low  tem perature 
trea ted  p lan ts  o f RR II 105 and R R IM  600, 
r e s p e c t iv e ly .  T h o u g h  th e  e x p re s s io n  o f 
T fM B F  an d  33H P  w ere  2 .66  and 3.26  fold 
h ig h er  in low  tem p era tu re  treated  plants of 
R R II 105 , th eir ex p ress io n  w as lesser than 
co n tro l p lan ts  o f R R IM  600. In contrast, 
A B C T  p ro te in  w as 3.67  fold h igher in cold 
treated  p lan ts  o f R R IM  600 and  w as lesser 
th an  co n tro l in th e  case  o f RRII 105. These 
re su lts  in d ica te  th a t b o th  p eroxid ase  and 
L E A 5 p ro te in  w ere u p -regu lated  in both the 
c lo n e s .  H o w e v e r , e x p r e s s io n  o f A B C T  
p rotein  w as fou n d  h ig h er on ly  in RRIM  600 
in d ic a t in g  it s  a s s o c ia t io n  w ith  co ld  

to leran ce .

Table Phy. 2. R elative quantification of nine genes 
in low temperature stressed plants of 
R R II 105 and RRTM 600 ___________

G en e  RRJI 1® RRII 105 RRIM 600 RRIM 600

(C)* (LT) (Q (LT)’

W RKY tf 1 1 .26 0.99 0 .70

A B C T  1 0 .37 1.09 3.98

Tf M BF 1 2 .65 0 .50 0.46

LEA 5 1 3 .8 5 2.15 12.57

CRT/DRE bf 1 0 .15 0 .13 0.02

GPX 1 1.23 0.88 0.74

33 HP 1 3 .25 0 .87 0.33

DnaJ protein 1 
Peroxidase 1

0 .84
8.14

0.75
6.29

0.39
36.45

* C  -  Control, LT -  Low temperature

1 .4 .  X y le m  s a p - f lo w  m e a s u r e m e n ts  in  
m atu re  r u b b e r  p lan ts
S a p -flo w  m e a su re m e n ts  w ere carried 

ou t in  2 0 -y ea r-o ld  p lan ts o f tw o clones, viz. 
R R II 5  an d  P R  255 . T h e  seaso nal variation 
in x y le m  s a p  f lo w -r a te  w as d eterm in ed . 
T h e re  w a s  su m m er  declin e  in transpira ion 
r a te  in c lo n e  R R II 5 . C o rr e la t io n s  w ere  
e s t a b l is h e d  b e tw e e n  sa p  flo w  r a te  and

m eteorological p aram eters viz. m axim um  
tem perature (T m ax), sun sh in e  ho u rs and 
evapotranspiration (ET). T h e xy lem  sap flow 
rate was sm all during  in tensive rainy days 
(Ju n e -Ju ly )  an d  it  is a t t r ib u te d  to  low  
transpiration pull due to stom atal closure. 
Th e sap-flow  rate  w as d irectly  influenced 
by th e  su n lig h t in te n s ity  a n d  su n sh in e  
hours during sum m er season.

1 .5 . M easu rem en t o f flu x  in  C 0 3 and w ater 
vapour in  ru b b e r  canopy

T h e  ecosystem  level carbon  d ioxid e 
an d  w a te r  flu x  a n d  c a n o p y  le v e l 
photosynthesis in a rubber p lan tation  w ere 
co n tin u o u s ly  m e a su red  th ro u g h o u t the 
reporting period (A pril 2009  to Septem ber 
2010) by using an eddy covarian ce  system  
at C entral E xperim ental Station , C hethackal, 
in s ta lle d  in s id e  a f o u r - f iv e  y e a r  o ld  
plantation in a field stan d in g  tow er. Th e 
daily N EE (net ecosystem  exchange) by the 
r u b b e r  p la n ta t io n  w a s  c o n t in u o u s ly  
record ed  an d  ran g ed  from  l-25g/ m 2/day 
during the study p eriod  (Table Phy. 3). M ost 
of the days, recorded  C O , in flux in to the

Table Phy. 3. Mean daily net carbon dioxide (g/m /
day) and water vapour (mm/day) flux in
a four- five year old immature rubber 
plan tation_______________ ____________

Monthly Carbon dioxide Water vapour
mean flux (Net carbon flux-Evaporation

assimilation) (mm/day)
_____________NEE (R/nr/day)____________________

April 2009 
May 
June
July
August 
September 
O ctober 
November 
D ecem ber 
January 2010 
Febm ary 
March

12 .3 *0 .6 .5.1+ U.13

1 2 . 1 ± 0.8 3 .3 * 0 .2 0

9 .3 ± 0 .6 3 .3 * 0 .2 5

1 2 * 1 .1 3 .8 * 0 .2 4

15 .2 ± 0 .9 3 .4 *  0 .20
3 * 0 .4 2 .9 * 0 .1 5

1 4 * 0 .6 3 .2* 0.10

1 1 .4 ± 0 9 2 .1 * 0 .1 5

9 .4 *  0.8 2 .7 3 *  0 .20

1 3 .1 *1 -0 3 * 0 .1 0

1 0 .5 * 0 .9 2 .4 * 0 .1 0

1 2 * 1.2 2 .7 * 0 .1 4



p lan ta tio n ; h o w ev er, a fe w  d ay s  record ed  
n et carb o n  efflu x  from  th e p lan ta tio n  to the 
atm osp h ere . O n th o se  days, arou nd  1 -7g  C O . 
/mVday w as r e leased  to the a tm o sp h ere  and 
th ere  w as rain  and  re la tiv ely  less su n sh in e 
h o u rs. H e a v y  ra iny  d a y s  w itn essed  a net 
e f f lu x  o f  C 0 2 to  th e  a tm o s p h e r e ,  m o st 
p r o b a b ly , d u e  to  a lo w  r a te  o f  c a n o p y  
p h o to sy n th e sis  and  p o ss ib le  su d d en  sp u rt 
in re lease  o f  locked  u p  C 0 2 from  the soil. T h e 
m ean  N E E  w a s  1 l g  C O j/m ’/day w h ich  is 
e q u iv a le n t to  3 3 .5  to n s CO,/ha/year. T h e 
e v o p o t r a n s p ir a t io n  (E T )  r a te  c a lc u la te d  
from  th e la ten t h e a t o f  v a p o u riza tio n  (LE) 
in d ica ted  a 3 -4  m m  n et ev a p o ra tiv e  w ater 
lo ss from  th e  ru b b e r  p la n ta tio n  p er day.

T h e  a m o u n t o f  carb o n  seq u estered  by 
th e  ru b b e r  trees w a s  estim a ted  d u rin g  the 
sa m e p erio d  b y  e s t im a tin g  the an n u al sh oot 
b io m a s s  in c r e m e n t  d u r in g  th is  p e r io d . 
A c c o r d in g  to  th is  m e th o d ,  th e  C O  
s e q u e s t r a t io n  r e a liz e d  a s  s h o o t  b io m ass2 
in crem en t w a s 13 .5  ton  C O /ha/ year (w h ich  
d o e s  n o t  in c lu d e  r o o t  b io m a s s ,  s o il  
r e s p i r a t io n ,  l i t t e r  d e c o m p o s i t io n  a n d  
seq u estra tio n  b y  w eed s a n d  co v e r  cro p s).

1 .6 .  E v a lu atio n  o f  H e v e a  c lo n e s  fo r  d ro u g h t 
to le ra n c e

1.6.1. P h y s io lo g ic a l  e v a lu a t io n  o f  4 0 0  s e r ie s  
c lo n e s  f o r  d r o u g h t  t o le r a n c e -  F ie ld  t r ia l  
a t  CES C h e t h a c k a l  

P o ly b a g  p la n ts  o f  se v e n  c lo n e s  w ere  
raised and  p lan ted  a t C E S, C h eth ack a l d u rin g  
th e  p la n tin g  sea so n  o f  2 0 0 9 . T h e  im p act o f 
d ro u g h t on s ix  m o n th s  old  p la n ts  in th e  field 
w a s  a ssessed . S u m m e r  c a su a lity  (D ec. 200 9 - 
M arch  2 0 1 0 ) w a s  lesser  in c lo n e s  R R fI 429 , 
R R II 430  and  R R IM  600  w h e n  co m p a re d  to 
RR II 414 , R R II 417 , R R II 422  an d  RR II 105. 
T h e  p e r c e n t  o f  p la n ts  w h ic h  s h e d  tw o  
w h o rls  o f  le a v e s  d u r in g  su m m e r  w a s the 
low est in c lo n e  R R II 4 3 0  fo llo w ed  by R R IM  
600.

1.6.2. P h y s i o l o g i c a l  e v a lu a t io n  o f  R R II  400 
s e r i e s  c l o n e s  f o r  d r o u g h t  i o l e r a n c e -  
S tu d ie s  in  p o ly b a g  p la n t s  

P o lv b ag  p la n ts  o f  fiv e  m o d e rn  clon es 
viz ., R R II 414 , R R II 4 1 7 , R R II 422 , RR II 429 
and  R R II 430 ; ten p ip e lin e  c lo n e s  v iz . P 10, P 
15, P 21, P60, P 6 1 , P  67, P 6 8 , P  76, P  8 4  and  P 
88  and  th ree  ch e ck  c lo n e s  (R R II 105 , RRIM  
6 0 0  a n d  T ji r  1 ) w e r e  s t u d ie d  fo r  th e ir  
d r o u g h t  t o l e r a n c e  p o t e n t i a l s  by 
w ith h o ld in g  ir rig a tio n  co n t in u o u s ly  for 15 
d a y s  w h ile  irrig a ted  p la n ts  o f  th e  resp ectiv e  
c lo n e s  s e rv ed  a s  c o n tro l. P la n ts  w e re  g row n  
b o th  in  o p e n  a m b ie n t  a n d  g la s s  h o u s e  
co n d itio n s .

R e s u lts  sh o w e d  th a t a m o n g  th e  400  
series  c lo n es, R R II 4 3 0  h ad  th e  h ig h e st C O , 
assim ila tio n  (A ) a n d  sto m a ta l co n d u cta n ce  
(gs) w h e re a s , c lo n e  R R II 4 1 4  w a s sev ere ly  
a ffe c te d  b y  d r o u g h t . R R IM  6 0 0  a p ro v en  
d ro u g h t to le ra n t c lo n e  sh o w e d  le a st declin e  
in 'A ' an d  g s a m o n g  a ll th e  c lo n e s  stu d ied . 
S im ila r  r e su lts  w e re  o b ta in e d  in g la s s  h o u se  
ex p e rim e n t a lso . E ffe c tiv e  q u a n tu m  y ield  (cl> 
P S II) w as h ig h e r  in R R IM  6 0 0  an d  R R II 430  
u n d e r  d r o u g h t  w h i le  a l l  o t h e r  c lo n e s  
reco rd ed  m o re  th an  5 0 %  r e d u ctio n  in <J> PSII 
ac tiv ity  co m p a re d  to  th e ir  irrig a ted  con tro l.

T h e  le a f  w a te r  p o t e n t i a l  w a s  m o re  
n eg a tiv e  in  d ro u g h t im p o sed  p la n ts  th an  the 
irrig a ted  co n tro l in  a ll c lo n e s . A  sig n ifica n t 
r e la t io n s h i p  w a s  e s t a b l i s h e d  b e tw e e n  
ass im ila tio n  ra te  (A ) a n d  le a f  w a te r  p otentia l 
( PL). S im ila r  tren d  o f  r e la tio n s h ip  ex isted  
betw ee n  le a f  w a te r  p o te n tia l an d  sto m ata ) 
co n d u cta n ce  (gs) a lso . T h e  in trin sic  w a te r  use 
e ffic ie n cy  w as fou n d  to  b e  b e tte r  in R R II 430.

1.7 .3 . E v a l u a t i o n  o f  p i p e l i n e  c l o n e s  f o r  
d ro u g h t  to le r a n c e  

A m o n g  th e  p ip e lin e  c lo n e s  tes ted  P 10,
P 21 , P 60 , P 6 7  an d  P 68  sh o w e d  h ig h e r  'A' 
u n d er d ro u g h t c o n d itio n  w h ile  c lo n e s  P10,
P  67, P  68 , P 76  an d  P 8 8  sh o w e d  b e tte r  PSII



activity. C 0 3 assim ilation  u n d er g lass house 
co n d itio n  w as h igh  for c lon es P10, P 67, P 68 
and  P 8 4  after 10 d ays o f drought im position.

1 .7 . R a p id  s cre e n in g  o f H ev ea  germ plasm  
lin e s  fo r  in tr in s ic  d ro u g h t to leran ce  
traits

1.7.1. F i e l d  s c o r in g  o f  w i l d  g e r m p la s m  
a c c e s s io n s  f o r  d rou g h t to leran ce  

E m p irical sco rin g  o f lea f yellow ing and 
leaf sen escen ce  in w ild  g erm plasm  collection 
w a s  c a rr ie d  o u t d u r in g  su m m er in SBN  
200 8  a t C E S , C h eth ack a l. A total of 202 wild 
accessio n s w ere  v isually  scored in  the month 
o f  M a r c h , 2 0 1 0  fo r  le a f  tr a its ,  s o r te d  
n u m e r ic a lly  a n d  ra n k ed  for p ercen t leaf 
s e n e s c e n c e  a n d  y e l lo w in g . G e n o ty p e s  
sh o w in g  less  sen escen ce  and  yellow ing in 
field  w ere  ran k ed  top as tolerant ones and 
v ice  v ersa . A ccord ingly , they w ere classified 
as 7  access io n s  in top  rankin g, 10 in m edium  
r a n k in g  a n d  2  in b o tto m  ra n k in g . W ild  
a ccess io n s  R O  3160, RO  2806, RO  1370, AC 
3325, A C  1846, A C  1969 and RO  3223 w ere 
id e n tif ie d  a s  th e  m o st in tr in s ic  d rou gh t 
to leran t on es.

P S  I I  p h o to c h e m ic a l  e f f ic ie n c y  w as 
assessed  in germ p lasm  lines selected b y field 
s c o r in g  fo r  d r o u g h t to leran ce  tra its  from 
g e r m p la s m  s o u r c e  b u sh  n u rsery . V isu al 
sco rin g  o f leaf y ello w in g  and leaf senescence 
w as carried  o u t in su m m er and accessions 
w e re  ra n k e d  a s  top , m id d le  an d  bottom  
ra n k in g  o n e s  b a se d  o n  the ex ten t o f leaf 
in ju ry  ca u se d  by d ro u g h t and  high light 
s t r e s s .  T h e  s e le c t e d  a c c e s s io n s  w e re  
v a lid a te d  by in v itro  d ro u g h t assay using 
p o ly e th y len e  g ly co l (P E G  6000) incubation 
fo l lo w e d  b y  m e a s u r e m e n t  o f  PS II 
p h o t o c h e m ic a l  a c t iv i t y  o f  le a f . T h e  
p ercen ta g e  red u ctio n  in PS II qu antu m  yield  
(cl> p s il )  o f trea ted  sam p les w as estim ated. 
A ll  d a ta  w e r e  p o o le d  to g e th e r  and  
reg ress io n  lin es w ere  d raw n to v alidate the

field scoring. S ig n ifican t re la tio n sh ip  w as 
observed betw een p ercent leaf yellow ing in 
field and reduction in PS II activ ity  (RM ).29). 
T h e results o f the lab  exp erim en t confirm ed 
the field scoring as a valu ab le tool for the 
evaluation o f in trinsic d rou gh t toleran ce in 
H eave p lants.

1 .7 .2 . N u rse ry  e v a l u a t i o n  o f  s e l e c t e d  
g erm p la sm  a c ce s s io n s  

Two w ild g erm plasm  lines M T 5078 and 
M T 5100 selected by rapid screenin g  u sing  a 
la b o r a to r y  te c h n iq u e  w e r e  fu r th e r  
evaluated in polybags at n u rsery  stage by 
im posing soil m o istu re d eficit for 18 days. 
N e t p h o to s y n th e t ic  r a te  (A ) a n d  w ax 
content on leaf su rfaces w ere estim ated  in 
these selected  a ccessions. C om p ared  to RRII 
105, a know n d rought su scep tib le  c lone, the 
tw o  g e r m p la s m  lin e s  e x h ib ite d  h ig h e r  
photosynthetic activ ity  un d er soil m oistu re 
deficit condition . M ore th an  70%  reduction 
in 'A' was observed in RR II 1 05 and  it ranged 
b e tw e e n  5 5 -6 0 %  in  g e r m p la s m  lin e s .  
Epicuticular w ax co n ten t w as found to be 
high in leaves o f RRII 105 th an  the tw o w ild 

accessions.

1 .7 .3 . F ie ld  s c o r in g  o f  w i l d  g e r m p la s m  
a c ce s s io n s  f o r  d rou g h t to lera n c e  tra its  
a t  R RS, D apchari  

In trinsic d rou gh t to leran ce  cap acity  o f 
few  H ev ea  g e r m p la s m  a c c e s s io n s  w a s  
e v a lu a te d  a t  R R S , D a p c h a r i ,  a n o n - 
tr a d itio n a l d r o u g h t p r o n e  lo c a lity . T h e  
clones in cluded  w ere 24 w ild  accessio ns, 5 
H P lines and  4 know n d rou gh t to leran t and 
drought su scep tib le  check  c lon es. L eaf traits 
su ch  as y e llo w in g  a n d  se n e s c e n c e  w ere  
e m p ir ic a lly  s c o r e d  d u r in g  su m m e r  an d  
classified  in to top  a n d  bottom  ranks. Seven 
w ild accessio ns an d  th ree H P  c lon es w ere 
identified  as m o st in trin sic  d rou gh t tolerant 
at D apchari co n d itio n s (Table Phy. 4).



Table Phy. 4. The w ild  g e rm p la sm  a c ce s s io n s  
selected from field planting fordrought 
tolerance traits

Top ranking Top ranking Bottom ranking
M T 1627 RRIM  600 RRII 105
M T 1623 M T 1681 M T 41
M T 43 RO  2387 M T 4856
H P 225 RO  2153 RRII 414
M T 1668 H P 92 RO 85
HP 105

1 .8 . E x p e r im e n t a l  c u l t i v a t i o n  o f  h ig h  
y ie ld in g  c lo n e s  o f  r u b b e r  p la n ts  fo r  
e s ta b l is h m e n t  in  h ig h e r  e le v a t io n  in 
K era la

Tw o fie ld  e x p e rim e n ts  w e re  in itia ted  at 
H ailey b u ria  Tea E sta te  Ltd., E lap p ara , a h igh 
a lt itu d e  lo ca tio n  in th e  tra d itio n a l b elt, to 
e v a lu a te  the g ro w th  o f  H ev ea  p la n ts  in low  
tem p era tu re  a n d  h ig h  w in d  p rev a ilin g  area. 
A n n u al g irth  o f  p lan ts  w a s  reco rd ed  at 150 
cm  h e ig h t from  th e  bu d  u n ion . C lo n es PB 
260  an d  G T  1 sh o w ed  th e h ig h e st g irth  and 
P R  261 r e co rd e d  th e  lo w e s t g ir th  in tr ia l 
2006 . In 2 0 0 7  e x p e rim e n ts  R R IM  600  and  
R R II 2 0 8  e x p e r im e n t r e co rd e d  m a x im u m  
g ir t h  (1 0  c m )  w h e r e a s  c lo n e  R R I I  1 0 5  
record ed  the lo w est g irth  (5 .5  cm ). In g en eral, 
ser io u s  sy m p to m s w e re  n o t o b serv ed  e ith er  
d u e to d ro u g h t o r  low  te m p e ra tu re  s tress.

2 . Physiology of g row th an d  yield  

2.1. Yield and yield components

T w e lv e  c lo n e s  p la n t e d  a t  C E S , 
C h eth ack a l w ere  tap p ed  fo r  16  y e a rs  un d er 
n o r m a l  S/2 d 2  6d / 7 s y s t e m  a n d  y ie ld  
p o ten tia l o f th ese  c lo n e s  w a s  e v a lu a te d . T h e  
y ie ld  d ro p p ed  from  I I th - I 2 ‘h y e a r  o f  tap p in g  
in m o st o f th e  c lo n es . M a n y  c lo n e s  ex h  ibited 
a g o o d  y ie ld  tren d  fo r  ten y e a rs  b e tw ee n  4 ,h 
- 1 3 ,h y e a r  o f  ta p p in g . T o  o v e r c o m e  th e  
d e c l in in g  tr e n d  o f  y ie ld  th e  tr e e s  w e r e  
s u b je c te d  to  c o n tr o l le d  u p w a r d  ta p p in g  
(C U T ) in a ll c lo n e s  (S/3 d 2  6d/7 E T 5 % ). T rees

w ere  s t im u la te d  o n  a lte rn a te  m o n th s  and 
cu p  lum p y ie ld  w as reco rd ed . In m o st o f the 
c lo n e s  c o n s id e ra b le  in c re a s e  in y ie ld  w as 
o b se rv e d  in th e  fir s t  y e a r  o f  ta p p in g  and 
y ie ld  d e c lin e d  s u b s e q u e n tly .  S ig n if ic a n t 
red u ctio n  w a s  n o ticed  in  c lo n e s  PB 235  and 
R R IM  5 0 1  w h e r e a s ,  c lo n e  R R I M  6 1 2  
co n tin u ed  to  reco rd  h ig h e r  y ie ld . A t th e  end 
o f  th e  th ird  y e a r  o f  ta p p in g  u n d e r  C U T  
a ro u n d  36%  d e c re a se  in y ie ld  fro m  th e first 
y ea r  C U T  y ie ld  w as n o tice d  (T ab le  Phy.5).

Table Phy.5. C o m p a ra tiv e  y ie ld  p e r fo rm a n c e  of 
in  the th ird year o f  tapping under

C lo ne

RRII 300 

PB 235 

RRII 105 

RRIM  600 

G T 1 

PR 107 

Gl I

RRIM  501 

RRII 118 

RRIM  703 
T j i r l  

RRIM  612

2 0 0 7 -2 0 0 8  
(S/3 d2)

M ean yield  (g/t/t)

9 3 .6 + 8 .1 0  

1 8 7 .2 + 1 7 .9 0  

9 7 .5 ±  10 .2 6  

9 0 .8 ± 7 .3 4  

1 3 2 .3 + 1 0 .7 3  

6 2 .5  + 4 .21  

7 1 .0 ± 3 .5 5  

6 7 .0 ± 6 .2 7  

1 3 6 .6 ± 8 .2 0  

6 7 .5 ± 5 .9 5  

7 4 .0 ± 8 .7 1  

5 6 .3 ± 6 .1 1

2 0 09 -10  
(S/3 d2)

4 3 .4 2 + 2 .8 3  
5 6 .5 3 ±  2 .95  

6 0 .4 5 + 4 .4 6  

7 4 .9± 5 .5 5  

8 4 .9 +  5.61 

5 1 .9±  3 .4 9  

5 6 .6± 1 .97  

3 7 .8 + 3 .6 6  

9 5 .0±  5 .91  

4 8 .5 + 3 .8 2  

5 3 .7 + 4 .9 8  
6 2 .5±  4 .4 5

2.2. T a p p in g  in d u c e d  lo s s  o f  b io m a s s  

T h e  c l o n e  R R I I  1 0 5  h a d  r e c o r d e d  
c o n s is te n tly  le ss  a n n u a l b io m a s s  in crem en t 
u p o n  ta p p in g  b y  d 2  sy s te m . A ro u n d  3 9 %  of 
s h o o t  b io m a s s  w a s  lo s t  in  d 2  s y s te m  o f 
ta p p in g  c o m p a re d  to  th e  u n ta p p e d  tress. 
T h e  a n n u a l b io m a ss  in cre m e n t in d 3  tap p ing  
sy s te m  w a s h ig h e r  th a n  d 2  sy s te m  in clon es 
R R I1 105, R R II 3 0 0  a n d  P B  3 1 1 . C lo n e  PB  2 35 
fo llo w e d  b y  P B  2 6 0  a n d  P B  311  reco rd ed  
c o n t i n u o u s l y  h i g h e r  b i o m a s s  in  th e  
u n ta p p e d  t r e e s .  T h e  lo s s  o f  b io m a s s  is 
sm a lle r  in P B  c lo n e s  th an  R R II c lo n e s . T h e



c lo n e  RR II 105 is con tin u ou sly  proved to be 
a tap p in g  sen sitiv e  clone.

T h e  y ie ld  p o ten tia l o f five d ifferent 
c lo n e s  in d 2  a n d  d 3  sy s te m  o f tap p in g  
sh o w ed  th at PB clo n es h av e greater yield 
p oten tia l th an  R R II c lon es in Sou th  Kanara 
D is tr ic t o f K arn a ta k a  (Table Phy. 6). The

Table Phy. 6. T h e  yield  potential of five different 
clones in d2 and d3 system of tapping 

______________ at H B S S , N ettana (2009-10)________

C lo nes Annual dry rubber yield (kg/ha)
d2 d3

RRII 105 1687 J ± 76 1769s ± 226
RRII 300 755c ± 109 1085J ± 202
PB 235 2137" ± 254 2185” ± 1 4 0
PB 260 2130b ± 201 1791* ± 2 2 0
PB 311 1602* t  80 1396J ± 147

a n n u a l  r u b b e r  y ie ld  w a s  s ig n if ic a n t ly  
d ifferen t a m o n g  the c lon es. PB 2 35 recorded 
th e  h ig h e st y ie ld  fo llo w ed  bv PB 260  and 
R R II 3 0 0  r e co rd e d  th e  low est y ield . Th e 
c lo n e s  P B  2 3 5  a n d  P B  2 6 0  c o n s is te n tly  
reco rd ed  b e tter  b io m ass  in crem ent as w ell 
as h ig h  y ield , in d ica tin g  th eir su itability  for 
th e  S o u th  K an ara  d istric t o f Karnataka.

2 .3 . O n-farm  tria l for th e  se le c tio n  o f  latex- 
tim ber c lon es

W ith an aim  o f se le ctin g  latex-tim ber 
clones, four clon es tapp ing on S/2 d3 system  
w ere selected during 2006-07  at M alankara 
E s ta te , T h o d u p u z h a  to  f in d  o u t  th e  
relationship betw een y ield  and  ann ual girth 
increm ent. T h e annual g irth  in crem ent and 
annual b lock yield  during  2009-2010 w ere 
recorded. A m ong the four clon es, R R II 105 
w as sh o w n  to b e  th e  h ig h e s t  y ie ld in g  
fo llo w ed  by P B  260 . T h e  a n n u a l sh o o t 
b iom ass in crem ent w as the h ig h est in PB 
235. Th e study is being  continu ed .

2.4. R e la t io n s h ip  o f A TP s ta tu s  o f la tex , 
lu to id  m e m b ra n e  c o m p o s it io n  an d  
ATPase a ctiv ity  w ith  ru b b e r  y ield .

Biochem ical param eters in latex (ATP, 
sucrose and th iols) w ere estim ated  in eight 
h ig h  y ie ld in g  a n d  f iv e  lo w  y ie ld in g  
germ plasm  accessio ns a lon g  w ith  the check 
clone RRII 105 (RRS, Pad iyoor). A ccessions 
included w ere A C 166, M T  1020, M T  179, RO 
2629, A C  675, RO  2385, A C  2004, A C  655 
(high yielding) and  A C 655 , A C  707, A C  637,

C ateg ory

Table Phy. 7. Latex biochemical parameters in different germplasm accessions

H'Sh
Yielding

Low
Yielding

C heck  clon e

Yield (g/t/t) ATP (jiM) Sucrose (mM ) Thiol (mM)

AC 166 5 3 .4± 9.1 265 .9+ 7.1 12 .64  2 .6 0 .126+  0 .003

36 .3±  4.8 175.9± 4.2 7.9+ 086 0 .1 2± 0 .009

31 .6± 8.8 1 8 3 .1± 12.3 13.9+ 2.2 0.146+ 0.021

44.9±  1.3 230.8+ 16.8 9 .4±  0 .45 0 .129±  0.014

3 2 .5± 2.5 191.5± 5 .02 12 .3± 2.3 0 .138±  0 .015

2 6 .1± 5.6 2 4 1 .6± 7.5 13.9±  2.5 0 .1 9 7 i  0 .045

3 5 .7± 4.6 2 70 .S± 3.9 8.8± 0.6

AC  655 37 .6± 8.7 197 .8+ 6 .9 1 1 : 2 * 1 .1

AC 707 
AC  637 
AC  158 
AC  661 
AC 162

4 .8±  1.0 
8.5±  1.2 
5.6±  1.41 
7 .2±  2.6 
4 .7±  0.73

128.8±  3.8 
110.0± 3.7 
150 .8+ 7 .2  
1 37 .9± 3.5 
147.9± 7.5

11.3+ 1.8 
24.2+  4 .4  
16.0±  0 .7  

6.1 ±  0.22 
1 9 .1± 2 .8

0 .1 3 1 + 0 .0 1 2  
0 . 159± 0 .032  
0 .1 16± 0.001 
0.103±  0.011 
0 .374±  0.051

RRII 105 64 .8± 3.8 263 .2±  5 .6 7 .7±  1.1 0 .171+  0 .024



A C  158, A C  661 A C  162 ( lo w  y ie ld in g ) .  
A m o n g th e  access io n s , A C  1 66  a n d  A C  2004 
sh o w ed  h ig h  A T P  co n te n t in latex s im ila r  
to  R R II 105  a n d  th e  c o r re la t io n  b e tw e e n  
y ie ld  an d  A T P  w as p o sitiv e . T h io l co n te n t 
in la tex w as a lso  h ig h  in A C  2 004. A ccessio n  
A C  162 a lso  sh o w ed  h ig h e r  c o n te n t o f  th iol 
a n d  s u c r o s e  b u t v e r y  lo w  A T P  c o n te n t  
co m p a re d  to  th e  h ig h  y ie ld in g  a c ce ss io n s  
(T ab le Phy. 7).

2 .5 . C lo n a l v a ria tio n s  in  la tex  re g e n e ra tio n  
m e ch a n is m  in  H e v e a  b r a s i l i e n s i s  

In co rp o ra tio n  o f ra d io a c tiv e ly  labelled  
a m in o  a c id s  (L eu cin e , A rg in in e , L y sin e  and  
P h e n y la la n in e  - la b e lle d  w ith  UC )  in to  
p ro te in  in C -seru m  o f  fiv e  RRH 4 0 0  series 
c lon es a lo n g  w ith  c h eck  c lo n e  R R II 105 w ere  
m easu red  in intro. A m in o  acid  in co rp o ra tio n  
in  c y to s o l  p r o te in s  s h o w e d  d if fe r e n c e s  
b etw een c lo n es. H ig h er rate  o f  in corp oration  
w as n o ticed  in c lo n e s  R R II 4 1 4  a n d  R R II 4 29  
th an  in c lo n e  R R II 105.

2 .6 .  S tu d ies  o n  ru b b e r  b io sy n th e sis  in  H ev ea  

P r e n y l t r a n s f e r a s e  (R u T )  e n z y m e  
a c tiv ity  in  th e  w h o le  la tex  w a s  m e a su red  

u sin g  uC -lab e lled  IP P  a s  th e  su b stra te  in 5 
y e a r  o ld  p lan ts o f  ten H ev ea  c lo n es  o f v ary  ing 
y ield  p oten tia l. T h e  c lo n es  se le cted  w ere  five 
high y ie ld in g  c lo n es  (R R II 105, R R IM  6 00 , PB 
2 17 , PB  235 , PB  260 ), th ree  m e d iu m  y ie ld in g  
c lo n es  (G T 1, T jir  1, P B  5/51) an d  tw o  low  

y ield ing c lon es (R R II 33, RR II 38). A lo n g  w ith  
th is f iv e 4 0 0  s eries c lo n e s  (R R II 414 , RRII 417 , 
R R II 4 2 2 , R R II 4 2 9 ,  R R I I  4 3 0 )  w e r e  a ls o  
stu d ied .

2 .7 .  C lo n in g  a n d  p r o d u c tio n  o f  0 -h y d ro x y  
P-m ethy/glutaryl C o A -(H M G R ) p rotein  
o f  H e v e a  fo r  im m u n o a s s a y  a n a ly s is  

S tu d ies o n  H M G R  e n z y m e  p rotein  in the 
b a rk  t is s u e s  o f  d i f fe r e n t  H e v e a  c lo n e s  in 
r e la t io n  to  v a r y in g  y ie ld  p o te n t ia l  w e r e

in itia ted . P r im e rs  h a v e  b een  d esig n ed  and 
s y n th e s iz e d  fo r  H M G R  p r o te in  an d  PCR 
a m p lifica tio n  an d  c lo n in g  a re  in progress.

2 .8 .  S e a s o n a l  v a r i a t i o n s  in  y ie l d  an d  
a sso cia ted  b io c h e m ic a l ch a n g e s  in  RRH 
4 00  s e r ie s  c lo n e s

T h e  stu d y  w as ca rr ie d  o u t in  five 400 
series c lo n es  viz., R R II 4 14 , RR II 4 17 , RR II 422, 
RR II 4 2 9  an d  R R II 4 3 0  a lo n g  w ith  th e  p opular 
ch eck  d o n e  RR II 105 , p la n te d  in 1993 a t CES, 
C h eth a ck a l. N in e  tre e s  e a ch  o f  u n ifo rm  girth 
a n d  y ie ld  w e r e  s e le c te d  fo r  b io c h e m ic a l 
s tu d ie s . T h e  tr e e s  w e r e  u n d e r  S/2 d 3  6d/ 
7 sy stem  o f  tap p in g .

P a r a m e t e r s  r e la t e d  to  r u b b e r  
b io sy n th e s is  su ch  a s  s u c r o s e  co n ten t, ATP, 
C -s e r u m  in v e r ta s e ,  a n t io x id a n t  e n z y m e s  
su ch  a s  S O D  a n d  p e ro x id a se  an d  biochem ical 
c o m p o n e n ts  s u c h  a s  th io ls  a n d  p r o te in s  
w e r e  d e t e r m in e d  d u r in g  lo w  y ie ld in g  
s u m m e r  s e a s o n . T h e  d a ta  w a s  co m p a re d  
w ith  th e  p e a k  y ie ld in g  se a so n . M ea n  peak 
sea so n  y ie ld  (S e p -N o v ), s u m m e r  y ie ld  (Feb- 
A p ril)  a n d  y ie ld  d e p r e s s io n  d u r in g  stress 
p e r io d s  w e r e  a ls o  c a lc u l a te d  fo r  a ll  the 
c lo n es .

T h e  d a ta  w a s  s t a t i s t i c a l l y  a n a ly z e d  
u s in g  sp lit-p lo t d e sig n  ta k in g  c lo n e s  a s  m ain 
p lo t a n d  s e a so n  a s  su b  p lo t to  o b se rv e  the

Table Phy. 8. M ean y ield  (g/t/l) in d iffe re n t clones 
d u rin g  p eak y ie ld in g  (Sep-N ov) and 

_____________ stress season (Feb-A pril)_____________
C lo n e Yield 

(g/t/t) 
P eak  season

S tre s s
seaso n

Yield
depression

(%)
RRII 414 90.0 4 9 ,9 44.5
RRII 417 1 0 5 .5 3 9 .0 63.0
RRII 422 86.5 4 3 ,5 49.6
RRII 429 82.5 3 4 .5 59.1
RRII 430 10 2.0 3 9 .2 58.7
RRII 105 87.0 3 4 .2 61,0
C D (clo n e) 1 2 .9 2  C D  (season ) 15 .75



C lone Sucrose (mM) 
Peak season Stress season

ATP (uM)

RRII 414 5.69 3.07
7.88 8.17 270.16
7 .98 3.46 278 .90
7.76 10.00 290.90

RRII 430 6 .15 3.92 277 .20 261 .07
5 .2 7 9.18 257.20 224 .70

CD  (clone) 2,52 CD (clone) 12.71
CD (season) 4.78 CD (season) 27 .90

s e a s o n a l  v a r i a t io n s  in  b io c h e m ic a l 
p a r a m e t e r s  a n d  th e ir  in te r a c t io n  w ith  
d iffe re n t sea so n s. T h e  an alysis  show ed that 
m e a n  y ie ld  d e p r e s s io n  d u rin g  th e  stress 
p erio d  co m p a re d  to  th e  p eak  season over 
tw o y e a r  p erio d  (Table Phy. 8) was 45.29%  
(R R II 414 ), 6 3 .35%  (R R II 417), 50.03%  (RRII 
422 ), 5 7 .0 %  (R R II 429), 5 8 .7%  (R R II 430) and 
6 4 .5 %  (R R II 105). A m o n g  the biochem ical 
p a ra m e te rs  s tu d ied , la tex  su cro se  content 
in creased  in c lo n es  R R II 417, RRII 429 and 
R R II  1 0 5  d u r in g  s t r e s s  s e a s o n  and  
m a in ta in e d  th e  A T P  le v e l (T ab le  Phy. 9) 
c o m p a r e d  to  p e a k  y ie ld in g  se a so n  an d  
c o n v e r s e ly  in v e r ta s e  a c tiv ity  w as low  in 
th e s e  c lo n e s .  A ll th e  c lo n e s  sh o w ed  an 
in c re a se d  p e r o x id a se  activ ity  in C-serum  
d u rin g  th e  s tre ss  p erio d  com pared  to peak 
y ie ld in g  s e a s o n . A g e n e ra l d e c r e a s e  in 
p ro te in  co n ten t in la tex w as also observed 
in a ll th e  c lo n es  d u rin g  su m m er com pared 
to  p e a k  seaso n .

