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The Rubber Research Institute o f  India (RRII), under 
the Rubber Board (M inistry of C om m erce and Industry, 
Governm ent o f India), had its inception in 1955. With 
a very modest beginning, the RRII is now  capable of 
handling m ost o f the problem s associated w ith natural 
rubber (NR) production technology, primary' processing 
and product developm ent. T h e steady grow th o f  RRII 
in its scientific worth and research contributions has 
won it the recognition as an International C en tre of 
Excellence in N R research.

Location

The RRII is located on a hillock 8 km east o f Kottayam  
town in Kerala State and is easily accessib le by road. 
Kottayam is connected to all m ajor cities in the country 
by rail. There are tw o International A irports, o n e at 
Thiruvananthapuram , 160 km south  and the other at 
Nedumbassery, 95 km north o f RRII.

Organization

For the efficient discharge o f its functions, the RRII has 
estab lish ed  m ajor research  d iv is io n s  and  research  
supporting sections at its headquarters and regional 
research establishm ents at appropriate locations where 
Hevea brasiliensis is com m ercially grow n o r  is likely to 
be  grown.
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D IR E C T O R 'S  R E V IE W

An im portant developm ent during this 
year w as setting  up a m echanism  in the 
Institute for transfer of technology to the 
ru b b e r-g o o d s p ro c es sin g  in d u stry  in  a 
transparent and com petitive m anner. The 
year saw negotiations for transfer of a couple 
o f tech n ologies to the industry . A nother 
significant m ilestone w as the developm ent 
o f  a ru b b e r  c o m p o n e n t w ith  e x c e lle n t  
vibration dam ping ch aracteristics for use in 
th e  s u b m a r in e s . T h e re  w ill b e  m o re  
con certed  e ffo rts  to  co llab orate  w ith  the 
In d ia n  d e fe n c e  an d  p u b lic  se c to r  
establishm ents in their efforts to indigenise 
p ro d u ctio n  o f ru b b er p ro d u cts . A new  
chem ical has been identified that can reduce 
the coagu lation  tim e o f latex and im part 
resistance to fungal grow th on the sheet.

A nother sign ifican t developm en t has 
been the initiation of a project on fertility 
mapping of rubber grow ing areas of Kerala, 
Tam il N aud and Karnataka in collaboration 
with the N ational Bureau of Soil Survey and 
Land U se Planning, Bangalore. G row th and 
y ie ld  o f m a tu re  ru b b er trees  w ere  n ot 
in f lu e n c e d  by  w ith d ra w in g  c h e m ic a l 
fertilizers for a period of ten years. Allow ing 
all types o f natural flora to grow  inside a 
m ature rubber plantation in such a way that 
their canopy did not go above tiiat of rubber 
had no adverse im pact on grow th and yield 
of rubber. In fact, this helped to im prove the 
soil characteristics. These are findings that 
will have profound ecological im pacts. Flux 
of C 0 2 from rubber so ils w as m easured for 
the first time.

M ore than  8000 cro s se s  w ere  m ade 
betw een popular W ich kam  and prom ising 
Am azonian accessions. W  x A hybrids from

p rev io u s y ears' 
crosses show ed 
prom ising yield 
an d  g ro w th  
c h a ra c te r is t ic s .
Nine ortets were 
n e w ly  se le c te d  
d u r in g  th e  
rep o rtin g  year.
In Phase III of the 
p a r t i c i p a t o r y  
clone evaluation 
p r o g r a m m e  
tw elv e  p ip e lin e  clo n es and th ree  ch eck  
clones w ere planted in on-farm  trials in six 
locations. A new breeding program m e for 
d e v e lo p in g  d isea se  to lera n t clo n es w as 
initiated. About 2700 hand pollinations were 
carried out using RRII 400 series and RRII 
105  and a few  se lec ted  d isea se  to lera n t 
parents including germ plasm  accessions. A 
disease tolerant clone Fx 516 as m ale parent 
and RRII 414 and RRII 430 as fem ale parents 
w ere  u sed  fo r  m o re  th a n  5 0 0 0  h a n d  
p o ll in a t io n s  fo r  d e v e lo p in g  m a p p in g  
population. In another project, m ore than 
1800 the in terspecific crosses were m ade for 
developing m apping population.

A m ong the various clones introduced 
from C ote d 'lvorie in 1992, the clone IRCA 
130 consistently perform ed better than RRII 
105 both in yield and vigour. A bout 1500 
crosses w ee m ade using wild accessions. MT 
485 6  and M T 4 788  a lo n g  w ith  R R II 430  
show ed better drought tolerance. A doption 
o f R R II 4 0 0  s e r ie s  c lo n e s  b y  g ro w e rs  
continued to go up. RRII 430 also had better 
w ood quality w hich w as the least in RRII 
105. Interestingly RRII 430 had high leaf



Jignin con ten t and  th is w as r e la ted  to  b e tte r  
to leran ce to fu n gal d iseases. E a rlie r  s tu d ie s  
h a v e  sh ow n th at R R II 4 3 0  is a lso  re la tiv e ly  
b e tte r  to le ra n t to  d r o u g h t . A  fe w  o r te ts  
selected  from  R R S, G u w ah ati s h o w ed  b etter  
to leran ce to co ld  as w ell as d rou gh t.

A p r o je c t  w a s  in i t ia t e d  a t  R R S , 
N agrakatta  and  R R S, D ap ch ari to  m e a su re  
the am o u n t o f  w ate r  co n su m ed  by ru b be r 
trees in th ese d iv erse  a g r o -d im a tic  reg io n s . 
A  b iod eg rad ab le  p o ly th en e  w as d ev e lo p e d  
in co llab oratio n  w ith  p riv a te  e n tre p re n e u rs  
w hich can  be u sed  a s  a ra in  g u a rd . It w as 
found th at tw o rou n d s o f  s p ra y in g  o f  C O C  
in oil (1 :5) @  20L/ha. co n tro lled  a b n o rm a l 
le a f  fall d isea se . It w as fo u n d  th a t m a n y  
grow ers a d op t u n sc ie n tific  in te rcro p p in g  o f 
p in e a p p le  w h ic h  is  m o s t ly  d o n e  b y  
contractors and  no t th e  g row ers . B an an a  and  
p in e a p p le  w ere  th e  p r e fe rr e d  in te r c r o p s  
w ith  r e la t iv e l y  l a r g e r  h o l d i n g s  a n d

s u b s i s t e n c e  c r o p s  s u c h  a s  ta p i o c a ,  
a m o r p h o p h a l l u s  a n d  c o l o c a s i a  w e r e  
p r e f e r r e d  b y  s m a l l e r  h o l d i n g s .  L o w  
f r e q u e n c y  ta p p in g  w a s  m o r e  p o p u la r  in 
r e la tiv e ly  la r g e r  h o ld in g s  th a n  s m a lle r  o n es.

T h e  3 -D  s t r u c t u r e s  o f  a -1 ,3 -g lu c a n a s e  
fro m  H ev ea  a n d  b a r le y  p e r fe c t ly  m a tch e d  
e a c h  o th e r  d e s p ite  th e ir  s ig n if ic a n t  a m in o  
a c id  v a r i a t i o n s  i n d i c a t i n g  t h e  h i g h ly  
c o n s e rv e d  n a tu r e  o f  th is  g e n e  in  p la n ts . A 
c h lo ro p la s t  s t r e s s  p r o te in  w a s  v a lid a te d  as 
a p h y s io lo g i c a l  m a r k e r  fo r  i d e n t i f y in g  
d r o u g h t  t o le r a n c e .  S e v e r a l  t r a n s c r p to m e  
a n a ly s e s  w e r e  d o n e  fo r  u n d e r s t a n d in g  th e  
r e le v a n ce  o f  s t re s s  r e s p o n s iv e  g e n e s  a n d  also  
d e v e lo p i n g  r e l i a b l e  m a r k e r  s y s t e m  fo r  
m a k in g  lin k a g e  m a p s . G e n e  te c h n o lo g y  an d  
r u b b e r  te c h n o lo g y  w ill b e  p r io r ity  a r e a s  for 
r e se a rc h  in  R R II in  th e  c o m in g  y e a r s .  S te p s  
w ill b e  ta k e n  to  e lu c id a te  th e  w h o le  g e n o m e  
s e q u e n c e  o f  ru b be r.



A G R O N O M Y  A N D  S O I L S  D IV IS IO N

The various research programmes of the 
D iv ision  are aim ed at d evelop m en t and 
period ic refinem ent o f agrom an agem en t 
practices to im prove grow th and yield of 
rubber in different agroclimatic regions, reduce 
cost of cultivation and sustain soil quality. 
Experim en ts on n u trien t m anagem ent in 
nurseries, young and m ature rubber w ere 
continued. Studies on species diversification 
in rubber plantations, mechanization of rubber 
plantations and stress management were in 
p rogress. The experim en ts to develop  an 
agronomic package for reducing the gestation 
period of rubber w ere continued. Various 
projects on assessment of soil health were also 
c o n tin u ed . D ev e lop m en t o f the ru bber 
information system using remote sensing and 
G IS is being continued. Estim ation of area 
under rubber in Karnataka and rubber area 
distribution in relation to soil and landscape 
attributes was in progress. A project on soil 
fertility assessment and soil health monitoring 
of traditional rubber growing areas of Kerala, 
Tamil Nadu and Karnataka was initiated in 
collaboration with National Bureau of Soil 
Survey and Land Use Planning, ICAR. The 
D iv is io n  a lso  fu n ctio n s as a cen tre  for 
dissemination of knowledge on various soil 
and crop management techniques.

1. N u trien t m an ag em en t

Nursery experiments were conducted at 
Central Nursery, Karikkattoor and at Regional 
Nursery, Kanhikulam, Palakkad to revise the 
current fertilizer recommendation for seedling 
nurseries. Growth of rubber seedlings in the 
treatment which received N and P @ 250 kg 
ha'1 was com parable w ith that of standard 
practice (NPKMg@ 500:250:100:37.5 kg h a 1). 
Grow th of seedlings was comparable when N

and P  @ 250 kg ha 1 was applied as urea and 
rock phosphate and as amm ophos (20-20).

Experim ents initiated during 2011, to 
study the effect of supplementing secondary 
and micronutrients in areas low in their status, 
on growth and yield of rubber were continued 
at four locations, viz, New Ambady estate in 
the southern region, Cheruvally estate in the 
central region, Palappilly estate in the north 
central region and Tham arassery estate in the 
north  region. Soil analysis indicated  that 
a p p lic a tio n  o f the sec o n d a ry  and 
m icronutrients during first year of planting 
maintained the soil status in sufficiency level 
during second year also . At one location, 
integration of FYM with recom mended dose 
o f chem ical fertilizers show ed significantly 
higher girth while no significant difference 
between treatments was noticed at the other 
three locations.