S i g n i f i c a n t  c lo n a l  v a r ia t io n s  w ere  
o b serv ed  in th io ls , SO D  and peroxidase in 
C - s eru m  d u rin g  th e  s tress  season and clone 
x s ea so n  in teractio n  w as a lso  o bserved. RRII 
422 , R R II 4 3 0  an d  RR II 4 1 4  show ed higher 
th io ls, in v e rtase  a n d  SO D  in C -serum  during 
s tre ss  sea so n . C lo n es  RR II 429 , RRII 417 and 
R R II  1 0 5  s h o w e d  v e r y  lo w  S O D  an d  
in v e rta se  d u r in g  th is period .

3 . T apping p an el d ry n ess (T P D )

3 .1 . E ffect o f  e th y len e com p ou n d s o n  y ield  
and  stress resp on ses 

Trees under regular tapp ing (S2  d3; B l -
2 panel) w ith  un iform  yield  and eth y len e 
production capacity  w ere id en tified  from  a 
m a tu re  p o p u la t io n  o f  R R I I  1 0 5  c lo n e . 
Sim ilarly, trees new ly op en ed  for tapp ing 
(BO-1 panel) o f the sam e c lon e and  a ge w ere 
used for th is stim u lation  ex p erim ent. O ne 
set o f both the regular tap p ing  trees (BO-1 
and B l-2  panels) w ere stim u lated  w ith  5%  
e th ep h o n  (b a rk  a p p lic a tio n )  as p e r  th e  
stim ulation  sch ed u le  May, N ovem ber and 
A pril during 2009-2010. Bark  sam p les w ere 
co llected  on e m o n th  a fte r  th e  su cce s s iv e  
stim ulation period for b io ch em ica l analysis. 
T h e  tis s u e s  w e r e  a n a ly s e d  fo r  v a r io u s  
abiotic stress com p on en ts su ch  a s h yd rogen 
peroxide (H 20 2), m alon d ialdeh yd e (M D A ) 
cyanide (CN ) and  the scav en g in g  enzy m es 
like p ero x id a se  (P X ) an d  (5-cyanoalanin e 
synthase (p-C A S). T h e p-hydroxy p-m ethyl 
g lu taryl C oA  red u ctase  (H M G R ) p rotein  
co n ten t w as a lso  a n a ly se d  u sin g  E L IS A  
technique. L atex y ield  and  T P D  in cidence 
w ere recorded at m o n th ly  in tervals in both 
experim ental and  con tro l trees.

CN , H ,0 2 and  M D A  in the bark  tissue 
w e r e  in c r e a s e d  s ig n i f i c a n t ly  d u e  to



stim u la tio n  both  in BO -1 an d  B l - 2  p an e ls 
c o m p a r e d  to  th e i r  c o r r e s p o n d in g  
u n s t im u la t e d  c o n t r o l s .  P X  a c t iv i t y  
d e cre a se d  in th e  s t im u la te d  b a rk  tissu es . 
H o w e v e r , P X  a c t iv i ty  sh o w e d  s e a s o n a l 
v ariation s b oth in BO -1 and  B l-2  panels. O n 
th e  co n trary  to th e  in creased  tissu e C N , the 
cy an id e  s ca v en g in g  e n zy m e, (3-CAS activ ity  
w as d ecreased  in stim u la ted  b ark  tissu e, p- 
C A S  ac tiv ity  w a s s ig n ifica n tly  h igh  in the 
u n stim u la ted  co n tro l trees. It in d ica tes  that 
s t im u la t io n  w ith  e th e p h o n  r e d u c e s  th e  
lev e ls  o f  cy a n id e  d e to x ify in g  e n z y m e  and  

th ere fo re  a ccu m u la tin g  cy a n id e  in the so ft 
b ark  tissu e.

S t im u la te d  v irg in  p an e l (B O -1 ) a lw a y s 

sh o w e d  h ig h e r  la tex  y ie ld  co m p a re d  to  the 
r e n e w e d  p a n e l ( B l - 2 )  w h ic h  sh o w e d  an  
in itia l m a rg in a l in c re a s e  in  la tex  v o lu m e  
th a t d e c lin e d  su b se q u e n tly . C o m p a re d  to 

v irg in  p a n e l, s t im u la tio n  co u ld  n o t in d u ce  
a s u s ta in a b le  y ie ld  re sp o n s e  in th e  ren ew ed  
t a p p in g  p a n e l .  B a r k  t h ic k n e s s  o f  th e  

t a p p in g  p a n e l  in c r e a s e d  s i g n i f i c a n t l y  
d u r in g  s t im u la tio n  in b o th  BO -1 a n d  B l-2  

p a n e ls .  B o th  th e  f u n c t io n a l  a n d  

d iso rg a n iz e d  la tex  v esse l ro w s (L V R s) w ere  

a ls o  in c re a s e d  d u e  to  s t im u la t io n  e f fe c t . 

H o w e v e r , to ta l L V R s  in c r e a s e d  in BO -1 

p a n e l b u t r e m a in e d  u n c h a n g e d  in  B l - 2  
p a n e l a n d  h e n ce  th e  h ig h  la tex  y ie ld  in BO - 
1 p an e l.

S t u d ie s  in d ic a te d  e n h a n c e d  s t r e s s  
r e s p o n s e s  in  th e  b a r k  t i s s u e s  o f  th e  

stim u la ted  trees co m p a red  to  trees w ith o u t 
stim u la tio n . A p art fro m  w o u n d in g  stress, 

stim u lated  trees a re  a lso  e x p o sed  to e th y len e 

m e d ia ted  s tre ss  re sp o n s e s  th a t m ay  ca u se  

th e  accu m u la tio n  o f s tre ss  c o m p o n e n ts  su ch  
as H 20 2, C N , M D A , etc. in th e  b a rk  tissu es  o f 

th e  ta p p in g  p a n e l  in d ic a t in g  o x id a t iv e  
s tre ss .

3 .2 .  M o le c u la r  b a s is  o f  T P D

3.2.2. C lo n in g  a n d  c h a r a c t e r i z a t i o n  o f  TPD  
r e s p o n s i v e  g e n e s  b y  s u b t r a c t i v e  
h y b r id iz a t io n

T h e  E S T  s e q u e n c e s  o b ta in e d  through 
su b tra c tiv e  h y b r id iz a tio n  e x p e rim e n t w ere 
p rep ared  in th e  re q u ire d  fo rm a t an d  about 
8 0 5  E S T s  w e r e  s u b m it t e d  in  th e  d b E S T  
d a ta b a s e  o f  G e n B a n k .  T h e  a c c e s s io n  
n u m b ers  for th e  s a m e  h a v e  b e e n  obtained  
(G R 3 0 5 1 2 8  -  G R 3 0 5 9 2 8 ) .  q P C R  p r im e rs  
w e r e  d e s ig n e d  a n d  s y n t h e s iz e d  for 
e n d o g e n o u s  c o n t r o l  g e n e s  s u c h  as 
c y c lo p h i l in ,  A D P  r i b o s y l a t i o n  fa c to r , 
G A P D H , e lo n g a tio n  fa cto r , p o ly u b iq u itin , 
H1/H5, H 3, A C B P  a n d  fe rre d o x in . B ased  on 
th e  p rim er e f f ic ie n c y  (s lo p e  v a lu e ) an d  Ct 
v a lu e ,  p r im e r s  f o r  c y c l o p h i l i n ,  A D P  
r ib o s y la t i o n  f a c t o r ,  G A P D H  an d  
p o ly u b iq u i t in  w e r e  s e le c te d  fo r  fu r th e r  
a n a ly sis . T h e  p r im e r s  w e re  tes ted  fo r  their 
e ffic ien cy  a n d  a s e t  o f  15  p r im e rs  w e re  sh ort­
lis ted  fo r  e x p re s s io n  a n a ly s is .

A b o u t 100  tre e s  w e r e  s e le c te d  a n d  TPD  
s c o r in g  w a s  d o n e . B a r k  s a m p le s  w ere  
co lle cted  from  T P D  ( la te  d r ip p in g  trees, 10% , 
2 5 % , 5 0 % , 7 5 %  T P D  a ffe c te d ) a n d  norm al 
trees. m R N A  w a s iso la te d  fro m  b a rk  tissue 
s a m p le s  a n d  c D N A  w a s  s y n t h e s iz e d .  
P r im e rs  fo r  c y c lo p h ilin  a n d  G A P D H  gen es 
w e re  a s  e n d o g e n o u s  c o n tro l . A  s e t  o f nine 
gen es viz. W R K Y  tf, C RT/D RE bf, H P  33, LEA5, 
p e ro x id a se , g lu ta th io n e  p e ro x id a se , A B C T  
p r o te in ,  t f  M B F  a n d  D n a J  p r o te in  w ere  
se le c ted  fo r  th is  s tu d y  a n d  th e ir  ex p ress io n  
u n d er d iffe re n t le v e ls  o f  T P D  w as q u an tified  
b y  q u a n t i t a t i v e  P C R  ( q P C R ) .  cD N A  
s y n th e s iz e d  u s in g  m R N A  o f  b a rk  sam p les 
(fro m  trees w ith  v a ry in g  le v e ls  o f  T P D ) w ere 
u se d  a s  te m p la t e  fo r  th e  q P C R  a n a ly s is . 
A m o n g  th e n in e  g e n e s  tes ted  b y  q P C R  (Table 
P h y .10), e x p re ss io n  o f  tf  M B F  re m a in e d  up- 
r e g u la t e d  in  a l l  s t a g e s  o f  T P D  w it h  a 
m a x im u m  o f  3 .5  fo ld  in  8 0 %  T P D  th an the
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ABCT protein 
DnaJ 
T f MBF
Pe ixidas
GPX 
33 HP 
W RKY tf 
LEA 5 protein 
CRT/DRE bf

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.99
1.21
0.59
6 .25
0 ,84
0.12
4 .67
0.53
0 .42

3.14
1.45
1.22
3.96
0.67
0.31
5.24
1.03
1.76

20-30% 40-60%

Values given are as fold change over normal trees

0.71
0.89
3.06
5.37
0.35
0.71

1.56
0.76
0.07

1.80
1.22
0 .47
0.95
0 .09
0.74
0.01

0.91
1.23
3.64
2.53
0.96
1.08
1.58
0 .76
0 .10

0.61
1.38
2 .87
3.78
0.55
1.95
1.07
0 .56
0 .03

n o rm a l tre e . In  th e  c a se  o f  p ero xid ase , 
ex p ress io n  w as found m ore in all the TPD  
g r o u p s  w ith  a m a x im u m  in 20 -30%  TP D  
trees (5 .4  fo ld ). E x p ressio n  o f DnaJ protein 
re m a in e d  o n ly  m a rg in a lly  h igher in 10%, 
80%  a n d  1 00%  T P D  trees and  it was lesser 
th an  n o rm al in 20 -3 0 %  and 40-60 %  trees. 
E x p re s s io n  o f  A B C T  p ro te in  w as 3 fold 
h ig h er  in 10%  an d  1 .5  fold in 40-60%  TPD  
trees, b u t rem ain ed  lesser than norm al trees 
in rest o f  th e  T P D  g ro u p s. Sim ilarly, level of 
W R K Y  tf a lso  in creased  five fold in 10%  TPD 
g ro u p  a n d  it  rem ain ed  lesser  o r  m ore or less 
eq u a l to  th e  n o rm al trees in the rest o f the 
T P D  g rou p s.

In the ca se  o f  C RT/D RE bf, expression 
w a s  m u c h  le s s e r  a c ro s s  a ll T P D  g rou p s 
ex cep t in 10%  T P D  g rou p  (1 .8  tim es) than 
no rm al trees. S im ilarly , L E A 5 protein levels 
had  b e e n  m o re  o r  less equal to control in the 
in itia l s ta g e  o f  T P D  (10% ) bu t w as lesser 
am o n g  o th e r  g ro u p  o f T P D  trees. Expression 
o f H P 33, h ad  b een  v ery  low  in the initial 
stages o f  T P D  w h ich  reached  alm ost the level 

o f n o rm al trees in 8 0 %  and doubled  in 100%  
T P D  t r e e s .  G P X  in  g e n e r a l  sh o w e d  a 
d eclin in g  tren d  e x cep t in  80%  TP D  trees. On 
th e  w h o le , th e  d ata  in d icated  the significant 
u p -re g u la tio n  o f  tw o  gen es (peroxidase, tf 
M BF) a n d  d o w n  regulation  o f one gene (CR1/

D RE b f) in T P D  trees. H ig h e r  le v e ls  o f 
p e r o x id a s e  in T P D  tr e e s  r e v e a ls  th e  
p o s s ib i lity  o f  in c re a s e d  p r o d u c tio n  o f 
reactive oxygen species (R O S) sin ce it w as 
su b strate  in d u cib le . H ig h e r  lev e ls o f  o f 
MBF1 proteins in T P D  trees indicate that this 
m ig h t b e  in v o lv e d  in  t r ig g e r in g  th e  
transcription o f s tress a llev ia tin g  gen es that 
are related to ethylene stress as found in TPD 
trees. Sen escen ce  asso cia ted  p rotein , zin k  
finger protein and  SU M O  associated  protein 
w ere  h ig h ly  u p -r e g u la te d  u n d e r  T P D  
conditions w hen com p ared  to  norm al bark 
tissues. S im ilarly  levels o f ETR1 and ET R 2 
w ere also greater u n d er T P D  conditions.

3.3. M o le cu la r  an d  b io c h e m ic a l b a s is  o f 
e th y len e in d u ced  la tex  p ro d u ctio n  in 
H ev ea  b r a s i l i e n s i s  (E th y len e  recep tors 
and s ig n a l tran sd u ctio n  m e ch an ism )

m R N A  w as isolated  from  control and 
stim ulated  trees o f clon e R R II 105. cD N A  
was syn thesized  and  R T -P C R  w as carried  
out u sin g  p r im e rs  o f k n o w n  a n d  n ew ly  
id e n tifie d  E T R . E x p re s s io n  o f  E T R  w as 
confirm ed in both the sam p les. N u cleic  acid 
sequence data o f E TR2, ERS1 and E IN 4 w ere 
ta k e n  fro m  th e  d a ta b a s e  a n d  a lig n e d . 
D e g e n e r a te  p r im e r s  w e r e  d e s ig n e d  to  
identify new  eth ylen e recep tors in H evea.



4 . G e n e  e x p re s s io n  s tu d ie s

4.1. C o n stru c tio n  o f  e x p re ss io n  v ecto r  for 
B a c i l lu s  s u b t i l lu s  a n d  o v e r-e x p re ss io n  
o f  c h itin a s e  in  e n d o p h y te s

A n  e x p ress io n  v ecto r  p H T 43  w as used 
to c lon e co d in g  reg ion  o f ch itin ase  g en e  from  
H e v e a .  T h e  c o n s t r u c t  w a s  u s e d  fo r  
t r a n s f o r m in g  E .c o l i  c e l l s .  In  a n o th e r  
e x p e rim e n t, c h i tin a s e  c lo n e d  in p G E M -T  
v ecto r  w as seq u en ced  a n d  c lo n e  w ith  right 
seq u en ce  w as id en tified .

5. S e c o n d a ry  m e ta b o lite s

5 .1 . Q u a n t if ic a t io n  a n d  id e n tif ic a t io n  o f  
in o s ito ls

Tine e x p e r im e n t w a s  co n d u cte d  fo r  
th e  id e n tif ic a t io n  o f  o th e r  in o s ito l fo rm s 
from  th e latex. F o r  th is latex sa m p les  from  
R R II 1 05 w ere  c o lle cted  a n d  p ro cessed  a s  p er 

th e  p ro to co l d ev e lo p e d  b y  th e  D iv isio n . T h e 
s e p a ra tio n  o f  in d iv id u a l co m p o n e n ts  w as 
ach ieve d  an d  th e  ex p e rim e n t is in p ro g ress 
to id en tify  in d iv id u a l p eak s. In co n n ectio n  
w ith  th e  f ir s t  e x a m in a t io n  r e p o rt o f  th e  
p ate n t a p p lica tio n  (A p ro ce ss  fo r  ob ta in in g  
s u b s t a n t ia l ly  p u r e  L -q u e b r a c h i to l  fro m  
n a tu r a l r u b b e r  la te x ) , c la r if ic a t io n s  w e re  
m ad e  a n d  su b m itted  for fu rth er  p ro cessin g  
o f  th e  p a te n t. T h e  p a te n t a p p lic a tio n  w as 
g ran ted  (IP  238 5 1 1 , d a ted  9-2 -2010).

--------------- Tab le Phy. 11. Trend in lon g term tem perature

^ ion________________  Period
Tura ~  1995 -2008  ~

Agarthaia 1 9 8 4 -2007

5.2. W ater  r e la tio n s  o f  la te x  w ith  referen ce  
to th e  c o n te n ts  o f  in o s ito ls  a n d  sugars 

in  th e  la te x  d u r in g  d r o u g h t co n d itio n

L atex  a n d  le a f  o s m o ly te  co m p o sitio n  
w as an a ly z ed  to  s e e  th e ir  r o le  in la tex  w ater 
re la tio n s . C -se ru m  w a s s e p a ra te d  from  the 
la te x  s a m p le s  a n d  a s s e s s e d  th e  o sm o tic  
p o ten tia l an d  in v e rta s e  a ctiv ity . T h e  o sm otic  
c o n c e n tr a tio n  o f  C -s e r u m  w a s ca lcu la ted  
fro m  th e o sm o tic  p o te n tia l v a lu e s . T h e  data 
o b ta in ed  w e re  s ta tis t ic a lly  a n a ly se d . T h ere 
w as c o -e lu tio n  o f  o s m o ly te s  d u r in g  H PLC  
a n a ly ses. S o  w e  co u ld n 't  g e t  th e  com p osition  
o f  la te x  a n d  le a f  o s m o ly t e s .  T h e  c lo n a l 
d ifferen ce  in  o sm o re g u la tio n  w a s  confirm ed. 
O s m o t ic  c o n c e n t r a t io n  w a s  fo u n d  h ig h  
d u r in g  th e  s t r e s s  s e a s o n  th a n  d u r in g  the 
p e a k  y ie ld in g  se a so n  in a ll  th e  clo n es . Th e 
in v e rta s e  a c tiv ity  w a s  fo u n d  h ig h  in  high 
y ie ld in g  c lo n es .

6 . E c o l o g i c a l  i m p a c t  o f  r u b b e r  
c u l tiv a tio n

6 .1 .  Im p a c t  o f  c l im a te  c h a n g e  o n  In d ia n  
p la n ta tio n  se c to rs

6 .1 .1 . H i s t o r i c  c l i m a t e  c h a n g e  t h a t  h a s  
o c c u r r e d  in  th e  r u b b e r  g r o w in g  r eg ion s  
o f  In d ia

M o n th ly  d a ta s e ts  fo r  m a x im u m  and 
m in im u m  te m p e r a tu r e s  w e re  p lo tted  fo r  the

change in  ru bber grow ing region s in  India__________

Tem perature M ean  Rato/year
Tm ax 2 9 .3  0 .1 2

Tm in 1 6 .9  0 .0 5
3 0 .6  0 .0 2

Tm in iq  q n ha



first five y e a r  m e an  and the last five year 
m e a n  fo r  K o tta y a m , C h eth a ck a l, Parliar, 
P ad iy o o r, D a p c h a r i, A g arth a la  and  Tura. 
T h e  d a ta  in d ic a te d  th a t th e  d ay s  w ere 
w arm ed  up  b y  2 .6°C  and the n ights were 
w arm ed  up b y  1.6°C  in K ottayam  for the 
last 5 3  y ears. In C h eth ack a l, the days were 
w arm ed  up  b y  0.5°C  an d  the nights were 
co o le d  d o w n  b y  0.7°C  for the last 23  years. 
In Parliar, th e  d ay s  w ere  w arm ed up by 
1,0°C  an d  th e  n ig h ts  w ere  cooled  dow n by
0.3°C  for th e  last 15 years. In Padiyoor the 
d a y s  w e r e  w a r m e d  u p  b y  0 .°C  an d  the

nights w ere w arm ed up b y  1.3°C for the last 
12 years. In D apchari the days and  nights 
w e re  w a rm e d  u p  b y  1 .8 °C  a n d  0 .7 °C  
re sp e c tiv e ly , fo r  th e  la s t  2 3  y e a r s .  In 
A g a r th a la  th e  d a y s  a n d  n ig h ts  w e r e  
warm ed up b y 0.5°C and 1.4nC  respectively, 
for the last 24  years. In  Tura the d ays w ere 
w arm ed up by t.5 °C  and  the n ig h ts w ere 
warm ed up by 0.7°C for the last 14  years. 
The trend analysis w as done for all stations 
to understand the rate o f ch an ge in  the Tm ax 
and Tm in o f the concerned  regional station s 
(Table Phy. 11).

R U B B E R  T E C H N O L O G Y  D IV IS IO N

T h e  a c t iv i t ie s  o f  th e  D iv is io n  w ere 
fo c u s e d  m a in ly  o n  e v o lv in g  im p ro v ed  
tech n iq u es  in p ro cessin g , refinem ent in test 
p ro ce d u re s , ch e m ica l m o d ificatio n  o f NR, 
d e v e lo p m e n t o f  b le n d s o f N R  w ith  other 
ru b b e rs , p o ly m e ric  fillers for reinforcem ent 
o f  N R , s c o r c h  c o n t r o l  o f  p e r o x id e  
v u lca n isa tio n  an d  ru b ber nano com posites.

1 . P r im a r y  p ro c e s s in g

1 .1  P r e s e r v a tio n  o f  la tex

1.1.1. L o w  t em p era tu re  p rese rv a t io n

L ow  tem p e ra t u re  preserved  latex w as 
used  to p re p a re  IS N R  3L . T h ough the quality 
o f  th e  r u b b e r  o b ta in e d  m e e ts  th e  
sp e c ifica tio n s  o f IS N R  3L, th ere is batch to 
ba tch  v a ria tio n  in co lo u r and  and chan ge in 
co lo r  d u r in g  s to rag e. H en ce the experim ents 
are  b e in g  co n tin u ed  to im p rove the colour.

1.1.2. C h e m ic a l  p r e s e r v a t io n

O n e  ch e m ica l w h ich  w as found to be 
e ffe c tiv e  a s  s e co n d a ry  preservative  for latex 
w as fu rth er  e v a lu a ted  in field latex. It was 
o b s e r v e d  th a t  th is  n e w  c h e m ic a l co u ld

e ffe c tiv e ly  r e p la c e  T M T D  u se d  in  low  
am m onia p reservation  sy stem s. H ow ever, 
the toxicity o f the new  ch em ical needs to be 
assessed.

C ation ic fatty  am id e derivatives w ere 
synthesised b y v arying the catio nicity  using 
so lid  p h a s e  s y n th e s is .  A n t im ic r o b ia l  
activ ity  o f the sy n th e s ise d  m o lecu le  w as 
evaluated again st d ifferen t bacteria l stra in s 
and it w as fou n d  th a t th e  a n t im icro b ia l 
activity increased w ith  ca tio n ic  charge.

1.2. Fab rica tio n  o f  s h e e tin g  m ach in e

Initiated further m o d ificatio n  o f a new  
r u b b e r  s h e e t m a k in g  m a c h in e ,  w h ic h  
requires 5 0  %  less sp ace  for in sta llation  and 
cheap er than the co n v en tio n a l d u al rollers, 
w ith  th e  h e lp  o f  a p r iv a te  e n g in e e r in g  
m ach in e m an u factu rer. A n In d ian  p atent 
w as filed for the in vention .

1 .3 . S k im  la tex  p ro ce ssin g

T h e latex c o n ce n tra te  m an u factu rin g  
industry p rod uces arou n d  1 .5 -2  lakh s tones 
o f skim  latex p er y ear  as b y -p ro d u ct. T h e



co n v en tio n a l m e th o d  o f  re co v e rin g  ru b be r 
fr o m  s k im  la t e x  is  t im e  c o n s u m i n g ,  
e n v i r o n m e n t a l ly  p o l l u t in g ,  la b o u r  
in te n s iv e  a n d  can  ca u se  h ea lth  h azard  to 
w o r k e r s .  A n e w  m e th o d  h a s  b e e n  
d ev e lo p e d  w h ich  in v o lv es  d ep ro te in isa tio n  
o f  th e  la te x  u s in g  a p r o te io lit ic  e n z y m e  
fo llo w e d  b y  c r e a m in g  a n d  c o a g u la t io n  
u sin g  s u lp h u r ic  a c id . T h e  ru b b e r  reco v ered  
by th is  p ro ce ss  h as lo w e r  n itro g en  co n te n t 
an d  h igh  P R I c o m p a re d  to  c o n v e n tio n a l 
sk im  ru b be r (T ab le C h e m .l) .  T h e  H A F  filled 
sk im  ru b b e r  o b ta in e d  b y  th e  n e w  m e th o d  
h a s  a l s o  s h o w e d  b e t t e r  v u lc a n is a t e  
p ro p e rtie s  (T ab le  C h e m . 2)

Skim  Nitroger
on or raw  ru
i Initial

Oder properties
PRI Ash

rubber content plasticity, con ten t
(%w/w) Po (%  w/w)

C onventional 1 .18 3 8 5 6  0 .2 4
New method 0 .5 8 3 9 6 0  0.21

Table Chem. 2. C om parison o f  vulcanisate properties

Parameter Skim  rubber (40phr HAF filled)
C onventional New  method

Scorch  tim e (ts3)

at 150CC  (min.) 3.2 4.5
Optim um  cure time ( t ,)

at 150°C (min.) 12  4  ' 13 .8
300 %  M odulus (M Pa) 13.8 12.0
Tensile strength (MPa) 20.1 2 5 .0
Elongation at break (%) 4 2 5 5 2 0
Tear strength (N/mm) 7 4.5 78 .3
Heat build-up (DT°C) 2 9 .0 2 5 .0
Resilience (%) 6 1 .0 6 5 .0
Com pression set (%) 38 .9 3 4 .0
Retention after ageing

at 70° C  for 7  days
H ardness (Shore A) 6 4 .0 6 0 .0
300 % M odulus (%) 9 5 .0 1 04 .0
Tensile strength (%) 7 6 .0 86.0
Elongation at break (X) 8 4 .0 9 0 .0

2. L a te x  te c h n o lo g y

2.1. R a d ia t io n  v u lc a n is e d  Ia tex (R V N R L )

To im p ro v e  th e  q u a l i ty  o f  ra d ia tio n  
v u lcan ized  n a tu ra l r u b b e r  L a tex  (RV N RL) 
th e  e ffe c t  o f  p a r tic le  s iz e  o f  la tex , m atu rity  of 
la tex  an d  le a ch in g  c o n d itio n s  o f  film s w ere 
e v a lu a ted . It is p o ss ib le  to  o b ta in  R V N R L  of 
g ood  ten sile  s tre n g th  a t  a  c o m p a ra tiv e ly  low 
d o s e  r a te  o f  1 .2 6  k G y / h  b y  s e le c t in g  
co n ce n tra te d  la tex  o f  h ig h e r  g re e n  stren gth . 
T h e  ten sile  s tre n g th  w a s  a lso  im p ro v e d  by 
leach in g  in 2 .5 %  c a lc iu m  n itra te  so lu tio n  and 
b y  h e a t in g  th e  R V N R L  f i lm s  a t  h ig h e r

Cenex 1 Cenex 2 Cenex 3 

| BUn leached b 100°C.3Ii I

(The average particle size o f  latex concentrate was in 
the order C en exl > C enex 2 > C enex 3)

Fig.C hem  1 . E f fe c t  o f  p o st tr e a tm e n t on  te n s ile  
strength  o f  RV N R L  film

■ Uile,iched 0?.5 % Ca(N03)? DlOO’C Jh

Cenex 1 Cenex 2 Cenex 3



tem p era tu re  for a s h o rt duration . Th e ageing 
res is tan ce  o f th e  R V N R L  film s in term s of 
ten sile  s tren g th  w as com p arab le  w ith that 
o f su lp h u r p re-v u lcan ised  N R film s.

3. R u b b e r  T e ch n o lo g y

3 .1 .  R e in fo rc e m e n t

3.1.1. N R /P o ly m e r ic  f i l l e r  sy s tem

T w o  p o ly m e r ic  f i l le r  sy s te m s  w ere 
id e n t i f ie d  w h ic h  c a n  r e in fo r c e  n a tu ra l 
ru b ber a n d  a re  d esig n ated  as PF1 and PF2. 
A m o n g  th e  tw o  p o ly m eric  fillers identified 
to re in fo rce  N R, PF1 sh ow ed  better efficiency 
in r e in fo rc in g  co m p ared  to PF2. In order to 
im p ro v e  th e  v u lcan isa te  prop erties o f NR/ 
P F 2  sy s te m  d iffe r e n t p ro p o rtio n s o f HAF 
w as a d d e d  a n d  co m p a re d  the p roperties 
w ith  th a t  o f  5 0  p h r  H A F  fille d  NR 
v u lc a n is a te . N R /P F2 sy s te m  w ith  20  phr 
H A F  sh o w e d  c o m p a ra b le  resu lts  w ith  50 
p h r  H A F  f i l l e d  N R  (T a b le  C h e m .3 ) . 
L a b o ra to ry  e v a lu a t io n  o f  NR/PF1 system  
w as carried  o u t u sin g  typical form ulations 
o f p ro d u cts like  tyre s id e w all, conveyor belt, 
a n d  m ic r o c e l lu la r  s o le s  e tc . T h e  resu lts  
s h o w e d  c o m p a r a b le  p ro p e r tie s  w ith  the 

co n tro l fo rm u la tio n s .

3 .2.2 L a t e x  -  f i l l e r  m a s t e r  b a tch

L atex  c a rb o n  b la ck  m aster batch was 
p r e p a r e d  b y  in  s it u  s o a p  s e n s it i s e d

co a g u la tio n  m e th o d  an d  its m e ch a n ica l 
p r o p e r t ie s  w e r e  fo u n d  to  b e  b e tt e r  
com pared to dry m ixin g  (Table C h em . 4). 
Th e loss o f ca rb o n  b la c k  d u r in g  th e  c o ­
coagulation  o f latex an d  fille r  d isp ersio n  
was neg ligible.

3.2. B len ds

NR/NBR blends prepared  b y latex stage 
blending using skim  latex and deproteinised 
sk im  la te x  h a d  c o m p a r a t iv e ly  g o o d  
m e ch an ica l p r o p e r tie s  th o u g h  d y n a m ic  
properties w ere inferior. T h ey  also  had better 
a ir  and so lv en t ag e in g  ch a r a c te r is t ic s  as 
com pared to dry ru b ber m ixin g . T h e fuel 
ageing resistance o f latex stage b lended NR/ 
N B R  (30/ 70) b le n d s  u s in g  p u r e  an d  
deproteinised latex in com p arison  w ith NR/ 
NBR dry blends is g iven  in F igu re 1. Blend 
based on both pure/deproteinised skim  latex 
have better fuel resistan ce th an  dry rubber 
blends.

3.3. N ano co m p o sites

P o ly m e r  c o a te d  n a n o  s i l v e r  w a s 
prep are d  u sin g  g a m m a  r a d ia tio n . T h e 
s t a b i l is e d  n a n o s i lv e r  d is p e r s io n  w a s  
a s s a y e d . F o r  its  a n t ib a c te r ia l  a c t iv i ty  
against d ifferent bacteria l stra in s. T h e  nano 
silver  w ith  and  w ith o u t p o ly m er co atin g  
gave co m p a ra b le  a n t ib a c te r ia l p ro p erty .

Table Chem  1. Effect o f Carbon black addition on properties of NR/PF2 system
Properties-------------------------------------- *  NR/PF2 NWPF2/ N R / P F 2 / N R / P F 2
1 roper ties in  HAF 20 HAF 30

Tensile strength (MPa) 
M odulus 100%  (MPa) 
M odulus 300%  (MPa) 
Elongation at break (%) 
Tear strength (Nmm3) 
H ardness (Shore A)
DIN Abrasion loss (mm1) 
Heat build up (D T 1 C)

29.3 29.1 28.7 29.0 25.7

2.4 2.7 3 .7 4.3 2.8

7.3 9.9 13.2 15.1 12.6

602 559 545 531 550

66.3 72.5 79.6 9 2 .5 72.3

54.0 58.0 62.0 64.0 60.0

81.0 80.0 78.0 74.0 80.0

8.0 10.0 12.0 14.0 18.0



Parameters NR/ carbon black m asterbatch NR/ carbon black dry mixpH
30 40 3 0 40

M odulus 100% (Mpa) 1.91 2 .1 5 1 .50 2 .06
M odulus 300% (MPa) 7 .80 9 .7 6 5 .7 3 8 .7 7
Elongation at break (%) 54 9 .0 0 5 2 6 .0 0 6 2 7 .0 0 606 .0 0
Tensile Strength (MPa) 26 .50 2 8 .4 0 2 4 .0 0 2 6 .7 0
Hardness (Shore A) 5 6 .0 0 6 0 .0 0 5 0 .0 0 56 .00
Com pression set (%) 3 5 .0 0 3 7 .0 0 3 5 .0 0 38 .00
Heat buildup (D P 'Q 23 .00 2 4 .0 0 2 4 .0 0 25 .00
Abrasion loss (mm-’) 105 .0 0 103 .0 0 120.00 114 .00
R esilience (%) 75 .00 7 2 .0 0 7 6 .0 0 74 .00
Tear strength (N/mm) 5 7 .00 65 .0 0 4 3 .0 0 6 3 .00

C o n tin u ed  th e  w o rk  o n  p re p a ra tio n  o f  n an o  
z in c  o x id e  u s in g  c h e m ic a l  r o u te  a n d  its 
s t a b i l i z a t i o n  w a s  a t t e m p t e d  u s i n g  
p o ta ss iu m  o le a te  a n d  S D S

3.4. P ero x id e  v u lc a n isa tio n

S u l p h u r / a c c e l e r a t o r  l ik e  s c o r c h  
c o n t r o l  c o u ld  b e  a c h ie v e d  in  p e r o x id e  
v u lc a n is a t io n  u s in g  a s t a b le  fr e e  ra d ic a l 
(T E M P O ). T h e  lo ss  o f  c ro ss lin k  d e n s ity  d u e  
to  s c a v e n g in g  o f  p o ly m e r ic  r a d ic a l  b y  
T E M P O  co u ld  b e  w e ll c o m p e n s a te d  u s in g  
a c o a g e n t w ith o u t a ffe c tin g  th e  sco rch  tim e 
(Fig .C hem .3).

Figure 1 Swelling In ASTM Fuel A after 
immersion for 1. 2.J and 48 hour

If: Jj| a
3  o J.H  I , H  I   _fjjp : iHiil

(D P S R -d e p ro te in is e d  sk im  ru b b e r, D PSL - 
deproteinised skim  latex)

Fig.C hem .2 . Sw ellin g b e h av io u ro f skim  rubberand  
its blends

3 .5 . E p o x id is e d  n a tu r a l r u b b e r  (E N R )

E v alu atio n  o f  th e  r a w  r u b b e r  p rop erties 
o f  E N R  s t o r e d  f o r  o n e  y e a r  a t  a m b ie n t 
c o n d itio n s  sh o w e d  th a t th e  v isc o s ity  o f  the 
r u b b e r  in c re a s e d  o n ly  in  r a n g e  s im ila r  to 
th e  h a r d e n in g  o f  N R  s to re d  u n d e r  s im ilar 
c o n d itio n s .

E N R  s il ic a  c o m p o s i te s  w ith  v a ry in g  
m o le  p e r  c e n t  o f  e p o x id e  g r o u p s  w ere  
p r e p a r e d  a n d  th e  v u lc a n is a te s  p re p a re d  
w e r e  a n a l y s e d  u s i n g  A F M  f o r  s i l ic a  
d isp e rs io n  a n d  S E M  E D  A X  fo r  th e  d ispersion 
o f  s ilica , Z n O  a n d  su lp h u r . E N R  o f  m ed ium  
e p o x y  c o n t e n t  s h o w e d  g o o d  s i l ic a  
d is p e r s io n .  Z n O  s h o w e d  n o n  u n ifo r m  
d is t r ib u t io n .

DCP+TEM PO +SR25
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Figure Chem .3. Scorch  con tro l usin g  TEM PO



4 . C o lla b o ra tiv e  p ro ject

4 .1 . D e v e lo p m e n t  o f  fo o tw e a r  so le  for 
p h y s ic a lly  h an d icap p ed

S ix  h a r d  s o le  c o m p o u n d s  w ere  
p r e p a r e d  in  th e  la b o r a to r y  a n d  w ere  
e v a lu a te d  a t  S ch e fflie n  L ep ro sy  Research 
and  T rain in g  C en tre  (SLR & TC ), Karigiri. The 
feed  b a ck  is b e in g  aw aited .

4 .2 . D ev elo p m en t o f H urth  co u p lin g  fo r
rail locom otive
In connection with the developm ent of 

Hurth coupling m em bran e for C hithranjan 
Locomotive W orks (CLW), West Bengal, 6 nos. 
of Hurth coupling m em branes w ere send to 
CLW for application  trials. W ork is being 
continued to use com m ercially treated fabric 
for preparation o f H urth coupling m em brane.

TECHNICAL CONSULTANCY DIV ISIO N

T h e  T ech n ica l C o n su ltan cy  D ivision of 
th e  R u b b e r  R e s e a r c h  In s t itu te  o f In d ia  
p r o v id e s  te c h n ic a l a ss is ta n c e  to prom ote 
r u b b e r  g o o d s m an u factu rin g  industries in 
th e  c o u n tr y . T h e  D iv is io n  ac ts  as a link 
b e tw e e n  te c h n o lo g y , k n o w le d g e ,
in n o v a t io n s ,  a p p lie d  r e s e a rc h  and
d e v e lo p m e n t  to  th e  e n tre p re n e u r s  and  
in d u str ia lis ts  in th e  rubber industrial sector. 
T h e  w id e  range o f serv ices offered are advices 
in  p r o je c t  p r o p o s a ls  a n d  in v e stm e n t 
d e c is io n s ,  q u a l i ty  c o n tr o l  b y  te s tin g  of 
rubber/ rubber chem icals/rubber compound/ 

r u b b e r  p r o d u c ts  e tc  as p er  n a tio n a l and 
in tern a tio n a l s tan d ard s , technical problem  
so lv in g , tra in in g  etc. to th e  rubber industry 
. T h e  D iv is io n  a lso  h ad  u n d ertaken  product 
d e v e lo p m e n t, an d  tra in in g  p rogram s as per 
th e  n eed  an d  req u irem en t from  the clients. 
B e sid e s  th ese , a ca d e m ic  activ ities and R&D 

a c tiv itie s  a re  a lso  un d ertaken .

P ro je c t p ro files  o f variou s rubber goods 
m a n u fa c tu rin g  u n its  (d ry  ru bber and latex 
b ased ) h a v e  b een  p rep are d  by the D ivision. 
P ro ject P ro file s  p ro v id e  th e  basic details of 
t y p ic a l  r u b b e r  p r o d u c ts  m a n u fa c tu rin g  

u n its  in  th e  S S I  s e c t o r  l ik e  c a p ita l 
in v e s t m e n t ,  in f r a s t r u c t u r e  fa c i l i t ie s

required, p rofitability and gen eral overview  
of the m anufactu re o f the prod u ct. Technical 
Bulletins w hich cov er the tech nical details 
o f various products are also  a vailab le  in the 
Division.

Detailed Project Reports for ascertaining 
th e  te c h n o -e c o n o m ic  fe a s ib il i ty  o f an 
industrial unit can be prepared by the Division 
on specific request from entrepreneurs. This 
g ives all th e  g en era l in fo rm a tio n  for the 
establishm ent o f an industry.

W ith the aim  o f in creasing the in ternal 
consum ption o f natural rubber, the D ivision 
is e n g a g e d  in  th e  a c t iv i t ie s  o f  R u b b e r  
Industrial Parks in K erala, T am il N adu, and 
Tripura

T h e  abov e a c tiv itie s  w e re  co n tin u ed  
this year also and  som e o f the m ajor item s 
for the p eriod u n d er rep ort a re  su m m arized  

below :

1. P ro d u ct D e v e lo p m e n t

T h e D iv ision  ass is ts  en tre p ren eu rs  to 
develop  new  prod u cts as w ell a s su bstitu tes 
fo r  im p o rte d  o n e s . A ls o  h e lp s  th e  
m a n u fa c tu re r s  to  p r o d u c e  a n d  m a r k e t 
products successfu lly  m eetin g  specification s 
prescribed  by th e  B IS , R a ilw ay s, D efen ce



D ep artm en t and  v ario u s  o th er  G overnm ent/  
P u blic  In stitu tion s.

T h e follo w ing  p ro d u cts w ere d eveloped  
b a s e d  o n  th e  e n q u ir ie s  f r o m  e x is t in g  
ind u stries/en tre p re n e u  rs

a) L a tex  B a sed  P ro d u cts

1. L atex ca rp et b ack in g

2. P r e v u lc a n is e d  la t e x  fo r  r u b b e r  
m o u ld s  u sed  in s ta tu e  m ak in g

3. L atex ad h es iv e

4. S p ecia l p u rp o se  la tex  a d h es iv e

5 . L a tex  v u lca n ised  sh eet

6 . F lu o resce n t ru b b e r  b an d

7. C a rp e t b a ck in g  u sin g  w a ste  r u b b e r  
c ru m b

b) D ry  R u b b e r  B a sed  P ro d u cts

1. N R/EPD M  V alves

2 . A u to rick sh a w  e n g in e  m o u n tin g
3. R u b b er s lee v e

4. P ressu re  co o k e r  g a sk e t

5 . E P D M  c o ate d  N R  tile  m o u ld

6. S p o n g e  ru b b e r  m at

7. R u b b e r  s h e e t s  s im i la r  to  l in a t e x  
sh e e ts

8 . Low  h a rd n ess  sh e e t (b lack )

9. L ow  h ard n ess  sh e e t (co lo u red )
10. In su la tin g  m at

11. S p o n g e  p ad

12. S p e c ia l r u b b e r  co m p o n e n t fo r  flo o r  
c lea n in g  d ev ice

13. S u b m a rin e  ru b b e r  co m p o n e n t

2 . Q u a l ity  C o n tro l

T h e  D iv isio n  is e q u ip p ed  w ith  a  q u a lity  
co n tro l la b o ra to ry . A lm o st a ll  th e  q u a lity  
te s ts  e s s e n t ia l ly  r e q u ir e d  fo r  th e  r u b b e r  
in d u str ia l se c to r  ca n  b e  ca rr ie d  o u t in th is 
la b o ra to ry  o n  n o m in a l ch a rg es . T h is  h elp s 
m a n u fa c tu re r s  to  m a in ta in  th e  q u a lity  o f

th e ir  p ro d u cts  a n d  s u i ta b le  m o d ifica tio n s  
ca n  b e  d o n e  fo r  im p ro v in g  th e  qu ality , if 
requ ired .

T h e T C  D iv is io n  h a s  es ta b lish e d  a well 
eq u ip p e d  la tex  te c h n o lo g y  la b o r a to r y  f0r 
r e s e a r c h ,  d e v e lo p m e n t  a n d  te s t in g  o f 
n a t u r a l  r u b b e r  la t e x  p r o d u c t s  a s  p er 
n a tio n a l a n d  in te rn a tio n a l s ta n d a rd s . Latex 
p ro d u cts  in c lu d e:

• G lo v e s  - a ll ty p es

• U rid ra in  c o n d o m s

• M e d ic a l tu b in g s

• C o n d o m s

• L a tex  fo a m  p ro d u cts

• R u b b e r ise d  co ir  fo am

• L atex  b a ck e d  ca rp e ts

• B a llo o n s

• R u b b e r  b a n d s

• L a tex  a d h e s iv e s

• E la s tic  th read

• O th e r  d ip p e d  g o o d s

D u r i n g  th e  r e p o r t i n g  p e r io d  th e  
D iv is io n  h a s  te s te d  6 5 5 0  p a r a m e t e r s  on 
c o n s u lta n cy  b a sis . E v a lu a t io n  o f  ch em ica ls  
v iz .  a c c e le r a t o r s ,  s t a b i l iz e r s ,  r e c la im e d  
ru b ber, p la s t ic iz e rs  e tc . w a s  a ls o  d on e .

3 . A d v is o r y  S e r v ic e s

A d v iso ry  a n d  c o n s u lta n c y  se rv ice s  are 
a lso  o ffe re d  o n  te ch n ica l m a tte rs  an d  o th er 
p r o b le m s  d u r in g  t r ia l  r u n / c o m m e r c ia l  
o p e r a tio n  o f  th e  u n its .  B a se d  o n  sp e c if ic  
r e q u e s t s  f r o m  p r o d u c t  m a n u f a c t u r e r s ,  
fa c to ry  v is its  a re  c o n d u c te d  b y  e x p e rts  to 
rec tify  th e  d e fe c ts , s tre a m lin e  th e  o p era tio n s  
a n d  a lso  to  so lv e  p r o d u c tio n  p ro b lem s.

T h e  D iv is io n  a ls o  o f fe r s  c o n s u lta n c y  
s e r v i c e s  f o r  th e  p r e p a r a t i o n  a n d  
s t a b i l i z a t i o n  o f  d is p e r s io n s / e m u l s io n s  
w h ic h  a r e  e s s e n t ia l  in g r e d ie n ts  o f  la te x  
co m p o u n d s .



T e c h n ic a l  a d v ic e  w a s  g iv en  for the 
q u eries  rece iv ed  from  580  firm s.

4. T ra in in g  A ctiv itie s

T C  D iv is io n  a lso  prov id es assistance to 
th e  T r a in in g  D e p a rtm e n t in co n d u ctin g  
tra in in g  c o u rse s  for the benefit o f latex and 
d r y  r u b b e r  g o o d s  m a n u fa c tu re r s . A lso  
s p e c ia l i s e d  t r a in i n g  o n  c e r ta in  ru b b e r  
p ro d u cts  is co n d u cted  b y  the D ivision on 
sp e c ific  req u es t from  the clients.

D uring the period entrep ren eu rs from 

th ree  firm s w ere  im p a rte d  tr a in in g  on 

rubber adhesives. Train in g  w as also given 

for ca rp e t b a c k in g  u s in g  w a ste  r u b b e r  

crum b on consultancy basis.

B e s id e s  te c h n o lo g y  t r a n s fe r ,  o u r  

technical staffs serve as faculty  m em bers o f 

v a rio u s  in d u s tr ia l  a n d  a c a d e m ic  

in stitu tions.

ECONOMICS DIVISION

T h e  D iv is io n  co n tin u e d  its research  
a c tiv it ie s  in fiv e  m a jo r  areas, v iz. (i) farm 
m a n a g e m e n t; ( ii)  p rim ary  processin g  and 
m a r k e t in g  o f  N R , ( i i i )  r u b b e r  p ro d u cts  
m a n u fa c tu r in g  in d u stry  and  foreign trade, 
(iv ) in te r  c ro p s  a n d  b y -p ro d u cts  and  (v) 
in t e r - d iv is io n a l  c o l la b o r a t iv e  p r o je c ts . 
D u r in g  th e  p e r io d  u n d e r  re v ie w , tw o 
p ro je c ts  w e r e  c o m p le te d  an d  reported . T he 
s u m m a r ie s  o f  th e  r e s u lts  p e r ta in in g  to 
th e se  p r o je c ts  a r e  g iv e n  in th e  follo w ing  
se c t io n s .

1 . T re n d s  in  fa rm  in com e and w ages  
in  th e  e ra  o f  m a rk e t u n certain ty : 
a n  e x p l o r a t o r y  a n a l y s i s  o f  
n a tu r a l  ru b b e r  se c to r  in  K erala

T h e  m a jo r  o b jectiv e s  o f th e  study w ere 
(i) to  u n d e rs ta n d  th e  tren d s in productivity, 
p rices, fa rm  in co m e an d  w ages during the 
p re  an d  p o st-re fo rm s phases, (ii) to analyse 
th e  c o m p a ra t iv e  s ta b il ity  o f  productivity, 
p r ic e s ,  fa rm  in c o m e  an d  w ag es, (iii) to 
e x a m in e  th e  r e l a t i v e  c o n t r ib u tio n s  o f 
p r o d u c t iv i ty  a n d  p r ic e  in th e  o b serv ed  
tren d s in  farm  in co m e and (iv) to highlight 

the p o licy  im p lica tio n s.

Docum ented field level tim e series data 
on w a g e s  fro m  p r im a r y  s o u r c e s  a n d  
published officia l d ata  o n  p rod u ctiv ity  and 
price during  the 28  year p eriod  from  1980- 
81 to 2007 -  0 8  w ere used  for th e  an alysis . 
Th e trends in statu to ry  b a sic  d a ily  w'ages 
plus d earness a llo w an ce in th e  e state sector 
a n d  th e  r a te  o f  ta p p in g  w a g e s  in  th e  
sm allhold ings secto r  w ere con sid ered  for 
the analysis o f w ages. S in ce  tim e series 
data on net farm in com e based  on reliable 
co st o f p ro d u ctio n  a re  n o t read ily  
available, the trend s in to ta l ann ual 
farm  incom e per h ectare  w as estim ated  by 
m u ltip ly ing  the rep o rted  a n n u al a v era g e  
p ro d u ctiv ity  in  K e r a la  w ith  th e  a n n u a l 
average p rice o f RSS 4.

Th e study revealed  th at d u rin g  the 28 
year period , real farm  in com e grew  at an 
annual average rate  o f 3 .13  p er cent d espite 
a neg ativ e  an n u al a v erag e gro w th  rate  (- 
0 .55% ) in real p r ic e  (T a b le  E co . 1). T h e  
o b se rv e d  p o s i t iv e  g r o w th  r a te  in  farm  
incom e had been  co n tribu ted  by a h igher 
grow th rate in p ro d u ctiv ity  (3 .71% ). Real 
w ages in both the sm allh o ld in gs and  estate 
sector had sh ow n p ositive g row th rates o f 
1 .88 and  1.20 p er cen t respectively . To a



large extent, the p oten tia l e ro sio n  in n et farm 
in com e d u e to  th e  cu m u la tiv e  effect o f  rise 
in real w ag es an d  a n e g a tiv e  g ro w th  in real 
p rices w as p rev en te d  by a h ig h e r  g ro w th  
rate  in p rod u ctiv ity . T h e  a n a ly sis  d u rin g  the 
p re  an d  p o st- re fo rm s  p h a s e s  (1980-81  to 
1 9 9 0 -9 1  a n d  1 9 9 1 -9 2  to  2 0 0 7 - 0 8 ,  
r e s p e c t iv e ly )  s h o w e d  th a t e v e n  w ith  a 
n e g a tiv e  g r o w th  in p r ic e  (-  2 .0 4 % ) farm  
in co m e g rew  a t th e  ra te  1 .07%  d u r in g  the 
p re-reform s p h a se  d u e  to h ig h er  gro w th  rate 
in p ro d u c tiv ity  (3 .1 8 % ). D u rin g  th e  p o st- 
r e f o r m s  p h a s e ,  a h i g h e r  g r o w th  r a te  
ex h ib ite d  b y  farm  in co m e (4 .1 5 % ) d esp ite  a 
lo w er g ro w th  ra te  in p ro d u ctiv ity  (£ .91% ) 
w as d u e  to  a p o sitiv e  g ro w th  r a te  in p rice  
(1 .21% ). T h e  g ro w th  ra tes  in  w ag es in both  
e s t a te s  a n d  s m a l lh o ld in g s  w e r e  h ig h e r  
d u r in g  th e  p o s t-re fo r m s  p h a s e  (2 .2 6  an d  
4 .3 1 % ) co m p a red  to  p re -re fo rm s p h a se  (0 .52  
a n d  0 .5 6 % ) .  C o m p a r e d  to  p r e - r e f o r m s  
phase, p rice , p ro d u ctiv ity  an d  farm  in co m e 
w ere  u n sta b le  d u r in g  p o s t-re fo rm s  p hase. 
T h e h ig h  in sta b ility  in farm  in co m e d u rin g  
p o st-re fo rm s p h a s e  (3 0 .5 2  co m p a red  to  6 .71  
d u rin g  p re -re fo rm s p h a se) w a s  m a in ly  d u e 
to  th e  h ig h e r  in s ta b il i t y  in  p r ic e  (2 7 .8 4 )  
d u r in g  th e  p h a s e .  W a g e  r a t e s  o f  b o th  
s m a l lh o l d in g s  a n d  e s t a t e s  w e r e  
c o m p a r a t iv e ly  m o r e  s t a b le  w ith  h ig h e r  
g r o w th  r a te s  d u r in g  th e  p o s t - r e f o r m s  
p hase. A n im p o rta n t fe a tu re  o f  p rice  d u rin g  
p o s t - r e fo r m s  p h a s e  w a s  h ig h e r  r a te  o f

g r o w th  (1 .2 1 % )  w ith  h i g h e r  in s ta b il i ty  
(27.84).

T h e  a n a ly s is  o f  r e la tiv e  co n trib u tio n s  
o f  p rice  a n d  p ro d u c tiv ity  in  su s ta in in g  the 
tem p o  o f  g ro w th  in fa rm  in c o m e  revealed  
th at d u r in g  th e  2 8  y e a r  p erio d , tren d s in real 
farm  in co m e h ad  b e e n  in flu e n ce d  m o re  by 
p ro d u ctiv ity  (5 5 % ) co m p a re d  to  th at o f real 
p rice  (45% ). D isa g g r e g a te  le v e l an a ly sis  of 
th e  tre n d s in th e  r e la tiv e  co n trib u tio n s  o f 
p r ice  an d  p r o d u ctiv ity  (d u r in g  th e  p re  and 
p o s t-re fo r m s  p h a s e )  r e v e a le d  th a t during  
p re -re fo rm s  p h a s e  th e  m o v e m e n ts  in farm 
in c o m e  w a s  i n f lu e n c e d  m o r e  by 
p r o d u c t iv i ty  (5 4 % )  b u t  d u r in g  th e  p o s t­
r e fo rm s  p h a s e  u n c e r t a in  p r ic e s  a tta in e d  
p r o m in e n ce  w ith  a c o m p a ra t iv e  in flu en ce  
o f  6 5  p er  cen t.

2 . F a m i l y  l a b o u r  s h o r t a g e  u n d e r  
r u b b e r  B lo c k  P la n t in g  S c h e m e  in  
T r ip u r a

T h e  s p e c i f i c  o b je c t i v e s  o f  th e  s tu d y  
w e r e  (i) to  s u m m a r is e  th e  re g io n -s p e c if ic  
f a c t o r s  in s t r u m e n t a l  in  th e  u n iq u e  
d e v e lo p m e n ta l e x p e r ie n c e  o f  N R  se c to r  in 
T r ip u r a ,  ( i i )  to  f o c u s  o n  t h e  r e c e n t  

d e v e lo p m e n ts  p o s in g  s e r io u s  co n s tra in ts  on 
th e  s u p p ly  o f  fa m ily  la b o u r  to  th e  im m atu re  

p la n ta tio n s  in  th e  c o n te x t  o f  th e  g ro w in g  
p o p u la r i ty  o f  e m p lo y m e n t  o p p o r tu n it ie s  
u n d e r  th e  N a t io n a l  R u r a l  E m p lo y m e n t

_ J a b le  Eco. 1 . C om parative growth rates and in stab ility  in d ices

Variables Pre-reform s
phase

Post -reform s 
phase

Total
period

Pre- reform s
staDiiitv index 

Post-reform s Total

P rice

Productivity
(-) 2.04 

3 .1 8
1 .2 1

2.91
(-) 0 .55 

3.71
5 .9 7

1 .9 9
2 7 .8 4 2 1 .9 5

Farm incom e 

W ages (S .H ,) 

W ages (Estates)

1 .0 7

0 .5 6

0 .5 2

4 .1 5

4.31

2 .2 6

3 .1 3

1.88

1.20

6.71

7 .9 7

4 .3 8

30.52

6.77

3.93

17.94

14.15

6.44



- V -------  Table E c a  2. Labour ,hc ^  ^ NRECA

Y ca ro f B t .m a t.d a „n ua, f a S s M . i in l  .1 lahn... ..........I - - .............

“ S S E S S T *  ---------------- ..-ô ^ aW
1 557 196.23 (-) 41.83
2 137 78.83 84.67
3 102 26.47 27.45
4 77 46.75 14.29
5 80 45.00 7 5 0
6 70 (-) 25.71 (-) 40.0)

(-) 9.78

G u a ra n te e  A ct, 2 0 0 5  (N R E G A ) and  (iii) to 
s u g g e s t  p o lic y  o p t io n s  to  o v e rco m e  the 
o b s e r v e d  p r o b le m s  fr o m  a lo n g -te rm  
p e rsp e c tiv e .

T h e  s tu d y  u sed  seco n d ary  data on field 
level a v a ila b ili ty  o f  la b o u r d u rin g  the pre 
and  p o st p h a s e s  o f  N R E G A  collected  from 
th e  w e e k ly  a b s t r a c t s  o f B lo c k  P la n tin g  
U n its  (B P U ) fro m  N u cleu s  R u bber Estate 
an d  T r a in in g  C e n tr e  (N R E T C ), A gartala. 
T h e d a ta  co lle c te d  w e r e  com p ared  w ith the 
estim a te d  a n n u a l req u irem en t o f labour for 
r a is in g  th e  p la n ta t io n . F o r  co m p a riso n , 
tim e  s e r ie s  d a ta  o n  w a g e  rates o f B PU s and 
N R E G A  w e r e  c o lle c te d  resp ectively  from 
N R E T C  a n d  n o t i f i c a t io n s  o f m in im u m  
a g r ic u ltu ra l w a g e  r a te  o f G o v ern m en t o f 

T r ip u r a .

T h e  s tu d y  fou n d  gro w in g  shortage of 
fa m ily  la b o u r  in  th e  im m a tu re  ru b be r 
p la n ta tio n s  in  th e  co n tex t o f h igher w age 
rates o ffe re d  u n d e r  th e  N R E G A  Sch em e in 
T r ip u r a .  S i n c e  th e  s c h e m e  p r im a r ily  
d e p e n d e d  o n  fa m i ly  la b o u r  fro m  th e  
b en efic ia ry  h o u seh o ld s , sh ortag e o f labour

lead to the postponem ent o f op eratio ns and 
resu ltan t p ro lo n g a tio n  o f th e  im m a tu re  
phase. It also affected the u n iform  and the 
h e a lth y  g ro w th  o f  p la n ts .  L a b o u r  
availability to B lock P lantin g  Sch em e (BPS) 
during the pre and post- N R EG A  phases is 
given in T able Eco. 2.

Higher wage rates offered under N REGA 
sch e m es w as fo u n d  to  b e  th e  m ain  
contributory factor for the sh ortage o f the 
family labour. It w as suggested  to include the 
d evelop m ent w o rk  d u rin g  th e  im m atu re  
p h ase  o f r u b b e r  p la n ta t io n s  u n d e r  th e  
NREGA schem es so as to ensure adequate 
availability o f labour, tim ely com pletion  o f 
the prescribed cultural practices and to avoid 
potential conflict betw een the w age rates. T h e 
saved funds o f the participating agen cies o f 
the BPS can be effectively utilized for building 
up region-specific infrastructural facilities for 
group processing, m arketing and  com m unity 
b ased  d e v e lo p m e n t p r o je c ts  fo r  
e m p o w erm en t o f th e  E co n o m ic a lly  an d  
Socially M arginalised G rou p s (ESM G s) and 

wom en.



L A T E X  H A R V E S T  T E C H N O L O G Y  D I V I S I O N

T h e  In te r n a t io n a l  R u b b e r  R e s e a r c h  
D e v e lo p m e n t B o a r d  ( IR R D B )  d u r in g  its 
a n n u a l m e e t in g  2 0 0 8  a t  K u a la  L u m p u r  
re s o lv e d  to  c h a n g e  th e  te r m in o lo g y  o f  
E x p lo ita t io n  S tu d ie s  in to  L a te x  H a rv e s t  
T echnology . In a cco rd an ce  w ith  th is decision  
and  a s  ap p ro v ed  in th e  1 6 0 ,h m e etin g  o f  the 
R u b b e r  B o a r d , th e  E x p lo i ta t io n  S tu d ie s  
D iv is io n  w a s re n a m e d  a s  L a te x  H a rv e s t  
T ech n o lo g y  (L H T ) d iv is io n . In a d d itio n  to 
th e  o n g o in g  a c t iv i t i e s  o n  v a r io u s  la te x  
h a rv estin g  tech n iq u es , th e  d iv is io n  in itia ted  
a few  a m b itio u s  p r o g ra m m e s . A v ailab ility  
o f  s k il le d  r u b b e r  ta p p e r s  is  b e c o m in g  a 
se r io u s  issu e  y e a r  a fter  year. In  v iew  o f  th e  
v ery  sm all s iz e  o f  th e  h o ld in g s  in In d ia , on e 
ap p ro ach  to  so lv e  th is  is to  tap  th e  ru b be r 
tr e e s  b y  th e  g r o w e r s  th e m s e lv e s .  S in c e  
ta p p in g  is a  h ig h ly  sk ille d  o p e ra tio n , it is 
n o t a s im p le  ta sk . H e n ce , th e  d iv is io n  in 
co lla b o ra tio n  w ith  A m al Jy o th i E n g in eerin g  
C o lle g e , K a n jira p p a lly , h as en te re d  in to  a 
co lla b o ra tiv e  p ro g ra m m e  fo r  d e v e lo p in g  a 
ba ttery  o p era ted  tap p in g  tool b y  w h ich  skill 
in tap p in g  c a n  b e  e lim in ated . W e h a v e  m ad e  
go o d  p ro g re s s  b y  d e v e lo p in g  a p ro to ty p e

an d  fu r th e r  m o d if ic a t io n s  a r e  g o in g  on 
S c ie n tis ts  o f  th e  d iv is io n  w e re  in strum en tal 
in th e  la test re v is io n  (2 0 0 9 ) o f  In tern ation al 
tap p in g  n o ta tio n s .

T h e  s ta n d a r d  p r a c t ic e  in C o n tro lle d  
U p w ard  T a p p in g  (C U T ) is to  tap  a qu arter 
sp ira l c u t w ith  e th e p h o n  s t im u la tio n . The 
d iv is io n  ca rr ie d  o u t  e v a lu a t io n  o f  gaseou s 
s t im u l a n t  ( e t h y l e n e )  fo r  fu r th e r  
im p r o v e m e n t  in  y ie l d  a n d  o r  fu r th e r  
red u ctio n  in th e  le n g th  o f  ta p p in g  cu t to S/8. 
T h e  p r e lim in a r y  r e s u lt s  w e r e  p ro m is in g . 
H ow ev er, d u e  to  c e r ta in  te c h n ic a l hu rd les 
l ik e  g a s  l e a k a g e ,  a f t e r  o n e  y e a r  th e  
p r o g r a m m e  is  k e p t  in  a b e y a n c e .  T h e  
c o lla b o r a tiv e  p r o g ra m m e  o n  e x te n s io n  o f 
lo w  fr e q u e n c y  d 3  ta p p in g  w ith  eth ep h o n  
a p p lic a tio n  in s e le c t  sm a ll h o ld in g s  a lon g  
w ith  th e  R u b b e r  P r o d u c t io n  D e p a rtm e n t is 
p ro g re s s in g  w ell.

1 . L o w  f r e q u e n c y  ta p p i n g  s y s te m s

E x p e rim e n t o n  L o w  F re q u e n c y  Tapping 
( L F T )  w it h  d i f f e r e n t  l e v e ls  o f  y ie ld  
s tim u la tio n  in c lo n e  R R II 105  w a s  c o n tin u ed

Yield Tapping sys„ ms w ith  in c io n , R R II 105
YinlH”  n i

S/2 d2 6d 17 (contro l) —

S/2 d 3  6dH . ET2.5%  P a l(1 .5 ) 3/y*
S/2 d3 6d/7. ET2.5%  Pa 1(1.5) 4/y*
S/2 d3 6d/7. ET2.5%  P a l(1 .5) 5/y*
S/2 d4 6d/7. ET2.5%  P a l (1 .5) 5/y’

S/2 d4 6d/7. ET2.5%  P a l(1 .5 )  7/y*
S/2 d4 6d/7, ET2.5%  P a l(1 .5 )  9/y*

S/2 d6 6d/7. ET2.5%  Pa 1(1.5) 10/y‘

S/2 d6 6d/7. ET2.5%  P a l(1 .5) 12/y 

S/2 d6 6d/7. ET2.5%  Pa 1(1.5) 16/v*
C D  ( P -  0 .0 5 ) -  493 ~ -------------------—  _____
"  v „ ues toil „ wed.by same

Yield”
(Kg/ha)

N o. of 
taps

Panel

2 9 4 9  a 144 BI-2(1)
2454 bed 100 B 1-1(3)
2290  cd 9 9 B I-1 (3)
2624 ab c 9 9 BI-1 (3)
2507 ab c 74 B I - l ( l )
2570 ab c 73 BI-1 (1)
2836  ab 73 BI-1 (1)
2180 cd 51 B O -2 (6)

2 0 0 9  d 51 B O -2(6)
19 9 3  d 51 BO -2(6)



a t E x p e r im e n t a l  F a rm  U n it (E F U ), RIT, 
P a m p a d y . C o n s i d e r a b ly  h ig h e r  and 
c o m p a r a b le  y ie ld  u n d e r  d2 an d  d4 
fr e q u e n c ie s  o f  ta p p in g  w as d u e to panel 
ch an g e (B I-2  first y ear  d u rin g  2009-10) effect 
(Table L H T .l) .  U n d er d6 tapp ing yield was 

n o t c o m p a r a b le  to  o th e r  fre q u e n c ie s  of 
ta p p in g , in  th e  r e p o rt p e r io d  s in ce  the 
tap p in g  c u t is c lo se r  to bud union.

T w o L F T  tr ia ls  w ith  rainguardin g were 
laid o u t in K u lasekh aram  region, Tamil Nadu 
in th e  y e a r  2 0 0 2 . A t K an th im ath y  Estate, 
th ere  w e re  7  tap p in g  b lock s under weekly 
s y s t e m  o f  t a p p in g  a n d  m o n th ly  y ie ld  
s t im u la t io n  th ro u g h o u t th e  tr ia l period . 
W h e r e a s  a t  H a r ih a r a p u th ra  Estate, there

were 4 tapping blocks under d4 frequency 
of tapping with rainguarding. O ther tapping 
blocks in the estate w ere not rain guarded 
in the initial years. Y ield  stim u lation  as per 
the schedule w as carried o ut th rou ghou t the 
trial period . S ix  y ears data  o n  y ie ld  and  
re la ted  p a r a m e te r  w e r e  c o lle c te d , 
consolidated and com piled.

In the weekly tapping trial at Kanthimathy 
Estate, m ean y ie ld  o f 2 3 3 4  kg/400 trees 
could  be obtained during the six years trial 
period (Table LHT. 2). B enefit -  C ost analysis 
o f th e  d ata  in d ic a te d  a B C R  o f  1 1 .3 3 . 
W hereas, at H ariharaputra  E state the yield  
was 1933 kg/400 trees (11 m onths tapp ing / 
year) could be ob tain ed  u n d er d4 system  
(Table LHT.3).

Table LHT.2. Dry rubber yield under weekly tapping with rainguarding at Kanthimathy Estate, Kulasekharam 
___________ (Tam il Nadu)___________________________________________________________ ____________________

Particulars 03-04 04-05 05-06 06-07 07-08 08-09 Mean

Kg/400 trees 2334 .0 2503 .0 2596.0 2203.0 2625.0 1743.0* 2334 .0

50 .7 49.0 52.0 44.0 57.1 36 .6 51.0

DRC (%) 38 .6 37.1 37.5 38.7 40.1 38.5 38.4

Scrap (%) 23 .2 23.8 23.6 22.8 21.2 16.5 21.9

Kg/tree 5.8 6.3 6.5 5.5 6.5 4.4

g/tree/tap 126.1 122.7 130.0 110.0 143.5 95 .7 121.3

Tapping days 46 .0 51.0 50.0 50.0 46 .0 46.0

Rainfall (cm) 0.1 109.8 125.2 06.6 105.4

Rainy days 71,0 62.0 75.0 54 .0

'  ET10/Y I’ D -  7  % (March 09)

Table LHT. 3. Dry rubber yield under d4 frequency of lapping w ilh rainguarding a l Hariharaputhra estate.

Particulars_____________  03-04
Kg/400 trees 1961
Kg/tap 33 ,8
D RC (% ) 37 .9

Scrap  (%) 2 5 .9
Kg/tree 4.9

g/tree/tap

Tapping days 
Rainfall (cm) 

Rainy Days 

TPD - 9 %

04-05 05-06 06-07 07-08

1956 2337 1978 1788

31.1 33.9 26.7 34 .5 30.9

34.3 34.8 35.5 38.4 3 7 .7

27.9 26.3 2 5 .5 15.9

5.8 4.5 4.5 3.9

84.0 80.4 83 .3 75 .0

69 56 54 5 2

156.2 128.8 161.4 90.1

79 80 79 84

Mean
1933
3 3 .5
36.4

25 .7
4.8



Fig. LH T.l. Y ield  com parison  o f  Low Frequency 
Tapping w ith rainguarding in clone 
R R II 105 (Kulasekharam , Tam il Nadu)

G lo b a l m e a n  y ie ld  o f  c lo n e  R R II 105 
(1-10  y e a r  p h ase) in K u la sk h a ra m  reg io n  is 
1904 kg/ha. O n farm  m e an  y ield  o f  c lo n e  R R II 
1 0 5  (1 -1 5  y e a r s )  is  1 9 5 7 k g / h a . N a tio n a l 
av era g e  y ie ld  is less th an  1900 kg/ha. T h e  
y ie ld  u n d e r  both  d 4  an d  d 7  freq u en c ies  in 
th e  reg io n  w a s  eq u al o r  b e tte r  th an  th ese  
m ean s (Fig . L H T .l).

R esu lts  o f  th e  s tu d y  in d ica ted  feasib ility  
o f  s u c c e s s fu l a d o p t io n  o f  lo w  fr e q u e n c y  
t a p p i n g  ( d 4  a n d  d 7  t a p p i n g )  w i t h

r a in g u a r d in g  in K u la s e k h a ra m  re g io n  of 
T am il N a d u . B a se d  o n  th e  su cce s s , these 
es ta te s  h a v e  sh ifte d  th e re  e n t ir e  area  into 
LFT. R a in g u a rd in g  is e sse n tia l ev en  in low 
ra in fa ll r e g io n s  lik e  K u la se k h a ra m  for the 
su cce s s  o f  L FT. T h e  te c h n o lo g y  ca n  address 
cu rre n t s h o rta g e  o f  sk il le d  ta p p e rs  to a  great 
e x ten t.

T h e  d e m o n stra tio n  p lo t a t C E S  under 
w e ek ly  ta p p in g  w ith  m o n th ly  s tim u la tio n  
c o n tin u e d  to  g iv e  p r o m is in g  y ie ld  during 
2 0 0 9 -1 0  (T ab le  L H T . 4 ). I t  w as 8 .2  kg/tree/ 
y e a r  a n d  6 2 .7  k g  (m e a n  p e r  ta p ). C u rren t 
y e a r  y ie ld  is 7 5 %  o f  2 0 0 8 -0 9  ( l 51 y e a r  yield 
on B O -2  p a n e l). In c id e n c e  o f  ta p p in g  panel 
d ry n e ss  is v ery  lo w  (1 .6  % ).

E x p l o r a t o r y  t r i a l  o n  L F T  (d lO ) in  
c lo n e  R R II  1 05

In itia l tw o  y e a rs , th e  tr e e s  w e r e  tapp ed 
u n d e r  d 6  fr e q u e n c y  in  B O -2  p a n e l. From  
th ird  y e a r  o n w 'ard s fr e q u e n c y  w as m o d ified  
to  d lO . P r o m is in g  y ie ld  o f  m o r e  th a n  2 
ton nes/ 400 tre e s  w a s o b ta in e d  in  th e  8 lh year 
o f  BO -2  pane l (T ab le  L H T . 5 ). T P D  p ercentage 
is v ery  lo w  (1 .4  % )

M onths
J able LHT. 4. M onthly  yield  response o f  Low Frequency T ap p in c (S/2 d6 6d17) in c lon e RRH 105

A pr' 09 2 0 0 .5 40.1 5
M ay 145,5 3 6 .4
June 2 3 2 .4 58.1
July 4 8 0 ,0 9 6 .0
A ug 3 3 6 .0 8 4 .0
S ep 2 8 5 .6 7 1 .4

N ov

D ec
Jan' 10
Feb
M ar

Total

3 4 9 .2
282 .1

4 0 2 .7
287 .1  

1 30 .9
163.1

6 9 .8

7 0 .5
8 0 .5

7 1 .8

3 2 .7
4 0 .8

5

4

5 
4 
4  

4

3 8 .9

3 8 .3
4 0 .0
3 9 .2

3 6 .2
3 7 .1

Kg/tree ~ ~ ~  37  "
— ------------------------------------------------------------ ----------------------------- (m ean) ________________________(m ean)



Table L H T. 5 . M o n th ly  y ie ld  resp o nse of Low 
Frequency Tapping (S/2 dlO) in clone 
R R II 105 at C FS r k o . u , ne

M onths Yield 
(kg/400 trees)

Yield
(Kg/tap)

A pr'09 160,3 53,4
M ay 160.8 53.6
June 2 15 .6 71.9
July 2 43 .2 81.1
Aug 2 39 .2 79.7
Sep 2 21 .5 73.8
O ct 2 71 .7 90.6
N ov 200.2 66.7
D ec 207 .0 69.0
Jan'10 178 .8 59.6
Feb 129 .5 43.2
Mar 167.1 55.7
Total
Kg/tree

2394
6.0

66.5
(mean)

D e m o n s tra tio n  p lo ts  on d3 frequency  
t a p p i n g  i n  S m a ll  h o ld in g s :  
C o lla b o ra tiv e  p ro g ra m m e  of RRII and  
R e g io n a l o ff ic e s  o f  R u b b e r  Board

T h e  p r o g ra m m e  s ch e d u le  w as to cover 
all R e g io n a l o ff ic e s  in K erala , Tam il Nadu 
and K a rn a ta k a  in  tw o  p h ases. A ccordingly,

in the 1 p hase (2009), g ro w er m eetin g s 
w ere held in 10 R egional O ffices to give 
a w a r e n e s s  a b o u t L F T  a n d  y ie ld  
stim u lation . A fter  th e  m e etin g , g ro w ers  
were given the option to jo in  for th e  3  year 
co llab o ra tiv e  p ro g ram m e. S u b se q u en tly  
plot se le ctio n  w as ca rr ie d  ou t an d  b a se  
in fo rm a tio n  a b o u t th e  p lo ts  w e r e  a lso  
co llected . G ro w e rs  w e re  g iv e n  p ractica l 
training in their ow n field  on d ilu tio n  o f 
ethepon and m ethod o f ap p lication . T h ey  
w ere requested to record yield  o f all tapping 
d a y s . T h e  p r o g ra m m e  is  c o n t in u in g  
successfully. In sp ite o f th e  delayed  starting 
in 2009 (Jun e-Ju ly), an a v erage yield  o f over
4 kg/tree was rea lized  from  75 tap p in g  
days in all the plots. T h ere  w as no report 
on increase in T PD  from  any  o f the grow ers.