The field experiment at CES, Chethackal 
to study the effect of long term application of 
inorganic and organic manures on the growth 
and yield of rubber and physico-chem ical 
properties of soil was continued. Application 
o f 25%  recom m en d ed  d o se  o f  ch em ica l 
fertilizer and 75 % FYM recorded significantly 
higher girth than all other treatments.

The experim ent on sequential skipping 
of fertilizer application in mature rubber was 
co n clu d ed . T h e resu lts  sh ow ed  that the 
g ro w th  an d  y ie ld  o f ru b b e r  w ere  n ot 
significantly influenced by withdraw ing the 
application of fertilizers for a period of ten 
years. The soil and leaf nutrient status nine 
y e a rs  a fte r  th e  c o m m en ce m e n t o f the 
e x p e rim e n t a lso  d id  n o t in d ic a te  any 
significant difference am ong the treatments 
indicating that m ature Hei?ea plantation can 
be considered as a partially self- sustaining



ecosystem  with a constant cycle o f  uptake and 
return o f  nutrients from  and to the soil.

Th e field experim ent to stu d y  th e  e ffect 
o f C  PO M  as soil am e n d m en t in m argin al 
soils, a t T h an n eerm u kkom , C h erth a la  w as 
continued. G irth  o f p lants d id  n o t sh ow ed  
s ig n if ic a n t  d if fe r e n c e  a m o n g  d if f e r e n t  
treatm ents.

2. So il and w ater conservation

T h e  e x p e r im e n t  o n  e v a lu a t io n  o f  
v e g e ta t iv e  h e d g e s  fo r  s o i l  a n d  w a te r  
c o n s e r v a t io n  in  r u b b e r  p la n ta t io n  w a s 
continued. Th e establish m en t o f  vegetativ e  
hedges viz., vetiver, guinea grass, p in eap p le  
and Strobilanthes sp  s ign ifican tly  red u ced  soil 
e ro sio n . A m o n g  th e  d if fe r e n t  v e g e ta t iv e  
hedges, vetiver w as found to  b e  the b e tter  soil 
erosion control m easure in ru b ber p lan tation  
w hich w as sign ificantly  su p erio r  to  a ll o th er  
v e g e ta t iv e  h e d g e s  e x c e p t  g u in e a  g r a s s .  
G ro w th  o f  r u b b e r  w a s n o t  s ig n if ic a n t ly  
in flu en ced  b e  e s ta b lish m e n t o f  v e g e ta t iv e  
hedges.

3. I n t e r c r o p p in g  a n d  c r o p p in g  
system s

Experim ent to evaluate the feasibility of 
grow ing peren nial in tercro p s viz., coffee 
vanilla, Garcinea and nu tm eg under normal 
and paired row system s o f planting o f rubber 
w as continu ed . T h ere  w as n o  sig n ifican t 
difference between treatm ents w ith respect to 
growth and yield of rubber. Coffee continued 
to yield well, Garcinea has perished under 
shade in both experim ents. O ne life cycle of 
vanilla w as com pleted.

The experim ent on evaluation of shade 
tolerant m edicinal plants in m ature rubber 
plantation w as concluded. Am ong the various 
m edicinal plants, A ratha (Alpinia calcarata) 
and K a rim k u rin ji (Strobilanthes cuspida) 
performed well.

Experim ent on in terplanting o f rubber 
with tim ber trees viz., teak, w ild jack  and 
mahogany w as continued. G row th and yield 
o f rubber was not significantly influenced by 
row spacing, type o f tim ber intercrops and 
their interactions (Table Ag. 1 and 2).

Spacing
girth [ m l  o f  ra b b er  durin R elev en !!, v e „  (M arch  20121 

______________________ Intercrops

Normal (6.7 x 3.7m) 
Wide Row (1 0 x 2 .4 ) 
Mean

Wild Jack

SE
CD (P 0 .0 5 )

53.3
53.2
53.3 

Spacing
0.6
NS

Teak M ahogany N o intercrops
57.4 57.5

5 2 6  55.1
55.0__________56 .3

Intercrop;
0.85 
NS

55.5
53.1
54 .3

Interaction
1.2
N S

55.9
53.5
54 .7

Spacing
Intercrops

2012-13

Wild Jack
M ean

Normal (6.7 x 3.7m) 
Wide Row (10 x 2.4) 
Mean

54.4
47.6
51.0

51.0 42 .4 

59-9 53.1 
5 s -4 47 .7

N o intercrops 

44 .8  
55.4

48.2
54 .0

SE
CD (IM).05) 1.9

NS

Intercrops
4.00
NS

Interaction
5.6
N S



A m o n g  th e  p e r fo rm a n c e  o f in te rcro p s, 
w ild  j a c k  p e r fo rm e d  b e tt e r  th a n  te a k  a n d  
M a h o g a n y  (T ab le  A g .3),

Table Ag. 3. C om p ariso n  o f  g irth  o f  tim b e r  crop 
un d er in tercropped  and m onoculture 
situ ation

Tim ber crop Inter­
cropped

Non-inter-
cropped 't '  statistics

w ild jack 67.3 54.1 7.4*
Teak 33.4 31.8 0.54
M ahogany 25.8 38.0 6.9*

T h e  fie ld  ex p e rim e n t in itia ted  to  d ev e lo p  
a m u lti sp e c ie s  ru b b e r  b ased  c ro p p in g  sy stem  
fo r  T am il N a d u  re g io n  w a s  in  p ro g ress . T h e  
e s ta b lish m e n t o f  in tercro p s viz. p in e  ap p le , 
th ree  varieties o f  b an an a, c in n a m o n  an d  c ocoa 
d id  n o t in flu e n ce  th e  g ro w th  o f  rubber.

4. G ro u n d  C o v er M a n a g em en t

T h e  e x p e r im e n t to  s tu d y  th e  im p a c t o f  
w e e d s  o n  g ro w th  o f  r u b b e r  a n d  to  co m p a re  
th e  e f fe c t  o f  d iffe r e n t c o v e rs  o n  s o il p h y s ico -  
c h e m ic a l  a n d  b io lo g i c a l  p r o p e r t ie s  a n d  
b i o m a s s  a n d  n u t r i e n t  t u r n o v e r  w a s  
c o n t in u e d . P r e lim in a r y  o b s e r v a t io n s  o n  
g r o w th  d id  n o t  in d ic a te  a n y  s ig n if ic a n t  
d iffe r e n c e  a m o n g  trea tm en ts .

T h e  fie ld  e x p e rim e n t to  s tu d y  th e  im p act 
o f  m a n u a l, c h e m ica l a n d  m e c h a n ic a l w eed  
co n tro l m e th o d s  o n  r e g e n e r a tio n  o f  w eed  
f lo r a  w a s  c o n c l u d e d .  I n  m a n u a l  a n d  
m e c h a n ic a l w e e d  c o n tro l m e th o d s , w e e d s  
a tta in e d  100  p er  c e n t o f  re g e n e r a tio n  7 5  and  
9 0  d a y s  a f t e r  t r e a t m e n t  i m p o s i t io n  
re s p e c tiv e ly . In  h e r b ic id e  a p p lie d  p lo ts , 
r e g e n e ra tio n  o f  w e e d s  s ta rte d  o n ly  a fte r  60  
d a y s  o f  t r e a t m e n t  i m p o s i t i o n .  W e e d  
r e g e n e r a t io n  w a s  2 3 .2 2  a n d  2 8 .3  p e r  c e n t 
resp ectiv e ly , 7 5  an d  9 0  d a y s  a fte r  tr e a tm e n t 
im p o s it io n

T h e  p r o je c t  o n  c o m p a ris o n  o f  r u b b e r  
p la n ta t io n s  w ith  a n d  w ith o u t  c o n tr o l  o f  
w e e d  f lo r a  a t  P a t h a m p u z h a  v i l la g e  in 
K o tta y a m  D is tr ic t  w a s  c o n t in u e d . A b o v e  
g ro u n d  w e e d  b io m a ss  in th e  s ix te e n  fie ld s  
in  P a th a m p u z h a  re g io n  w e re  co lle c te d  an d  
d ry  w e ig h t d e te rm in e d . N , P, K , C a  a n d  M g  
in  th e  s a m p le s  w e r e  d e t e r m in e d  a n d  
n u tr ie n ts  in  w e e d  b io m a ss  in  e a ch  lo ca tio n  
e s t im a te d . T h e re  w a s s ig n if ic a n t ly  h ig h e r  
w eed  b io m a ss  in  w e e d s-n o t-co n tro lle d  fie ld s 
a n d  th e  c a rb o n  c o n te n t in  w e e d  b io m a ss  w as 
a b o u t  e ig h t  t im e s  m o re  th a n  th e  w e e d s -  
c o n tro lle d  fie ld s . A ls o  th e  s to c k  o f  N , P, K, 
C a  a n d  M g  w ere  s ig n ifica n tly  h ig h e r  in  w eed  
flo ra  u n d e r  th e  w e e d s-  n o t-co n tro lle d  fie ld s . 
T h e  s t u d y  w a s  e x t e n d e d  to  tw o  m o r e  
lo c a t io n s  in  P u n a lu r  a n d  P a ik a . S o il s a m p le s  
f r o m  t h e s e  r e g io n s  w e r e  c o l le c t e d  a n d  
a n a ly s is  is  in  p ro g ress .

A n  e x p e rim e n t w a s  in itia te d  to  e v a lu a te  
b io d e g r a d a b le  p la s t ic  fo r  w e e d  c o n tro l a t  
C E S ,  C h e t h a c k a l  w i t h  c o n t r o l  a n d  
a p p lic a tio n  o f  b io d e g r a d a b le  p la s t ic  in  th e  
p la n t b a sin s  a n d  G ly ric id ea  in  b e tw e e n  p lan ts .

T h e  o b s e r v a t io n a l  t r ia l  i n i t ia t e d  a t  
M a la n k a ra  e s ta te , T h o d u p u z h a  d u r in g  2 0 0 9  
to  e x p lo r e  th e  fe a s ib i l i ty  o f  e s t a b l is h i n g  
M u c u n a  u n d e r  p a r tia l s h a d e  in d ica te d  th a t 
M u c u n a  c a n  b e  e s t a b l i s h e d  in  r u b b e r  
p l a n t a t i o n s  e v e n  a f t e r  th e  r e m o v a l  o f  
p in e a p p le  in te rcro p .

A n  e x p e r i m e n t  w a s  s t a r te d  a t  C E S , 
C h e t h a c k a l  to  e v a lu a t e  t h e  c o v e r  c r o p  
C a la p o g o n iu m  c a e r u l e u m  in  r u b b e r  
p la n ta tio n s .

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

T h e  e x p e r im e n t to  s tu d y  th e  e f fe c t  o f  
d i f fe r e n t  p la n t in g  g e o m e tr ie s  o n  c a n o p y  

d e v e lo p m e n t , g r o w th  a n d  y ie ld  o f  r u b b e r  
w a s  in  p r o g re s s . G ro w th  o f  r u b b e r  in  th e



tr ia n g u la r  sy s te m  o f  p la n t in g  a n d  tw in  
system  o f p la n tin g  co n tin u ed  to  b e  su p erio r  
to that o f  control (sq u are  system  o l p lan tin g). 
T h e ca n o p ie s  in  a lte re d  p la n tin g  s y s te m s  
started  to  ex h ib it asy m m etrica l p a tte rn  o f 

grow th .

T h e  field ex p e rim e n t in itia te d  d u rin g  

201 0  to a ssess  the e ffe c t o f  m e ch a n iz e d  lan d  
prep aration  on soil e ro sio n  and  p h y sical an d  
chem ical p ro p erties o f so ils  w as co n tin u ed . 
T h e  trea tm en ts  w ith  p lo u g h in g , p it tin g  & 
terrac in g  b y  H itach i sh o w ed  s ig n if ic a n t ly  
lo w e r  b u lk  d e n s ity  a n d  h ig h e r  p o r o s ity  
com p ared  to all o th er  trea tm en ts . Tine no 
tilled  trea tm en ts  h ad  s ig n if ic a n t ly  h ig h e r  

levels o f S O C  c o n ten t in th e  s u rfa ce  0 -1 5  cm  
la y e rs  c o m p a re d  to  th e  t i l le d  t r e a tm e n t  
(p ittin g , te rra c in g  an d  ti llin g  b y  H ita c h i) . 
H y d r a u lic  c o n d u c t iv i t y  o f  t i l le d  p lo t s  
sh ow ed  s ig n ifican t!)' h ig h er  v a lu e  o f  5 .73  x 
1 0 5 cm  s e c 1 th an  n o  tilled  p lo ts an d  a m o n g  
th e  n o  tilled p lo ts s ig n ifica n t d iffe re n ce  w as 
n o t observed .

S o i l  e r o s io n  in  d i f f e r e n t  la n d  
p r e p a ra t io n  m e th o d s  w e r e  s ig n if ic a n t ly  
d ifferen t (T ab le A g. 4 ), T h e  h ig h e st q u an tity

Table Ag. 4 Q uantity o f so il deposited in trenches 
__________ (2013)

Treatments Quantity
(t h 'a )

Manual pitting and terracing (control) 3.26
Manual terracing & pitting by tractor
m ounded hole digger 3.29
Pitting & terracing by Hitachi 3.66
Ploughing pitting & terracing bv Hitachi 5.16
SE 0.318
CD (P-0.05) 1.019

o f 5 .1 6 1 h a 1 o f  so il w as e ro d ed  fro m  th e  p lo t 
w here p ittin g, te rrac in g  and  tillin g  in ter ro w s 
w ere d o n e  by H itach i.

6. D ev elop m en t o f agrom an agem en t 
t e c h n iq u e  f o r  r e d u c in g  th e  
g esta tio n  p eriod

T h e  f ie ld  e x p e r i m e n t  to  d e v e lo p  an  
a g ro n o m ic  p a ck a g e  to  r e d u ce  th e  im m a tu rity  

p e r io d  o f  H e v e a  a t  M a la n k a r a  E s ta te  w as 
c o n t in u e d .  T a p p i n g  c o m m e n c e d  in  th e  
e x p e rim e n ta l fie ld  a n d  y ie ld  r e c o rd in g  w as 

in itia ted .

T h e  e x p e r im e n t in it ia te d  to  d e v e lo p  an 
a g ro n o m ic  p a c k a g e  to  r e d u c e  th e  im m a tu rity  

p erio d  o f  H ev ea  a t  C E S , C h e th a c k a l is  in 

p ro g re s s . T h e re  w a s  s ig n if ic a n t  d if fe r e n c e  in 
th e  p e r fo rm a n c e  o f  th e  tw o  ty p e s  o f  p la n tin g  

m a te r ia l. T h e  s u p e r io r ity  o f  d ir e c t  s e e d e d  
g r e e n - b u d d e d  p o ly b a g  p la n ts  o v e r  g r e e n  - 

b u d d e d  s t u m p s  r a i s e d  in  p o l y b a g s  
co n tin u e d . T h e  g ir th  o f  th e  p la n ts  u n d e r  

in te g ra te d  m a n a g e m e n t w a s  s u p e r io r  to  th at 

o f  th e  re sp e c tiv e  ty p e  o f  p la n t in g  m a te r ia l 

u n d e r  s ta n d a rd  p r a c tice .

T h e  e x p e r im e n t o n  th e  e f fe c t  o f  d iffe r e n t 

ty p e s  o f  p la n tin g  m a te r ia l  (p o ly b a g  - o n e  
w h o rl, tw o  w h o rl a n d  th re e  w h o r l a n d  ro o t 

tra in e r  -  o n e  w h o rl, tw o  w h o rl a n d  th re e  

w h o rl)  o n  g r o w th  o f  r u b b e r  w a s  c o n tin u e d . 

T h r e e -  w h o r l  p o ly b a g  p la n ts  w e r e  fo u n d  

s ig n if ic a n t ly  s u p e r io r  to  o th e r s  (T a b le  A g .5 ).

Table Ag. 5 . E ffec t o f  ty p e o f  p la n tin g  m ateria l and
its stag e on  gro w th  o f  ru b b er

Treatm ent G irth  (cm ) 
July, 12 (4 years)

P olybag plants (one w horl) 29 .23

Polybag plants (tw o w horl) 29.13

Polybag plants (three w horl) 34.43

Root trainer plants (on e w horl) 29.94

Root trainer plants (tw o w horl) 29.81

Root trainer plants (three w horl) 30 .67

SE

C D  (P=0.05)

0 .72

2 .13



T h e  p e r f o r m a n c e  o f  a l l  o t h e r  p la n t in g  
m a te ria ls  v iz ., p o ly b a g  -  o n e -  w h o rl, tw o - 
w h o rl a n d  ro o t tra in e r  -  o n e -  w h o rl, tw o - 
w h o rl an d  th re e - w h o rl w e r e  co m p a ra b le .

T h e  e x p e rim e n t in itia te d  to  e v a lu a te  the 
p e r fo rm a n c e  o f  r u b b e r  p la n ts  b u d d e d  on 
s to c k  p la n ts  o f  d iffe r e n t a g e  w a s  co n tin u ed . 
S ig n if ic a n t  d if fe r e n c e  in  g r o w th  w a s  n o t 
o b se rv e d  a m o n g  d iffe r e n t ty p e s  o f  p la n tin g  
m a te ria ls  3  y e a r s  a fte r  p la n tin g .

7 . S t r e s s  M a n a g e m e n t

T h e  f ie ld  e x p e r i m e n t  i n i t ia t e d  a t  
P u th u k k a d  e s ta te , T rich u r, a c o m p a ra t iv e ly  
d r o u g h t p ro n e  area  in th e  tra d itio n a l r u b b e r  
g ro w in g  reg io n  to  d ev e lo p  a g ro m a n a g e m e n t 
te ch n iq u e s  to m itig a te  th e  a d v e rs e  e ffe c ts  o f

Table Ag. 6. Growth of plants (cm) at 150 cm from 
_____________ bud union
Treatment June 2012
T1 -Polybag plant raised from
budded stump 9.76
T2-Root trainer plants 10.14
T3-Polybag plant raised by direct seeding 10.9
T4-T1+ tillage 11.54
T5-T1+ K supplement 9.57
T6-T1 + hydrogel 10.79
T7-T1+Life saving irrigation* 10.47
T8-T1+K+ tillage 10.08
T9-T1 + K+ tillage+ hydrogel 11.58
SE 0.29
CD (P=0.05) 0.91
* First year only

d r o u g h t  w a s  c o n t in u e d .  T i l la g e ,  s u p e r  
a b s o r b e n t  p o ly m e r  a n d  d ir e c t  s e e d in g  in 
p o ly b a g s m itig a ted  a d v erse  e f fe c t  o f  d ro u g h t 
s tre ss  (T ab le  A g. 6).

A n o th e r  fie ld  e x p e r im e n t w as in itia ted  
a t  P u th u k k ad  esta te  to  ev a lu ate  v ario u s  typ es 
o f  m u lch e s  fo r  so il m o is tu re  c o n s e rv a tio n .

8 . R u b b e r  g r o w in g  s o i ls

T h e  s tu d y  o n  c h a r a c te r iz a t io n  o f  so il 
o r g a n ic  m a t te r  in  r u b b e r  p la n ta t io n  w a s 
c o n tin u e d . A m o n g  th e  fo u r  sy s te m s  s tu d ie d  
o r g a n ic  c a rb o n  w as s ig n if ica n t ly  h ig h e r  in 
th e  P u e r a r ia  e s t a b l is h e d  im m a tu r e  f ie ld  
w h ic h  w a s  c o m p a r a b le  w ith  th a t  o f  th e  
m a tu re  p la n ta tio n  (T ab le  A g . 7 ). In  a ll th e  
s y s te m s , m a jo r  p o rtio n  o f  th e  ca rb o n  in  th e  
s o il w a s  fo u n d  to  b e  in  th e  lo w e r  m in era l 
a sso c ia te d  (< 53u m ) fra ctio n . W ater  s o lu b le  
ca rb o n  (W S C ) in  th e  P u erar ia  es ta b lish ed  field  
a n d  b a n a n a  in t e r c r o p p e d  f ie ld  w e r e  
c o m p a ra b le  a n d  it  w a s  s ig n if ic a n t ly  h ig h e r  
th a n  th e  o th e r  tw o  s y s te m s . S o i l  p H  w a s  
s i g n i f i c a n t l y  h i g h e r  in  th e  b a n a n a  
in te r c r o p p e d  f ie ld  fo l lo w e d  b y  P u e r a r ia  
e s ta b lish e d  fie ld  a n d  lo w e st in th e  p in e a p p le  
in te rc ro p p e d  fie ld .