2 . L o w  F r e q u e n c y  C o n t r o l l e d
U p w ard  T ap p in g  (L F C U T )

An experim ent on L FC U T w as carried  
out in clone RRII 105 at E FU , RrT, Pam pady. 
Continuous C U T  under d4 (T3) and d6 (T7 
an d  T i l )  f r e q u e n c ie s  o f  ta p p in g  w e re  
com parable to conven tion al C U T  (periodic

Table LHT. 6. Perform ances o f Low Frequency Tapping with different harvesting practices in clone RRII 105
Tapping system  Yield* No. o f No. of

(Kg/400 trees) Taps stini/yr

S/2 d3 6d/7. ET2.5%  2/6m ;• S/4U d3 6d/7. ET5.0% 6/6m 3215 ab 100 5

S/2 d4 6d/7. ET2.5%  4/6m ; S/4U d4 6d/7. ET.5.0% 9/6m 2544 bed 72 8

S/4U d4 6d/7. ET5.0%  18/y 2991 abc_ 72 15

S/4U d4 6d/7. ET5.0%  18/y (APC) 2421 cd 72 15

S/4U d4 6d/7. ET5.0%  18/y (BPC) 2911 abc 72 15

S/2 d6 6d/7.ET2.5% 6/6m ; S/4U d6 6d/7. ET5.0% 12/6m 2427 cd 52 15

S/4U d6 6d 17. E T 5.0%  24/y 3403 a 51 23

S/4U d6 6d/7. ET5.0%  24/y (APC) 2664 abed 51 23

S/4U d6 6d/7. ET5.0%  24/y (BPC) 2591 bed 51 23

S/2 d6 6d/7. ET2.5%  6/6m ; S/3U d/6  6d/7. ET5.0% 9/6m 2398 cd 52 13

S/3U d6 6d/7. E T 5.0%  18/y 2821 abed 52 16

S/3U d6 6d/7. ET5.0%  18/y (APC)
2117  d 52 16

S/3U d6 6d/7. ET5.0%  18/y (BPC)
2104 d 52 16

r'.Trh nthpr
CD (P = 0,05) - 781



Table LHT.7. Yield response o f  Low Frequency C ontrolled Upward Tapping w ith  rainguard In c lon eR R llin ti 
______________ at C E S, C hethackal_____________________________________________ ________________ 03
Tapping system Yield* N o.o f
' _____________________________________________________________ (Kg/400 trees)___________ Taps

S/2 d3 6d/7. ET2.5%  Pa I (1.5) 3/y* 3164 d 100
S/4U d3 6d/7. ET5% L ai 18/y(3w) 7989 a 100
S/2 d4 6d/7. ET2.5% P a l(1 .5 ) 6/y* 5153 cd 75
S/2 d4 6d/7. ET2.5% Pa 1(1.5) 6/y’ 39 6 7  cd 75
S/4U d/4 6d/7. ET5% L a i 24/y(2w) 7368 ab 75
S/2  d/6 6d/7. ET2.5%  Pa 1(1.5) 12/y(m) 4913 cd 50
S/2 d/6  6d/7. ET5% G a l 18/y(3w) 5589 be 50
S/2 d /6  6d/7. ET2.5%  P al(1 .5 ) 12/y(m) 3383 cd 50

Values followed by sam e letter/s are not critically different from each other

panel change) d3 frequen cy o f  tapping (Table 
LHT.6). G ood  yield  w as obtained d uring  the 
fifth year o f  tapping also. F or continu ous CUT, 
rainguarding using w ider polythen e (90 cm ) 
is required. M ean yield  o f five years u n d er S/4 
d3 frequency w ith  period ic panel chan g e is 
c o m p a ra b le  w ith  S/4 d 4  (p e r io d ic  p a n e l 
change), S/4 d 4  (an n u al and b ienn ia l panel 
change), continu ous C U T  o f S/4 d 4  and  S/4 d6 
and S/4 d6 (A PC ) w ith  fortnightly stim ulation.

In  a n o t h e r  e x p e r i m e n t  a t  C E S , 
C h eth ack al d u rin g  six th  y e a r  o f  tap p in g , T2, 
T 5  a nd  1 7  a re  sh ifted  to C U T  and  o th ers  are 
sh ifted  to  basal p a n e l. Y ield  u n d e r  S/4 d3 
(o n ce  in  3 w eek s stim ) freq u en cy  o f  tap p in g  
w a s  c o m p a r a b le  w ith  S/4 d 4  w ith  
s tim u latio n  a fter  ev e ry  th ird  ta p p in g  (Table 
LHT. 7). Y ield o f 19.9 k g  p er tree w as o btained 
in  S/4 d 3  w ith  o n c e  in  th r e e  w e e k 's  
s t im u la tio n  a n d  18 kg/tree in  S/4 d 4  w ith

s t im u l a t io n  a f t e r  e v e r y  3 r d  ta p p in g . 
S im i la r ly  t r e e s  ta p p e d  u n d e r  d if fe r e n t  
fre q u e n c ie s  w e re  c o m p a ra b le  in  th e basal 
p a n e l tap p in g .

In th e L F C U T  e x p e rim e n t in c lo n e  RRII 
118 a t C E S, C h e th a c k a l y ie ld  u n d e r  S/4 d3 
a n d  S/3 d 4  w i t h  o n c e  in  s ix  w e e k s  
s t im u la tio n  a n d  S/3 d 6  w ith  o n ce  in three 
w e e k s  a n d  m o n th ly  s t im u l a t io n s  w ere  
co m p a ra b le  (T a b le  L H T. 8 ). H ig h e st yield  of
7 .8  Kg/tree w a s  o b ta in e d  u n d e r  S/4 d 4  with 
o n ce  in th re e  w e e k s  s t im u la tio n .

3 . O th e r  E x p e r im e n ts
L o n g  te rm  e v a lu a t io n  o f  ra in g u a rd : 
P r o b le m  o f  p r o d u c tio n  lo s s e s  d u e  to 
ra in  a n d  re c o v e ry  th ro u g h  st im u la tio n

D u rin g  th e  y e a r  it w a s  o b se rv e d  that 
y ield  lo ss  u n d e r  d 2  o r  d 3  fre q u e n cy  can  be 
co m p e n sa te d  b y  s t im u la tio n  in th e ab sence

fesp0nse °f LoW Frequency Contro lled Upward Tapping w ith  rainguard in  clone R R II 118
Yield* K r/ ln v  No. ul

S/4U d3 6 d /7  E T 5 0%  La] 9/v(6w )_  

S/4U d4 6d/7 ET5.0%  Lai 18/y(3w) 

S/3U d4 6d j7 . ET5.0%  U l  9/y(6w) 

SO U  d6 6d/7. £T5.0%  G a l 18/y(3w, 

S/3U dG 6d/7. ET5.0% G j l  12/yjm)

(kg/400 trees)

2308 b 

3113 a 

2633 ab 

2579 ab 

2411 b

Taps

ITT-;-------— — —-----------  —  _____________ -m u d
ues o  owed by sam e letter/s are not critically different from  each  oilier



Table LHT. 9. Effect o f stimulation under d , and d freon™,-;,,., ,
__ ___________on recovery o f yield loss at EFU, RIT, Pampadv PPl " 8 '  105 wilhoul r

Tapping system
S/2 <RG) d2 6d/7 2296 b 16.6 c
S/2 d2 6d/7 1753 b 18.6 c
S/2 d2 6d/7. ET2.5%  Pa. 3/y 2488 b 25 .8  c
S/2 d2 6d/7. ET2.5%  Pa. 5/y 2 6 3 7 ab 27.5 be
S/2 (RG) d3 6d/7. ET2.5%  Pa. 3/y 2274 b 24.2 c
S/2 d3 6d/7. ET2.5%  Pa. 3/y 1706 b 28.1 be 75.1 b
S/2 d3 6d/7. ET2.5%  Pa. 5/y 2576 b 40.3 b 122.0  a 7 .8  ab
S/2 d3 6d/7. ET2.5%  Pa. 7/y 3700 a 57 .8  a 148.7 a 9 .5  a
LSD  (0.05) 1068.0 14.42 34.76 3 .006
* Values followed by sam e letter/s are not critically different from each other

o f  r a in g u a r d . H ig h e r  p er tap  y ield  was 
o b serv ed  u n d e r  d 3  system  of tapping with 
o u t  r a in g u a r d in g  a t  h ig h e r  le v e ls  o f 
st im u la tio n . (T ab le  LH T. 9).

E v a lu a tio n  o f  " M o r te x "  as an  yield  
s t im u la n t in  ru b b e r

In  th e  p r e lim in a ry  ev alu ation  trial of 
m o rte x , a n  y ie ld  s t im u la n t form u lation , 
c o m p a ra b le  y ie ld  to th at u n d er S/2 d3 6d/7. 
E T 2 .5%  P a. 3/y w as obtain ed  under three or 
six  ro u n d s o f  m o rtex  p er year. However, the 
cost o f M o rtex  is v ery  high (approxim ately 7  
tim es h ig h er) co m p ared  to ethephon.

E v alu ation  o f bio-d egrad ab le  polythene 
for ra in g u a rd in g  ru b b e r trees

P o s s ib i l i t y  o f  u s in g  b io -d e g ra d a b le  
p o ly th e n e  fo r  ra in g u a rd in g  o f rubber trees

w ere in itiated . H eat a g in g  stu d ies  o f the 
sam ples w ere condu cted  at 70°C for 5 and 
10 days as w ell as U V exposure for 5  days at 
room tem perature. In heat agin g on ly  50%  
deterioration w as n oticed  by RRII w here as 
RAPRA test result in d icated  th at sam p les 
w ere too w eak for testing (Table L H T .l3).

U V  a g in g  v a lu e s  a t  R R II (a t ro o m  
tem perature) cannot b e  com pared  to RA PR A  
as th e  la te r  d id  it a t  5 0 °C . S in c e  th e  
polythene is u ltim ately  to b e  used in field, 
w e h av e u sed  it fo r  ra in g u a rd in g  trees. 
Along with it, conventional L D PE (300 gauge) 
w as used as control, for com parison . W ithin 
3 m onths, the first sam ple o f b iod egrad able 
polythene started deteriorating  faster than 
required p eriod  o f 8 -9  m o n th s. M od ified  
p o ly th en e  w ith  lo n g e r  life  o f  a ro u n d  9 

months is being developed .

Table LHT 13. Accelerattd ag n g  o l bio depradablt polythene^ ------- . -
---------a f m ! , , h- j ^  j l m g a l t o a ^ b r e ^  Modulus

RAPRA RRII RAPRA

Unaged

5 days heat aged-70° C 

10 days heat aged -70“ C

3 1 .6

29 .9

17

28.5 

Too weak to test 

Too weak to test

752.2

735

31.4

96.8 

Too weak to test 

Too weak to test

16.7

17.3

2.6

22.3 

Too w eak to test 

Too weak to test

5  days UV exposure 

50° C 31 .5 11.5 791.4 5.3 16.9



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

G e n o m e  A n a l y s is  la b o r a t o r y  is 
p rim arily  w o rk in g  on th e  fo llo w in g  areas:
( I )  th e  d e v e lo p m e n t ,  o p t im iz a t io n  a n d  
v a l id a t io n  o f  m o le c u la r  to o ls  fo r  th e  
a ssessm en t o f  g e n e tic  d iv e rs ity  in rubber, 
c lon al id en tifica tio n  an d  g e n o m e  m ap p in g ,
(II) d ev elop m en t o f  g en etic  m arkers for b iotic 
a n d  a b i o t i c  s t r e s s  t o l e r a n c e  a n d  
u n d e r s t a n d in g  th e  s t r e s s  a d a p ta t io n  
p ro ce sse s  th ro u g h  tr a n sc r ip to m e  a n a ly sis  
a n d  (III)  c lo n in g  a n d  c h a r a c te r iz a t io n  o f 
a g r o n o m ic a l ly  im p o r t a n t  g e n e s  fo r  
im p ro v e m e n t o f  H ev ea  c lo n e s  in  te rm s  o f 
latex y ield  an d  to leran ce  to  b io tic  a n d  a b io tic  
s tresse s .

1. D e v e lo p m e n t  o p tim iz a tio n  an d  
v a lid a tio n  o f m o le c u la r  to o ls  fo r  
th e  a s s e s s m e n t  o f  g e n e t i c  
d i v e r s i t y  in  r u b b e r ,  c l o n a l  
i d e n t i f i c a t i o n  a n d  g e n o m e  
m a p p in g

It is e ssen tia l to g en era te  a  la rg e  n u m b er 
o f p o ly m o rp h ic  D N A  m a rk ers  fo r  th e ir  use 
in g e n e t jc  m a p p in g  a n d  m a r k e r -a s s is te d  
s e le c t io n  (M A S )  in  r u b b e r .  M o r e o v e r ,  
d iffe r e n t m a r k e r s  m ig h t r e v e a l d if fe r e n t  
classes o f  v aria tio n  in th e  g en o m e. T h erefore , 
d iffe r e n t m a r k e r  te c h n o lo g ie s  h a v e  b e e n  
a d o p te d  a n d  s u c c e s s fu lly  e s ta b l is h e d  to 
ch a ra c te r iz e  ru b b e r  g e n o m e . T h e  d eta ils  o f 
th e  p ro g ress  a ch iev e d  so  far a re  d escrib ed .

1 .1 . M ic r o s a te ll i te s  a n d  it s  a p p lic a t io n  in 
t h e  c h a r a c t e r i z a t i o n  o f  H e v e a  
g e rm p la s m

D ev elo p m en t o f  m icrosate llite  m arkers 
in H evea  w as continu ed  w ith  the isolation and  
c h a r a c te r iz a tio n  o f  H ev ea  g e n o m ic  c lo n e s  
c o n ta in in g  m icrosate llite/  s im p le  seq u en ce  
rep eats (SSR ). W e u sed  e ig h t p o ly m o rp h ic  
m i c r o s a t e l l i t e s  fo r  d iv e r s i ty  a n a ly s is  in

cu ltivated  ru b be r c lo n es  in c lu d in g  RRH 400 
series clon es. F iv e  m ic ro sa te llite s  w e re  used 
fo r  c h a r a c t e r i z a t i o n  o f  6 0  w ild  H ev ea  
g erm p la sm  a cce ss io n s .

E n r ic h e d  g e n o m ic  l i b r a r ie s  for 
tr in u c le o tid e  re p e a ts  w e re  m a d e  in lam bda 
as w ell a s  in p la sm id  vecto r . O n e  hu ndred  
an d  fo u r p o s itiv e  c lo n e s  w e r e  seq u en ced , of 
w h ic h  3 8  c o n t a in e d  th e  f o llo w in g  
tr in u c le o tid e  m o tifs : A A G /C TT, GGT/ACC 
an d  G TG /C A C . P r im e rs  w e re  syn th esized , 
b a s e d  o n  th e  f la n k in g  s e q u e n c e s  o f  the 
rep eats , to  d e v e lo p  m a rk e rs .

1 .2 .  S i n g l e  N u c le o t id e  P o ly m o r p h is m s
(S N P s ) in  H e v e a

D ire c t a n a ly s is  o f  g e n e t ic  v a ria tio n  at 
th e  s e q u e n c e  le v e l (S N P s )  o f fe r s  se v e ra l 
ad v a n ta g es  o v e r  o th e r  ty p e s  o f  D N A  m arker 
s y s te m . S N P s  a r e  r a p id ly  b e c o m in g  the 
m a rk e r  o f  ch o ice  fo r  m a n y  a p p lica tio n s  in 
g e n o m e  a n a ly s is  d u e  to  th e ir  a b u n d a n ce  in 
th e  g e n o m e . F o u r  r e p re s e n ta t iv e s  o f  w ild  
H ev ea  a c c e s s io n s  fr o m  e a c h  o f  th e  th ree  
d iffe re n t p r o v in c e s : A cre , M a to  G ro s so  and 
R o n d o n ia  w e r e  u s e d  in  S N P  d e te c t io n .  
T w e lv e  g e n e s  w e r e  a m p li f ie d  a t  th e ir  3' 
u n tra n sla ted  re g io n  (3 'U T R )  a n d  seq u en ced . 
W e i d e n t i f i e d  1 8  S N P s  a n d  1 in d e l  in 
g lu ta th io n e  p e ro x id a s e , 7  S N P s  in  m evalon ate  
k in ase , 3  in  H M G  C o-A  sy n th a s e  a n d  2 S N P s in 
la tex  ab u n d an t p ro te in  g e n e s  a t  th e ir  3 'U T R  and 
it s  a s s o c ia te d  c o d in g  s e q u e n c e s .  In  o u r  
e a r l ie r  s t u d ie s  w ith  c u lt iv a te d  c lo n e s  w e 
c o u ld  n o t d e te c t  a n y  S N P  in g lu ta th io n e  
p ero x id a s e  a n d  la t ex  a b u n d a n t  p ro te in  gen es. 
S N P s d ete cted  in th e  M a to  G ro s so  gen oty p es 
s h o w e d  s im i la r i t y  w it h  p o p u la r  c lo n e s . 
W h i le  a n a l y z i n g  S N P s  in  g lu t a t h i o n e  
p e r o x id a s e  g e n e ,  w e  c o u ld  o b s e r v e  c le a r  
d is c r im in a tio n  o f  th e  a c c e s s io n s  p ro v in ce- 
w ise  in d ic a tin g  g e o g r a p h ic  d is t in c tn e ss  o f



th e  w ild  a c c e s s io n s .  T h is o b s e r v a tio n  
su p p o rts  o u r  e a r lie r  fin d in g s  on gen etic 
r e la t io n s h i p  u s in g  R A P D s and 
m ic ro sa te llite s . E ffe c tiv e  h ap loty p es were 
p r e d ic te d  w h ic h  c o u ld  b e  u se d  as 
g eo g rap h ica l m a rk ers  for w ild  accessions.

C h a r a c t e r i z a t i o n  o f  S N P s  in  la te x  
b io sy n th e sis  g e n e s  in R R II 4 00  series clones. 
Fou r m a jo r  g e n e s : g era n y lg era n y l diphosphate 
s y n t h a s e ,  f a r n e s y l  d ip h o s p h a t e  sy n th a s e ,  
m ev a lo n a te  k in a s e  a n d  H M G  C o-A  synthase  
in v o lv ed  in  r u b b e r  b io sy n th e tic  pathw ay 
w ere  assessed  for S N P s in h igh yielding RRII 
400  series  r u b b e r  c lo n es  d eveloped  through 
h y b r id iz a tio n  b e tw e e n  R R II 105 and RRIC 
1 0 0 . M a in ly  u n tr a n s la t e d  r e g io n s  w ere 
p re fe re n tia lly  am p lified  for SN P  detection. 
S p e c if ic  a m p lif ic a tio n  o f th e  desired  gene 
frag m en ts  w a s  o b ta in ed . A ll the four genes 
ex ce p t g e r a n y l  g e ra n y l d ip h osp h a te  synthase  
p ossess  in tro n s  re su ltin g  in large am plicon 
size  th an  th e  ex p e c te d  on es. PC R products 
w e r e  s e q u e n c e d  d ir e c t ly  a n d  th e  
c h r o m a to g r a m s  w e r e  an a ly z ed . O nly the 
PC R  p ro d u cts  d e r iv e d  from  parental clones 
(R R II 105 a n d  R R IC  100) w ere cloned and 
seq u en ced  fo r  h a p lo ty p e  detection . A total 
o f 2 0  S N P s w e re  id en tified  in the four genes. 
Fou r S N P s w e re  d ete cted  in g e m iy l  geranyl 
d ip h o s p h a t e  s y n t h a s e  c o d in g  re g io n , six  
in tro n ic  S N P s  w e re  d etected  both  in farnesy l 

d ip h osp h a te  s y n th a s e  an d  H M G  Co-A synthase  
gen es an d  fo u r  S N P s  (o n e cod in g  a lon g with 
th ree in tro n ic  S N P s) in m evalonate kinase  were 
d ete cted . F re q u e n cy  o f S N P s in each gene 

w as ca lcu la te d  u s in g  th e  SN P  data.

A lle le -s p e c if ic  P C R  am p lification  was 
o p tim iz e d  fo r  v a lid a tio n  o f  SN P s in Hevea. 
T o u ch d o w n  P C R  a m p lifica tio n  procedure 
a lo n g  w it h  th e  u s e  o f  p r o o f  re a d in g  
p o ly m e ra se  en z y m e , w as adopted . Allele- 
s p e c if ic  a m p lif ic a t io n  o f S N P  w as found 
co n s isten t e ith e r  w ith  C  o r G  alleles.

1.3. G enetic  lin kage m ap in  ru b be r

Construction o f a gen etic linkage map 
is im p ortan t, w h ich  p re se n ts  th e  lin ea r  
order o f m arkers in their respective linkage 
groups and the distance betw een ad jacent 
m arkers as a fu n ctio n  o f reco m b in a tio n  
distance. The linkage m ap a llow s revelation 
o f more and m ore restricted  segm ents o f the 
gen om e and  u n d o u b ted ly  e n h a n ce s  our 
u n d e rsta n d in g  in m a n y  a r e a s  o f  p la n t 
systematics. Inform ative m arkers d eveloped 
in rubber w ere used to  g en era te  band in g  
profiles in a progeny popu lation including 
parents.

Total 52 RA PD s (20 R A PD s - RR II 105 
specific, 19 RA PD s - RRII 1 18 specific and  13 
RA PD s - present in both the parents) w ere 
a n a ly z e d  for s e g r e g a t io n  in  p r o g e n y  
population. G enom ic m icrosatellite m arkers 
(di- and tri-nucleotide repeats) d eveloped  in 
our la b o ra to ry  and  E S T  d e r iv e d  (g en e- 
derived) m icrosatellite m arkers, generated  
through m ining o f the G enBan k sequences, 
w ere tested for p olym orphism s u sing  tw o 
parental clones (RRII 105 and RR II 118) o f a 
progeny population being  used for linkage 
m ap ping. T h irty -sev en  p o ly m o rp h ic  SSR 
m arkers (13 g en om ic and  24 EST-derived 
SSRs) w ere used to gen otyp e the progeny 
p o p u la tio n  a n d  s e g r e g a t io n  d a ta  w a s  
recorded for linkage m ap construction .

2. D ev elo p m en t of g en etic  m ark ers  
fo r  b i o t i c  a n d  a b i o t i c  s t r e s s  
to leran ce an d  u n d e rs ta n d in g  
th e  s t r e s s  a d a p t a t i o n  p r o c e s s  
th rough tra n scrip to m e  a n a ly sis

2 .1 . D ev elop m en t o f  m o lecu la r  m arker(s) 
l in k e d  to  th e  lo c u s  c o n f e r r in g  
resistan ce to fu n gal d isea ses  in  H ev ea

2.1.1. R e s is ta n c e  g e n e  a n a lo g u e  (R G A ) in  
ru bber
R G A  a p p r o a c h  w a s  a d o p te d  to 

identify d isease resistan t gen es in H evea. W e



rep o rted  iso la tio n  a n d  c h a ra c te r iz a tio n  o f 
g en o m ic  R G A s in ru b b e r  from  RR II 105. For 
c o m p a r a t iv e  a n a ly s is ,  R G A s  w e r e  a ls o  
a m p lif ie d  fro m  R R IM  6 0 0  (R G A -M ) an d  
H evea ben tham ian a  (R G A -B ). S eq u en ce s  w ere  
an a ly zed  to g e n e ra te  p h y lo g ram . R ecen tly  
w e  m a d e  a n  a t t e m p t  to  id e n t i f y  th e  
fu n c tio n a lly  a c tiv e  R G A s in ru b b e r  a lo n g  
w ith th e  iso lation  o f  g en o m ic  R G A s. R ev erse  
t r a n s c r ip t io n  ( R T )  p o ly m e r a s e  c h a in  
reaction  tech n iq u e  w a s a d o p ted  to  am p lify  
cD N A  fr o m  R N A  is o l a t e d  fr o m  th e  
C oryn espora  ch a llen g ed  lea f sa m p le s  o f  R R II
105. A  d eg en era ted  p r im e r-p a ir  w as used  
for am p lification  o f  fu n ction al R G A s (cD N A ). 
A p p ro xim ate ly  0 .6  kb  b an d  w as g el-p u rified  
an d  c lo n e d . T h ir ty - f iv e  c D N A  (R T -R G A ) 
clo n es  w ere  seq u en ced  to g e t an  id ea  a b o u t 
th e  fu n c tio n a l d is e a s e  r e s is ta n c e  g e n e  in 
r u b b e r .  S e q u e n c e s  o f  2 8  c lo n e s  w e r e  
a n a ly z e d  a s  th ey  co d e d  fo r  o p en  rea d in g  
fram e (O R F ). C o n ce p tu a l tra n sla tio n  o f  th e  
2 8  c lo n e s  re v ea led  ch a r a c te r is t ic  m o tifs  o f 
" R "  g en es. S u b s ta n tia l se q u e n ce  v ariab ility  
w a s  d e t e c t e d  a m o n g  t h e s e  R T -R G A s . 
A lig n m en t o f  a m in o  ac id  se q u e n ce s  o f  RT- 
R G A s a lso  re v ea led  v a ria tio n  a t  tran sla tio n  
lev e l an d  u ltim a te ly  c lu s tered  in to  9  m a jo r  

g ro u p s. R e v e rse  N o rth e rn  a n a ly s is  o f  the 
r ep resen ta tiv e  R T -R G A  c lo n e  o f  e ach  g ro u p  
w a s  c a r r ie d  o u t  b o th  w ith  c o n t r o l  a n d  
treated  (C ory n esp ora  in fec ted ) cD N A  p ro b es  
( r a d i o - l a b e l l e d ) .  B o th  c o n s t i t u t i v e  
(e x p re s s e d  b o th  in  c o n tr o l  a s  w e ll a s  in 
in fected  p lan ts) a n d  in duced  (on ly  in in fected  
p la n t s )  e x p r e s s io n  o f  R T -R G A s  w a s  
id e n tifie d  w h ich  h a d  s ig n if ic a n t  le v e ls  o f 
se q u e n c e  v ariab ility .

2.1 .2 . G e n e s  in v o lv e d  in  h o s t  t o l e r a n c e  t o  
C o r y n e s p o r a  l e a f  d i s e a s e  

U n d e r s t a n d in g  o f  m o le c u la r  
m e c h a n is m s  u n d e r ly in g  h o s t -p a th o g e n  
in te r a c tio n s  is  o f  p r im a r y  im p o r ta n c e  in

d e v is in g  s t r a t e g i e s  to  c o n t r o l  d is e a s e . 
T h erefore , a n  e ffo rt w a s  m a d e  to isolate genes 
in duced  d u rin g  th e  in teractio n  o f  C orynespora  
c a s s i i c o l a  w ith  R R II  1 0 5  d u r in g  d ise a s e  
d e v e lo p m e n t, u s in g  d iffe r e n t ia l d isp lay  of 
m R N A  (D D R T -P C R ) b y  ch a llen g e  inoculation 
o f  ru b b e r  p la n ts  w ith  s p o r e  su sp e n sio n  o f 
C. c a ss iico la  in g la s s  h o u s e  c o n d itio n . Fifty- 
s e v e n  d i f f e r e n t i a l l y  e x p r e s s e d  (o v e r ­
e x p r e s s e d )  t r a n s c r ip t s / b a n d s  fr o m  C, 
cassiicola  ch a llen g ed  le a f  sa m p les  w ere  cloned 
a n d  s e q u e n c e d . F u l l- le n g t h  c lo n in g  was 
in itia te d  fo r  tw o  g e n e s  a n th o c y a n id in  3 -0 -  
g l u c o s y l t r a n s f e r a s e  a n d  t r a n s c r ip t io n a l  
r eg u la to rs  o f  th e  G R A S  fam ily . A ll th e  cD N A  
c lo n e s  w e r e  s u b je c te d  to  r e v e rs e  n o rth ern  
a n a ly s is  u s in g  in fe c te d  a n d  n o n -in fe c te d  
to ta l R N A  fro m  R R II 105  a n d  R R IM  600  as 
p ro b e  to  id e n tify  th e  c D N A  c lo n e s  sh ow in g  
c o n s is te n t e x p re s s io n  p ro file s .

2 .2 .  C h a r a c t e r i z a t i o n  o f  s t r e s s - t o le r a n t  
c l o n e s  o f  H e v e a  u s i n g  m o l e c u l a r  
m a r k e r s  a n d  g e n e  r e g u la t io n  u n d e r  
a b io t i c  s t re s s e s

P la n ts  h a v e  th e  a b il i ty  to  re sp o n d  to 
e n v i r o n m e n ta l  c h a n g e s  b y  a l t e r in g  th e  
e x p r e s s io n  o f  c o m p le x  g e n e  n e t w o r k s  
th ro u g h  s e n s in g  e n v iro n m e n ta l cu es . T h ese 
t r a n s c r i p t i o n a l  c h a n g e s  c a n  r e s u l t  in 
su c c e s s fu l a d a p ta t io n s  le a d in g  to  to leran ce  
in to le ra n t g e n o ty p e s . T o  u n d e rs ta n d  stress 
a d a p ta t io n  p ro c e sse s , tr a n s c r ip t p ro filin g  o f 
b o th  to le ra n t an d  se n s itiv e  re sp o n s e s  u n d er 
d iffe re n t a b io tic  s tre sse s  h a v e  b e e n  in itia ted . 
T h is  w i l l  p r o v id e  a 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  s t r e s s  a d a p ta t io n  an d  
c lu e s  fo r  id e n tif ic a t io n  o f  g e n e s , w h ich  are 
u s e fu l fo r  im p r o v e m e n t  o f  a b io t i c  s tre ss  
to le ra n ce .

2 .2.2. C o ld  t o l e r a n c e  in  r u b b e r  

T r a n s c r i p t  p r o f i l i n g  in  tw o  s t r e s s
to le ra n t H ev ea  c lo n e s  P R  261 a n d  R R II 208  in



re la tio n  to  c o ld  s t re s s  w as con tin u ed  for 
fu n c t io n a l  g e n o m ic  s tu d ie s .  O u t o f 180 
d ifferen tia lly  ex p re ss e d  m ajorbands/cD N A  
(d ow n  o r u p -r e g u la te d ), 144 b and s could 
s u c c e s s f u l ly  b e  c lo n e d  a n d  s e q u e n ce d . 
F in a lly  131  c D N A  s e q u e n c e s  (59  d ow n - 
re g u la te d  a n d  7 2  u p -r e g u la te d  cD N A s) 
w ere a n a ly z e d , w h ich  revealed  110 unique 
seq u en ces  co m p ris e d  o f 13 clusters/contigs 
and  9 7  s in g le to n s .  M o st o f  th em  had  no 
m a tc h  w it h  th e  G e n B a n k  s e q u e n c e s . 
H o w ev er, se v e r a l d iffe re n tia lly  expressed  
g e n e s  i . e . ,  c a l a l a s e ,  p h o s p h a t id y l in o s it o l!  
p h o sp h a tid y lc h o lin e  tran s fer  p rotein , NADH, 
dehydrogenase, m yb transcription factor, dowmvard 
le a f  cu rlin g  pro te in , ep im erase/ dehydratase, Na'/ 
H' an tiporter , c h lo ro p la s t  YcfZ  and chloroplast 
F tsH  p r o te a s e  in v o lv e d  in co ld  adaptation 
p ro cess in r u b b e r  w e re  a lso  identified  along 
w ith  th e  u n iq u e  tfa n scrip ts . C old-induced 
a c c u m u la t io n  o f  F ts H - l ik e  p ro te a se  has 
alread y  b e e n  d ete cted  in M edicago sativa, and 
in d u ctio n  o f F tsH  tra n scrip ts  is specifically 

r e g u la te d  b y  lo w  te m p e r a tu r e  and  light 
in d e p e n d e n tly  a n d  is n o t part o f a general 
resp o n se  to  s tre ss fu l con d ition s.

2.2.2. R u b b e r  E S T  P r o je c t

A d i r e c t i o n a l  c D N A  l ib r a r y  w as 
co n stru c te d  fro m  co ld  s tresse d  lea f sam ples 
o f ru b b e r  in L a m b d a  'Z A P  Exp ress' vector 
fo r  th e  e x p r e s s e d  s e q u e n c e  ta g  (E S T ) 
seq u en cin g  p ro ject. T h e  ob jective  o f our EST 
s e q u e n c i n g  p r o je c t  is  to  e s t a b l is h  and  
p r o v id e  a  w e l l - c h a r a c t e r i z e d ,  no n - 
r e d u n d a n t  E S T  r e s o u r c e  fo r  g e n e tic  
e n h a n c e m e n t  o f  th is  im p o rta n t cro p . To 
id en tify  co ld  re sp o n s iv e  gen es, around 873 
c lo n es  w e re  iso la te d  from  th e library and 
ch eck e d  fo r  th e ir  in sert size . In-vivo  excision 
o f  th e  r e c o m b in a n t  la m b d a  c lo n e s  for 

se q u e n c in g  is in p ro g ress.

T o  g e n e r a t e  m o r e  n u m b e r  o f co ld  
r e s p o n s iv e  E S T s ,  w e  c o n s tr u c te d  a 2"

subtracted cD NA library contain ing  m ore 
than 600 subtracted cD N  A clones.

2 .3 . M e t h y la t io n  d y n a m ic s  o f  H e v e a  
b ra s il in e s is  genom e 

DNA m ethylation  is on e o f th e  m ost 
abundant epigenetic m odifications in higher 
p la n ts  an d  a n im a ls , w h ic h  p la y  an 
im portant role in regulating developm ent 
an d  d e v e lo p m e n ta l p r o c e s s e s .  P la n ts  
respond and  ad ap t to b io tic  an d  ab io tic  
s t re s s  c o n d itio n s  b y  th e  c o n tr o l le d  
regulation of expression o f several gen es and 
m e th y la tio n  p la y s  a m a jo r  r o le  in  th is  
process. Studying the m ethylation  pattern 
of Hevea clones w ill help  to better understand 
th e  m o le c u la r  p r o c e s s  in v o lv e d  in th e  
differential expression o f characters by the 
sam e clone under varied stressed  conditions 
and the stress ad a p ta tio n  m e ch an ism  of 
plants by regulating the rate o f expression 
o f various genes.

A prelim inary study w as cond u cted  in 
H ev ea  to  e s t a b l is h  th e  p r e s e n c e  o f 
m e th y la tio n  in  its  g e n o m e  a n d  to  
understand the in flu en ce o f stress on th is 
phenom enon. Experim ents w ere designed to 
analyze tine m ethylation p attern  variations 
within the selected prom oter regions o f few 
genes involved in rubber b iosyn thesis and 
disease resistan ce in th ree  p o p u lar H evea  
brasiliensis clones (RRII 105, RRIM  600 and PB- 
260) in response to co ld  stress. Existen ce o f 
m ethylation in H evea  gen om e w as proved 
through restriction d igestion  an alysis  using 
m e th y la tio n  s e n s it iv e / in -s e n s i t iv e  
iso sch izo m ers  and  b is u lf ite  se q u e n c in g . 
Bisulfite sequencing data w as collected  from 
H M G  C o-A  r e d u c ta s e -1  a n d  c o r o n a t in e -  
insensilive-1  gene p rom oter reg ion s for tw o 
consecutive years (2007-08) and  from  H M G  
Co-A synthase, fam esy l diphosphate synthase and 
rubber e longation fa c to r  g en e p rom oters for a



sin g le  y e a r  (20 0 8 ). T h e  b isu lf ite  s e q u e n c in g  

d ata  w as a n a ly zed  u s in g  C y M A T E  so ftw are  
d e d ic a t e d  fo r  m e t h y l a t io n  a n a l y s i s .  
S ig n if ic a n t d if fe r e n c e  in  th e  m e th y la tio n  
p a t t e r n  w a s  o b s e r v e d  in th e  s e le c t e d  
p ro m o ter  r e g io n s  o f  a ll  th e  f iv e  g e n e s  w h en  
sa m p les  from  tw o d iffe re n t lo ca t io n s  w e re  
co m p a red . In H M G  C o-A  red u cta se -1  g e n e  
p r o m o te r ,  5 .6 7 %  o f  th e  p r o b a b l e  s i t e s  
ap p ea red  to b e  m e th y la te d . R R II 105 p la n ts  
w ere fou n d  to b e  m o re  p ro n e  to m e th y la tio n  

c h a n g e s  in  th e  a b o v e  p r o m o t e r  r e g io n . 
S ig n if ica n t c h a n g e s  in m e th y la tio n  p a tte rn  

w ere  o b se rv e d  at im p o rta n t m o tifs  re la ted  
to  s tre ss  re sp o n s e , d e fe n s e  a n d  p ro m o te r  

e n h a n c e m e n t o f  th is  g e n e . In  H M G  C o-A  
syn thase , on  a v e ra g e  6 .3 4  %  s ite s  w ere  fou n d  

m e th y la te d . It a ls o  sh o w e d  d ie  s a m e  tren d  
as th at o f  H M G  C o-A  red u cta se -1  in te rm s  o f 

m e th y la tio n  at th e  C A A T -b ox , a n  im p o rta n t 

p ro m o te r  e n h a n c e r  r e g u la to r y  m o tif .  In 
coron atin e in sen sitiv e-1  g e n e  p ro m o ter  reg ion , 

8 .9 6 %  o f  th e  p r o b a b le  s i t e s  w e r e  fo u n d  

m e th y la te d . C h a r a c t e r i s t i c  m e th y la t io n  
p a tte rn s  w e r e  o b s e r v e d  in  th e  A C E  a n d  
C A A T  m o t i f s  o f  R R I I  1 0 5  p la n t s  f r o m  

E la p p a r a . In  f a r n e s y l  d ip h o s p h a t e  s y n th a s e  
g e n e  p r o m o t e r  r e g io n , 3 .5 7 %  s ite s  w e re  

m e th y la te d , w h ic h  c o m p ris e d  o f  C G N  an d  

C H H  ty p e s  o f  m e th y la t io n  w h e r e a s  a ll  
th ree  ty p es  o f  m e th y la tio n , C G N , C H G  and 

C H H  in  v a r y in g  d e g r e e  w e r e  n o tic e d  in 

r u b b er  e lo n g a t io n  f a c t o r  g e n e  p r o m o te r  a t  a 
fr e q u e n c y  o f  5 .5 9 % . T h e  r e s u lts  fro m  th is  
s t u d y  i n d i c a t e  t h a t  R R I I  1 0 5  is  m o r e  

s e n s it iv e  to  m e th y la t io n  v a r ia t io n s  th a n  
R R IM  6 0 0  a n d  P B  2 6 0 . M o r e o v e r  th e  s tu d y  
th ro w s lig h t o n  th e  e p ig e n e tic  m o d e  o f  g en e 

r e g u la t io n  m e c h a n is m  in H ev ea  a s  p a r t o f 
t h e i r  s t r e s s  a d a p t a t i o n  p r o c e s s  in  
r e s p o n s e  to  c h a n g i n g  e n v i r o n m e n t a l  
c o n d itio n s .