T h e  s t u d y  o n  c o m p a r is o n  o f  s ix  s o il 
e c o s y s te m s  v iz . m a t u r e  r u b b e r ,  r u b b e r -  
m u c u n a , c o v e r  c ro p p e d , r u b b e r-p in e a p p le  
in t e r c r o p p e d ,  c a s s a v a  m o n o c r o p ,  te a k  
m a tu r e  p la n ta tio n  a n d  fo r e s t  in  K o tta y a m

Table Ag. 7. Soil chemical properties in different systems

o c WSC pH
(%) (ppm)

Mature rubber plantation 2.15 412 4.88
Pueraria established immature field 2.3 601 4.91
Banana intercropped immature field 2.03 592 5.06
Pineapple intercropped immature field 1.65 392 4.79
SE 0.06 28.58 0.03
CD (P=fl.05) 0.17 85.68 0.08



Table Ae. S. Carbon pool index and carbon liab ility  in d ices o f  d iffe ren t system s__________
OC POSC* W SOC* HW EC* Carbon C arbon  Lability Indices

Pool w ith respect to_____
Index PO SC  W SO C  H W EC

Rubber 2.41 817.79 35.40 76.95 0.46 0.69 0.29 0.38

Rubber +  Mucuna 3.56 1031.54 70.00 168.76 0 .67 0 .87 0 .57 0.84

Rubber + Pineapple 2.30 941.37 38.48 76.11 0.43 0.80 0.31 0.38

Cassava 1.99 777.47 44.74 65.53 0.38 0 .66 0.36 0 .33

Teak 3.23 1034.59 79.76 183.40 0.61 0.88 0 .65 0.91

Forest 5.29 1179.39 123.60 201.06 1.00 1.00 1.00 1.00

’ POSC - permanganate oxidizable organic carbon, W SOC -W ater soluble organic carbon , H W EC  - H ot water 
extractable carbon

d is tr ict w as co n clu d ed . T h e C arb on  
M anagem ent Index (C M I) o f  th ese six 
ecosystems were worked out based on the 
C arbon Pool Ind ex (C P I) and C arb on  
Liability Index (CLI). The CPI represents the 
q u an tity  o f o rg a n ic  ca rb o n  an d  C L I 
represents the labile carbon quantity of an 
ecosystem with respect to the forest system. 
The organic carbon pool (CPI) decline was 
least in Rubber-Mwcwna system and was most 
in the Cassava system. Rubber-MwcuM/7 cover 
crop system  had reta in ed  m u ch la rg e r  
organic carbon pool than Rubber-Pineapple 
intercrop system (Table Ag.8).

The declin e  in la b ile  p ool w as the 
highest in cassava system and the least in teak 
system. Though the decline of total organic 
carbon pool was more in teak system than in 
M u cu n a  system, the decline in labile carbon 
pool was more in M u cu n a  system than teak 
system . This could be due to the m u lti­
species system existing in teak soil system.

The Carbon M anagem ent Index (CM I) 
based on the three different carbon Liability 
Indices are shown in Table Ag.9.

The CMI calculated based on the POSC 
indicate that Rubber-Muawtf w as the least 
deteriorated system closely followed by teak 
system. However, the CMI based on soluble 
carbon indicated that the teak soil system  
w as a lm o st s im ila r  or s l ig h tly  less

Table Ag.9. C a rb o n  m a n a g e m e n t  in d ic e s  o f  
_______________d iffe re n t s o il system s__________

System C arbon M anag em en t Indices
PO SC W SO C H W EC

Rubber 0 .32 0 .13 0.17
Rubber + M ucuna 0 .59 0.38 0 .57
Rubber + Pineapple 0 .35 0 .14 0.16
C assava 0.25 0 .14 0.12
Teak 0.54 0.39 0.56
Forest 1.00 1.00 1.00

deteriorated  sy stem  than Rubber-M wcimfl 
system. Cassava was the highest deteriorated 
system  and m atu re  R u b b er and R ubb er- 
Pineapple system s w ere alm ost sim ilar and 
had u n d erg on e  m o re  d e te rio ra tio n  than 
Rubber-Mucuna and teak  system s.

The project on m anagem ent o f active and 
m icro b ia l ca rb o n  p o o ls  at P o ttam ku lam  
Estate, Yendayar w as continued to observe the 
long term effects o f the treatm ents imposed 
in earlier periods. G irth  o f the p lan ts was 
recorded and no significant difference could 
be noticed am ong the treatm ents.

The study on assessm ent of soil C 0 2 flux 
from rubber plantations continued. In situ soil 
C 0 2 flux, soil tem perature and soil moisture 
w ere  rec o rd ed  o n  an h o u r ly  b asis, 
continuously  from  Ju n e 2010 to M ay 2012 
under a mature rubber plantation in RRII farm.

The average of tw o platform and tw o inter 
row sites to represent the field soil C O , flux,



Fig. A g .l. Field averages of soil C 0 2  flux rate (pmoi/m2/s), so il tem perature (oC ) and soil m oisture (% ) from  
m ature rubber field during the period 2011-12.

soil tem p era tu re  an d  soil m o istu re  in  m atu re  
ru b be r p lan tation  for the p eriod  2 011-12  w ere 
w ork ed  o u t and  is s h o w n  in F ig u re  A g . 1.

D u r i n g  th e  m o n s o o n  p e r io d ,  s o i l  
r e sp ira tio n  r a te  w a s m o re  th a n  d u r in g  o th e r  
se a s o n s . In  w in te r  (Ja n -F e b )  a n d  s u m m e r  
(M a r-M a y ) flu x  r a te  (re sp ir a tio n  ra te ) w ere  
c o m p a r a t iv e ly  le s s .  D u r in g  th e  s u m m e r  
m o n th s , th e  so il m o is tu re  c le a r ly  d ec lin ed  
an d  C 0 3 flu x  ra te s  a ls o  d e c lin e d .

In  g e n e ra l so il C 0 2 flu x  ra te  w a s  s lig h tly  
h ig h er  d u rin g  n ig h t h o u rs  th an  d u rin g  th e  day  
h o u rs . T h e  d iffe re n ce s  w e re  m o re  p ro m in en t 
d u rin g  w in ter  (Jan  a n d  Feb) an d  s u m m er (M ar 

to  M a y ) p erio d . T h e  n ig h t so il tem p era tu re

w as slig h tly  less th an  th e  d ay  so il tem p era tu re  
th ro u g h o u t th e  p e r io d  o f  o b se rv a tio n . T h e  
d a ily  so il C O , f lu x  r a te  w as in flu e n ce d  b y  soil 
te m p e ra tu re  an d  so il m o istu re .

H e a v y  m e ta l s ta tu s  o f  s o ils  (0 .1  N  H Q  
e x t r a c t a b l e )  u n d e r  r u b b e r - p i n e a p p l e  
in te r c ro p p in g  s y s te m  in  th e  c e n tra l  re g io n  
o f  r u b b e r  c u l t i v a t i o n  w a s  s t u d i e d  in  
c o m p a ris o n  to  s o il u n d e r  r u b b e r-c o v e r  c ro p  
s y s t e m  a n d  n a t u r a l  f o r e s t .  C a d m iu m  
c o n t e n t  w a s  s ig n i f i c a n t ly  h i g h e r  in  s o i l  
u n d e r  r u b b e r - p in e a p p le  in t e r c r o p p i n g  
s y s t e m  c o m p a r e d  to  r u b b e r - c o v e r  c r o p  
s y s t e m  a n d  f o r e s t  (T a b le  A g .1 0 ) .  T o ta l  
c a d m iu m  c o n t e n t  o f  th e  s o i l s  w a s  w e ll

Table Ag. 10. 0.1 N H Cl ex tractable heavy m etals (mg/kg) in  d iffe re n t system s

Pb
1 R u bber* Cover crop(n = 21) 3.38 0.03 0.28 26.17 1.43 36.39 32.96
2 Rubber + Pineapple(n = 82) 2.78 0.06 0.22 16.43 1.33 49.95 19.52
3 Natural forest (n = 15) 3.69 0 .02 0.33 2.27 1.12 33.71 61.14

Rubber + cover crop V s Rubber + Pineapple ** « NS NS *»
$ Rubber + cover crop V s N atural forest NS NS NS »* ♦ NS . .

Rubber + Pineapple Vs Natural Forest ** * NS , ,

Significant a t P  < 0.01



within the regulator)' limits. Lead, copper 
and manganese contents were significantly 
low er in p ineap p le in tercrop p ed  areas 
compared to cover cropped area. Total and 
ava ilab le  co p p er co n ten t o f  so ils  w as 
significantly higher in both the rubber based 
systems compared to forest soil.

The observation al trial in itia ted  at 
Malankara estate, Thodupuzha during 2009 
to explore the feasibility  of establish ing  
M ucuna  under partial shade indicated that 
Mucuna can  be e s ta b lis h e d  in ru b b er 
p lan ta tion s even  a fte r  the rem ov al o f 
pineapple intercrop.

9. D e v e l o p m e n t  o f  r u b b e r  
in fo r m a t io n  sy s te m  u s in g  re m o te  
s e n s in g  a n d  G I S

Project on developing rubber based 
information system using rem ote sensing 
and GIS was continued. Estimation of natural 
rubber growing areas in Karnataka for the 
year 2010 & 2012. Accuracy of satellite image 
classification was done using GPS readings 
and it ranged from 82.4%  to 86.1%. Satellite 
based rubber area in Karnataka was 20,971.54 
ha compared to ground survey statistics of 
32,415 ha. indicating 11,443.46 ha lower than 
ground statistics. Highest rubber area was 
observed  in D ak sh in  K an n ad a  d is tr ic t  
followed by Udupi, Coorg, Shim oga and 
Chikmaglur. This difference is attributed to 
expansion of rubber cultivation to new areas 
in the region. Young plantations (< 3 year) 
were not mapped with this technique due to 
poor sig n atu re  from  th ese  p la n ta tio n s. 
Vectorization of adm inistrative boundaries, 
road network, locations and soil map unit of 
ru b b er g ro w in g  a rea s  h as a lso  b een  
completed.