3 . C lo n in g  a n d  c h a r a c te r iz a t io n  of 
a g r o n o m ic a l ly  im p o r ta n t  g en es

3 .1 . C lo n in g  a n d  c h a r a c te r iz a t io n  o f  lig n in  
b io s y n th e s is  g e n e (s )  in  H e v e a  fo r  th eir 
o v e r -e x p r e s s io n  i n  t im b e r  c lo n e s

A s w o o d  q u a lity  r e lie s  o n  seco n d ary  
x y lem  fo rm a tio n , a n d  m o re  p a r ticu la rly  on 
lig n in  d e p o s itio n  in  s e c o n d a ry  c e ll w alls, a 
s u b s t a n t i a l  e f f o r t  h a s  b e e n  p u t  o n  th e  
f u n c t io n a l  c h a r a c t e r i z a t i o n  o f  g e n e s  
in vo lv ed  in lig n in  p ro d u c tio n . L a st y e a r  we 
r e p o r t e d  s u c c e s s f u l  c l o n i n g  an d  
c h a r a c t e r i z a t i o n  o f  c D N A  e n c o d in g  
c in n a m y l a lc o h o l d e h y d r o g e n a s e  (C A D ), 
w h ic h  c a ta ly z e s  th e  f in a l  s t e p  in  lig n in  
p re cu rso r  sy n th e s is  r e d u c in g  th e  cin nam yl 
a ld e h y d e s  ( p a r a - c o u m a r y l ,  c o n ife r y l  and 
s in a p y l a ld e h y d e s )  to  th e  c o r re s p o n d in g  
a lc o h o ls  in  th e  p r e s e n c e  o f  N A D P H . 
C o rr e s p o n d in g  fu ll - le n g th  g e n o m ic  clon e 

w as a lso  g en era ted  fro m  R R II 105. N u cleotide 
s e q u e n c e  in f o r m a t io n  s h o w e d  th a t  th e  
p ro te in -co d in g  re g io n  o f  th e  g e n e  is -20 9 1  bp 

in  s iz e  a n d  th e  c o d in g  s e q u e n c e  w as 
in terru p ted  by th e  p re se n ce  o f  4  in trons.

To id e n tify  p r o m o te r  s e q u e n c e s  in the 
u p s tre a m  to th e  5 'e n d  o f  th e  C A D  g e n e , w e 

g e n e r a t e d  tw o  c lo n e s  th r o u g h  g e n o m e  
w a lk in g .  A m o n g  t h e s e  tw o , o n ly  th e  

' C A D _ S t u '  f r a g m e n t  ( 7 1 3  b p )  s h o w e d  
h o m o lo g y  in th e  c o d in g  re g io n  o f  th e  C A D  
g e n e  at th e  d o w n  s tre a m  (fro m  5 4 7  b p ) o f 

th e  s e q u e n c e .  T h e r e f o r e  th e  u p s tr e a m  
se q u e n c e  o f  5 4 6  b p  o f  th is  c lo n e  is a p u ta tiv e  

p r o m o te r  s e q u e n c e  c h a r a c te r iz e d  b y  the 
p re se n c e  o f  a TATA b ox  ("T A T A T A T A A " )  at 
p o sitio n  88  b p  fro m  A T G  s ta r t  c o d o n  o f  the 

g e n e .  F u r t h e r  c h a r a c t e r i z a t i o n  o f  th e  
p ro m o te r  s e q u e n c e  a n d  a ls o  th e  ex p ress io n  
s tu d y  w ith  th e  C A D  g e n e  a re  in  p ro g ress .

A b acteria l e x p re s s io n  c a sse tte  fo r  the 
C A D  g e n e  co n tro llin g  lig n in  b io sy n th e s is  in



r u b b e r  w a s  c o n s t r u c t e d .  A b o u t 4 9  kD  
p rotein  (fu sio n  p ro te in ) band  w as noticed 
on S D S -P A G E  w ith in  an h o u r o f induction 
o f th e  tra n sfo rm e d  E. c o li cells w ith 1 mM 
IPTG.

S e q u e n ce  in fo rm atio n  o f the full-length 
cD N A  e n c o d in g  c in n am o y l-C o A  reductase 
(C C R), in vo lved  in  lignification, w as deduced 
th ro u g h  th e  s e q u e n c in g  o f  both  5' and 3' 
R A C E  (ra p id  a m p lifica tio n  o f cD N A  ends) 
p r o d u c ts  o f  th e  g e n e . F u ll- le n g th  cD N A  
se q u e n ce  o f  th e  C C R  g en e w as found to be 
1397 b p  in  len g th  in c lu d in g  1017 bp  o f coding 
an d  3 8 0  b p  o f  n o n -co d in g  seq u ences (114 bp 
o f 5 '-U T R  a n d  2 6 6  b p  o f 3 '-U T R ), w hich was 
c lo n ed  su ccessfu lly .

3.2. C lon ing o f m e ta l lo th io n e in  g en e (s) in
rubber

Identification o f metallothionein gene (MT) 
in subtracted cD N A  library derived  from 
co ld  s tre sse d  le a f  s a m p le s  o f ru b b e r  
prompted us to clon e and characterize M T 
gene, as the sam e cod es for a low m olecular 
w eight protein that acts as a reactive oxygen 
sp ecie s (R O S) sc a v e n g e r  in th e  c e lls  to 
protect p lan ts from  o x id a tiv e  stress . An 
effort was m ade to identify the functional 
isoform s of the gene in stressed leaf sam ples. 
Reverse trancriptase reaction  w as carried  
out with gene specific prim ers to  am plify 
the respective cD NA. T h e am plified product 
w as clon ed  su ccessfu lly , seq u en ced  and 
confirm ed as m etallothionein  gene.

CENTRAL EXPERIMENT STATION, CHETHACKAL

T h e  C e n t r a l  E x p e r im e n t  S ta tio n ,. 
C h eth ack a l, lo ca ted  n ear  Ranni at a distance 
o f  a b o u t  5 6  k m  fr o m  K o tta y a m  w as 
estab lish ed  in  1966 to  c a ter  research needs of 
the d ifferen t D iv isio n s o f the RRII. The Station 
has a to ta l la n d  a rea  o f  254 .8  ha. w hich is 
p lan ted  for d iffe re n t research  projects.

T h e  S t a t io n  m e e ts  th e  n e e d s  o f  the 
s c ie n t is t s  o f  v a r io u s  d is c ip lin e s  o f C rop 
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 rop 
P r o te c t io n ,  C r o p  P h y s io lo g y  and  L atex  
H a rv e s t T e c h n o lo g y . T h e  s ta tio n  w orks 
un d er A an d  B D iv isio n s o f alm ost equal area. 
A p a r t  f r o m  c lo n e  t r ia ls  a n d  b u d  w ood 
n u rs e r y  o f  p ip e l in e  c lo n e s , tr ia ls  on low 
f r e q u e n c y  t a p p in g ,  C U T , G e rm p la sm  
a c c e s s io n s ,  d i s e a s e  m a n a g e m e n t  and

fer tiliz er  d o sa g e s  m a k e  up  b u lk  o f th e  
experim ental areas. Sp ecia lised  trials like 
gas based tapping (G -Flex), in tercropping 
and im m atu rity  red u ctio n  etc. also  m ak e 
part o f the experim ental area. A three part 
tree crow n budded area w ith canop y form 
FX 516 is laid to stu d y  d isease  resistan ce 
m echanism s. A n E d d y -co v arian ce tow er 
gives m icro-en viron m en tal data.

D uring the reporting period , the total 
crop realized w as 1266980 kg. A total o f 299 
tapping days w as possible in the year and 
42  tap p ers (p e r  d a y ) w e re  e n g a g e d  for 
tapping. The C ES D ispen sary a ttend s to the 
medical needs o f the w orkers and the total 
nu m ber o f v is its  o f p a tie n ts  d u r in g  th e  
period under report w as 4640.



T h e  p rio rity  a re a s  o f research  inclu d ed  
cro p  im p rov em en t, m an ag em e n t, protection  
and  la tex  h arv estin g  tech nology.

1 . C ro p  Im p ro v e m e n t

1.1. Large scale trial for selection of location 
specific clones

Fifteen  p ro m is in g  c lo n e s  o f H ev ea  viz. 
R R II 4 1 4 , R R II 4 1 7 ,  R R II 4 2 2 ,  R R II 4 2 9 , 
R R II4 3 0 , R R IM  6 0 0 , R R II 2 0 3 , R R II 2 0 8 , 
SC A TC  88/13, IR C A  109 ,1  RC A  111, IR C A  130, 
PB 280 , P B  312  an d  P B  314 , w ere  m u ltip lied  
an d  p la n ted  in  p o ly b a g  fo r  fie ld  p lan tin g  at 
R R T C , H ah ara .

1.2. la r g e  scale  trial for evalu ation  of 
potential primary clones

T en p ro m is in g  p o ly c lo n a l se le ctio n s  
m z.G h 1, G h  2 , G h  3, G h  4, G h  5, G h  6, G h  7, 
G h  8, G h  9  a n d  G h  10) o f  S aru tari farm  u n d er 
R R S , G u w 'a h a ti a lo n g  w ith  tw o  c o n tr o l  
c lo n e s  R R I M  6 0 0  a n d  R R I I  4 2 9 ,  w e r e  
m u ltip lied  an d  p la n ted  in p o ly b a g  for field  
p la n tin g  at R R T C , H ah ara .

1.3. On-Farm evaluation of selected clones 
of Hevea  in Assam

F o u r p ro m isin g  clo n es o f H evea, viz. RRII 
417 , R R II 422 , R R II 4 2 9  a n d  RRH 43, a lo n g  
w ith  tw o co n tro l clo n es , viz. R R IM  6 0 0  and  
S C A T C  88/13, w ere  m u ltip lie d  a t  S a ru ta r i 
farm  u n d e r  R R S, G u w a h a ti an d  p lan ted  in 
p o ly b a g  a t  fo u r  d i f f e r e n t  fa r m e r s  f ie ld  
(U m s ia n g , B y r n ih a t ,  K r is h n a n a g a r  an d  
B h a k u a g o o g ) fo r  fie ld  p la n tin g .

2 . C ro p  m a n a g e m e n t

2.1. Development of an Integrated Nutrient 
M anagem ent system for young rubber

A n  e x p e rim e n t fo r  d e v e lo p m e n t o f an 
In teg rated  N u trien t M a n a g em en t s y stem  for 
y o u n g  r u b b e r  w ith  co v e r  cro p  w as in itia ted

a t  R R T C , H a h a ra , R R S , G u w a h a ti d u rin g  
2 0 0 8 .  T h e  c lo n e  R R I M  6 0 0 ,  w ith  se v e n  
t r e a t m e n t s ,  w a s  p a n t e d  in  R B D . T h e  
t r e a t m e n t s  i n v o lv e d  c o m b i n a t io n  o f 
d iffe re n t d o se s  o f  in o rg a n ic  fe r tiliz e rs  w ith 
an d  w ith o u t b io fe r tilise rs  a n d  b io fertiliser  
s e p a r a te ly . T h e  b io fe r t i l i s e r s  a p p lie d  are  
A zotabactor, P seu d om on as , P h o sp h o b ac ter i and 
AM F. T h e re  w as n o  s ig n if ic a n t d iffe re n ce  in 
g ir th  o f  p la n ts  u n d e r  v a r io u s  tr e a tm e n ts  
(T ab le  G hy. 1)

Table Ghy. 1. G irth  (cm) o f  plants at 150 cm height
Treatment G irth (cm)

D ec 2 009 Ju n e 2010
C ontrol 7 .2 7 7 .53
Standard practice 7 .6 9 7 .9 9
25% N & P + BF * 7 .4 4 7 .7 5
50% N & P + BF • 8 .12 8 .8 2
75% N&P +BF * 7 .7 3 7 .9 5
Standard practice +BF 7 .6 6 8 .1 8
BF alone 8.00 8.51
S E 0 .3 3 0 .4 3
C D  (P  -  0.05) N S N S
* Full dose o f  K, BF - Biofertilizers

2.2, Evaluation of different biological bunds 
in soil and water conservation in rubber
T h e  s u i ta b le  lo c a t io n  fo r  s ta r t in g  th e  

e x p e rim e n t w a s  id e n tif ie d  a t  R R T C , H ah ara  
farm , R R S, G u w a h a ti,  A ssam .

2.3, Effect of crop  in te n sifica tio n  w ith  
in te rc ro p s  on e s ta b lis h m e n t and  
growth of rubber in rubber plantation

T h e  s u ita b le  lo ca tio n  fo r  s ta rtin g  th e  on 
fa rm  i n t e r c r o p p i n g  e x p e r i m e n t  w a s 
iden tified  a t  M o ru g d ala , B y rn ih at, G uw ahati.

3. C ro p  P r o te c t io n

3.1. Survey of diseases and pests
S u r v e y  o n  p e s t s  a n d  d is e a s e s  o f  

ru b b e r  w as ca rr ie d  o u t in 33 s ites  co v erin g



17 d ifferen t lo c a t io n s  in A ssam , M eghalaya 
and n o rth ern  p a rt o f W est Bengal. Severity 
o f p o w d ery  m ild ew  d isea se  w as h igh (above 
60% ) in p r iv a te  ru b be r p lan tation  a t Um ling, 
U m s ia n g , B y r n ih a t ,  B ih a r u h a t ,  J i t i  and 
R an go a n d  th e  in fe c tio n  cau sed  d ie-back in 
low er b ra n c h e s  o f  th e  a ffected  trees (Table 
Ghy. 2). H ig h  in c id en ce  o f Periconia  leaf blight 
d is e a s e  ( 8 5 % )  w a s  n o t ic e d  in  p o ly b a g  
n u r s e r y  a t  U m l in g ,  S o i l  C o n s e r v a t io n  
D e p a rtm e n t, G o v t ,  o f  M e g h a la y a  w here 
29 .7%  p o ly b a g  p lan ts  d ried  d u e to die-back 
and  th e  d ise a s e  w a s co n tro lled  by spraying 
B a v is t in . M in o r  in c id e n c e  o f  b row n  root

disease (below 2% ) was noticed in private 
rubber plantation at Agia and also in block 
plantation at RRTC, H ahara in Assam  and 
RES, N agrakata in n orth ern  part o f W est 
Bengal. In cidence o f pu rp le  root d isease 
(below 5% ) w as noticed in im m ature rubber 
plants (5-years-old) in block p lantation of 
RP departm ent at RRTC, H ahara for the first 
tim e in A ssam  a n d  th e  d is e a s e  w as 
c o n tro lle d  b y  a p p lic a t io n  o f C a lix in . 
Fructification o f the pathogen causing purple 
root disease w as also observed in Pueraria  
cover crop and the p ath ogen m ight have 
spread to rubber from  cov er crop. M inor

Table Ghy. 2. Incidence and severity of various pests and diseases of rubber during 2009-10________
Location  Area ______________________ Pests and diseases of rubber (%)________________________

(ha) PM  PLB BR Pink TB PR SL F Pod rot S cale

Sarutari farm* 8.0 B elo w
20.0

RRTC, H ahara* 5 .0 20 to 60.0 - 0.5 to 1.9

Rangdoloi* 1.0 7 5 .0

Agia 4 .5 B elow
3 0 .0 0 .5

Lem acona 2.0 40 .0

Mitani* 1.0 40 .0

Umsiang* 2.0 7 0 .0

Umling* 2.0 60 .0 85.0

Byrnihat* 1.0 60.0

Killing* 1 .0
4 0 .0Mendipathar 1.0

Below
0.5

Nagrakata* 5 .0 B elow
10.0

Rango* 2.0 65 .0

Jiti* 2.0 65 .0

Lakhipara* 1.0 65.0

Bihamhat* 1.0 65.0

Neli 1.0 10.0 5.0

Below Below Below
40.0 10.0 10.0

Below Below Below
40.0 10.0 10.0

Below
10.0

Below
10.0

10.0
10.0 Below Below

10.0 10.0
20.0 10.0

20.0 10.0

20.0 10.0
20.0

10.0
10.0 10.0

Below
10.0

iwderv mildew disease- The M n  of 
. .  , ■ .n . , !  U n w  w s . thnueh these

N. B. All locations m arked with aster.sK a r e ^ H a t i ;  and W i t .

against the disease. PM - Powdery ml * w ,  PUS 
- Purple root, SLF- Secondary leaf fall



in festation  o f sc a le  in sect (b e lo w  10% ) w as 
o b serv ed  in n u rsery  a n d  a lso  o n  R R II 422  in 
o n -fa r m  tr ia l a t U m s ia n g . In fe s ta t io n  o f 
te r m ite  (8 .4 % )  w a s  o b s e r v e d  in  p r iv a te  
ru b ber p la n ta tio n  at K illin g  in M eg h alay a  
a n d  it  w a s  c o n t r o l le d  b y  s p r a y in g  o f 
C h lo p y rip h o s . A d v iso ry  s e rv ice  w a s  g iv en  
to  14 sm all h o ld in g s  fo r  th e  m a n a g e m e n t o f 
p ests an d  d isea ses  o f rubber.

3.2. I s o la tio n  a n d  id e n t if ic a t io n  o f  fu n g a l 
p a th o g e n s  o f  r u b b e r

F u n g a l p a t h o g e n s  is o l a t e d  fro m  
diseased  sam ples o f p o d s and  leaves o f rubber 
c o l le c te d  d u r in g  s u r v e y  id e n t i f ie d  a s  
C olletotrichum  g loeosporio id es. P ericon ia  hevene, 
Phellinus n oxius  an d  H elicohasidium  com pactitm . 
S o i l  s a m p le s  f r o m  8  d i f f e r e n t  r u b b e r  
p la n ta tio n s  (U rn lin g , U m s ia n g , B y rn ih a t, 
Sarutari, H ahara , M itani, L em aco na a n d  RES, 
N agrakata) w ere  tested  fo r  P h y top h th ora  sp. 
u s in g  b rig h t g reen  r u b b e r  le a f  a n d  g reen  
m a tu r e  r u b b e r  p o d  a s  b a i t s .  H o w e v e r ,  
P hytophthora  sp . co u ld  n o t b e  iso la ted  from  
so il as w ell a s  affected  ru b b e r  pods. From  
th e  s a m e  s a m p le s  C o l l e t o t r i c h u m  
g lo eo sp orio id es , F u sariu m  a n d  P en ic illiu m  sp p . 
w ere  iso la ted . O u t o f se v e n  iso la tes , fou r 
iso lates o f P ericon ia  h ev ea e  cau sed  d ie -b ack  in 
seed lin g  nu rsery.

3.3 . E v a lu a t io n  o f  w ild  g e r m p la s m  a g a in s t 
to le ra n c e  to  p o w d e ry  m ild e w  d ise a s e  

S e v e r ity  o f  p o w d e r y  m ild e w  d ise a s e
w a s  a sse s se d  in  sh o rt- lis te d  a c c e s s io n s  o f 
w ild  g erm p lasm  (16  n o s.). N in e  access io n s  
s h o w e d  to l e r a n c e  to  p o w d e r y  m ild e w  
d is e a s e .  T h r e e  a c c e s s io n s ,  v iz .  R O  1 7 3 7 , 
A C  5 8 7  an d  A C  5 302  ap p eared  to  b e  m ore 
to leran t to  p o w d ery  m ild ew  d isease  (Table 
G hy. 3).

3 .4 .  R e le v a n c e  o f  in o c u la  o f  A M  fu n g i an d  
g r o w t h  r e s p o n s e s  o f  r u b b e r  in  P 
d e f ic ie n t s o ils

S tu d ie s  w e re  co n tin u ed  o n  th e  g ro w th  
o f  r u b b e r  s e e d l in g s  in o c u la te d  w ith  A M

Table Ghy. 3. Sev erity  o f  pow dery m ildew  disease on 
shorl-listed  w ild  accessio n s o f  H evea  
g e rm p lasm  a t S a ru ta r i farm  during 
2 0 0 9 - 1 0 _____________________________

W ild accessions PDI
M T 5150 36.0
M T 4706 40.0
M T  5101 50.0
M T 4854 40.0

M T 4768 50 .0
M T  4895 40 .0

M T  4729 34 .0

RO  1737 * 20 .0
R O  4607 34.0

R O  5250 36 .0

R O  6157 30 .0

R O  4627 28 .0

A C  587  * 20 .0

AC  5302 * 28 .0

AC  4603 36 .0

AC 6147 32.0

fu n gi a n d  o th e r  b e n e fic ia l m icro o rg a n ism s. 
T h e  re su lts  in d ica te d  th a t th e  tre a te d  p lan ts 
w e re  p e r fo rm in g  b e tte r  in  te r m s  o f  g ir th  and 
h e ig h t (T ab le  G hy. 4 a  &  b ). T h e  co m bin ed  
in o cu la tio n  o f b e n e fic ia l o r g a n is m s  to g eth er  
w ith  G. fasc icu latam  an d  G. m osseae , su p ported  
b e tter  g ro w th  p e r fo rm a n c e  (g ir th , 7 .1 5  cm ; 
h e ig h t, 1 7 2 .5 0  cm ) a s  c o m p a r e d  to  s in g le  
i n o c u lu m . P l a n t s  in o c u l a t e d  w it h  G. 

fa s c ic u la ta m  sh o w e d  m a x im u m  g ro w th  rate 
fo llo w e d  b y  G. m o s s e a e  a n d  G . m a rg a r ita .  
S im i la r ly ,  n u r s e r y  s e e d l i n g s  s h o w e d  
s u p e r io r  g r o w th  w h e n  t r e a t e d  w ith  G. 
fa s c icu la ta m  a n d  P S M  (g irth , 7 .6 9  cm ; height, 
2 4 4 .9 4  cm ). T h e  se e d lin g s  tre a te d  w ith  AM  
fu n g i a tta in e d  m a x im u m  g ro w th  fo llo w ed  
by  th o se  in o c u la te d  s e p a r a te ly  w ith  PSM  
an d  a z o to b a c to r  (T a b le s  G hy . 3 a  &  b).

3 .5 .  M ic r o b ia l  a c t iv i ty ,  d is in te g r a t io n  o f 
l i t t e r  a n d  n u t r i e n t  r e le a s e  u n d e r  a 
m a tu re  r u b b e r  p l a n t a t i o n  a n d  a 
n a tu ra l fo r e s t  co v e r

'L i t t e r  b a g  m e th o d ' w a s fo llo w e d  to 
a sse s s  th e  ra te  o f  d is in te g r a tio n  o f  lea f litter



Table Ghy. 4a. Growth performance of rubber plant* in
Treatment Girth (cm) Height (cm) Leaf No. Whorl no.
G .fascicu lala in 6.09 147.0 29 3
G .m osseae 5 .79 137.25 29 4
G /a sd cu la tam + G .m ossca c 7.15 172.58 28 4
C ontrol 4.19 86.25 25 4

Table Ghy. 4b.G row th perform ance of rubber plants!n nursery treated with AM and other beneficial organisms

Treatment Girth (cm) Height (cm) Leaf No. Whorl No.

AM F 6.23 122.49 53 5

P SM 5.41 114.36 48 5

A zo to bacter 4.91 99.75 49 5

AM F+ A zo to bacter 6 .82 218.25 55 6

AM F +PSM 7.69 244.94 57 6

o f sa l, tea k , b a m b o o  an d  rubber, under two 
d if fe r e n t a g r o  e c o lo g ic a l co n d itio n s. T h e 
resu lts  in d ica ted  th at the rate o f w eight loss 
in le a f  l it te r  m a in ta in e d  u n d er the forest 
c o v e r  w a s  f a s t e r  c o m p a r e d  to  th o se  
m a i n t a i n e d  u n d e r  a m a tu r e  ru b b e r  
p la n ta tio n . L e a f litter  o f rubber and bam boo 
w e r e  d e c o m p o s in g  a t  a fa s te r  r a te  as 
co m p ared  to  th o se  o f  sa l and  teak (Table Ghy. 
5 ). T h e  q u a n ti ty  o f  m icro b ia l popu lation 
iso la ted  fro m  th e d eco m p o sed  litters under 
the fo rest co v e r  w e re  found to be higher as 
co m p a re d  to  r u b b e r  system  (Table Ghy. 6). 
S a p r o p h y t ic  s o il  fu n g i, v iz . P cn ic ilh u m ,  
A spergillus  sp., Trichoderm a sp. Fusanum  sp. and 
f i la m e n t o u s  y e a s t s  w e r e  fo u n d  to be 
d o m in a n t. T h e  d eco m p o sed  lea f litters w ere 
d ried  a n d  p ro ce sse d  for further analysis of 

litter  c o m p o n e n ts .

3.6. D ev e lo p m en t o f  in te g ra te d  n u tr ie n t 
m a n a g e m e n t s y s te m  fro m  n o n -  
tra d itio n a l r e g io n  -  a s s e s s m e n t o f 
m icrob ial p op u lation s

A se t o f b e n e fic ia l m ic ro o r g a n ism s  
referred as biofertilizers nam ely azotobactor, 
p seudom onas and  p ho sp hate so lu b iliz in g  
m ic ro o r g a n ism s  in c lu d in g  in o rg a n ic  
fertilizers w ere applied in d ifferent doses to 
the rubber plantations to assess the grow th 
o f r u b b e r  a n d  m o n ito r  th e  c h a n g e  o f 
microbial populations. Soil sam ples collected 
from rhizosphere region after 3  m onth s of 
treatm ent and observed  an in crease in the 
p o p u la tio n s  o f  m ic r o o r g a n is m s  in  th e  

rhizosphere zone o f rubber.

Tible Ghv 6. M icrobial populations associated with

Table Ghy.5. P ercen tag e w eight loss in leaf litter 
exposed to rubber plantation and forest 

system

Sal 

Teak 
Rubber 

B am boo

2 7 .7 5

2 9 .6 0
3 5 .0 0
3 6 .0 0

15.50
16.75
22.75 
24.00

Litter Location Fungi
(xlO')

Bacteria
( x l0«)

A ctinom ycetes
(xlO*)

Rubber 17 .52 26 .78

Forest 23 .17 33 .66

Rubber 19.14 27 .57

Forest 22 .46 35 .63

Rubber 11.77 16.01

Forest 14.49 21 .14

11.28 12.69

Forest 12.48 20 .64



Table Ghv. 7. D istribution ol micro flora and other beneficial organisms in the rh izo sp lieresoil (a fter3 months)

Treatment* Depth
(cm ) ( 10x*)

Bacteria
(10 xJ)

A ctinom v-
ce te s

Pseudo­
m onas

A z o to ­
bacter
( 10x+*)

PSM
(10x8)

T l-C on tro l 0-10 3 0 .4 8 4 .0 6 2 .7 9 2 .4 0 2 .8 2 3 .2 9

10-20 2 5 .8 2 3.61 2 .47 2.02 2 .2 6 2 .4 6

T2-IF 0-10 3 5 .9 6 4 .14 2 .6 3 1 .8 9 2 .4 3 3 .6 3

10-20 2 6 .78 3 .5 7 2 .4 6 1 .6 9 2 .0 5 2 .7 6
T3-25% IF -B F 0-10 3 8 .8 2 3 .9 2 2.51 2 .4 5 2 .8 0 3 .9 7

10-20 1 9 .18 3 .2 9 2 .4 0 1 .9 6 2 .1 6 2 .70
T4 -50%  IF* BF 0-10 2 6 .73 4 .0 6 2 .8 4 2 .3 8 2 .6 4 3.51

10-20 19.88 3.41 2 .4 6 1 .96 1.81 3.01
T5 -75% IF + BF 0-10 3 0 .6 8 4 .5 0 2 .8 4 2 .4 8 3 .1 2 3 .7 7

10-20 2 4 .1 3 3 .5 2 2.68 2 .3 7 2 .41 3 .1 7
T6 -  100% IF +BF 0-10 3 1 .7 4 4 .4 0 2 .6 2 2 .5 9 3 .0 6 3 .6 9

10 -20 19.51 3 .8 6 2 .4 7 2.2 1 2 .5 0 2 .9 4
T7- BF 0-10 2 2 .5 2 4 .6 9 3 .0 4 1 .8 3 2.20 3 .3 8

10-20 2 0 .5 7 3 .8 3 2 .2 6 1 .6 3 1.88 2 .4 5

‘T  - Treatment, IF - Inorganic fertilizer, BF- Biofertilizer

D ilu tio n  p la te  tech n iq u e  w as em p lo y ed  
for th e  e stim a tio n  o f  m icro b ia l p o p u la tio n  
u sin g  s p e c ific  m e d iu m  fo r  th e  a sse s sm e n t o f 
d if fe r e n t m ic ro o r g a n is m s . Q u a n t ita t iv e ly  
th e  b a cteria l p o p u la tio n  w as h ig h  in a ll the 
tr e a tm e n ts  a n d  n o t m u c h  v a r ia t io n  w a s  
o b s e r v e d  in  th e  d i s t r i b u t i o n  o f  P S M , 
p s e u d o m o n a s ,  a n d  a z o t o b a c t e r  
p o p u la tio n s . A  d e cre a s in g  tren d  w as n o ted  
in th e ir  d istr ib u tio n  a lo n g  s id e  o f so il d ep th  
(T ab le  G hy. 7).

4 . C ro p  P h y s io lo g y

4 .1 . S h a llo w  ta p p in g  -  a n  o p t io n  to  s tre ss  
a lle v ia t io n  in  H e v e a  p la n ta tio n  d u r in g  
w in te r  s e a s o n  in  N E  re g io n s

T h is  e x p e r i m e n t  w a s  i n i t ia t e d  a t  
S a ru ta r i R e se a rch  Farm  in A ssa m  in Ja n u a ry  
2 0 1 0  w ith  a n  o b je c t i v e  to  e v a lu a t e  th e  
im p a c t o f  s h a llo w  ta p p in g  d u r in g  w in te r

( Ja n u a r y  to  M a r c h )  a n d  n o r m a l ta p p in g  
d u rin g  A p ril to  D e ce m b e r  o n  y ie ld , D R C  and 
T P D  in R R IM  6 0 0  a n d  R R II 1 0 5 . A n o th e r  
e x p e rim e n t o n  n o rm a l ta p p in g  fro m  Jan u ary  
to  D e c e m b e r  w ith o u t r e s t a n d  fro m  Ja n u a ry  
to  M a rch  w ith  re s t w a s  a ls o  c o n d u cte d  in 
R R IM  6 0 0  a n d  R R II 1 0 5 , fo r  c o m p a ris o n . 
Y ie ld  (g/t/t), D R C  (% ) a n d  v o lu m e  o f latex 
(m l/t/t) w e r e  r e c o r d e d  f r o m  3  d i f fe r e n t  
b lo ck s  o f  e a ch  c lo n e  (5 0  tre e s  in each  b lock). 
O b se rv a tio n s  o n  T P D  a n d  so il m o istu re  w ere 
a lso  ca rr ie d  o u t.

5 . L a te x  h a r v e s t  te c h n o lo g y

5 .1 .  C o n tro l le d  u p w a rd  ta p p in g (C U T )

A  n e w  e x p erim en t h as b e e n  in itiated  on 
C U T  at Saru tari farm . R R IM  600  c lo n e  has been 
s e le c te d  w ith  4  tr e a tm e n ts .  In it ia l  re su lts  
in d ica te d  th a t T l  sh o w e d  m a x im u m  yield  
fo llo w ed  b y  T2, T 3  a n d  lo w e st w as in T4.



T h e  sta tio n  co n tin u ed  its research on 
c r o p p in g  s y s t e m  m o d e ls ,  n u tr it io n a l 
req u irem en t, b ree d in g  and  clon e evaluation, 
p la n t  p a t h o lo g i c a l  p r o b le m s , la tex  
te c h n o lo g y ,  p r o p e r t y  s t u d y  an d  so c io  
eco n o m ic  su rvey . T h e  sta tion  also  provided 
a d v iso ry  se r v ic e s  to ru b be r grow ers.

1 . Crop im p ro vem en t

1 .1 . C lo n e  e v a lu a t io n

In  c lo n e  e v a lu a t io n  tr ia l  (1 9 9 5 )  
in v o lv in g  10  c lo n e s , R R IM  600  (49 g/t/t), 
PB  260  (48  g/t/t) a n d  PB 311 (47 g/t/t) gave 
b e tte r  y ie ld .  In  th e  G  x E tr ia l, R R II 422 
(64 g/t/t) e x h ib ite d  m ax im u m  yield followed 
by R R II 1 0 5  (54  g/t/t) an d  RR II 417  (53 g/t/t).

C lo n e  R R IM  6 0 0  (913  kg/ha) exhibited 
m a x im u m  y ie ld  in  o n e  o n -farm  trial. In the 
o n -fa r m  t r ia l  o f  R R II  4 0 0  s e r ie s  c lo n es , 
RR II 4 2 9  r e c o rd e d  m ax im u m  girth (22.2 cm) 
fo llo w ed  b y  R R II 4 1 7  (22  cm ) and RRII 430 
(21 .9 ) in  th e  fo u rth  year.

In  o r te t e v a lu a t io n  trial, selection 114 
(48 g/t/t) g a v e  h ig h e st y ield  follow ed by 98 
(47 g/t/t) an d  315  (46  g/t/t), com pared to check 
c lon e R R IM  6 0 0  (36  g/t/t). H alf-sib  progenies 
w ere p la n te d  in  th e  fie ld  d u rin g  the year. 
Fou r c lo n a l n u rse r ie s  w ere  established  with 
p o p u la r  c lo n e s , p ip e lin e  clon es, ortets and 
h y b r id  s e l e c t i o n s .  P r o g e n ie s  o f H P 
p ro g ra m m e s  (2 0 0 7 ) w e re  test tapped.

2. C rop  m anagem ent

A n  e x p e r im e n t w a s  in itiated  to develop 
an in teg ra ted  n u tr ie n t m an agem en t package 
for y o u n g  r u b b e r  in T rip u ra . Application of 
b io - fe r t i l iz e r  a lo n g  w ith  5 0  %  in org an ic 
fe r tiliz er  sh o w e d  en co u ra g in g  result- In the 
stu d y  o n  re sp o n s e  to d o u b le  dose of fertilizer, 
R R II 4 2 9  r e co rd e d  m ax im u m  girth (46 cm) 
in th e  s ix th  y e a r  c o m p a re d  to R R II 417,

RRII 430  and  R R IM  600 . A p p lica tio n  o f 
20  kg FYM  with 50%  recom m ended dose of 
fertilizer supported better grow th o f RRIM  
600 (13.8 cm ) during im m ature period. In 
the root trainer potting m edia experim ent, 
soil with cow dung w as found suitable. In 
tea in tercro p p in g  tr ia l, a v e ra g e  y ie ld  of 
rubber w as 1621 kg per ha, in the fifth year 
o f tapping. G reen tea lea f y ield w as 544 kg 
per ha. during the y ear exhibiting declin ing 
tren d  d u e to in c re a s e  o f  s h a d e . In th e  
cropping system  m odels, tw o tu ber crops, 
viz . C o lo ca s ia  (C o lo c a s ia  e s c u le n ta )  and  
e le p h a n t - fo o t y a m  (A m o r p lw p h a l lu s  
p n esoriifo liu s)  w ere  p la n te d  as in tercro p  
b e tw ee n  ru b b e r  an d  p in e a p p le  d u r in g  
second year o f the experim ent. Fodder signal 
grass (Brachiaria decum bcns stapf) w as sow n in 
the boundary.

3. Latex harvest technology

C lo n e  PB 2 3 5  c o n tin u e d  to  e x h ib it  
highest yield under S/2 d3 system . In another 
experim ent "S/3 double cut alternate panel 
tapping system  (D C A )" w ith six  stim ulation, 
r e s u lte d  in h ig h e r  y ie ld  c o m p a re d  in 
RRIM 600, PB 235 and G T  1. C han ging panel 
every  y ear  resu lted  in h ig h er  y ie ld . A n 
experim ent on controlled up w'ard tapping 
(CUT) was carried out in clon e RRIM  600. 
Trees w ere tapped in the virgin bark o f the 
high panel (HO-1) in com bination w ith short 
cut (S/4 U d2 6d7) and stim ulation  E T  5%  La 
12Y. Yield in C U T  system  w as h igher than 
S/2 d2 system  dow nw ard tapping in BI panel. 
D ow nw ard tapping on first renew ed bark  
w as less productive than u pw ard  tapp ing 

on virgin bark.