A subproject on "C eospatial analysis 
and soil n u tr ie n t d y n a m ic s  o f ru b b e r  
p la n ta tio n s in re la tio n  to  g ro w in g

environm ent" w as initiated during 2011-12 
to study the rubber perform ance in relation 
to  so il, c lim a te  a n d  to p o g ra p h y  in 
Kanyakum ari and K asargod  d istricts and 
also to study the soil nu trient dynam ics in 
re la tio n  to  g ro w in g  e n v iro n m e n ts  at 
d iffe ren t e lev atio n  in K ottay am  d istrict. 
Results indicated that m ean soil available P, 
K were significantly higher in Kanyakum ari 
com pared to Kasargod. H ow ever, soil OC, 
available Ca, M g and pH  w ere significantly 
h ig h e r  in  K a sa rg o d  c o m p a re d  to 
K a n y a k u m a ri d is tr ic t .  C lim a te  v a ried  
significantly betw een the tw o districts. In 
K an yak u m ari, an n u a l to ta l ra in fa ll w as 
1 2 2 8 .1 m m  a g a in s t  th e  p o te n tia l
evapotranspiration (PET) dem and of 1749.5 
m m  w h ile  in  K a sa rg o d  d is tr ic t , an n u al 
rainfall w as 3461.7  m m  against the P E T  of 
1770.1 mm. In Kanyakum ari even during the 
D ecem ber to M arch period , central portion 
o f th e  d is tr ic t  s h o w ed  g o o d  m o is tu re  
adequacy indicating no m oisture stress (Fig 
A g. 2). R e st o f  th e  reg io n  sh o w ed  p oor 
m o istu re  ad eq u acy. O n  th e  o th e r  hand, 
throughout in K asargod district during the 
sam e period, m oisture status w as poor.

W ith respect to  p erform ance o f rubber, 
girth and yield of rubber in Kanyakum ari 
were significantly h igher than in Kasargod 
district. In K anyaku m ari d is tr ict so il OC, 
a v a ilab le  Ca and M g w ere  id e n tifie d  as 
d o m in a n t  fa c to rs  in f lu e n c in g  the 
perform ance o f rubber. O n the o ther hand in 
K a sa rg o d  d is tr ic t  to p o g ra p h ic  fa c to rs  
(e lev atio n  and slo p e) w ere  fo u n d  as  the 
dom inant factors. In Kasargod high elevation 
favoured the perform ance o f ru bber due to 
m o d ific a tio n  in  c lim a te  a ss o c ia te d  w ith 
elevation gradient. Becau se o f th is reason 
m ore rubber area d istribu tion  w as seen  at 
high elevation in Kasargod.

Phenology of rubber varied along the 
elevation gradient in K ottayam . R ubber at



Fig. Ag. 2. MAI map of Kanaykumari and Kasargod at different period

high elevation showed early wintering and 
re fo lia t io n  co m p a red  to  low  e le v a tio n . 
N um ber of new  flushes w ere m ore at low 
elevation compared to high elevation. Climate 
was the m ajor factor influencing the rubber 
yield at high elevation rubber ecosystem . In 
m ed iu m  e lev a tio n  eco sy stem s, n itro g en  
m in e ra liz a t io n  w as th e  m a jo r  fa c to r  
in flu e n cin g  the ru b b e r  y ie ld . A t low er 
elevations, climate or nitrogen mineralization 
did not influenced rubber yield.

10. S o il fe r tility  a sse ssm e n t an d  so il 
h e a lth  m o n ito r in g  o f  tra d itio n a l 
ru b b e r g ro w in g  areas o f  K era la , 
T am il N ad u and  K arn atak a

A project was initiated in collaboration 
with National Bureau of Soil Survey and Land 
U se P lanning , IC A R to docu m ent m ajor,

secondary and micronutrient status o f rubber 
grow ing areas of Kerala, Tam il N adu and 
Karnataka and m apping so il fertility. The 
p ro jec t a lso  e n v isa g e s  to  e s ta b lis h  and 
ch aracterize  so il h ea lth  m o n itorin g  sites 
rep resentative o f the varied agro-clim atic 
situations in  the rubber grow ing regions. 
T he first phase o f the project env isages soil 
sam pling from  the region and analyses of 
so il sam ples fo r organ ic carbon, soil pH, 
plant available nu trients and exchangeable 
alum inium . For so il sam ple collection, area 
u n d e r  ru b b e r  in  e a c h  p a n c h a y a t  w as 
estim ated based  on satellite  im ages. W ith 
the help of officers o f the Rubber Production 
D epartm ent spatially  distributed  holdings 
w ere identified for soil sam ple collection. 
G P S  w a s a lso  u sed  as  a g u id e lin e  fo r



e n s u r in g  s p a t ia l  d i s t r i b u t i o n .  O n e  
co m p o site  soil sa m p le  p er  5 0  ha o f  ru b b e r  
w as co llected . C o re  so il sa m p le s  w e re  a lso  
co llected  fo r  e stim a tin g  g ra v e l co n te n t an d  
bulk  density . T h e  d e ta ils  o f  th e  sa m p lin g  
lo c a t io n  w e r e  a ls o  c o l le c t e d  th r o u g h  
qu estio n n aires.

T h e  s e c o n d  p h a s e  o f  t h e  p r o je c t  
e n v isa g e s  to  e s ta b lis h  s o il h e a lth  m o n ito rin g  

s i t e s  r e p r e s e n t a t iv e  o f  th e  v a r i e d  a g r o -  
c l im a tic  s it u a t io n s  in  th e  r u b b e r  g r o w in g  

r e g io n s  a n d  p r o f i le  s o i l  s a m p le s  w ill  b e  
c o lle c te d  fo r  a n a ly se s . A lre a d y , 5 7  s ite s  w ere  

id e n tif ie d  a n d  s o il s a m p le s  w e r e  c o lle c te d

FERTILIZER ADVISORY GROUP

P r o v id e s  a d v is o r y  s e r v ic e s  o n  
o p t im iz a t io n  o f  f e r t i l i z e r  u s e  in r u b b e r  
p lan tation s fo r  b o th  la rg e  e s ta te s  a n d  sm all 
h o ld ings o n  the b asis  o f  a n a ly sis  o f  s o il an d  

lea f sam p les fro m  in d iv id u al h o ld in g s . A lso, 
prov id es serv ice  to ru b be r g ro w e rs  th ro u g h  
the estim ation  o f  d ry  ru b b e r  co n te n t o f  la tex  
sam ples. T h e facility  is p ro v id ed  th ro u g h  the

Table FAG. 1. D etails on so il, leaf, latex an alysis and 
fertilizer recom m endation

Parameter 

Soli 

Leaf

M ST program 

Fertilizer recommendation 
D RC of latex samples

Num ber

7474

845

45

4000

53267

la b o r a to r y  a t  R R II a n d  th e  n in e  r e g io n a l 
l a b o r a t o r i e s .  T w 'o m o b i l e  s o i l  t e s t i n g  
la b o r a to r ie s  a r e  a ls o  f u n c t io n in g  fo r  th e  

b e n e fit  o f  sm a ll g r o w e rs  b y  o f fe r in g  s o il test 

b a se d  fe r tiliz e r  r e c o m m e n d a tio n  b y  ca m p in g  
a t  th e  fa r m e r 's  fie ld . T h e  d e ta i ls  o n  sa m p le  
o u tp u t a r e  p r o v id e d  in  th e  ta b le  F A G  1.

• A  n e w  la b o ra to ry ' w a s  o p e n e d  a t  K a d a b a , 

S o u t h  K a n a r a  d is t r i c t ,  K a r n a t a k a  fo r  
p r o v id in g  s e r v ic e  to  th e  g r o w e r s  o f  th e  
re g io n .

• T h e  re g io n a l la b o ra to ry , T a lip a ra m p a  w as 

r e n o v a te d  a n d  r e o p e n e d  d u r in g  th e  year.

• In a u g u r a te d  th e  is s u e  o f  s o il h e a l th  card  

a t  th e  p u b l i c  f u n c t io n  o f  t h e  c lo s i n g  

ce re m o n y  o f  th e  s ilv e r  ju b ile e  c e le b ra tio n s  
o f  th e  R u b b e r  P r o d u c e r s ' S o c ie ty .

BIOTECHNOLOGY DIVISION

G e n e t ic  im p r o v e m e n t  o l  H e v e a  
brasilien sis  u s in g  m o d e m  to o ls  is  th e  m a jo r  
o b jec tiv e  o f  B io tech n o lo g y  resea rch  a t  R R II. 
T h e m ajor o n g o in g  r esea rch  p ro g ra m m e s  in  
h e  B io t e c h n o lo g y  D iv is io n  h a v e  b e e n  

R e u s e d  o n  1 ) d e v e lo p m e n t  o f  in  v i t r o  
prop agatio n  tech n iq u es for e lite  H ev ea  c lo n e s

t h r o u g h  s o m a t i c  e m b r y o g e n e s i s  

2 ) d e v e lo p m e n 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 tte r  a d a p ta t io n  to  a b io t i c  s t r e s s e s  &  

ta p p in g  p a n e l d r y n e s s , in c re a s e d  la te x  y ie ld  
a n d  d is e a s e  t o l e r a n c e  3 )  t e c h n i q u e s  to  

c o m p l e m e n t  c o n v e n t i o n a l  b r e e d i n g  
p r o g r a m m e s  s u c h  a s  d e v e l o p m e n t  o f



h a p lo id s  a n d  d ih a p lo id s , d e v e lo p m e n t o f 
p ro to co ls  fo r  e m b r y o  r e scu e  a n d  in d u ctio n  
o f  p o ly e m b r y o n y  4 ) s t u d y  o f  m o le c u la r  
m e c h a n is m s  an d  ch a ra c te r iz a tio n  o f  g e n e s  
r e la te d  to  to le r a n c e  to  d is e a s e s ,  a b io t i c  
s tre sse s , la tex  b io s y n th e s is  an d  5 ) s tu d y  o f 
la t ic ife r  c e ll sp e c if ic  g e n e  e x p r e s s io n  an d  
c h a r a c te r iz a t io n  o f  la t ic i f e r  c e ll  s p e c i f i c  
p ro m o ters .

1 . S o m a t i c  e m b r y o g e n e s i s  a n d  
p la n t  r e g e n e r a t io n

E x p e rim e n ts  w e re  c o n tin u e d  to  re fin e  
th e  s o m a t i c  e m b r y o g e n e s i s  a n d  p la n t  
re g e n e r a t io n  p r o to c o ls  d e v e lo p e d  e a r l ie r  
fro m  im m a tu re  a n th e r  a n d  le a f  e x p la n ts . 
D iffe re n t e x p e r im e n ts  w e re  c a rr ie d  o u t w ith  
th e  a im  o f  s h o r t e n in g  th e  r e g e n e r a t io n  

p a th w a y  u s in g  im m a tu re  a n th e r  e x p la n ts . 
T h e  s y n e rg is tic  e ffe c t o f  th re e  a u x in s  1) 2 ,4 -D  
(0.5 m g L>), N A A  (1.0 m g  L 1), IA A  (0.5 m g  L 1); 
2 ) 2 ,4 -D  (1 .0  m g  L 1), N A A  (0 .5  m g  L ° ) , IA A  
(0 .5  m g  L 1), a n d  3 ) 2 ,4 -D  (1 .5  m g  L 1), N A A  
(0 .2 5  m g  L '!), IA A  (0 .2 5  m g  L '1) a lo n g  w ith  
1.0 m g  L 1 BA  w as tested  for c a llu s  in d u ctio n . 
T h e  p e r c e n t a g e  o f  c a l lu s  in d u c t io n  w a s  
h i g h e s t  in  m e d iu m  f o r t i f i e d  w it h  2 ,4 -D  
(1 .5  m g  L 1), a lo n g  w ith  N A A  (0 .2 5  m g  L 1), 
IA A  (0 .2 5  m g  L  ') . R e p la ce m e n t o f  K in  w ith  
B A  in  th e  e a r l ie r  s t a n d a r d iz e d  m e d iu m  
im p ro v e d  th e  ca llu s  in d u ctio n , g r o w th , as 
w ell a s  fr ia b ility  o f  th e  ca llu s . T h e  fr ia b le  
c a llu s  in d u ced  w a s cu ltu r e d  fo r  2  w e e k s  in  
Vi stre n g th  liq u id  m e d iu m . It w a s n o te d  th a t 
tw o  w e e k s  c u ltu r e  in  liq u id  m e d iu m  w as 
v ery  b e n e fic ia l fo r  p ro life ra tio n  o f  th e  fr ia b le  
c a l l u s .  T h e  p r o l i f e r a t e d  c a l lu s ,  u p o n  
s u b c u ltu r e  o v e r  e m b r y o  in d u ctio n  m e d iu m , 

g lo b u la r  to  h e a r t  s h a p e d  e m b r y o s  w e re  
o b ta in e d .

L e a f e x p la n ts  c o lle cted  fro m  g la ss  h o u se  
g ro w n  b u d  g ra fte d  p o ly b a g  p la n ts  o f  c lo n e  
R R II 1 05  a n d  fro m  in  v itro  d ev e lo p e d  so m a tic

p la n ts  o f  c lo n e  R R I I  1 0 5  w e r e  u s e d  fo r  
in it ia t in g  v ia b le  a n d  c o n t a m in a t io n  free  
cu ltu res . C a llu s  in d u ctio n  w a s o b ta in ed  a fter 
on e  m o n th  in le a f  e x p la n ts  c o lle c te d  fro m  
g la s s  h o u s e  g r o w n  b u d  g ra fted  p la n ts  an d  
a fte r  tw e n ty  d a y s  in  ex p la n ts  c o lle c te d  fro m  
s o m a t ic  e m b r y o  d e r iv e d  in  v i t r o  p la n ts .  
P r o l i f e r a t e d  c a l lu s  o b ta in e d  a f t e r  th r e e  
su b c u ltu r e s  w a s  fr ia b le . E m b r y o g e n ic  ca lli 
w a s  o b ta in e d  fro m  th e  p r o life r a te d  ca llu s  
c lu m p s  w ith in  3 - 4  m o n th s  a n d  e a c h  lin e  
w ere  m a in ta in e d  s e p a ra te ly  an d  su b cu ltu red  
fo r  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  
(5 0 -7 0 % ) w a s  o b ta in e d  in  m o d ifie d  M S  b asa l 
m e d iu m  co n ta in in g  m y oin osito l (100  m g  L 1), 
a d e n in e  s u lp h a te  (5 0  m g  L ') , B , v ita m in s , 
a m in o  a c id s ,  o r g a n ic  s u p p le m e n ts ,  s i lv e r  
n i tra te  (1 0  m g  L 1), s u c r o s e  (6 0  g  L ')  a n d  
o p t im iz e d  le v e l  o f  p h y to h o r m o n e s .  T h e  
m e d iu m  w a s  a l s o  s u p p l e m e n t e d  w it h  
a c tiv a te d  ch a rco a l (0 .2 % ) a n d  so lid if ie d  w ith  
p h y ta g e l (0 .5 % ). T h e  p r im a r y  c a llu s  c lu m p s  

c o n t in u o u s ly  p r o d u c e d  n e w  e m b r y o g e n ic  
c a llu s  o n  s u b c u ltu r e  to  fr e s h  m e d iu m  fo r  
a b o u t s ix  m o n th s .

T h e  in f lu e n c e  o f  d i f f e r e n t  a m in o  
a c id s  o n  e m b r y o  in d u c t io n  w a s  s tu d ie d . 
T h r e e  c o m b i n a t i o n s  w e r e  t r i e d  1 ) - 
G lu ta m in e  (3 0 0  m g  L 1), p r o lin e  (1 0 0  m g  L 
') , a r g in in e  ( 4 0  m g  L 1) ,  L -  c y s t e i n e  ( 5 0  
m g  L '1) ;  2 ) G lu tam in e (300  m g  L '1), arg in in e 
(40  m g L ') ,  L- c y ste in e  (50  m g  L 1); 3 ) P ro lin e  
(100  m g  L 1), a r g in in e  (4 0  m g  L  >), L -  cy s te in e  

( 5 0  m g  L ! ) .  A m o n g  t h e s e ,  th e  f i r s t  
c o m b in a tio n  w a s  fo u n d  to  b e  m o re  s u ita b le  
a n d  h e lp e d  in  e n h a n c in g  th e  ra te  o f  e m b r y o  
in d u c tio n . T h e  e m b r y o s  e n la rg e d  w ith  ro o t - 
s h o o t  a p e x  in d u c t io n  in  th e  m a t u r a t io n  
m e d iu m  o n  d a r k  in c u b a t io n  a n d  s ta r te d  
g e r m i n a t i o n  a f t e r  tw o  w e e k s .  P l a n t  
re g e n e r a tio n  w a s  o b ta in e d  fro m  g e rm in a te d  
e m b r y o s  in  M S  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 allu s in duction w ith  im p rov ed  tex tu re  2 .2 . G e n e r a t io n  o f  a n d r o g e n ic  h a p lo id s  in  
w as obtain ed  from  the cu t e n d s  as w ell a s  H e v e a  b r a s i l i e n s i s

from  the leaf su rface  in th e  m o d ified  ca llu s  2.2.1. I n t a c t  m ic r o s p o r e  c u ltu r e

in d uction  m ed iu m  co n ta in in g  p ic lo ra m  (2 .0  
m g  L 1) an d  p h y to h o rm o n es; BA , 2,4 -D  and 
N A A . C a llu s  p ro lifera tio n  w as o b ta in ed  in 
th e  m o d if ie d  c a llu s  in d u c t io n  m e d iu m  
fortified  w ith  a d en in e su lp h a te  (50  m g  L '1) 
an d  L -cy ste in e  h y d ro c h lo rid e  (5 0  m g  L 1) 
a lo n g  w ith  red u ced  2 ,4 -D  a n d  in c r e a s e d  
sucrose. E m bryogen ic ca llu s  w as o b ta in ed  in 
m e d iu m  c o n t a in i n g  p h y t o h o r m o n e s ,  
piclo ram  (2 .0  m g  L !)  an d  th e  a m in o  a c id s  
g l u t a m i n e  ( 3 0 0  m g  L 1) a n d  p r o l i n e  
(200 m g  L"*), E m bryo  in d u ctio n  w as o b ta in ed  
fro m  th e p ro life ra te d  e m b r y o g e n ic  ca llu s  
w ith  6 0 -7 0 %  f r e q u e n c y  in  th e  e a r l i e r  
stan d ard ized  em bry o  in d u ctio n  m e d iu m .

2. In v itr o  a p p r o a c h e s  to  
c o m p lim e n t  c o n v e n t io n a l  
breed in g  program m es

2.1. E m b r y o  r e s c u e  a n d  i n d u c t i o n  o f  
p o ly e m b ry o n y  in  H e v e a  b r a s i l i e n s i s  

T h e  gro w th  re g u la to r  c o m b in a tio n  o f  
G A , (2 m g  L-') an d  K in  (3  m g  L 1) rep o rted  
earlier  fo r  th e  in d u ctio n  o f  m u ltip le  e m b ry o s  
w as k ep t co n sta n t an d  d iffe re n t le v e ls  o f  
o th er g ro w th  r eg u la to rs  v iz . z e a tin , IA A , 2 - 
iP, 2 ,4-D  an d  BA  w e re  tr ied  a lo n g  w ith  th em  

for th e  in d u ctio n  o f  em b ry o g e n ic  c a llu s  an d  
resu lts a re  aw aited .

P l a n ts  d e v e lo p e d  e a r l i e r  t h r o u g h  
p o ly e m b ry o n y  w e r e  u se d  fo r  s t o c k -s c io n  
in t e r a c t io n  s t u d ie s .  D N A  m e t h y l a t io n  
s t u d ie s  w e r e  c a r r ie d  o u t  in  th e  
po lyem bryo n y  d erived  p lan ts to  u n d erstan d  
sto ck - sc io n  in teraction , in  co lla b o ra tio n  w ith  
G e n o m e  a n a ly s is  la b o r a to r y . P r e lim in a r y  
s tu d ie s  in d ica te d  n o  e p ig e n e t ic  v a r ia tio n  
am o n g  th e  p o ly e m b ry o n y  d e r iv e d  p la n ts .
I lan ts a re  b e in g  b u d  g ra fted  o n  to  asso rted  
seed lin g s  for fu rth er  stu d ies .

T h e  in f lu e n c e  o f  c e r ta in  p a r a m e te r s  on 
m ic r o s p o r e  d iv is io n  a n d  s u b s e q u e n t  m icro  

c a l l u s  f o r m a t i o n  s u c h  a s  d i f f e r e n t  
g e n o ty p e s , v a r io u s  p r e - t r e a t in g  a g e n ts ,  the 
s t a g e  o f  t h e  m i c r o s p o r e s  a n d  y -r a y  
i r r a d ia t io n  w e r e  a s s e s s e d .  M a le  f lo w e r s  
b e lo n g in g  to  th r e e  g e n o ty p e s  n a m e ly  c lo n e  
R R I I  1 0 5 ,  R R I I  4 1 4  a n d  R R I I  4 3 0  w e r e  

s e p a r a t e d  f r o m  t h e  i n f l o r e s c e n c e  a n d  
s u r fa c e  s t e r i l iz e d  w it h  0 .1 %  H g C l ,  fo r  5 

m i n u t e s .  A n t h e r s  w e r e  d i s s e c t e d  o u t  
a s e p t i c a l l y  a n d  i n o c u l a t e d  in  th e  p r e ­

tr e a tm e n t  s o lu t io n . P r e - t r e a t m e n t  o f  th e  
a n th e r s  w e r e  tr ie d  in  s u c r o s e  s o lu t io n  (10  
% ) ,  s u c r o s e  (5 % )  + m a n n i t o l  ( 5 % )  a n d  

m a n n ito l  (1 0  % )  a lo n e .  T h e  p r e - tr e a tm e n t  

w a s  c o n t in u e d  fo r  a  p e r io d  o f  5  to  1 0  d a y s . 