4. Crop protection

Survey of diseases and  pests o f rubber 
w as carried out in 11 locations cov erin g  16



sites  o f  w e st a n d  s o u th  T r ip u ra  d is tr ic ts . 
F o u r  le a f  d ise a s e s , viz. P o w d e r} ' m ild ew , 
C d leto tr id u im  and  C orynespora  leaf d isease and 
P ericon ia  le a f b lig h t, o n e  stem  d isea se  (p in k) 
a n d  o n e  r o o t d is e a s e  (b ro w n  r o o t)  w e r e  
o b serv ed  in v a ry in g  in ten s ities . In c id en ce  
o f  p o w d e r y  m ild e w  w a s  lo w  (1 5 -2 0 % ).  
G e rm p la sm  a cce ss io n s , v iz .. R O  379 4 , R O  
5055. R O  536 5  an d  M T  4 859  w ere  m o d erate ly  
to leran t to  p o w d erv  m ild ew . In c id e n ce  o f 
C olleto tr ich u m  a n d  C ory n esp ora  lea f d iseases 
w a s  m o d era te  (40  to  46  p er  cen t) in y o u n g  
p lan ts. In c id e n ce  o f  P ericon ia  le a f  b lig h t w as 
low. P in k  d ise a s e  w as o b serv ed  a t  S ab ru m , 
(S o u th  T rip u ra) in  v ery  low  in te n s ity  (0 .8% ). 
Low  in cid en ce  (< 5% ) o f  b ro w n  ro o t d isease  
w a s  o b s e r v e d  in  fe w  lo c a t io n s .  M in o r  
in c id e n c e s  o f  s c a le s  a n d  m e a ly  b u g  
in f e s t a t io n  w a s  o b s e r v e d .  S e v e r e  b a r k  
d a m a g e  (22% ) d u e  to  a n im a l fe e d in g  w as 
reco rd ed  a t P a th a lia .

T h re e  ro u n d s o f  su lp h u r d u stin g  (12  kg/ 
h a / ro u n d ) a t  1 0  d a y s  in te r v a l  r e d u c e d  
p o w d ery  m ild ew  d isea se  b y  5 0 %  in R R II 105 
a n d  2 0 %  in  R R I M  6 0 0  in  a 2 2 -y e a r -o ld  
p la n t a t i o n .  R R IM  6 0 0  w a s  m o d e r a t e ly  
to leran t to  p o w d ery  m ild e w  d isea se , w h ile  
R R I I  1 0 5  w a s  s u s c e p t i b l e .  In  a n o th e r  
ex p erim en t, tw o  ro u n d s o f  fo lia r  sp ray  w ith  
1 .0%  m o n o p o tla s iu m  p h o s p h a te  red u ced  
p o w d ery  m ild ew  d isea se  in p o ly b ag  p lan ts 
o f  R R IM  6 0 0  a n d  R R II 1 0 5  c lo n e .  T h r e e  
an tag o n is tic  p h y llo p lan e  b acteria , c a u sin g  64  
to 72  p er cen t in v itro  g ro w th  in h ib itio n  in 
C olleto trichu m  g leo sp or io id es ,  w e re  tested  for 
th eir e fficacy  in  co n tro llin g  d iseases in yo u n g  
p oly  b ag  p lan ts o f  R R IM  600  in th e  field . T h ere  
w a s  1 6 -2 0  p e r  c e n t  r e d u c t io n  in d is e a s e  
in c id e n c e s  in tre a te d  p la n ts  c o m p a re d  to 
co n tro l.

5. Latex tech nology

T h e  s tu d y  o n  th e  s e a so n a l v a ria tio n s  o f 
p r o p e r t ie s  o f  r u b b e r  w a s  c o n c l u d e d .

H ow ev er, th e  p a r tic le  s tu d y  w as continu ed  
an d  th e  w in ter  s a m p le s  fro m  a ll seven  clones 
w ere  an a ly zed  for th e  p artic le  size . T h e  study 
re v e a le d  th a t p a r tic le  s iz e  w a s  d ecreased  
d u rin g  w in te r  sea so n .

In th e  s tu d y  o n  tra n sfe r  o f  tech n o lo g y  
to  g ro u p  p ro c e ss in g  (G P ) C enters in Tripura, 
it w a s  o b s e r v e d  th a t m o s t o f  th e  g ro u p  
p ro ce ssin g  c e n te rs  p r o c e s s  la tex  in to  sh eets 
an d  so m e  so ld  a m m o n ia te d  la tex  to  o th er 
e n t r e p r e n e u r s .  E v e n  t h o u g h  tr a in e d  
p e r s o n n e l a n d  g o o d  in f r a s t r u c t u r e  w ere  
a v a ila b le  in a ll ce n te rs , th e  reco m m e n d e d  
p r a c tice s  w e r e  n o t fo llo w e d . Fu ll cap acity  
u t i l i z a t i o n  w a s  o b s e r v e d  o n ly  d u r in g  
w 'inter se a so n . In c e n te rs  w h e re  la tex  w as 
so ld , th e  in fr a s t r u c tu r e  m a d e  fo r  m ak in g  
sh e e ts  w a s  u n u t i l iz e d . M a n y  G P  ce n te rs  
w e r e  n o t g r a d in g  th e  sh e e ts  b e fo r e  sa le  and 
m o st o f  th e  c e n te rs  w e r e  s e ll in g  th e  sh eets 
locally . T h e  a b o v e  s tu d y  sh o w e d  th e  need 
f o r  r e f r e s h e r  t r a i n i n g s  a n d  a w a r e n e s s  
p r o g ra m m e s  to  e m p h a s iz e  im p o rta n c e  o f 
p ro c e ss in g  te ch n iq u e s .

6. Socio-eco nom ic stu dies

In  c o n t in u a t io n  o f  th e  s t u d y  o n  th e  
im p a ct o f  th e  b lo c k  p la n tin g  s c h e m e  o n  the 
so c io  e c o n o m ic  s ta tu s  o f  th e  b e n e fic ia r ie s , it 
w a s  o b se rv e d  th a t th e  a v e r a g e  h o u seh o ld  
in c o m e  o f  m a t u r e  B P U s  w a s  R s . 9 9 1 6 8  
c o m p a re d  to  R s .4 6 8 2 4  o f  im m a tu re  B P U s. 
A n  a n n u a l in c o m e  d if fe r e n c e  o f  R s .5 2 3 4 4  
(11 2 % ) w a s  o b se rv e d  b e tw e e n  h o u seh o ld s  
w ith  a n d  w i t h o u t  in c o m e  fr o m  r u b b e r  
(m a tu re  a n d  im m a tu re  B P U s). T h e  a v era g e  
h o u se h o ld  in c o m e  o f  G P U s  w a s  R s.158196 . 
T h e  s tu d y  sh o w e d  th a t r u b b e r  is th e  m ajor 
so u rce  o f  in co m e  fo r  G P U s (75% ) a n d  m atu re  
B P U s  ( 6 6 % ) .  F o r  im m a t u r e  B P U s , 
e m p lo y m e n t is th e  m a jo r  s o u rc e  o f  in co m e 
(7 7 % ). T h e  a v e r a g e  a n n u a l in c o m e  o f  m o re 
th an  6 8  p er  c e n t h o u s e h o ld s  u n d e r  m atu re  
B P U s  a n d  9 8  p e r  c e n t  h o u s e h o ld s  u n d e r



G P U s w as m o re  th an  R s .60 ,000 . Conversely, 
m o re  th a n  4 6  p e r  c e n t h o u seh o ld s  under 
im m atu re  B P U s  e a rn e d  an  av erage annual 
in c o m e  o f  l e s s  th a n  R s .3 6 ,0 0 0 .  T h e 
co m p o sitio n  o f  c o n s u m p tio n  exp end itu re is 
d o m in ated  b y  fo o d , clo th in g , healthcare and 
e d u c a t io n . T h e  a n n u a l a v e r a g e  v a lu e  o f 
h o u seh o ld  sa v in g s  a n d  a ssets w as Rs. 72546, 
R s.4 1 9 6 6  a n d  R s. 1 8 3 2 7 8  resp ectiv e ly  for 
m atu re  B P U s , im m a tu re  B P U s and GPUs. 
T h e d iffe re n c e  in  a n n u a l sa v in g s  and assets 
w as 7 2 .8 7  p e r  c e n t  b e tw e e n  h o u seh o ld s 
w ith a n d  w ith o u t ru b b e r  incom e.

T h e  B P S  h a d  a ls o  led  to an exp licit shift 
from  th e  c o n v e n tio n a l sh iftin g  cultivation 
to a s e t tle d  m o d e  o f  N R  cu ltivation . In the 
p rocess o f  ch a n g e , th e  B P S  has ensured  an 
eq u ita b le  d is tr ib u tio n  a n d  co n tro l o ver land

with an assured incom e to the beneficiary 
h o u seh o ld s. T h e  co m m u n ity  ap p ro ach  
contained in the p lan tin g  op eratio ns and 
g ro u p  m a r k e t in g  h ad  b e e n  h e lp fu l in 
retaining the traditional cooperative spirit 
am ong the beneficiary households.

7. Advisory work

D iscrim inatory fertilizer recom m end­
ation based on soil and leaf analysis w ere 
offered to 376 rubber grow ers. A total o f 752 
soil sam ples and 693  latex sam p les w ere 
analysed and 1235 m o f bud w ood o f high 
y ie ld in g  c lo n e s  w e r e  s u p p lie d  fo r  
d is tr ib u tio n  to  g r o w e rs . P la n t d is e a s e  
control w ere also suggested based on request 
from growers.

R E G IO N A L  R E SEA R C H  STATION, TURA, M EGHALAYA

T h e  s t a t i o n  c o n t in u e d  its  r e se a rch  
a c t iv i t i e s  o n  e v a lu a t io n  o f  c lo n e s  an d  
p o ly c lo n a l p o p u la t io n s  a n d  latex harvest 
tech nology .

1. C rop Im p rovem en t

In  th e  1 9 8 5  a n d  1 9 8 6  c lo n a l tr ia ls , 
h ig h e s t  y i e l d  w a s  r e c o r d e d  in  c lo n e s  

R R IM  6 0 0  ( 4 6 .7  g/t/t), P B  311 (43 .7  g/t/t), 
R R II 1 0 5  (4 2 .3  g/t/t), R R II  2 0 3  (g/t/t) and 
PB 2 3 5  (3 9 .2  g/t/t). H ig h est m o n th ly  yield 
w as r e c o rd e d  in  N o v em b er. In th e  study on 
p o ly c r o s s  p r o g e n i e s ,  m o r e  th a n  50%  
p ro g en ies s u r v iv e d  a n d  th e  progenies are 
m a in ta in e d  fo r  fu r th e r  e v a lu a t io n . Bud 
w o o d s  a n d  b u d d e d  s t u m p s  o f  se le cted  

c lon es w e r e  c o lle c te d  an d  a p o lybag  nursery 
w as ra ise d  fo r  r a is in g  a la rg e  scale  trial for 
g e n e ra tin g  su ff ic ie n t p la n tin g  m aterials of 

the s e le c te d  c lo n e s .

For on -farm  ev a lu atio n  o f  c lon es in 
farmers fields RRII 417, RR II 422, RRII 429, 
RRIM 600, PB 235 and RRII 203 w ere selected 
and polybag nursery w as raised. To evaluate 
the p e r fo rm a n ce  o f h a lf-s ib  p r o g e n ie s , 
collection o f seeds w ere initiated in the 1985 
and 1986 clone trials. H alf-sib progenies of 
clones, viz. RRIM 600, R RII 203, PB 5/51, RRIC 
105 and PB 86 w ere collected and seedlings 
raised at RRS Tura, G anogre Farm .

2. Crop P h y sio lo g y  & Latex
Harvesting Technology

L ow  te m p e r a tu r e  (< 10° C ) d u r in g  
winter is one o f the m ain factor for reduction 
o f y ield  and p ercen t d ry  ru b be r co n ten t 
under the agro-clim atic cond ition  o f G aro 
H ill. R e su lts  in d ic a te d  th a t m a x im u m  
volum e of latex, dry rubber yield  and  D RC 
(% ) w as r e c o rd e d  d u r in g  S e p te m b e r



Table N em .l M ean of m onthly yield (g/t/t) under different treatm ents o f Ethephon application  under controlled
uDward tapping system

Treatments
February 2010

Yield  (g/t/t) 
M arch  2010 M ean

T l- S/4U d2 (5% ET) 21 days interval- S/2 d/2 (2.5 % ET)
twice in the tapping period. 6 7 .3 0

T2- S/4U d2 (5% ET) M onthly interval- S/2 d/2 (2.5 % ET)
twice in the tapping period. 5 8 .6 0

T3- S/3U d2 (5% ET) M onthly interval- S/2 d/2 (2.5 % ET)
twice in the tapping period. 7 3 .1 0

T4- S/3U d2 (5% ET) 45 days interval- S/2 d/2 (2.5 % ET)
twice in the tapping period. 5 1 .2 0 6 0 .8 3 56.01

SEm  + 6.431 3 .9 9 6 4 .827

N S N S N S

Table N em .2. S o il analytical report for seedlin g nurseries atjen gich ekg re (M eghalaya) and D arrengiri (Assam)

Depth o f profile S o il Soil pH O .C . (% ) Available n u trien t (mg/IOOg)

(cm ) m oisture (%) Ph o sp ho ru s Potassium

D D C , Jengichekgi e, seedlin g nursery, M eghalaya

0-15 10 .24 4 .8 4 1 .1 2 0 .9 3 9 .0

15-30 12 .34 4 .9 5 0 .9 8 0 .5 8 9 .4

30 -60 14 .96 4 .9 8 0 .9 6 0 .3 3 9 .7

60 -90 15 .48 5 .0 6 0 .9 4 0.22 9 .8

90 -120 16 .19 5 .11 0 .9 0 0 .2 8 10 .1

120-150 17.10 5 .14 0 .7 5 0 .1 4 10 .5

150 -180 18.64 5 .1 5 0 .6 7 0 .0 6 10.8

0-20 11 .45 4 .9 3 0 .9 8 0 .9 6 9 .7

20 -90 15.11 5 .0 5 0 .9 0 0 .3 2 9 .9

90 -180 18 .10 5 .1 9 0 .6 7 0 .1 3 10.6

0-30 5 .2 2 0 .8 9 0 .7 9 9 .9

30 -60 5 .20 0 .8 0 0 .5 1 10 .1

DDC, D arrengiri, seedling nursery, Assam

0-15 1 5 .5 0 4 .5 8 0 .8 2 3 .8 8 10 .4

15-30 2 0 .6 0 4.61 0 .7 9 3 .8 5 10 .5

30-60 2 3 .4 0 4 .6 3 0.68 2 .4 9 1 0 .7

60-90 2 5 .4 0 4 .6 4 0 .6 5 1.20 11 .4

90 -120 2 5 .6 0 4 .6 9 0 .5 5 0 .7 3 1 1 .7

120 -150 2 5 .6 0 4 .72 0 .5 5 0.41 11.9

150-180 2 5 .8 0 4 .7 4 0 .5 2 0 .4 7 12 .3

0-20 2 1 .3 2 4 .59 0 .8 5 3 .8 0 10 .4

20-90 2 4 .8 0 4 .6 7 0 .7 6 2 .1 9 1 1 .2

90 -180 2 6 .1 0 4 .7 3 0.66 0 .3 7 12 .4

0-30 4 .5 7 1 .2 2 0 .3 1 10.8
30-60 * 4 .6 7 0 .9 6 0 .1 4 11 .0



N o v e m b e r . L o w e s t  D R C  (2 6 .8 2  % ) was 
record ed  in F e b ru a ry  w h ich  is the com plete 
d e f o l i a t io n  p e r io d .  D u r in g  d e fo lia tio n  
an d  r e f o l ia t io n  p e r io d  D R C  ra n g ed  from  
26  -  2 8 .5  % . D e fo lia tio n  starbed  during 
from  last w e e k  o f  D ecem b er a n d  com pleted 
in th e  la s t w e e k  o f Ja n u a ry  w h ile  refoliation 
occu rred  in th e  3 ,d w eek  o f February. Lowest 
so il m o is tu re  w a s  r e co rd e d  in  Jan u ary  -  
Feb ru ary .

A n ew  p ro je c t w a s  in itiated  on C U T  at 
R R S  G a n o lg r e  u s in g  R R IM  6 0 0 . In itia l 
resu lts  in d ica te d  th a t T 1 sh ow ed  m axim um  
yield  fo llo w ed  b y  T 2  an d  T 3  and low est in 
T 4  (T ab le  N e m . 1).

In th e  e x p e rim e n t o n  the com parison 
o f  y ie ld  a n d  y ie ld  p a r a m e te rs  b etw ee n  
n o rm al a n d  sh a llo w  tap p in g  d u ring  tap rest 
p e r io d ,  i n i t i a l  r e s u l t s  in d ic a te d  th at 
m ax im u m  v o lu m e  o f la tex  w as recorded in 
n o rm a l ta p p in g  sy s te m  (238.7ml/t/t) than 
sh a llo w  ta p p in g  sy stem  (87 .87  ml/t/t). Low 
D R C  w a s  r e c o r d e d  in  n o rm a l ta p p in g  
sy stem  (2 6 .2 0 % ) th an  th e  sh allow  tapping 

sy stem  (2 9 .1 1 % ).

3. C rop M anagem ent
3 .1 .  N u tr it io n a l  s tu d ie s  (O n -fa rm  trial at

B o r g a n g , A ssa m )

M a x im u m  g ir t h  ( 8 4 .6 8  cm ), g ir th  

in crem en t (3 .2 5  cm ), y ield  (73 .85  g/t/t), DRC 
(3 5 .3 2 % ) a n d  la te x  v o lu m e (220 .83  ml/t/t) 
w ere  r e co rd e d  in  N ^ P ^ K ^  kg/ha treatm ent 
an d  m in im u m  in N 0P0K 0. A p p lication  of 
N PK  fe r tiliz e rs  s ig n if ic a n t ly  increased  the 
O .C . c o n t e n t  (0 .7 5  -  1 .3 6  % ), a v a ila b le  P 
(0 .65-1 .18  mg/lOOg) a n d  K (7.8-10.4 mg/100 g) 
in th e  c o m b in a tio n  o f  N ^ P ^ K ,, k g /ha.

3.2. So il m oisture reten tio n  ch aracteristics
u n d er th e  r u b b e r  g r o w in g  a re a  o f
M eghalaya

Soil sam ples w ere collected a t the depth 
o f 0-15 cm, 15-30 cm  and 30-60 cm  from  the 
1985 and 1986 field trials for soil m oisture 
study. S o il m o is tu re  c o n te n t  sh o w e d  
increasing trend w ith increasing soil depth. 
M ax im u m  s o il m o is tu re  c o n te n t  w as 
record ed  d u rin g  Ju ly  an d  m in im u m  in 
D ecem ber and January.

3 .3 . Analytical/ A dvisory w ork for fertilizer
recom m end ation

Soil sam ples w ere  co llected  from  the 
rubber plantations and  seed lin g  nu rseries 
of M eghalaya. Soil sam ples w ere analyzed 
fo r  a v a ila b le  n u tr ie n ts  a n d  fe r t i l iz e r  
recom m endation w as given to the grow ers. 
M a jo r ity  o f  th e  s o il s a m p le s  sh o w e d  
m e d iu m  O .C . c o n te n t  a n d  a v a ila b le  
potassium . Available P w as also  low. Soil 
pH  ran ged  from  4 .7  to  5 .2 . S o il p ro file  
sam ples w ere collected from  Jeng ichekgre 
(M egh alaya) and  D arren g ir i (A ssam ) for 
analysis o f soil m oistu re content, soil pH,
O.C content and av ailab le P an d  K. D etails 
are show n in T able N em . 2. R esu lts show ed 
th at org an ic  ca rb o n  co n te n t w as low  to 
m edium  (0.55 to 1.12 % ), av ailab le P w as 
low at Jengichekgre (0.14-0.93 mg/100 g) and 
m edium  to high at D arrengiri (1 .2  to 3.88  
mg/100 g) and  a v ailab le K  w as m edium  (9.0 
to 11.9 mg/100 g) and soil pH  w as 4.58  to 
5.22. Bulk density ranged  from  1.19 to 1.38 
e/cm3 at Jengichekgre and  1.06 to 1.16 g/cm3 
at Darrengiri at the depth o f 0-15 cm  and 

30-45 cm , respectively.



R E G IO N A L  E X P E R IM E N T  ST A TIO N  
N A G R A K A T A , W E S T  B E N G A L

1. Crop im provem ent

1.1. E v a lu a t io n  o f  c lo n e

F o u r  c lo n e  e v a lu a t io n  t r ia l s  w e r e  
in itiated  to  s c re e n  c lo n e s  for p e r fo rm a n ce  in 
te r m s  o f  g r o w th  a n d  y ie ld  in  th e  a g r o ­
clim a te  c o n d itio n s  o f  N o rth  B en g a l. In trial
I, R R II 118 , fo llo w e d  b y  S C A T C  93/ 114, 
R R IM  7 0 3  a n d  H a ik e n  1 ex h ib ite d  h ig h e r  
g ir th  (T a b le  N ag . 1). S im ila r ly , in tr ia l II, 
R R IM  6 1 2  fo llo w e d  b y  R R IM  6 0 5 , P B  86 , 
RR II 2 0 8  an d  P R  107  ex h ib ite d  h ig h er  g irth . 
In  tr ia l II I ,  P B  3 1 0  s h o w e d  h ig h e r  g ir th  
fo llo w e d  b y  S C A T C  9 3 / 1 1 4 . In  tr ia l  IV, 
SC A T C  93/114 sco re d  h ig h e r  g ir th  fo llo w e d  
by  P B  280 .

I n  te r m s  o f  y i e l d  ( T a b le  N a g . 2 ) , 
R R IM  7 0 3 sh o w ed  m ax im u m  yield  fo llo w ed  
by  SC A T C  88/13 a n d  P B  2 3 5  in tria l I. In  tria l 
if, R R II 208 , R R IM  6 0 5 , P B  8 6  a n d  P R  107 
sh o w ed  h ig h e r  y ie ld  th an  th e  ch e ck  c lo n e  
R R II 1 0 5 . C o m p a r e d  to  th e  c h e c k  c lo n e  
R R IM  600 , th re e  c lo n es  v iz . PB 235 , R R II 208

an d  PB 3 1 0  s h o w e d  h ig h  y ie ld  in trial III. In 
tr ia l IV, R R II 2 0 8  a n d  H a ik e n  1 sh o w ed  
h ig h e r  y ie ld  th a n  th e  c h e c k  c lo n e  R R IM  600.

1 .2 . E v a lu a t io n  o f  g e r m p la s m

P erfo rm an ce  o f 21 g en o ty p es  including 
s t a n d a r d  c h e c k  c lo n e s  w a s  e v a lu a te d . 
M a x im u m  g ir th  w a s r e c o rd e d  in  R O  2890 
fo llo w e d  b y  R O  3 1 7 2  w it h in  th e  w ild  
accessions (Table N ag.3). A m o n g  the W ickham  
clon es, PB  260  sh o w ed  h ig h est g irth . In  term s 
o f  y ie ld  a m o n g  th e  g e r m p la s m  access io n s , 
R O  5 363  fo llo w ed  b y  A C  1950 sh o w ed  h ighest 
yield . R R II 105  sh o w ed  h ig h est y ield  am ong 
th e  fou r W ick h am  co llection s.

1 .3 . P e r fo r m a n ce  o f  p o ly c lo n a l  s e e d l in g s  

H a lf - s ib  P o ly c r o s s  p r o g e n ie s  ra ise d
fr o m  s e e d s  c o lle c te d  fr o m  K a n y a k u m a ri 
(T a m il  N a d u )  w e r e  g r o w n  u n d e r  th e  

c lim a tic  co n d itio n  o f  N o rth  B e n g a l. T h ere  
w ere  2 4 0  trees in C R D  (s in g le  tre e  s in g le  p lot) 
p la n ted  a t  n o rm a l s p a c in g  ( 5 x 5  m ). M ean

Table Nag. 1. G row th perform ance of c lones in d ifferen t trials
Trial I Trial II Trial III Trial IV

C lo ne Girth
(cm )

C lo n e Girth
(cm )

C lo ne Girth
(cm )

C lo n e Girth
(cm )

PB 5/51 6 3 .4 2 G L  1 6 3 .6 4 PB 260 6 1 .8 4 RR IC  104 58 .16

G T  1 6 4 .9 3 PR 107 6 6 .5 5 RRII 208 6 2 .7 9 RRII 308 58 .65

RRII 203 6 5 .4 3 RRII 208 6 9 .2 9 PR 107 6 4 .4 0 RRII 105 61 .29

PB 311 6 6 .9 2 PB 86 6 9 .9 6 PB 86 6 6 .6 9 RRII 300 6 2 .05

RRII 300 68 .51 RRIM  605 7 3 .4 5 H K 1 6 8 .3 4 PR 261 6 2 .78

SC A TC  88/13 6 9 .5 9 RRIM  612 8 2 .9 0 PB 235 6 8 .4 0 RRII 208 6 2 .98

PB 235 7 0 .8 2 RRII 105 6 2 .7 7 RRIC 102 6 9 .4 9 PB 235 6 3 .64

H K 1 7 4 .2 3 RRIM  612 7 0 .1 2 H K 1 6 5 .45

RRIM 703 7 4 .6 6 SC A T C  93/114 7 3 .4 7 PB 280 6 6 .8 2

SC A T C  93/114 7 4 .6 9 PB 310 8 9 .6 4 SC A T C  93/114 6 7 .4 2

RRII 118 7 5 .8 3 RRIM  600 6 8 .5 3 R R IM  600 6 3 .86

C D  (P = 0.05) 2 .52 C D  (P = 0.05) 2.66 CD (P -  0.05) 3.72 C D  (P  = 0.05) 2.02



T ab leNag. 2 . yield lto n n  ( 8 W U p |  ^  _________________

-----------I ™ 1JI-------—  ----------- M  111_______ ________ Trial IV
C lone Yield

(gA/t)
C lone Yield

(g/t/t)
Clone Yield

(g/t/t)
Clone Yield

(g/t/t)
PB 5/51 3 5 .0 6 G L 1 31.25 RRIC 102 36.41 SCATC 93/114 38.19
PB 311 3 9 .31 RRIM 612 46.31 PR 107 37 .37 RRIC 104 40.24
RRII 300 3 9 .4 2 PR 107 50.11 RRIM 612 37.57 PR 261 47.02
HK 1 4 0 .2 9 PB 86 53.16 SCATC 93/114 41.03 RRII 300 48 .53
RRU 203 4 5 .6 9 RRIM 605 59.69 PB 86 41.63 PB 280 50.31
SC ATC  93/114 4 6 .2 6 RRII 208 62.20 PB 260 47.80 RRII 308 51 .27

RRII 118 4 7 .9 7 RRII 105 42.76 Haikenl 52.94 PB 235 51.80

G T  1 4 8 .8 4 PB 310 59.07 RRII 105 56 .87

PB 235 4 8 .9 2 RRII 208 62.02 Haiken 1 60.03

SC A T C88/13 5 5 .0 6 PB 235 62.46 RRII 208 63 .29

RRIM 703 5 6 .7 5 RRIM 600 59.22 RRIM 600 55.73

CD (P = 0.05) 3 .42 CD (P = 0.05) 4.70 CD (P = 0.05) 5.03 CD (P = 0.05) 3.80

Table Nag. 3. Growth and yield in different accessions o f H evea

A c ce ss io n s G irth (cm) Yield (g/t/t) Accessions Girth (cm) Yield (g/t/t)

AC 1950 5 9 .0 6 24.92 RO 2629 65.24 5.51

AC 607 3 5 .6 4 5.72 RO 2635 66 .72 4.75

AC 619 5 8 .5 4 3.03 RO 2890 71 .87 5.11

AC 623 4 5 .0 4 2.45 RO 3172 70.94 451

AC 68 6 0 .2 1 3.77 RO 5329 55 .73 10.15

AC 763 5 3 .7 4 15.72 RO 5348 67 .66 5.73

GL 1 5 5 .31 22.30 RO 5363 61.09 31 .82

GT 1 6 1 .0 5 24.29 RO 5408 55.00 5.02

M T 196 

M T  2229

6 0 .6 4

6 4 .7 3

15.87

10.89

RO 5430 

RO 5557

64.13

67.70

1 1 .12
5.27

4.38

41 .60

3.59

M T 2594 

M T 44 

PB 260

5 1 .1 9

6 5 .4 5

6 1 .8 9

526

6.34

17.24

RO 6139 

RRII 105 

CD (P = 0.05)

5 1 .78

58.26

3 .14

girth  o f th e  tr e e s  w a s  65 .6  cm , w ith average 
b lo ck  y ie ld  o f  4 4 .9  g/t/t. A m o n g the existing 
o n e  s e v e n ty  e ig h t  p la n ts , 37 .5%  show ed 

ab o v e  a v e r a g e  y ie ld .

2. C rop M a n a g e m e n t

2 .1 . N u tr it io n a l  tr ia ls

In  th e  e x p e r im e n t on  d ifferent doses of 

f e r t i l i z e r s ,  h i g h e s t  g ir th  (1 2 6 .5  cm ) w as

recorded in P .  K„and highest yield  (67.63 

g/t/t) in N^Pp K 0.

2.2. C rop ping system
In th e  s tu d y  o n  fe a s ib i l i ty  o f 

in tercropping ru b ber w ith  tea in D ooars 
area o f W est B engal, it w as found that green 
tea leaf yield  w as s ig n ifica n tly  h ig h e r  in 
nure tea plot. Low  green tea lea f y ield  in 
rubber-tea co m bin atio n  p lo t w as m ain ly



Table Nan. 4  Grow th and yield of tea and rubber in in tercrop tnal^
---- Kllhbl r̂ IT

Treatments Sp ac in g Tea yield

(K g)

Rubber girth 
(cm )

Rubber yield 
(Kg/tree/yr)

Rubber - 3 x 5 m 5 5 .6 5 .6

T2 (Rubber + Tea) Rubber - 10 x 2.5 m 

Tea - I0x(l .0 x 0.6) m

167 3

T3 (Rubber *  Tea) Rubber - 12 x 2.5m 

Tea - 12x(1.0 x 0.6)m

197 4

T4 (Rubber +
Tea (paired row)) Rubber - 18x(3x3)m ; 2rows 

Tea - lSxfl.O  x 0.6)m

3 8 7 0

T5 (Rubber -  Tea) Rubber - lOx 5.0m 

Tea - 10x(l,0  x 0.6)m

233 9 6 3 .4 6 .4

T6 (Pure Tea) Tea - 1.0 x 0.6m 93 4 9

CD (P = 0.05) 240 8 2 .5 1 .2

Table Nag. 5. Grow th characteristics o f H ev ea  seedlin gs raised  from  seed s d eveloped  in 
condition

d ifferen t clim atic

G row th data (January, 2010)
Plant height (cm ) G irth  (cm ) N um ber of whorls

Nagrakata (Clone trial) 185 19 .8 4 .7

HBSS. Kanyakum ari. Kerala 2 7 6

Guw ahati (random  sampling) 145 1 5 .6

Tura (random  sam pling) 193 20.8 3.6

d u e  to  m o re  s h a d e  im p o s e d  b y  m a tu r e  
r u b b e r  tr e e  c a n o p y  th a t a t t r a c te d  p e s ts . 
D eta ils  a re  g iv e n  in  T a b le  N ag .4 .

3. Crop Physiology
3 .1 . P erfo rm a n ce  o f  p o ly c ro ss  p rog en y  

raised from  seeds o f locally  adapted 
m ature ru bber p lantation

In  th e  e x p e rim e n t th e  p e r fo rm a n c e  o f 
th e  p o ly cro ss  p ro g e n ie s , p r e m a tu re  le a f fall 
d u e  to  s e v e r e  c o ld  d u r in g  Ja n u a r y  w a s  
ob serv ed . H o w ev er, n e w  flu s h e s  em erg ed  
in M a rch . D e ta ils  o f  g ro w th  p e rfo rm a n ce  
a re  g iv en  in T ab le  N ag . 5.

3 .2 .  P e r f o r m a n c e  o f  r u b b e r  c l o n e s  in  

a b a n d o n e d  T e a  g r o w i n g  a r e a s  o f  

D o o a rs  b e l t  o f  N o rth  B e n g a l

A n e x p e r im e n t w a s  in itia te d  to  assess 

th e  p e r fo rm a n c e  o f  r u b b e r  u n d e r  a lk a lin e  

p H  in th e  a b a n d o n e d  tea  g r o w in g  area s  o f 

Su b -H im a la y a n  W est B e n g a l. F o u r  c lo n es  viz. 

R R IM  600 , R R II 208 , R R II 105  a n d  R R II 429 

w ere  p la n te d  in  b lo c k s  in  so ils  h a v in g  h igh  

p H  (8 .3 ) a lo n g  w ith  n o rm a l p H  (5 .8 ). T h e  

g ro w th  o f  r u b b e r  p la n ts  w a s  h e a lth y  even  

a t p H  8 .3 .



R E G IO N A L  R E S E A R C H  ST A TIO N  
D A P C H A R I, M A H A R A S H T R A

E v a lu a tio n  a n d  screen in g  o f clones/wild 
H evea  a c c e ss io n s  fo r  d esired  characters like 
to le ra n ce  to  w a te r  a n d  h ig h  tem p eratu re 
stress, d e v e lo p m e n t o f lo ca tio n  specific agro 
te ch n o lo g y  a n d  la te x  h a rv e s t technology, 
stress m a n a g e m e n t tech n o lo g y  continu ed  to 
be  th e  th ru s t a re a s  o f research .

1 . E n v ir o n m e n ta l  P h y sio lo g y

T h r e e  i r r ig a t io n - b a s e d  e x p e rim e n ts  
w e r e  c o n d u c t e d  to  s t u d y  th e  e f fe c t  o f 
irrig a tio n  a n d  ir r ig a tio n  sy stem  o n  yield of 
ru bber. T h e  ir r ig a tio n  ex p erim en t started 
in 1987 w ith  E T c b a se d  B a sin  (1.00 ETc, 0.75 
ETc and  0 .5 0  E Tc) a n d  d rip  (0.75 ETc, 0.50 ETc, 
0 .25  ETc) ir r ig a tio n  trea tm en ts in clon e RRII
105 w a s  c o n t in u e d . T h e  o b jectiv e  w as to 
s ta n d a rd iz e  a n d  e v a lu a te  the advantages of 
d rip  ir r ig a tio n  sy s te m  o v er basin  irrigation 
in te rm s o f w a te r  sa v in g  an d  total econom y 
in th e  q u a n ti ty  o f  w a te r  a n d  m ethod s of 
irrig a tio n . F ro m  F e b r u a ry  2000 onw ards, 
trea tm en ts  v iz . 0 .7 5  E T c b asin  and  0.50 ETc 
drip  w e re  m o d ifie d  to  0 .25  E T C  (basin and 
drip ) to  te s t  w h e th e r  irrig a tio n  requirem ent 
can  b e  fu rth er  r e d u ce d . O bservations on the 
fo rtn ig h tly  c u p  lu m p  w eig h t, m onthly girth 
m e a s u r e m e n ts  a n d  s e a so n a l D R C , PI, TP 
w e r e  r e c o r d e d .  T h e  tr e e s  u n d e r  b asin  
irrig a tio n  ( 1 .0 ,0 .2 5 ,0 .5 0  ETc) show ed higher 
g irth  (7 4 .2 6 , 6 9 .8 8 , 7 0 .5 9  cm ) as com pared to 
drip  irrig a tio n  s y stem  (6 9 .94 ,69 .11 ,66 .79  cm). 
A ll o th e r  t r e a t m e n t s  w e r e  co m p a ra b le . 
T r e e s  u n d e r  r a in fe d  c o n d itio n  record ed  
lo w e r  g i r t h  ( 6 4 .1 0  c m )  th a n  th e  o th e r  
ir rig a tio n  tr e a tm e n ts . T h e  b asin  irrigated 
trees r e c o rd e d  h ig h e r  y ie ld  in com parison 
to  d r ip  a n d  c o n t r o l  (T a b le  D ap . I)- 
irrig ated  th ro u g h  b a s in  m ethod  at 1 .00 £
record ed  m a x im u m  y ield  (52.13 g/t/t). U nt er 
drip  ir r ig a tio n  m e th o d , 0 .75  ETc irrigation

(a lo n g  w ith  0 .2 5  ET c b a s in  ir r ig a tio n )  
recorded more yield. Reducing the irrigation 
to lower level (0.25 ETc) did not affect the 
growth and yield o f rubber.

A trial w as started in 1983 to study the 
effect of different levels o f irrigation (1.00, 
0.75, 0.05 and 0.25 ETc) on yield  and  yield

Treatments Mean girth 
(cm ) 

(M arch 2010)

Mean dry 
rubber yield

(K/t/t)
Control
(No irrigation) 64.10 40 .56

1.00 ETc basin 74 .26 52 .13
0.25 Etc basin
•(Earlier 0.75 ETc) 69.88 45.86

0.50 ETc basin 70 .59 40.04

0.75 ETc drip 69.94 46 .56

0.25 Etc drip’
(Earlier 0.50 ETc) 69.11 41.17

0 2 5  ETc drip 66.79 36.31

SE 1.78 1.87

CD (P = 0.05) 3.89 4.07

Changed from 0.75 ETc to 0.25 ETc from Feb-2000 
onward

com ponents in tw o clones, viz. R R I1105 and 
R R I1118. Fortnightly yield , m onth ly  girth, 
se a so n a l D R C % , P I, BI a n d  T P  w e re  
monitored. Results indicated that RR II 118 
perform ed better in term s o f grow th w hile 
clo n e  RRII 105  r e co rd e d  b e tte r  y ie ld  in 
response to d ifferen t le v e ls  o f irrig a tio n  

treatm ents.
In the cost evaluation [r ia l the expenses

in cu rred  to w a rd s  v a r io u s  in p u ts , farm  
p ractices and ir rig a tio n  w ere  m o n ito red  
since 1987 in irrigated and  u n irrigated  trees 
of RRIM 600. Irrigated trees w ere assessed 
based on different soil depth, wz. 1/5 ETc 
(deep soil) and 1.0 ETc (shallow  soil) levels o f



irrig ation . T h e  irrig a tio n  level w as red u ced  
from  1/4 to  1/5 ET c to  fin d  o u t th e  op tim u m  
w ater req u irem en t for m atu re  trees in g ood  
s o i l  d e p t h  a r e a .  M e t e o r o lo g ic a l  a n d  
p h y sio lo g ica l p a ra m e te rs  (i.e . b lo ck  y ie ld , 
total latex v o lu m e, D R C  % , PI, B l, g irth ) w ere  
a lso  record ed .

T h e  trees g ro w in g  at th e  g ro u p  B site 
(h igh  soil d ep th , p artia lly  irrig ated  1/5"’ ETc) 
re c o rd e d  s ig n if ic a n t ly  h ig h e r  y ie ld  th a n  
rainfed and  low  soil d ep th  w ith  fu lly  irrigated  
trees (g rou p  C ). T h e  resu lt sh o w s th at the 
soil m o istu re  co n te n t a lso  h ig h e r  in h ig h er  
soil d epth  area  th an  th e  o th er  tw o sites.

L a te x  H a rv e s t T e c h n o lo g y

In  o r d e r  to  s t u d y  th e  o p t im u m  
s t im u la tio n  s c h e d u le  fo r  m a x im u m  la tex  
h a rv est fro m  low  y ie ld in g  r e g en era ted  bark, 
o n e  d em o n stra tio n  tr ia l b ased  o n  co n tro lled  
u p w ard  ta p p in g  (C U T ) is b e in g  c a rr ie d  out. 
T h e  s tu d y  w a s  in itia ted  d u r in g  2 0 0 9  in B I-1  
pane l (reg en era ted  b a rk ) o f  R R II 105  p lan ted

Table Dap. 2 . E ffect o f irrigation  and so il depth on
sum mer yield

Irrigation type Pro jected  yield 
(kg/ha) 

(Jan -M ay 2009)

Yield (g/t/t) 
2 0 0 9

Unirrigated (A) 333.17 19 .7

Partially irrigated (B)

(d eep  soil) 1 1 5 9 .4 2 69 .2

1.0 ETc (C)
(shallow  soil) 856.98 5 2 .0

in 198 3  w 'ith r a n d o m iz e d  b lo c k  d esig n . The 
o b je c t i v e  w a s  to  id e n t i f y  C U T  p r a c t ic e  
s u i t a b le  to  th i s  r e g io n  a lo n g  w it h  th e  
en h a n ce m e n t o f  y ie ld  d u r in g  low  y ie ld in g  
p h a se  (re g e n e ra te d  b a rk ) o f  c lo n e  R R II 105 
a n d  to  o p tim iz e  th e  s t im u la tio n  sch e d u le  
(T ab le  D ap . 3 ). Y ie ld  w a s  r e co rd e d  fro m  all 
th e  ta p p in g s  a s  c u p  lu m p s.

R e su lts  sh o w s  th a t tre a tm e n t T 2  un d er 
C U T  reco rd ed  s ig n if ic a n t ly  h ig h e r  y ie ld  o f
111 .66  g/t/t th an  th e  o th e r  t re a tm e n ts . R esu lt 
re v e a le d  th a t u n d e r  C U T , y ie ld  in crea sed  
u p to  1 3 8 %  (T 2 ) th a n  th e  p r e v io u s  y e a r  o f 
b asa l p a n e l ta p p in g  (T ab le  D ap .3 ).

3 . C ro p  I m p r o v e m e n t

In  th e  c lo n e  e v a lu a t io n  tr ia l (19 8 5 ) o f 
fifteen m o d e m  c lo n es  (R R II 5 , R R II 6 ,R R II 208, 
R R II 308 , R R II 6 0 5 , PB 2 6 0 ,P B  310 , P B  311, 
R R IC  100 , R R IC  102 , R R IC  105 , P R  2 5 5 , PR 
261 an d  R R II 105 , c lo n e  R R II 2 0 8  p erfo rm ed  
b e t t e r  in  t e r m s  o f  g r o w t h  a n d  y ie ld  
co m p a re d  to  R R IC  5 2  (2 0 .4 9  g/t/t). R R IC  52 
r e co rd e d  m a x im u m  g ir th  (6 9 .2  cm ) (T ab le 
D ap . 4).

A  tr ia l  w a s  in it ia t e d  d u r in g  2 0 0 8  to  
e v a lu a te  th e  g ro w th  a n d  y ie ld  p e r fo rm a n ce  
o f 1 4  o rtets  s e le cted  fro m  p o ly cro ss  seed lings. 
T h e re  w as n o  s ig n if ic a n t d iffe r e n c e  in p lan t 
h e ig h t a m o n g  th e  o r te ts  a n d  co n tro l c lon es 
(T ab le  D ap . 5 ). A m o n g  th e  o r te ts , h ig h est 
p lan t h e ig h t w a s r e c o rd e d  in  O S  3 4  (378 .2  
c m )  a n d  O S  1 7 3 .  M a x im u m  n u m b e r  o f

Treatm ents N o. of 
taps

C U T (N o vem ber 2009 
to M arch 2010)

Basal panel (S/2 d3 6d 17) 
(N ovem ber 2008 to M arch 2009)

g/t/t Kg/ha Kg/tree g/t/‘ Kg/ha Kg/ha

T1 S/4U d3 6d/7 ET 5%  La (3w) 61 9 2 .0 8 2 2 4 6 5 .6 4 4 .5 6 2.71 1087

T2 S/3U d3 6d/7 ET 5%  La (3 W) 61 1 1 1 .6 2724 6.8 4 6 .8 9 2.86 1 1 4 4

T3 S/4 U d3 6d/7 ET 5%  La(m) 61 8 2 .7 0 2 0 1 8 5 .0 3 7 .9 6 2 .3 1 9 2 6

T4 S/3 U d3+ d3 6 d/7 ET 5%  La (m) 61 8 8 .5 4 216 0 5.4 4 1 .71 2 .5 4 1 01 7

S E
C D  (P  = 0 05)

7 .6 0
16 .19

4.73
1 0 .08



Tahle Dap. 4. Grow th and yield of H evea  clones
Treatments Dry rubber 

yield  

(g/t/t)

Mean girth PY* 
(M arch  2010) (kg/ha) 

(cm )

RRII 5 3 6 .3 6 6 3 .17 1088

RRII 6 4 1 .8 0 66 .99 1251

RRII 105 3 5 .0 5 59 .84 1049

RRII 208 4 6 .5 0 68 .42 1392

RRII 308 2 0 .4 6 6 0 .50 612

RRIM 605 2 6 .0 8 62.71 780

PB 260 2 7 .7 4 64.31 830

PB 310 3 0 .5 2 64 .70 913

PB 311 3 1 .9 5 62 .63 956

RRIC 52 2 0 .4 9 69 .19 613

RRIC 100 3 3 .9 8 6 2 .37 1017

RRIC 102 3 2 .8 5 63 .49 983

RRIC 105 2 0 .8 7 60 .53 625

PR 255 3 2 .1 7 6 2 .76 963

PR 261 2 4 .8 3 6 0 .70 743

CD (P °  0 .05) 7 .9 5
* PY = g/t/t x No. o f tapping days x No. of treesx0.9/ 

1000

w h o rls  w a s  re c o rd e d  in O S  42  (3.5) and OS 

111 (3 .5).

Screening of w ild H eim  accessions for 
drought w as initiated in 2003. Mato Grosso 
a c c e ss io n s  sh o w e d  b etter  growth 
p e rfo rm a n c e  th a n  R on d on ia  and Acre 
accessions. Tw enty five potential drought 
to leran t a c c e s s io n s  w ere identified for 
further detailed studies.

E v a l u a t i o n  o f  c lo n e s  fo r  d ro u g h t 
to lera n ce  (2 0 0 7 )  u s in g  2 5  d rou gh t tolerant 
w ild  A m a z o n ia n  a c ce ss io n s  revealed  w ide 
v a r ia b i l i ty  f o r  a l l  c h a r a c te r s .  M T  4788

Treatment

T1 (C ontrol)
T2 (Soil m oistu re  con servation) 

T  test

Plant height 
(cm) 
235.6 
225.5 

0 .96

Table Dap. 5. Performance of ortets at Dapchari
Ortets Girth

(cm)
Height

(cm)
No.of
whorls

OS 1 9.5 333.8 2 .7
OS 8 8.1 306.3 2.7
OS 34 1 1 .1 378.2 2.9
O S 35 10.4 369 .2 3.0
OS 36 9.2 304.1 3.2
OS 37 9.5 364.4 2.9
O S 42 9.1 304.5 3.5
OS 111 10.3 367.0 3.5
O S 135 8.6 306.8 3.0
OS 136 7.1 300.4 2.2
O S 173 11.6 356.7 3.0
OS 216 10.3 358.5 3.1
OS 236 9.9 338.3 3.1

OS 317 10.6 367.9 2.8

RRII 105 8.2 279.4 2.3

RRII 208 9.5 329.0 3.4

RRII 430 8 5 279.6 2.6

RRIM 600 10.1 411.5 3.3

SE +/- 1.07 42.33 0.33

CD (P = 0.05;) 2.18 NS 0.67

recorded m aximum girth and showed
consistent performance.

2. C rop M an agem en t

In the study on the effect of moisture
conservation practices on growth of rubber
initiated during 2009, there w as no

; significant difference in growth performance

( (Table Dap. 6).

nc»rvatinn Dracti'n x  nn performance of RRII 105
ive 'water Soil mo.sture content ( 

/.>/v .it rm
(cm)
6.24

6.27
0.75

content (%)
91.24
94.06

0.23

32.05
32.42

0.87



R E G I O N A L  R E S E A R C H  S T A T IO N  
D H E N K A N A L , O R IS S A

T h e  sta tio n  c o n tin u e d  its re se a rch  on 
id e n tif ic a t io n  o f  c lo n e s  s u i ta b le  fo r  d ry  
su b h u m id  c lim ate .

1. C ro p  Im p ro v e m e n t

1.1. C lone Evaluation
In  th e  c lo n e  tria l (1987), G T  1 (75.1 cm ) 

reco rd ed  h ig h e st g irth  c lo se ly  fo llo w ed  by 
R R IM  6 0 0  ( 7 2 .3  c m ) .  C lo n e s  G T  1 a n d  
R R IM  6 0 0  r e c o r d e d  s ig n if ic a n t ly  h ig h e r  
m e a n  g i r t h  o v e r  R R I I  1 0 5  ( 6 7 .9  c m ) .  
R R IM  6 0 0  reco rd ed  h ig h e s t  m e an  y ie ld  o f
3 4 .8  g/t/t, fo llo w ed  b y  R R II 105 (32 .7  g/t/t). 
T h e  clon e R R IM  600  w as foun d  to  s u p erio r  in 
term s o f b o th  g ro w th  an d  y ield  (Table O r. 1)

Table Or. 1. M ean girth and y ield  of e lite clones
C lo ne G irth (cm ) 

M arch  2009
Yield
(K/t/t)

RRII 105 6 7 .9 3 2 .7

RRIM 600 72.3 3 4 .8

G T  1 7 5 .1 3 1 .8

M ean 7 1 .7 33.1

S E 1 .1 0 1.31

In  th e  s e c o n d  c lo n e  tr ia l  (1 9 9 0 ) ,  n o  
s ig n if ica n t d iffe r e n t w a s  reco rd ed  in g irth  
a m o n g  th e  c lo n e s . T h e  c lo n e  S C A T C  93/114 
reco rd ed  th e  h ig h e s t m e a n  y ie ld  (44 .5  g/t/t) 
fo llo w ed  b y  S C A T C  8 8 -1 3  (40 .5  g/t/t). Even 
th o u g h  th e  c lo n e  S C A T C  93/114 reco rd ed  the 
h ig h e st g irth , y ie ld  w a s  lo w e st (22 .0  g/t/t) 
a m o n g  th e  c lo n e s . C lo n e  R R II 2 0 8  sh o w ed  
s u p e r io r  g r o w th , y ie ld  a n d  a d a p ta b il i ty  
c o m p a red  to o th e r  c lo n e s  (T ab le  O r. 2).

In  th e  t h ir d  c lo n e  t r ia l  ( 1 9 9 1 ) ,  th e  
p e r fo rm a n ce  o f  H ev ea  c lo n e s  w a s co m p a red  
w ith  p o ly c lo n a l se e d lin g s . P o ly c lo n a l trees 
(9 6 .5  c m )  r e c o r d e d  h i g h e s t  g i r t h  a n d  
a d a p ta b i l i ty ,  c lo s e ly  fo l lo w e d  b y  G T  1

Table Or. 2 Grow th and yield  perform ance o f H evea  
c lones______________________________

C lo ne G irth (cm ) 
M arch  2009

M ean yield 
(K/t/t)

RRII 5 7 8 .4 3 8 .4

RRII 208 7 8 .2 4 4 .5

RRII 300 76.1 2 7 .0

RRIM  600 7 8 .5 3 8 .6

RRIM  701 7 7 .5 28 .4

PB 310 7 6 .7 33 .8

PR 255 7 6 .5 2 6 .5

SC A TC  88-13 7 8 .5 4 0 .5

SC A TC  93-14 8 3 .6 22.0

Haiken 1 74 .1 3 4 .4

M ean 7 7 .8 3 3 .4

S E 1 . 1 2 3 .1 5

(8 6 .9  c m )  a n d  R R II 2 0 8  (8 1 .4  c m ). R R II 208 
r e c o r d e d  h ig h e s t  m e a n  y ie ld  (62.8g/t/t/) 
fo llo w ed  by R R II 6 0 0  (41.1 g/t/t). In  th is  trial 
a lso , R R II 2 0 8  sh o w e d  b e tte r  g ro w th , y ie ld  
an d  ad ap tab ility . T h e  lo w est m e an  y ie ld  w as 
reco rd ed  in p o ly c lo n a l se e d lin g s  (28 .0  g/t/t) 
(T ab le  O r. 3).

In a n o th e r  tr ia l o n  e v a lu a t io n  o f  m o d em  
c lo n e s  (1 9 9 9 -2 0 0 0 ) ,  th e  g r o w th  o f  c lo n e s

Table Or. 3. Perform ance o f  various clones
C lo ne G irth  (cm ) 

M arch  2010
M ean yield 

(fi/t/0
RRII 5 7 6 .7 3 9 .6

RRII 105 7 5 .5 3 5 .3

RRII 208 8 1 .4 62 .8

RRIM  300 79.1 30 .9

RRIC 102 7 9 .2 3 8 .9

RRIM  600 7 3 .0 41 .1

G T  1 8 6 .9 4 7 .9

PR 255 7 9 .6 3 2 .3

PR 261 75 .4 3 0 .9

Po ly clon a l 9 6 .5 2 8 .0

M ean

SE

8 0 .3

2 .3 7

3 8 .7

3 .8 0



differed  s ig n if ic a n t ly . A m o n g  the clones, 
highest m e an  g irth  w as record ed  in IRCA  111 
(48.4 cm ) a n d  R R H  2 0 8  (4 7 .7  cm ) close ly  
fo llow ed b y  RRH  105 . T h e  low est girth was 
o bserved  in  RRH  51 (3 7 .5  cm ) (Table Or. 4).

Table Or. 4. Perform ance of various clones

Clone Girth (cm)
M arch 2010

RRH 51 37 .5

RRII 105 4 5 .4

RRII 208 4 7 .7

RRII 300 5 0 .2

RRII 351 4 3 .0

RRII 352 45 .2

RRII 357 4 3 .3

PB 28/59 4 6 .6

RRIM 600 4 6 .3

IRCA 109 37 .0

IRCA 111 48.4

Mean 49.0

SE 3 .0 7

1.2. Polyclonal trial
T o  e v a l u a t e  th e  g r o w th , y ie ld  

p e r fo rm a n ce  a n d  a d a p ta b il ity  o f polyclonal

seedlings under O rissa conditions, a trial 
was laid out in 1989. H ighest m ean girth 
was recorded in tree N o. 319 (127 .6  cm ) 
followed by tree N o.93 (127.3 cm). Highest 
annual mean yield was recorded in tree No. 
383 (106 g/t/t) followed by tree No. 638 (103.8 
g/t/t). Ten elite polyclonal selections were 
id en tified  and fie ld  p lan ted  for fu rth er 
evaluation.

1.3. O rtet Evaluation

Ten ortets w ere planted along w ith few 
m odern clones for further evaluation during 
2008. Ortets OR 7 and O R 8 and the clone 
SC A TC  93/114 sh ow ed  b etter  g row th in 
term s o f girth and height.

2. Latex H arvest Technology

2.1. C ontrolled  upw ard tap p ing  trial

Initial observation show ed that clone 
RRIM  600 under treatm ent T3 (S/3 d2 ET 5%  
- m onthly: S/2 d2 ET 2.5%  tw ice tapping) 
sh o w ed  m a x im u m  y ie ld  o f 2 8 .6  g/t/t, 
followed b y T 2 (S/4 d2 E T  5%  m onthly : S/2 

d2 E T 2 5 %  tw ice tapping).

R E G I O N A L  R E S E A R C H  ST A TIO N , P A D IY O O R , K E R A L A

T h e  s t a t i o n  c o n t in u e d  re se a rc h  on 
id en tification  o f c lo n es  su itab le to the region 
and ev aluation  o f to leran ce o f clones to drought 
and d ise a s e . S tu d ie s  o n  agro-m an agem en t 

practices fo r  red u ctio n  o f the m aturity perio 

for tap p in g  a re  a lso  in progress.

1. C r o p  M a n a g e m e n t

1 .1 .  P h y s ic o -c h e m ic a l  ch a ra c te r iz a tio n  o f

soil
S p a t i a l  v a r i a b i l i t y  in  ^ rra. ''l  

c h a r a c t e r i s t i c s  w a s  s t u d ie d ,  u > gl

elevation  m odel acqu ired  b y  the Sh u ttle  
Radar Topography M ission (SRTM ) at 90 m 
resolution w as used. Interpolated m aps of
coarse fragments, a c tu a l s o il volum e slope

and d epth  c h a ra c te r is tic s  w ere p lo tted . 
Spatial variability m apping enabled better 
understanding of the study site for adopt.on 
o f different agro-m anagem ent practices.

1 2  W ater requ irem ent stu d ies

"  The experim ent initiatedI in im m ature 

rubber w ith  irrig a tio n  lev e ls a t IW/CP



ratio  o f 0 .3 , 0 .6 , 0 .9 , 1.2 an d  an  u n irr ig a ted  
con tro l w a s co n tin u ed  to th e  m a tu re  phase. 
T h e  r e s p o n s e  o f  i r r ig a t io n  o n  s t a n d  
esta b lish m e n t an d  p e r  cen t ta p p a b le  trees 
w as sig n ifica n t. Irrig a tio n  in th e  im m atu re  
p h a se  red u ced  tree  lo sses  lead in g  to  m o re 
u n ifo rm ity  in tree  g ro w th . G irth  d ifferen ces  
b e tw e e n  th e  tr e a tm e n ts  a n d  co n tro l tre e s  
narro w ed  d ow n . T h e  trees h av e b een  o pen ed  
for tap p in g  (T ab le P a d .l) .

Table P ad .l. Effect o f d ifferent irrigation levels on
grow th o f  H evea

Treatment
(IW/CPE)

Girth 
(9lh Year)

Girth increment
Dry m onths 
(D ecem b er- 

M ay)

Wet m onths 
(June- 

N o vem b er)
1 .2 5 4 .5 1 .76 3.31
0 .9 5 3 .2 2.20 2.91
0.6 5 5 .9 2 .7 6 3 .6 0
0 .3 5 1 .8 2 .4 4 3 .6 8
C ontrol 4 8 .9 2 .46 4 .0 5
C D  0 1 = 0 .05) M S N S N S

1.3. R e s p o n s e  o f  f e r t i l i z e r  a p p lic a tio n  

T h e  e x p e r i m e n t  w it h  t h r e e  c lo n e s  
(R R II 105, R R II 4 1 4  a n d  R R II 4 2 9 )  u n d e r  fo u r 
fe rtilizer  lev e ls (3 0 :3 0 :2 0 , 6 0 :3 0 :2 0 , 9 0 :6 0 :4 0  
an d  1 2 0 :6 0 :4 0  kg/ha o f  N , P 20 .  a n d  K 20 )  
in d ica ted  n o  s ig n if ic a n t r e sp o n s e  in g ro w th  
o f  th e  d iffe re n t c lo n e s  w ith  v a ry in g  le v e ls  o f 
fe r tiliz er  (T ab le P ad . 2).

Treatment G irth  (cm)
RRII 105 RRII 429 RRII 414

3 0 :3 0 :2 0 3 9 .0 3 3 .0 38.1
6 0 :3 0 :2 0 39 .1 3 7 .6 4 0 .2
9 0 :6 0 :4 0 3 5 .2 3 5 .3 3 8 .6
12 0 :6 0 :4 0 3 9 .2 3 4 .0 3 7 .3
C D  (P = 0.05) NS

2. C ro p  Im p ro v e m e n t

2 .1 .  L a rg e  sc a le  e v a lu a t io n  o f  c lo n e s

In  th e  1 996  c lo n e  tr ia l w ith  11 c lo n es , 
s ig n if ica n t g ro w th  d iffe re n c e  w a s ob serv ed .

P B  3 3 0  w a s  s i g n i f i c a n t l y  s u p e r i o r  to 
R R II 105 w ith  r e sp e c t to  g ir th . IR C A  130 
sh o w e d  b e tte r  a n n u a l a n d  su m m e r  y ield  
th an  R R II 105.

Table Pad. 3. G row th perform ance o f  m odem  Hevea
clones

C lo n e Girth (cm) Yield Sum m er yield

(g/t/t) (g/t/t)
RRII 105 56 .81 4 8 .3 9 2 8 .56
PB 314 5 9 .3 3 44 .61 2 5 .4 8
IRCA 130 6 1 .1 9 6 5 .5 8 4 3 .2 8
PB 28/59 5 6 .2 4 4 7 .7 3 2 5 .2 4
IRCA 109 5 6 .0 5 32 .81 1 9 .18
PB 330 6 2 .0 6 4 1 .3 4 15.71
IRCA 18 6 1 .4 3 3 9 .7 3 1 3 .02
RRIM  703 5 0 .6 5 3 7 .7 8 1 6 .29
IRCA 111 5 6 .3 6 3 5 .2 3 2 0 .12
PB 255 5 6 .3 8 5 1 .9 3 3 1 .9 9
IRCA 230 5 7 .8 8 3 9 .3 8 1 5 .69
CD  (P = 0 .05) 4 .4 7 14 .7 2 1 3 .9 8

Table Pad. 4. P erform ance o f  c lon es and selection  at
h igh  a ltitud e area

C lo ne Girth Bark Latex
th ick n ess v essel row s

RRII 105 4 2 .4 4 .5 8 .5
RRII 203 6 0 .5 6 .0 9 5 .8 9
RRIC 100 6 4 .3 5.1 6 .3
RRIC 102 5 3 .3 4 .6 8 7 .2 8
PB 86 63.1 5 .1 1 7 .3 9
P 296 5 8 .4 4 .6 2 9 .11
P 90 5 4 .9 4 .8 5 .5 6
P 270 6 9 .9 5 .2 8 .7 8
P 280 5 4 .9 4 .2 7 8 .0 6
P2 5 4 .7 4 .6 4 .6 7
P 121 5 4 .4 4 .0 9 4 .5
P 213 66.8 4 .3 5 .7 5
P 1 6 3 .3 4 .9 5 .8 3
P 155 4 5 .3 3 .7 2 4 .5
Iritty 1 5 7 .9 4 .51 7 .4
CD  ( P -  0 .05) 12 .7 N S *

2 .2 .'E v a Iu a t io n  o f  r u b b e r  c lo n e s/ s e le c tio n s  
a t  h ig h  a lt i tu d e  s itu a t io n s  

T h e  tria l fie ld  p la n te d  in 199 6  at h igh  
a lt itu d e  (9 7 4  m  m s L ) w ith  10 s e le c tio n s  and



5 c lon es in d ica te d  s ig n if ic a n t su p eriority  of 
the c lo n es  P B  86 , R R IC  100 , R R II 203  and the* 
se le ctio n s P 2 7 0 , P 2 1 3 , P  296 , P i ,  Iritty  1 
over th at o f  R R II 105  w ith  resp ect to girth. 
Ir itty  1 s h o w e d  h ig h  d e g r e e  o f d isea se  
to leran ce  to  p o w d e r y  m ild e w  w h ile  P 90

and P 270 and clones RRII 105 and RRII 203 
w e re  h ig h ly  s u s c e p tib le . S ig n if ic a n t 
d iffe re n c e s  in  la te x  vesse l ro w s  w ere  
ob se rved  a m o n g  th e  c lones  and o rte t 
se lections w h ile  the d iffe re n c e  in  ba rk  
thickness was no t sign ifican t (Table Pad. 4).

H E V E A  B R E E D IN G  SU B  ST A TIO N  

N E T T A N A , K A R N A TA K A

T h e  m a jo r  th ru s t a re a s  o f research are 
to e v a lu a te  c lo n e s  u n d e r  d ifferen t b io tic  and 
a b io tic  s t r e s s  c o n d i t io n s  a n d  to id en tify  
clon es s u ita b le  fo r  c o m m e rc ia l cultivation .

1. C ro p  I m p r o v e m e n t
1.1. S m a ll  s c a le  tr ia ls

In th e  tr ia l 1 9 8 8  A , 15  o rtet c lon es and 
th ree co n tro l c lo n e s  a re  u n d e r  evaluation.

Table Kar. 1. Grow th and yield  performance of clones 
_____________ in th e sm all scale ortet trial (1988A)

Clone G irth (cm ) 
at age 22 

y e a rs  
(D ec. 2 0 0 9 )

M ean 
yield during 

2 0 0 9
(K/t/t)

M ean yield 
over eight 

years of 
tapping (g/t/t)

T  2 1 0 8 .4 78 .6 73.7
O  17 1 0 4 .6 8 0 .2 69.1

O  15 93 .1 6 9 .8 66.1
GT 1 8 0 .8 6 7 .5 65.9

C 42 9 8 .6 5 2 .9 59.1

C 1/2 8 7 .8 4 5 .2 58.5
O 41 8 6 .4 5 8 .7 5 7 .7

C 70 8 9 .7 6 2 .5 5 6 .4

O 47 1 2 1 .3 6 4 .7 54.4

O 34 8 4 .6 4 3 .9 51 .6

RRn 105 7 5 .9 4 4 .3 49.5

RRIM 600 7 2 .1 2 5 .7 47.9

O 44 7 6 .9 2 7 .6 37.9

C 7/2 7 4 .8 3 0 .3 35.8
O 50 67 .1 2 7 .2 3 1 8

0  46 8 5 .2 20.2 31.2

O 45 8 1 .0 10 .7 26.5
O 19 6 6 .4 16.1 25.1
CV (%) 12.6 36.9 16.9

SE (±) 6 .3 9 .7 4.9

C D (P=0.05) 18.1 2 7 .9 14.0

G row th and yield p erform ance o f clones 
during 2009 and over eight years o f tapping 
(2002-2009) are presented  in Table K ar.l. 
M ean yield  over e ig h t y ears o f tap p in g  
indicated T2 to be the h ighest yielder with 
73.7 g/t/t closely followed by the ortets 0 17 
(69.1 g/t/t), 0 1 5  (66.1 g/t/t) and G T 1 (65.9 g/t/t). 
RRIM  600 and RRII 105 m aintained the sam e

Table Kar. 2. Growth and yield performance of clones 
_____________ in the small scale orlct trial (1988B)

Girth(cm) 
at age 22 

years 
(D ec. 2009)

Mean 
yield during 

2009 
(8/t/t)

Mean yield 
over eight 

years of 
tapping (g/t/t)

T  1 109.1 74.2 70.0
GT 1 90.7 74.9 70.0

O 40 85.6 37.4 51 .7

O 53 89.1 34.3 50.2

RRII 105 71.5 37.5 48.9

RRIM 600 64.3 32.2 43.6

O 54 82.7 29.9 43.2

C 150 78.9 36.6 41 .3

O 38 84.8 32.3 41.1

O 16 75.2 36.8 38.3

PO 78.4 38.3 34.3

O 46 81.9 25.0 33.8

O 14 72.7 31 .7 31.2

C 151 69.8 26 .3 28.7

O 37 73.6 21.2 26.9

O 23 62.8 22.5 26.4

O 22 68.1 11 .2 24.2

O 57 60.9 12.1 2 1.1

C 9 64.9 8-9 16.9

CV (%) I -'-4 
SE (*) 6 0 
r n  fP<0.05) 17.2

43.9
8.3

23.8

25.7
5 .8

16.6



p o sitio n s as th at o f th e  p rev io u s  y ears w ith  
y ie ld s  o f  4 9 .5  a n d  4 7 .9  g/t/t resp ectiv e ly . 
O rte t 4 7  reco rd ed  h ig h est g ir th  (121 .3  cm ) 
fo llo w ed  b y  T  2  (108  cm ). T h o u g h  O  4 7  had 
h ig h est g irth , its y ie ld  w as on ly  5 4 .4  g/t/t. 
S ix teen  o rte ts  an d  th ree  co n tro l c lo n es  are  
u n d er e v a lu atio n  in th e  seco n d  trial (198SB ). 
E ig h t y e a r s  o f  y ie ld  r e c o rd in g  in d ic a te d  
c lo n e s  T  1. G T  O  4 0 , O  5 3  an d  R R II 105 
w ere the h igh est y ie ld in g  clon es (Table Kar. 2). 
In the th ird  trial (1988C ) lead in g  c lo n es  w ere 
G T  I ,  C  140 a n d  R R II 105  w ith  a y ie ld  o f
8 5 .1  g/t/t, 7 7 .1  g/t/t a n d  6 8 . 6  g//t/t 
r esp ectiv e ly  (T ab le  Kar. 3).

Table Kar. 3. Growth and yield performance of clones
in the sm all scale ortet trial (1988 C)

C C lon e G irth(cm ) 
at age 22 

years 
(D ec. 2009)

M ean 
vield  during 

200 9  
(g/t/0

M ean yield 
over eight 

years of 
tapping (g/t/t)

G T  1 92 .2 9 0 .2 85.1
C 140 97 .2 74 .0 77.1
RRII 105 7 5 .6 4 7 .2 6 8 .6
O  49 7 7 .4 7 4 .2 6 7 .7
O  26 9 3 .9 5 2 .8 67 .0
O 55 1 1 8 .9 6 9 .3 65 .2
O  11 99.1 4 4 .5 60 .5
O  56 9 2 .3 64 .4 5 6 .3
C  6 5 8 .4 16.1 5 0 .6
O  30 8 7 .8 4 9 .8 4 9 .7
C  10/9 8 9 .0 2 5 .2 4 9 .7
O 64 7 5 .4 4 7 .5 ' 4 9 .0
O  39 A 88.1 3 0 .8 44 .0
O  51 83 .8 33  7 39 .9
C 32 7 9 ,6 16 .5 3 8 .5
RRIM  6001 72 .9 2 6 .8 31 .6
CV  (%) 15.1 5 3 .2 24 .8
SE (±) 7 .5 1 4 .7 8.1
C D  (P=0.05) 2 1 .8 4 2 .3 2 3 .3

A  to ta l o f  5 4  t r ia l  c lo n e s  a n d  th re e  
co n tro l c lo n es  are  u n d er e v a lu a t io n  in th ree  
tr ia ls . In  1991 A  a fte r  s ix  y ea rs  o f  tap p in g  
m a x im u m  y ield  w a s  n o ted  in c lo n e s  P B  235  
(80 .7  g/t/t), PB  314  (79.0 g/t/t), PB 280  (77.0 g/t/t),

Table Kar. 4. G row th and yield  perform ance of clones 
______________ in the sm all scale clon e trial (199]A)
C lo ne Girth (cm) at M ean y ield  M ean yield

age 19 years d uring 2009 o v er  six
(D ec., 2009) (g/t/t) years of 

_. taPP'nR (K/t/t)
PB 235 87.0 57 .5 80 .7

PB 314 71.5 52 .3 79.0
PB 280 74.8 73 .7 77.0
PB 312 68.7 63 .3 73.3
PB 311 72.3 48 .5 67 .8
RRII 300 8 4 .5 58 .8 60.1
RRII 105 64.1 3 1 .6 59.6
RRD203 86.0 57 .4 59.4
PB 217 80 .7 5 4 .0 59,2
RRIC 100 75.6 4 5 .6 56.3
RRH 6 73.9 52 .8 55 .5
PB 260 72.8 46 .9 53 .0
PB 310 78.0 4 1 .3 48 .3
KRS 163 64.1 40.1 48 .2
PB 255 5 5 .8 30 .1 47 .5
G T 1 74.1 38 .6 45 .5
RRIC 104 6 5 .7 32 .3 41.8
KR S 25 63 .5 2 1 .1 39 .0
RRIC 36 55 .9 15 .2 38.9
KRS 128 60 .2 3 2 .5 38 .6
SC ATC  88-13 54 .2 29 .0 37 .5
CH  26 67.1 26 .1 3 5 .7
RRIM  703 53 .7 14.2 33 .2
LC B 1320 72.5 2 9 .8 32.1
PB 5/60 56.0 19.3 31 .4
RRIM 605 65.6 18.6 31 .0
RRIM  600 47 .5 13 .9 30 .2
O  63 64 .4 16 .8 26.4
RRIM 501 5 2 .3 16.7 26.0
RRIM 701 5 0 .3 16.3 25 .6
WARRING 4 4 9 .6 15.3 25 .0
HAIKEN 1 4 6 .8 19 .7 22 .7
P 46 61.8 17 .7 21.2
SC ATC  93-11457 .0 15 .4 21.0
A V RO S 352 51.1 10.0 16.6
CH 4 53 .3 11.5 14.1
CV (%) 7 .6 25.1 17.8
SE (±) 3 .5 5 .8 5 .4
CD  (P=0.05) 10.0 16.7 15.6



Table Kar. 5. G row th and yield  perform ance of clones 
in the sm all sca le  clon e trial (1991B)

Girth (cm ) at M ean yield M ean yield 
age 19 ye ars  d u rin g  2009 over six years 
(D e c ., 2 0 0 9 )  (g/t/t) tapping (g/t/t)

RRII 5 7 8 .1 5 1 .6 66.2

RRII 3 7 1 .5 5 2 .4 5 9 .2

Nab 17 7 9 .9 3 4 .0 46 .9

RRII 105 6 0 .9 2 3 .9 41 .1

RRII 308 7 0 .4 2 7 .9 38.1

RRII 118 76 .1 3 3 .9 3 5 .2

RRII 208 66.2 3 5 .9 33 .6

GT 1 6 9 .5 2 9 .7 32 .0

AVROS 255 6 2 .9 2 2 .3 30 .4

RRIC 102 5 6 .6 2 1.0 2 6 .0

Ch 2 6 5 .3 1 4 .8 22.6

PB 5/139 5 8 .2 1 5 .0 22.6

Ch3 70 .1 1 5 .2 19 .3

Ch 3 6 0 .7 9 .8 16.5

CV (%) 13 .1 5 4 .3 44 .4

SE (±) 3 .7 6 .2 5 .2

CD (P=0.05) 10 .8 1 8 .0 15.0

Table Kar. 7. Growth and yield performance of clones 
_ ____________ in the large scale clone trial (1989)
C lone Girth(cm ) 

at age 21 
vears 

(D ec. 2009)

M ean 
yield during 

2009  
(R/t/t)

Mean yield 
o ver eight 

years of 
tapping (g/t/t)

RRU203 94.5 64 .8 6 7 .5
KRS 25 82.1 43 .8 5 7 .6
PB 255 76 .0 5 3 .4 5 2 .5
KRS 163 74.5 4 1 .2 50 .8
KRS 128 80.6 4 4 .5 50 .5
RRII 105 7 3 .0 3 9 .8 4 7 .4
RRII 308 8 2 .8 46 .4 46 .2
SC A TC  88/13 64 .8 3 3 .5 40 .6
PR 255 62.9 39.1 38 .3
HAIKEN 1 57.1 2 2 .9 34 .8
RRIM 600 7 0 .9 45 .8 33 .8
PR 261 6 9 .6 27 .8 32 .2
RRII 300 74 .8 33 .3 30 .5
SC ATC

93/114 66 .4 20.8 13.4
CV (%) 5 .5 28.1 21 .3
SE  (±) 2 .4 6 .5 5 .2
CD (P=0.05) 6.8 1 8 .8 15 .2

Table Kar. 6. G row th  and yield  perform ance o f clones 
in th e sm all scale clon e trial (1991C)

Clone G irth  (cm ) 
a t age 19 

y e a rs  
(D e c ., 2 0 0 9 )

M ean yield 
during 
2 0 0 9
(K/t/t)

M ean yield 
six years of 

tapping 
(K/t/t)

HP 83/224 8 3 .3 5 8 .0 61 .2

PB 28/59 8 5 .3 5 5 .7 54 .3

HP 83/225 6 8 .5 4 1 .5 45.1

GT 1 7 7 .6 4 0 .9 44 .8

PR 261 7 3 .2 2 9 .9 43 .0

HP 83/236 7 5 .5 3 6 .3 39 .0

RRIC 105 5 6 .7 23 .1 32 .9

PR 255 6 0 .6 1 8 .7 32 .0

RRIM 600 5 9 .5 2 2 .4 28 .6

Pil B/84 5 8 .4 1 8 .9 26 .2

PB 5/51 7 4 .3 1 6 .8 2 5 .4

Ch 2 6 6 .4 13.1 2 4 .3

AVROS 49 5 6 .8 1 4 .4 16.8

CV (%) 9 .1 2 5 .2 21.6

SE (±) 4 .5 5 .3 5.6

CD (P=0,05) 1 3 .7 1 6 .5 17.2

Table Kar. 8. Growth and yield performance of clones 
______________in the large scale clone trial (1990A)
C lone Girth (cm) 

at age 20 
years 

(D ec. 2009)

M ean yield 
during 
200 9  
(g/t/t)

M ean yield 
o v er  seven  

years of 
tapping (g/t/t)

PB 260 83.9 67.1 62 .0

PB 235 88.4 6 0 .7 59 .9

HP 372 91.2 8 0 .2 57.1

PB 217 78.0 5 4 .7 55 .3

PB 311 76.2 56 .3 55 .2

RRII 105 72 .0 5 2 .3 5 1 .8

HP 223 83.0 65.1 5 1 .2

G T 1 7 7 .3 45 .3 4 7 .9

HP 185 7 4 .8 43 .0 3 0 .7

M il 3/2 80.1 39 .3 30.1

G 1 1 6 7 .3 19 .6 2 8 .8

HP 187 72.9 24.1 2 7 .7

Hil 28 72.4 26.1 2 5 .9

HP 204 67 .3 19.7 21.8

Tjir 1 62.1 1 7 .0 19.4

CV (%) 4 .3 1 5 .7 9 .8

SE  (±) 1.9 4.1 2 .4

CD (P -0 .05) 5 .5 11.7 6.8



Table Kar. 9. Growth and yield perform ance of clones

C lone Girth (cm ) at 
age 10 years 
(D ec  2009)

M ean yield over 
fourteen m onths 
of tapping (g/t/t)

RRI I 414 63 4 62 .8

RRII 430 62 .2 52 .0

RRII 422 4 2 .3 5 1 .0

RRII 429 5 5 .6 50 .3
RRII 403 4 6 .5 42 .7

RRII 407 5 2 .0 33.1

RRII 105 5 0 .7 3 2 .9

RRIC 100 5 7 .8 3 1 .4
CV  (%) 6.2 13.9

SE (±) 1 .9 3 .6

CD  (P=0.05) 5 .9 10.8

PB 3 1 2  (7 3 .3  g/t/t) a n d  PB  311  (6 7 .8  g/t/t) 
(T ab le K ar. 4 ). In  1991 B c lo n e s  R R II 5 and  
RR II 3  a r e  p e r fo rm in g  w ell (T ab le  K ar. 5 ). In 
1991 C , h ig h e st y ie ld in g  c lo n e  w as H P  83/224 
(61 .2  g/t/t) a fte r  s ix  y e a rs  o f  ta p p in g  (T ab le 
K ar. 6 ).