T h e  f lo w e r  b u d s  w e r e  a l s o  e x p o s e d  to  

v a r y in g  d o s e s  o f  g a m m a  r a d ia t io n s  (2 5 0 - 
1 0 0 0  G y ) .  T h e  a n t h e r s  w e r e  d is s e c t e d ,  

m ic r o s p o r e s  s q u e e z e d  o u t  a n d  c u ltu r e d  fo r  

c a llu s  in d u c t io n .  O b s e r v a t io n s  s h o w e d  the 
p o s i t i v e  i n f l u e n c e  o f  t h e  g e n o t y p e  o n  

m i c r o s p o r e  d i v i s i o n ,  w h e r e ,  t h e  m o s t  

r e s p o n s iv e  g e n o ty p e  w a s  c lo n e  R R I I  4 1 4  
fo llo w e d  b y  c lo n e  R R I I  4 3 0  a n d  R R I I  105. 

A m o n g  th e  tw o  d e v e lo p m e n ta l  s ta g e s  o f  th e  
p o lle n  u s e d  fo r  c u ltu r e  in it ia t io n , th e  e a r ly  

b i -  n u c le a t e  s t a g e  r e s p o n d e d  p o s i t iv e ly  

to w a rd s  c u ltu r e  c o n d it io n s .  A  c o m b in a t io n  
o f  m a n n it o l  (5 % )  w it h  s u c r o s e  (5 % )  w as 
id e a l  f o r  m i c r o s p o r e  d iv is i o n  a n d  m ic ro  
c a l l u s  f o r m a t i o n  c o m p a r e d  to  o t h e r  

t r e a t m e n t s .  M a x im u m  d i v i s i o n  o f  th e  
m ic r o s p o r e s  w a s  a c h ie v e d  f r o m  th e  p o lle n  

g r a in s  is o la te d  fr o m  ir r a d ia te d  f lo w e r s  at 
5 0 0  G y . T h e  d i v i s i o n  o f  t h e  i r r a d ia t e d  

m i c r o s p o r e s  w a s  c o m p a r a b l e  to  t h a t  
o b t a in e d  a f t e r  s u c r o s e  + m a n n i t o l  p r e ­
tr e a tm e n t .



Biotech Fig. 1 a-c. Pollen  protoplasts M icro colon y form ation  M icro  callus

2 .2 .2 . P o lle n  p r o t o p l a s t  cu ltu r e

P o llen  g r a in s  fro m  m a tu re  m a le  flo w er 
b u d s  w e r e  s e p a r a t e d  a n d  s u b je c t e d  to  
e n z y m a tic  d ig e stio n . In ta c t  p ro to p la s ts  w ere  
iso la ted  in  v e ry  h ig h  y ie ld  (8 0 .9 0 % ). P a rtia l 
p u r ifica tio n  o f  th e  iso la ted  p r o to p la sts  co u ld  
b e  a ch iev e d  th ro u g h  s ie v in g  tech n iq u e  u sin g  
s ie v e s  o f  6 0 -7 0  m e s h  s iz e  fo llo w e d  b y  
cen trifu g a tio n  (F ig . 1 a). T w o b asa l m e d ia  v iz. 
K P R  a n d  C h u  N 6  m e d ia ,  fo r t if ie d  w it h  
d iffe r e n t le v e ls  o f 2 , 4 -D  (0 .1 -1 .0  m g  L  ')  an d  
B A  (0 .1 -1 .0  m g  L '1) w e re  e n r ich e d  w ith  H ev ea  
n u r s e  c u l t u r e .  P a r t ia l ly  p u r i f ie d  p o l le n  
p r o to p la s ts  w e r e  c u ltu re d  o v e r  m e m b ra n e  
filters p laced  o v e r  th e se  m e d ia  a n d  in cu bated  
in th e  d a rk  a t  2 8 °C . D iv is io n  o f  p ro to p la s ts  
le a d in g  to  th e  fo r m a tio n  o f  a fe w  m ic ro  
c o lo n ie s  w a s  o b s e r v e d  in  N 6  m e d iu m  
c o n ta in in g  0 .8  m g  L ’1 2 , 4 -D  a n d  0 .5  m g  L‘‘ 
B A  (F ig . 1 b ). In  K P R  b a sa l m e d iu m , ev e n  
th o u g h  n o  m ic ro  co lo n y  fo r m a tio n  co u ld  be 
d ete cted , th e  p ro to p la sts  a p p ea red  in ta c t an d  
h e a lth y . T h e  c u ltu r e s  w ith  m ic ro  c o lo n ie s  

w e r e  d a r k  in c u b a t e d  f o r  f u r t h e r  
d e v e lo p m e n t . A d d it io n  o f  fre sh  m e d iu m , as 
d ro p s, to  th e  c u ltu re d  p r o to p la s ts  w a s  d o n e  
a t  f o r t n i g h t l y  i n t e r v a l s .  M ic r o  c a l lu s  
fo r m a tio n  fro m  ti ie s e  m ic ro  c o lo n ie s  w as 
o b ta in e d  a n d  a re  m a in ta in e d  in  th e  s a m e  
m e d iu m  fo r  fu r th e r  p ro life r a tio n  (F ig . 1 c).

2 .2 .3 . C u ltu re  o f  p o l l e n  t e t r a d s  a n d  i s o l a t i o n  
o f  p r o t o p l a s t s  

T h e  e x in e  o f  m a tu re  m ic ro s p o re  b e in g  
h a r d y  fo r  p r o t o p l a s t  is o l a t io n ,  a n o t h e r  
a t t e m p t  w a s  m a d e  f r o m  a n  e a r ly  
d e v e lo p m e n ta l s ta g e  o f  m ic ro sp o re  n a m e ly  
te tra d . Y o u n g  m a le  f lo w e r  b u d s  o f  H ev ea  
c o n ta in in g  th e  te trad  s ta g e  o f  p o lle n , w ere  
c o lle c te d  a n d  s u r fa c e  s te r il iz e d  w ith  0 .1 5 %  
m e r c u r ic  c h lo r id e  fo r  3  m in u te s .  A n t h e r  
co lu m n s  w ere  d isse c te d  o u t a n d  s q u e e z e d  
g e n tly  in  th e  o sm o ticu m . A fte r  r e m o v in g  th e  
d e b r i  th r o u g h  f i l t r a t io n , th e  f i l t r a t e  w a s 
c e n tr ifu g e d  a n d  th e  p e lle t w a s  re su sp e n d e d  
in  a m in im u m  v o lu m e  o f  fre sh  o sm o tic u m . 
W h e n  o b s e r v e d  t h r o u g h  a n  in v e r t e d  
m i c r o s c o p e  a  m i x t u r e  o f  t e t r a d s  a n d  
m ic ro s p o re s  w ith  v e ry  lit t le  p o lle n  m o th e r  
c e lls  (P M C ) c o u ld  b e  o b ta in e d  w h ic h  w a s 
s u s p e n d e d  in  th e  o s m o t ic u m .  T h e  

s u s p e n s io n  w a s  c e n tr ifu g e d  to  p e lle t  dow 'n 
th e  tetrad  -  m ic ro sp o re  -  P M C  m ix tu re  w h ich  
w a s  cu ltu r e d  o v e r  d if fe r e n t c a llu s  in d u c tio n  
m e d ia  a n d  in c u b a te d  in  th e  d a rk . A  p o rtio n  
o f  th e  te tra d  -  m ic ro s p o re  -  P M C  m ix tu re  
w a s  su b je c te d  to  e n z y m a tic  d ig e s t io n  w ith  
d iffe r e n t le v e ls  o f  th e  e n z y m e  c y to h e lic a s e  
a lo n e  ( 0 .1 -1 .0  % ), a s  w ell a s  w ith  th e  e n z y m e  
c e llu la s e  (0 .5 % ). W h e n  th e  iso la te d  p o lle n  
te tra d s  w e r e  in cu b a te d  w ith  d iffe r e n t le v e ls



o f the enzym e cy to h e lica se , ce ll w all 
digestion was observed with 0.3 -0.5%  o f the 
enzvme. Addition o f 0.5% cellulase along 
w ith  cy to h e lica se , cou ld  im p ro v e  the 
digestion of the tetrads but the y ield of 
protoplasts from the tetrads was very low.

2.2.4. G e n e r a t io n  o f  g y n o g e n ic  h a p l o i d s  in  
H ev ea  b ra s ilien s is  

Unpollinated female flowers at various 
developmental stages, as evidenced by their 
size and colour, were collected from field 
grown plants of clone RRII 105 and surface 
sterilized. Intact ovules, ovules without outer 
integument and intact em bryo sacs were

C allus proliferation  from  em bryo sac

isolated from these flow ers and cultured for 
callus induction . A bout 80%  o f the intact 
o v u les as w ell as o v u le s  w ith o u t outer 
integum ents show ed sw elling  w ithin two 
w eek s o f  c u ltu re  fo llo w e d  b y  c a llu s  
formation. Around 30%  callus induction was 
obtained from  the cu ltu red  em b ry o  sacs 
within 3 m onths of incubation (Fig. 2 a). Since 
em bryo sac orig inates from  a haploid cell, 
ca llu s indu ced from  the cu ltu red  sacs is 
expected to be haploid (Fig. 2  b). Egg cell 
iso lation  from  the in tact o v u les  through 
enzym atic digestion w as also  attem pted.