1.2. Large scale trial
In  1 9 8 9  t r i a l ,  1 4  c lo n e s  a r e  u n d e r  

e v a lu a tio n . G row 'th  a n d  y ie ld  p e r fo rm a n ce  
o f  c lo n e s  d u r in g  2 0 0 9  a n d  o v er  e ig h t y ears 
o f  tapp ing (2002-2009) are given in T able Kar. 7. 
A fter  e ig h t y e a r s  o f tap p in g , m ax im u m  yield

w as reco rd ed  in  c lo n e  R R II 2 0 3  (67 .5  g/t/t) 
fo llo w ed  b y  K R S  2 5  (5 7 .6  g/t/t) a n d  P B  255 
(5 2 .5  g/t/t).’ R R IM  600 , P R  261 a n d  SC A T C  
9 3 -1 1 4  w ere  th e  lo w e s t y ie ld in g  c lo n e s  w ith 
a y ield  o f 3 3 .8 ,3 0 .5  a n d  13 .4  g/t/t respectively. 
In 1990 tria l, 15 c lo n e s  a re  u n d e r  e v a lu atio n . 
G ro w th  a n d  y ie ld  p e r fo r m a n c e  o f  c lo n e s  
d u rin g  2 0 0 9  a n d  o v e r  se v e n  y e a r s  o f  tap p ing  
(2 0 0 3 -2 0 0 9 ) a re  g iv e n  in T a b le  K ar. 8 . C lon e 
PB 2 6 0  reco rd ed  m a x im u m  y ie ld  (6 2 .0  g/t/t) 
fo llo w ed  b y  PB  2 3 5  (5 9 .9  g/t/t) a n d  H P  372 
(57 .1  g/t/t). T jir  1 w a s  th e  lo w e s t y ie ld e r  
(19 .4  g/t/t). E ig h t m o d e rn  c lo n e s  in clu d in g  
R R II 4 0 0  s e r ie s  c lo n e s  a re  u n d e r  ev a lu atio n  
in  2 0 0 0  t r i a l .  I n i t i a l  y i e l d  r e c o r d i n g  
(T ab le  K ar. 9 ) in d ica te  g o o d  y ie ld  in R R II 414 
(62 .8  g/t/t).

2. E s t im a tio n  o f  g e n e t ic  p a r a m e te r s

T h is  t r ia l  w a s  p l a n t e d  in  1 9 9 0  to  
e v a lu a t e  p a r e n t s  a n d  t h e i r  h a l f - s ib  
p ro g e n ie s  fo r  e s t im a tin g  g e n e tic  p aram eters  
th at a re  e sse n tia l fo r  p la n n in g  p lan t b ree d in g  
a ctiv ities . T w elv e  c lo n e s  a n d  th e ir  p ro g en ies 
a re  u n d e r  e v a lu a t io n . A fte r  se v e n  y e a r s  o f 
tap p in g , p a re n t c lo n e s  P B  2 3 5 , R R II 2 0 3  and  
R R II 105 w e re  th e  le a d in g  in y ie ld  w ith  a 
y ie ld  o f  7 7 .1 , 5 4 .9  a n d  5 0 .8  g/t/t resp ectively . 
A m o n g  th e  p ro g e n ie s , h a lf-s ib s  o f  R R II 203 ,

________ Table Kar. 10. D eto ils  o f  clones/genotypes having tolerance to ALF caused b y  P U xjtophthom

Trial N o o f  clones/ C lo nes/ geno ty p es

1987 Trial 2 PB 260, RRII 105

1988 O rtet trials 13 O  34, O 15, O  41, O  17, O  47, O  40, O  46, O  53, 

C 140, O 30, O  51, O  55, O  26

1989  L ST 4 RRII 203, RRII 105, KRS 25, K R S 163

1990  L ST 5 H P 223, H P 372, PB 217, G T  1, R R II 105
1991 S S T 9 RRII 203, RRII 300, PB 260, RRII 5, R R II 3 , N A B 17,

G en o typ es (Seed lin g  trees) 75
H P 83/224, G T1, PB 217 

G  1 to G 75



PB 235 an d  G T  1 r e c o rd e d  a y ie ld  o f 45.1,
41.7 and  41 .1  g/t/t re sp e c tiv e ly .

3, Reaction of H e v e a  clones/genotypes 
to P h y to p h th o ra  leaf disease
R e s p o n s e  o f  v a r i o u s  c lo n e s  a n d  

genotypes to P h y to p h th o ra  le a f  d ise a s e  w as

s tu d ie d  u n d e r  n o n -s p r a y e d  c o n d itio n s , 

a se  on th ree  y e a rs  o b se rv a tio n  (20 0 7 - 
009), it w as b een  fou n d  th at 108 clones/ 

g en otyp es show ed to leran ce to P hytophthora  
leaf disease. D etails are provided  in Table 
Kar. 10.

HEVEA BREEDING SUBSTATON 
PARALIAR, TAMIL NADU

H y b rid iz a tio n  a n d  e v a lu a t io n  o f  clon es, 
s ta n d a rd isa tio n  o f  r o o t  t r a in e r  te ch n iq u e  
and in flu en ce o f  s o la r  r a d ia tio n  o n  T P D  are 
the th ru st a r e a s  o f  r e s e a rc h .

1. C rop I m p r o v e m e n t

1.1. Clone evaluation

In th e  la r g e -s c a le  c lo n e  tr ia l in itia ted  at 
Keeriparai (1 9 9 4 )  in  p a n e l B 01 in th e  panel 
B01 P B 314 , IR C A  109, IR C A  111 an d  PB  235, 
gave b e tter  y ie ld  th a n  R R II 105  (T ab le  Par. 
1). T ow ard s th e  e n d  o f  th e  e ig h th  y e a r  o f

ta p p in g , PB 255  (8 4 .2 6  g/t/t) p er fo rm ed  
better than RR II 105 (65 .94  g/t/t). Tw o clones 
from  Ivory C oast, viz. IR C A  109 (77.65 g/t/t) 
a n d  IR C A  111 (7 7 .9 7  g/t/t) a lso  sh o w ed  
prom ising yield . C lon e PB 314  (77 .67  g/t/t) 
sh o w e d  m a x im u m  in c id e n c e  o f  T P D  
(51.96% ).

In  th e  b lo ck  e v a lu a t io n  e x p e rim e n t 
(1994), R R II 105 (61.91 g/t/t) continu ed  its 
s tatus as the best y ielder, closely  follow ed 
b y  PB 28/59 (5 9 .7 6  g/t/t) (T ab le  Par. 2 ). 
A lth o u g h  P B  311  (5 8 .9  g/t/t) e x h ib ite d

Table Par. 1. M ean  g irth , y ield , D R C  and TPD incidences in large scale clone trial (1994)
Clone M ean  girth Mean yield (g/t/t) Mean DRC Percentages

(cm ) B0-1 BO-2 Pooled o ver 8 of TPD over

(6 years) (2 years) 8 years years (8 years)

RRII 105 7 8 .6 4 5 7 .5 2 89 .08 65.94 3 9 .76 13.33

PB 314 8 3 .0 1 75.79* 82 .82 7 7 .67 3 3 .27 51 .96

IRCA 130 7 7 .0 1 66.66 89 .03 72.71 35 .78 3 9 .2 7

PB 28/59 7 4 .9 2 58 .71 76 .15 63 .36 40 .66 15.76

IRCA 109 8 0 .7 8 75.39* 83 .86 77.65 3 9 .66 15.38

PB 330 8 1 .0 4 5 3 .3 8 73 .92 58.86 38.33 30 .17

■RCA 18 8 0 .0 7 57 .31 80 .07 63.38 37 .82 20.20

RRIM 703 8 3 .3 2 6 2 .2 2 84.86 69.72 36 .17 3 4 .47

IRCA 111 8 6 .9 3 73.97* 88 .96 77.97 35 .77 19 .47

PB 255 8 6 .5 4 74.17* 1 1 2 .0 1* 84.26* 38 .72 20 .55

^CA 230 8 4 .6 4 5 7 .6 2 85.99 65.19 37 .53 7 .43

Mean 8 1 .5 4 6 4 .7 9 86.10 70.61 3 7 .58 33.81

® I P ■ 0.05) 1 2 .7 9 15 .28 2 2.11 16.99 3 .82 3 0 .17



Table Par. 2. M ean girth and yield  in  the block trial 
(1994)_________________________________

Clone Girth
(cm )

Yield (g/t/t) 
2 0 09-10 8 years

RRII 5 7 1 .0 0 4 5 .7 4 4 4 .53

RRII 50 7 3 .2 6 5 3 .6 8 4 5 .43

RRII 51 7 3 .9 6 4 6 .1 5 3 8 .68

RRII 105 68.41 7 3 .8 2 61.91

RRII 176 8 2 .5 7 5 2 .2 7 4 3 .5 4

RRIC 102 7 8 .2 3 7 0 .4 2 52 .70

PB 217 8 0 .6 5 4 7 .8 5 48 .64

PB 235 8 1 .1 2 4 9 .3 7 5 5 .4 4

PB 260 7 9 .55 5 5 .0 5 50 .96

PB 311 7 3 .7 7 54.31 5 8 .9 0

PB 28/59 7 3 .4 6 7 2 .4 4 5 9 .7 6
PR 255 7 2 .1 8 4 9 .5 6 50 .01
PR 261 7 1 .9 9 5 3 .1 3 4 7 .8 7

M ean 7 5 .3 9 5 5 .6 7 5 0 .6 4
S E 2 .1 1 3 .1 4 2 .63

p r o m is in g  y ie l d ,  th e  c lo n e  w a s  h ig h ly
su s ce p tib le  to  w in d  d am ag e .

In  th e  m u lti-lo ca tio n  c lo n e  trial (1996),
R R II 2 0 3  (5 8 .3  g/t/t) e x h ib ite d  b e tte r  y ield
th a n  R R II 1 0 5  (5 7 .2 1  g/t/t) (T ab l e P ar 3 ).
A m o n g  R R II 4 00  series  c lon es, R R II 430  (52.96

Table Par. 3 . M ean girth , yield and TPD in the GxE
trial (1996)

C lone Girth Yield (g/t/t) Incidence
(cm ) 2 0 0 9 -1 0  7 years of TPD

RRII 414 74.21 45 .3 1  4 6 .14 1
RRII 417 75 .3 0 7 0 .1 7  5 0 .0 9 1
RRII 422 70.01 4 9 .8 5  5 0 .4 4 1
RRII 429 7 8 .9 4 4 5 .1 8  4 0 .9 5 3
RRII 430 70.21 5 3 .7 8  5 2 .9 6 _
RRII 51 71 .71 3 9 .3 2  3 7 .1 4 1
RRII 176 77 .8 4 6 8 .6 0  4 2 .7 7 -
RRII 203 7 2 .6 4 7 5 .5 3  5 8 .3 0 _
RRIC 100 7 3 .0 5 5 5 .8 2  4 4 .3 8 -
PB 217 72 .3 7 4 9 .6 0  3 7 .3 3 1
RRIM 600 74.61 4 5 .9 4  4 2 .9 6 2
RRII 105 67 .64 7 5 .4 5  57.21 3
M ean 73.21 56 .21  4 6 .7 2
C D 3 .0 3 3 .5 8  2 .6 6

g/t/t) w a s th e  b e s t  y ie ld e r ,  fo llo w e d  by 
RRII 422 (50.44 g/t/t) and  RRII 417  (50.09 g/t/t). 
In  th e  o b s e r v a tio n a l t r ia l  a t  V a ik u n d a m  
E sta te  (2 0 0 0 ), a ll h y b rid  c lo n e s, e x cep t RRII 
427, exhib ited  b etter  yield  (49 .39  to 5 4 .84 g/t/t) 
th an  R R II 105  (4 5 .7 8  g/t/t).

S in c e  R R II 4 0 0  s e r ie s  c lo n e s  exhib ited  
v a ria tio n s  in  y ie ld  in  tw o  a d ja c e n t estates 
in  th e  K a n y a k u m a ri r e g io n , f iv e  o n -farm  
t r ia ls  w e r e  in i t i a t e d  in  f iv e  lo c a t io n s .  
O b se rv a tio n s w ere  m a d e  o n  ju v e n ile  g row th 
ch a ra c te r is t ic s  o f  th e  c lo n e .

1 .2 .  H y b r id iz a tio n  a n d  c lo n a l s e le c t io n  

T w o  b re e d in g  o rc h a rd s , co n s is tin g  51
m o d e rn  c lo n e s  a s  p a re n ts , w e re  m ainta ined . 
H a n d  p o ll in a t io n s  w e r e  a tte m p te d  u sin g  
v a r io u s  p a r e n ta l  c o m b i n a t io n s  a n d  th e 
h y b r id s  w e re  e v a lu a te d  in  n u rs e r ie s .  Ten 
se le c t io n s  w e re  in c lu d e d  in  a la r g e -s c a le  
c lo n e  e v a l u a t i o n  e x p e r i m e n t  a t  R R I I ,  
K o t ta y a m . P o t e n t ia l  h ig h  y ie l d e r s  w e re  
m u ltip lied  for c o n d u c tin g  sm a ll-s c a le  clon e 
e v a lu a tio n  e x p e rim e n ts . A  n e w  e x p erim en t 
w a s  i n i t ia t e d  d u r i n g  2 0 1 0  a n d  h a n d  
p o llin a tio n s w e re  c a rr ie d  out.

1 .3 .  N e w  g e n e r a t i o n  p o l y c l o n a l  s e e d  
g a rd e n

P o l y c r o s s  s e e d s  c o l le c t e d  f r o m  th e  
g a rd e n  w e re  ra ise d  a t H B S S , P a ra lia r  and 
N a g a m a la i E sta te , P u n a lu r . T h e  p ro g en ies  
at P a ra lia r  w e re  te s t ta p p e d  d u r in g  2 0 1 0  and
22  p o ten tia l h ig h  y ie ld e rs  w e re  s e le c te d  for 
fu rth er  ev a lu a tio n  in a  s m a ll-s c a le  tr ia l. T h e 
p o ly c ro s s  p r o g e n ie s  r a is e d  a t  N a g a m a la i 
E sta te  w e re  te s t ta p p ed  a n d  fie ld  p lan ted .

2. R o o t t r a in e r  p la n t in g  te c h n iq u e

In  th e f ie ld  tr ia l at C h u ru la c o d e  (2002), 
r o o t t r a in e r  p la n ts  c o n t in u e d  to  e x h ib it  
b e tte r  g ro w th  a n d  y ie ld  (4 6 .2 8  g/t/t) th an  
p o ly b a g  p la n ts  (4 1 .9 8  g/t/t). R o o t  tra in e r  
p la n ts  sh o w e d  m o re  u n ifo rm ity  in  g row th  
co m p a re d  to  p o ly b a g  p la n ts .



In th e  e x p e r im e n t e n title d  in  situ  you n g  
b u d d in g  o n  s to c k s  ra ise d  in ro o t tra in ers, 
lateral ro o t fo r m a tio n  w a s  b e tte r  in in situ  
b u d d in g  th a n  in  s tu m p  p la n t in g  in  root 
tra in e rs o r  p o ly b a g s . In  s itu  b u d d in g  had 
s e v e r a l a d v a n t a g e s ,  v iz .  b e t t e r  b u d d in g  
su ccess  a n d  in it ia l  e s ta b l is h m e n t ,  s tu rd y  
g row th , less  e x p e n s iv e  e tc . T ra in in g  o n  root 
tra iner p la n tin g  te c h n iq u e  w a s  im p arted  to  
five b a tc h e s  o f  e x te n s io n  o fficers , o n e  batch  
o f Farm  O ff ic e rs  a n d  F a rm  M a n a g e rs  and  
an o th er b a tch  o f  n u rs e r y  o w n ers .

3 . P a r t i c i p a t o r y  c l o n e  e v a lu a t i o n  
(PCE)
In P C E  tr ia l (2 0 0 8 )  a tT h a ru v a iy a r , p lots 

w ere d e m a rc a te d  a n d  fe r tiliz e r  w as applied  
based  o n  s o il a n a ly s is . O b se rv a t io n s  w ere

r e c o rd e d  o n  g r o w th  c h a r a c te r is t ic s  lik e  
bran ch in g  h eig h t etc.

A d v a n c e d  p la n t in g  m a t e r ia ls  w e r e  
raised  in p o ly b ag s to  in itia te  tw o m o re on- 
fa rm  e x p e r im e n t s  u n d e r  th e  p r o je c t  a t  
B eth any  E state d u rin g  the y ear  2010. P lots 
w e r e  d e m a r c a te d  a n d  p r e - p la n t in g  
op eratio ns w ere  co m p leted  by M arch  2010.

4. S o la r ra d ia tio n s  a n d  T P D

In  c lo n e  tr ia l (P o n m a n a i, 2 0 0 8 )  an d  
b lock  trial (B eth an y  Estate, 2008), th e  bark 
p rotection  d ev ice  w as rep laced  w ith  areca 
n u t sp a tu la  to p r o te c t  th e  ta p p in g  pane l 
from  the harm fu l effects  o f s o la r  rad iation s. 
O b s e r v a t io n s  w e r e  r e c o r d e d  o n  in it ia l  
establish m en t an d  ju v e n ile  grow th .

LIBRARY AND DOCUMENTATION CENTRE

D u rin g  th e  y e a r , 9 2  b o o k s  w ere  ad d ed  
to th e  s t o c k  o f  th e  l ib r a r y .  T h e  l ib r a r y  
su b scrib ed  5 1  in te r n a tio n a l jo u rn a ls  and  77 
n a tio n a l jo u r n a ls . A b o u t 3 2  o th e r  jo u rn a ls 
w e r e  a l s o  r e c e i v e d  a s  g if t / e x c h a n g e .  
L iteratu re  se a r c h e s  fro m  A G R IS  an d  R A PR A  

C D s w e re  c a rr ie d  o u t.

F o u r  is su e s  o f  D ocu m en ta tion  List, four 
issues o f R u b b er  A ler ts , 2 7  issu es  o f C urrent  
Content Bulletins  a n d  o n e  issu e o f Neiu Additions 
List 2 0 0 8  w e r e  c o m p ile d  a n d  d istrib u ted . 
D a ta b a s e s  w e r e  u p d a t e d  b y  a d d in g  131 
b o o k s  a n d  3 8 3  jo u r n a l  a r t i c le s .  T h r e e  
d a ta b a s e s  w e r e  d e v e lo p e d  fo r  T h esis/

D issertations, R ubber S tan d ards and  Rubber 
Board  Pu blication s. D istribu tion  o f 724 press 
c lip p in g s  an d  199  S D I b u lle tin s  w as also  

carried out.

N atural R u b ber  R esearch , th e  Institute 's 
jo u rn a l (Vol. 21 ; 2008) w as p u b lish ed  and 
277  cop ies o f th e  jo u rn a l in clu d in g  the back 
v o lu m es w ere  d istrib u ted . O rg a n iz ed  the 
d is tr ib u t io n  o f  111  n u m b e r s  o f  A n n u al 
R eport (2006-07). T h e  sa le  o f  71 n u m b ers  o f 
R R II p u b l i c a t io n s  w e r e  a r r a n g e d . 
P h o to co p ies  o f a b o u t 6 0 ,9 1 9  n u m b ers  o f 
in fo r m a tio n  m a t e r i a ls  w e r e  p r o v id e d  

d u rin g  th is period .



A G R O M E T E O R O L O G Y

1 . C l im a te  r e s o u r c e  c h a ra c te r is t ic s  
o f  ru b b e r  g ro w in g  tra c ts

D a ta  o n  R a in f a l l ,  M a x im u m  
tem p eratu re , M in im u m  tem p eratu re , M ean 
te m p e r a tu r e ,  R a in fa l l ,  R a in y  d a y s  a n d  
S u n sh in e  h o u rs  h a v e  b e e n  a n a ly zed  fo r  lon g  
term  tr e n d s  in . r e s p e c t  o f  f iv e  R e g io n a l 
R esearch  S ta tio n s , viz. K o tta y a m  (09  3 2 'N  
76 3 6 'E  73m  a b o v e  M SL ) in  C en tra l K erala , 
P a d iy o o r  (1 1 ° 5 8 'N  7 5 0 N  3 6 'E  2 0 m  a b o v e  
M SL ) in N orth  K era la , P arlia r  in S o u th  T am il 
N a d u  (8  2 6 'N  7 7  1 9 'E  3 3 m  a b o v e  M S L ), 
N ettana in S o u th  K arn atak a (12°43 'N  7 5°42 'E  
110m  ab o v e  M SL ) a n d  D ap ch ari (20°04 'N  72° 
0 4 ' E 5 8 m  a b o v e  M S L ). T h e  a n a ly s is  for 
w e e k ly ,  m o n th ly ,  s e a s o n a l  a n d  a n n u a l 
tren d s w e re  carried  o u t w ith  d a ily  d atase ts  
ra n g in g  from  10 to  5 3  y ears. A ll th e  v ariab les 
an a ly z ed  fo r  tre n d s w e re  fu rth er  tes ted  b y  
th e  h e lp  o f  th e  s t a n d a r d  M a n n -K e n d a ll  
s ta tis tic s  fo r  s ig n ifica n ce . E x trem e c lim a tic  
e v e n ts  w e re  a lso  co n s id e re d  in th e  s tu d y  to 
d e te ct a n y  s ig n if ic a n t ch a n g e  in th e  trend s.

1.1. Seasonal and annual trends

M a x im u m  te m p e ra tu re  w a s p o sitiv e ly  
s ig n if ica n t fo r  a ll se a so n s  in K o ttay am ). T h e 
h ig h e s t in cre a se  in m a x im u m  tem p eratu re  
(0.04°C /year) w as seen  d u r in g  a ll sea so n s in 
K o tta y a m .

1.2. Extrem e clim atic events

S ta t io n s  w e r e  c o m p a re d  fo r  e x tre m e  
c lim a tic  e v e n ts  b a se d  o n  th e  to ta l a n n u a l 
n u m b er o f d ays ab o v e  resp ec tiv e  th resh old  
lim its fo r  tem p era tu re , su n sh in e  an d  rainfall. 
In crea se  in th e  h o t d ay s  w a s  o b serv ed  on ly  
for K o ttay am  w h ile  d ecrea se  in w arm  n ig h ts 
w as seen  for P arlia r  an d  N ettana.

2. Forewarning of pests and diseases
In c id e n c e  o f  A b n o rm a l L e a f  F a ll (A L F ),

Po w d ery  M ild e w  a n d  C o ry n e sp o ra  L eaf Fall 
(C L F ) w e re  re la ted  w ith  w e a th e r  an d  data 
o n  th e  d ise a s e  o n se t w a s  a n a ly se d  fo r  the 
s e c o n d  y e a r  in  th e  t r a d i t i o n a l  r u b b e r  
g r o w in g  reg io n s .

2 .1  C o ry n e sp o r a  L e a f  F a ll  (C L F )

S p o r e  tr a p s  w ith  s l id e s  c o a te d  w ith  
p etro le u m  je lly  fix e d  to  a  r o p e  a t  fo u r  levels 
o f  l m  h e ig h t  f r o m  th e  to p  ca n o p y , w ere  
in sta lled  in  P in a v o o r k u d i, E r n a k u la m . Th e 
a m o u n t o f d a ily  le a f  fa ll d u e  to  d ise a s e  w as 
s tu d ied  w ith  th e  d a ily  w e a th e r  p aram eters.

T h e  p a r a m e t e r  k n o w n  a s  H u m id ity  
T h e rm a l In d e x  (H T I) , w h ic h  is  k n o w n  to 
in flu e n ce  p la n t d is e a s e s  w a s  w o rk e d  o u t by 
ta k i n g  th e  r a t i o  o f  h u m id i t y  a n d  
te m p e ra tu re  o f  th e  c o r re s p o n d in g  tim in gs 
a n d  in c lu d e d  in th e  tim e  s e r ie s  a n a ly s is . T h e 
le a f  c o lle c tio n  w a s  a ls o  c o m p a re d  w ith  that 
o f  th e  P e rce n t D ise a se  In te n s ity  (P D I), w hich  
w a s r e co rd e d  p e r io d ic a lly  in  d iffe r e n t plots 
in  th e  fie ld . T h e  H T I r a tio  b e tw e e n  m o rn in g  
r e l a t i v e  h u m i d i t y  a n d  m in im u m  
te m p e r a tu r e  w e r e  h ig h ly  r e la te d  to  d a ily  
lea f fa ll. T h e  H T I w a s  a ls o  c o m p a re d  w ith  
th at o f  th e  P e r c e n t D is e a s e  In te n s ity  (P D I), 
w h ich  w as r e c o rd e d  p e r io d ica lly .

It w as fo u n d  th a t d u r in g  th e  p erio d s o f 
200 9  a n d  201 0 , H T I co u ld  b e  re la ted  w ith  the 
tr ig g erin g  o f  C L F  in c id e n ce  a fte r  th ree  to four 
d ay s  o f H T I = 4 .0  an d  le a f  fa ll a fte r  se v e n  to 
e ig h t co n s e cu tiv e  d a y s  o f  H T I = 5 .5 . L eaf fall 
in ten s ity  (a t se v e n  d a y s  lag ) in crea sed  w ith 
th e  d u r a tio n  o f  d a y s  = 5 .5  H T I. T h is  w as 
m a in ly  o b serv ed  in Ja d k a l d u r in g  2 009  w hen 
th e  d ise a s e  se v e r ity  (P D I) w a s  1 0 0  p er  cent. 
In cre a se  in th e  in ten s ity  o f  le a f  fa ll sh o w ed  a 
h ig h  p o sitiv e  se r ia l co rre la tio n  o f  0 .4 0  w ith  
th e  in crease in H T I v a lu es a b o v e  5 .5  a fter seven 
d a y s . S im ila r  r e s u lt s  w 'ere  a ls o  o b se r v e d  
d u rin g  th e  sa m e refo lia tio n  p eriod  in 2 010  (Fig.



A gr0 m et. 1). H o w ev er, .100 p er cen t d isease 
Was observed  on ly  in trees w h ich  had  leaves 
at the m o st v u ln era b le  sta g e  (ligh t-green). In 
Pinavoorkudi (F ig  A g ro m et. 2 ), the m axim um  
spore co u n t w as o b serv ed  after a p eriod  o f 6  
to 8 days w ith  H T I = 5 .5  for sev en  consecutive 
d ays. S p o t  a p p e a r a n c e  a c c o m p a n ie d  by

m axim um  spore count w as seen after 3 to 4 
days with H TI = 5.5 m ark. T h is could  also  b e 
related to the d evelopm ent and severity o f the 
d isease as w as observed  in G u th ig h ar and 
Jad k a l. T h e  seria l co rre la tio n  w o rk ed  out 
b e tw e e n  th e  7 -d a y  la g  p e r io d  H T I a n d  
m axim u m  sp ore  co u n t w as 0.85.

Daily variation in leaf count and HTI - Jadkal. Kundapura in 2 010

F ie  A f f o m e l . l .  V ariation o f daily HTI with leaf fail during the refoliation  period 
of R R II 105 at Jadkal, Kundapura m 2010

/ / / / / / / / / / / / / / / / / /

Daily Corynespora spore count per ci n Pinavoorkudi daring 2010

:: A



T h e  stu d y  in d ica ted  th at H TI = 4 .0  for 
co n secu tiv e  th ree  to fo u r d ay s  trig g ered  the 
d isea se  a n d  a m in im u m  d u ra tio n  o f  sev en  
d ays H TI = 5 .5  ca n  fav o u r th e  in c id en ce  and  
s ev erity  o f  th e  d isea se  re su ltin g  in lea f fall. 
It a lso  rev ea led  th a t in c id e n ce  an d  in ten sity  
o f  th e  d isea se  is g re a tly  in flu en ce d  by the 
m ic r o c lim a te  o v e r  a p a r t ic u la r  lo c a t io n , 
esp ecia lly  w ith  the H TI. H ow ever, th e  critical 
v a lu e s  w ill  h a v e  to  b e  te s te d  w ith  th e  
m icro clim ate  o f  a n u m b er  o f o th er  locations 
w h e re  th e  d ise a s e  is b e in g  p rev a len t. T h e  
critica l v alu es o b serv ed  for th e  in itiation  o f 
the d isease  can  b e  u tilised  fo r  forew arn in g  
a n d  tim e ly  a d o p tio n  o f  c o n tro l m e a su re s  
d u rin g  th e  re fo liation  p eriod  to p rev en t the 
develop m en t an d  sp read  o f  th e  d isease. Based 
o n  th e  ab o v e  fin d in gs, th e  critica l v a lu es , it 
w as a ls o  p o s s ib le  to  a n a ly s e  th e  p o ss ib le  
o ccu rren ce  o f the d isease  in d ifferen t locations 
w ith in  th e  c h a n g in g  c lim a tic  scen ario .

2 .2 . A b n o r m a l L e a f  fa ll  (A L F)

D a ily  le a f  fa ll d a ta  d u r in g  th e  m o n so o n  
s e a s o n  w a s  c o lle c te d  fro m  an  u n sp ra y e d  
area  in R R S  P a d iy o o r  fo r  th e  p erio d  fro m  
Ju n e  to  S e p te m b e r  2 0 0 9 . T h e  d ata  w a s th en  
co m p a re d  w ith  th e  a n te c e d e n t an d  a m b ie n t 
a tm o sp h e ric  p a r a m e te rs  c o lle c te d  fro m  the 
a g r o m e te o r o lo g ic a l  s ta t io n .  It w a s  fo u n d  
th a t  th e  a t m o s p h e r ic  c o n d i t io n s  w h ic h  
fa v o u re d  th e  tr ig g e r in g  o f  th e  d ise a s e  w ere  

M a x im u m  te m p e r a tu r e  - 2 6  to  3 2 ° C

M in im u m  te m p e r a tu r e  - 2 3  to  2 4 ° C

M o rn in g  R e la tiv e  H u m id ity  -> 9 0 %  

A fte rn o o n  R e la t iv e  H u m id ity  -  55  to 93%  

S u n sh in e  h o u rs  - > 5 d a y s w i t h
> 1.0 hr

R a in fa ll - > 5 0 . 0 m m /
d a y  f o r  3 
d a y s  b e f o r e  
o n s e t  o f  
d ise a s e

A lf  in c id e n c e s  w e r e  a ls o  o b se rv e d  in 
C h e m o n i  E s t s a t e  in  T h r is s u r .  N o  A L F

in cid en ce w as reco rd ed  in V a ik u n d am  Estate 
in N ag erco il, K a n y a k u m a ri d istric t .

2 .3 .  O id iu m  L e a f  fa ll

D u r in g  th e  s e c o n d  y e a r  o f  th e  
e x p e r im e n t a l  t r ia l  o n  O id iu m  le a f  fa ll, 
in c id en ces  w e re  id e n tifie d  in R R S  P ad iy o o r 
w ith  le a f fa ll fro m  th e  2 0 lh o f  F e b r u a ry  to  the 
3 rd o f  M arch  2 010 . T h e  a n te c e d e n t c o n d itio n s  
w e re  o b serv ed  to  b e  a s  fo llo w s.

a) A v erag e  M a x im u m  te m p e ra tu re  o f  35 
°C.

b ) M in im u m  te m p e r a tu r e  ra n g in g  from
21 .8  to 2 4 .4  °C.

c) A  w e e k  w ith  a f t e r n o o n  R H  > 50%  
b e fo r e  o n set.

d) A  m o rn in g  R H  o f  > 90%  fo r  a lm o st a 
w e e k  b e fo r e  o n se t.

3 . A g r o m e t D a t a b a s e  M a n g a e m e n t

A r c h iv a l  in  c o m p u t e r  h a s  b e e n  
co m p le ted  for 2 0 0 9  for a ll th e  s ta tio n s  o f  RR II 
till 2 009 .

4 . D e v e lo p m e n t a n d  d e m o n s tra tio n  
o f  In te g r a te d  V e c to r  C o n tr o l  fo r  
p r e v e n t i o n  o f  C h i k u n g u n y a /  
D e n g u e  in  R u b b e r  p la n ta tio n  area
-  V e cto r  p o p u la tio n  d y n a m ic s  in  
ru b b e r  p la n ta tio n / C o a s ta l  reg io n s  
in  K e ra la  (C o lla b o r a t iv e  p ro je ct)

M o s q u it o  v e c to r  d e n s i t y  h a v e  b e e n  
co m p a re d  w ith  th e  a n te c e d e n t  a tm o sp h e ric  
c o n d i t io n s  v iz .  m a x im u m  a n d  m in im u m  
te m p e r a tu r e , m o r n in g  a n d  a f te r n o o n  RH  
a n d  th e  d a ily  ra in fa ll w ith  n u m b e r  o f  ra in y  
d a y s  b e tw e e n  v e c to r  d e n s ity  c o lle c t io n s .  
C o r r e la t io n  c o e f f ic ie n ts  w e r e  w o r k e d  ou t 
w ith  th e  v e c to r  d e n s ity  a n d  m e a n  a s  w ell 
a s  in d iv id u a l  c l i m a t i c  f a c t o r s  w ith  la g  
p e r i o d s  u p  to  1 0  d a y s  f r o m  th e  
c o r r e s p o n d in g  d a te s  o f  c o l le c te d  v e c to r  
p o p u la tio n  d en s ity .



A N N U A L  E X P E N D IT U R E

E x p e n d itu re  at a g lan ce  (2009-10)

H ead  o f  A c c o u n t__________________________ ____________E xp en d itu re  (R s. In lakhs)

Non-Plan

N o n -p la n  (R e se a rc h ) 5 2 8 .7 6

P r o je c ts  (C E S ) 3 3 0 .6 8

Total 859.44

Plan

P la n  (R e s e a r c h )  15 4 8 .4 5

N E R D S  R e s e a r c h  C o m p o n e n t 320 .6 6

Total 1869.11

Grand Total 2728.55
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