For indu cing callus from  the haploid 
cells o f the em b ryo sac, three sets o f pre­
treatm ents w ere g iven to the m ature female 
flowers w hich include cold treatm ent of the 
flow er buds, pre cu ltu re in the starvation 
m ed iu m , an d  ir r a d ia t io n . A fte r  p re ­
treatm ent they w ere inoculated in the callus 
induction m edium  and d ark  incubated  at 25 
± 2"C. D uring cold treatm ent, the flow er buds 
were m aintained at 4 C for 10 to 15 days after 
w hich the ovules w ere isolated and cultured 
in the callus induction m edium . Alternatively 
the iso la ted  o v u les w ere  cu ltu red  in the 
s ta rv a tio n  m e d iu m  (K C 1, 1 .4 9  g  L _l- 
M gSOJ.7 H ,0 ,0.25  g L C a C l, 0.11 g L 1 and 
M a n n ito l (0 .3  M ) 5 4 .6 3  g L -'a n d  1 mM 
phosphate bu ffer o f pH  7.0) for 7  days and 
su b se q u e n tly  tra n s fe rre d  to  th e  cu ltu re  
m edium . Flow er bu d s w ere also  irradiated 
with y-rays at three different dosages (50,100, 
200 krad ) and the o v u les  w ith  the inn er 
integum ent w ere isolated and cu ltu red  for 
callus induction. The basal m edium  for callus 
indu ction  in clu d e M u rash ig e  and Skoog, 
ru b b e r  tre e  m e d iu m  a n d  N 6 m e d iu m , 
supplem ented w ith low er levels o f grow th 
regulators, 2,4 D (0.01- 0.2  m g L '), NAA (0.2- 
0 .8  m g L ') and Kin (0.2 - 0 .6  m g L 1). Sub 
culturing o f the ovules w ere carried out at 
m onthly intervals and the responding ovules 
w ere scored  a fter fifty  days o f cu ltu re. The 
explants subjected to cold treatm ent as well



a s  cu ltu red  in  s ta rv a tio n  m e d iu m  fa iled  to 
in d u c e  d iv is io n . I r r a d ia t io n  w ith  y- r a y s  
tr ig g ered  d iv is io n  in  so m e  o f  th e  o v u le s  an d  
th e  o p t im u m  d o s e  w a s  1 0 0  k r a d . T h e s e  
c u ltu r e s  re s p o n d e d  p o s i t iv e ly  w h ic h  w as 
e v id e n t  f r o m  th e  s w e l l in g  o f  th e  o v u le s  
w ith o u t an y  d isco lo ra tio n .

E m b ry o g e n e s is  w as a ch ie v e d  a t  a lo w  
fr e q u e n c y  fro m  th e  e m b r y o g e n ic  m a s s e s  
g e n e r a te d  fro m  th e  c a lli  o b ta in e d  e a r l ie r  
f r o m  th e  m ic r o p y l a r  e n d  o f  th e  m a tu r e  
o v u l e s .  T h e  e m b r y o s  o b t a in e d  w e r e  
s e p a r a te d  fr o m  th e  e m b r y o g e n ic  c u ltu r e s  
an d  tra n sfe rre d  fo r  m a tu ra tio n . T h e  e m b ry o  
m a tu r a tio n  m e d iu m  w a s h a lf s tre n g th  M S  
b a s a l m e d iu m  s u p p le m e n te d  w ith  h ig h e r  
le v e ls  o f  K N 0 3 o r g a n ic  su p p le m e n ts , a m in o  
a c id s  (g lu ta m in e , p ro lin e  a n d  a sp a ra g in e )  
an d  d ev o id  o f  p h y to h o rm o n e s. T h e  m atu red  
em bry o s w ere  cu ltu red  for p lan t regeneratio n .

2 .2 .5  In  v it r o / in  v iv o  p o l l in a t io n s  f o r h a p l o i d  
p r o d u c t io n  

A  n e w  e x p e r i m e n t  w a s  in i t ia t e d  to  
d e v e lo p  h a p lo id  p la n ts  b y  p o ll in a t in g  th e  
fe m a le  p a r e n t w ith  ir ra d ia te d  p o lle n  g ra in s  
fo llo w e d  b y  r e scu e  o f  e m b r y o s  b y  in  v itro  
cu ltu re . P o lle n  s t im u la te s  th e  d iv is io n  o f  the 
e g g  ce ll a n d  th u s in d u c e s  p a r th e n o g e n e s is  
a n d  le a d s to  th e  d e v e lo p m e n t o f  g y n o g e n ic  
h a p lo id  e m b r y o . M a tu re  flo w e r  b u d s  w ere  
co lle c te d  fro m  th e  f ie ld  g r o w n  tr e e s  o f  c lo n e  
R R II 105 . T h e y  w ere  su b je c te d  to  d iffe re n t 
d o z e s  o f  y -ray s ra n g in g  fro m  100  -  2 0 0 0  G Y  
a n d  th e  p o lle n  v ia b i l i t y  w a s  s t u d ie d  b y  
a ce to ca rm in e  s ta in in g  tech n iq u e . T h e  d o sa g e  
o f  a -ra y s  fo r  in h ib itin g  5 0 %  v iab ility  o f  p o llen  
g r a in s  w a s fo u n d  to  b e  1 000  G y.

2.3 . D ev e lo p m e n t o f tr ip lo id s  in  H e v e a  
b r a s i l i e n s i s  th ro u g h  e n d o sp e rm  
culture

S e e d s  w e r e  co lle c te d  fro m  fie ld  g ro w n  
H e v e a  t r e e s .  T h e  h a r d  s e e d  c o a t s  w e r e  
rem o v ed  m e ch a n ica lly  a n d  th e  s e e d s  w ere

s u r f a c e  s t e r i l iz e d  u s i n g  0 .2 %  m e r c u r ic  
c h lo rid e  fo r  5  m in u te s . E n d o s p e rm  tissu e  
w e r e  s e p a r a te d , c u t  in to  th in  s l i c e s  a n d  
c u ltu r e d  fo r  c a llu s  in d u c tio n  in  M S  b a sa l 
m e d iu m  fo rtified  w ith  d iffe re n t le v e ls  o f  2 ,4-
D , N A A , B A  a n d  K in . C a llu s  in d u c tio n  at 
low  fre q u e n cy  w a s o b ta in e d  in  th e  p re se n ce  
o f  2 .0  m g  L '1 2 ,4 -D  an d  3 .0  m g  L  1 k in e tin .

I s o la t io n  a n d  c u lt u r e  o f  e n d o s p e r m  
p ro to p la sts  w ere  a lso  a ttem p ted . E n d o sp erm  
tissu e  fro m  th e s te r il iz e d  s e e d s  w a s  c u t in to  
v e ry  th in  s lice s  a n d  su b je c te d  fo r  e n z y m a tic  
d i g e s t i o n  fo r  p r o t o p l a s t  r e l e a s e  u s i n g  
d i f f e r e n t  c o m b i n a t i o n s  o f  c e l l u l a s e ,  
m a c e r o z y m e  a n d  p e c t in a s e  a t  d i f f e r e n t  
co n c e n tr a tio n s  an d  k e e p in g  th e  c u ltu r e s  in  
th e  d a rk  w ith  g e n tle  sh a k in g . A  co m b in a tio n  
o f  1 %  ce llu la s e  + 0 .1 %  p e c to ly a s e  w a s th e  
m o st su ita b le  o n e  g iv in g  a m a x im u m  y ield  
(7 0 % ) o f  p r o to p la s ts  f r o m  th e  e n d o sp e r m  
t i s s u e .  P r o t o p l a s t  r e l e a s e  f r o m  th e  
e n d o s p e r m  t issu e  in itia te d  w ith in  h a l f  an  
h o u r  o f  in c u b a tio n  a n d  r e le a s e  o f  in ta c t  
p r o to p la s ts  c o n t in u e d  u p  to  2  h rs . H o w ev er, 
it  w as o b serv ed  th a t w ith  in  2  h rs  th e  so lu tio n  
tu rn ed  tu rb id  a n d  th e  r e le a se d  p r o to p la s ts  
co u ld  n o t b e  re tr ie v e d . It a p p e a r s  th a t th e  
tu rb id ity  is  d u e  to  th e  re le a se  o f  sm a ll o il 
g r a n u le s  p r e s e n t a s  s to re d  m a te r ia l in  th e  
e n d o sp e rm . F u r th e r  e x p e r im e n ts  n ee d  to  b e  
c a rr ie d  o u t u s in g  e n d o sp e r m  tissu e  in  th e  
i n i t i a l  s t a g e s  o f  i t s  d e v e lo p m e n t  f r o m  
im m a tu re  fru its .

2 .4 . In d u ctio n  o f p o ly p lo id y  in  d ip lo id
callus

F r e sh  ca lli in d u ce d  fro m  a n th e r  tissu e  
o f  c lo n e  R R I I  1 0 5  w e r e  p r o l i f e r a t e d  in  
m e d iu m  w it h  r e d u c e d  a u x in .  T h is  
p r o l i f e r a t e d  c a l l u s  w a s  t h e n  u s e d  fo r  
c h r o m o s o m e  d o u b lin g  th ro u g h  c o lc h ic in e  
t r e a tm e n t .  P r o l i fe r a te d  c a l l i  r a is e d  fr o m  
im m a tu re  in flo re s c e n c e  o f  c lo n e s , R R II 4 2 2  
an d  4 3 0  w e r e  a ls o  s u b je c te d  to  c o lc h ic in e  
t r e a t m e n t .  C o l c h i c i n e  a t  d i f f e r e n t



concentrations was incorporated in MS basal 
medium and calli were cultured over these 
media for different time intervals in two 
different experiments; 1.) colchicine (0.05, 
0.1,0.2, and 0.4%) for 24, 48 and 72 hours 2.) 
colchicine (0.01-0.1%) for 2 ,4 ,6  and 8 hours. 
All the colchicine treated cultures were kept 
in the dark at 28°C  and the resu lts are 
awaited.

3 . G e n e t ic  T r a n s fo r m a t io n

All arrangem ents w ere m ade for the 
field trial o f the earlier developed transgenic 
plants integrated with the M nSOD gene, at 
the Regional Research Station, Dapchari, 
Maharashtra State. These transgenic plants 
are expected to have increased tolerance to 
drought and other abiotic stresses as well as 
tapping panel diyness. However, since the 
'N o  O b jec tio n  C e r t if ic a te "  from  the 
Maharashtra State Government for initiating 
the field trial is pending, the trial could not 
be started. The drought tolerant traits of these 
p la n ts  g ro w in g  in p o ly b a g s  u n d er 
containment conditions wrere evaluated in 
co lla b o ra tio n  w ith  C ro p  p h y sio lo g y  
Division. O ne year old plants of M nSOD 
transgenic Hevea lines (LI and L2) and an 
untransformed line of clone RRII 105 were 
used in the present study to evaluate their 
physiological perform ance in a dry humid 
environm ent by w ithholding irrigation for 
six  days and to see the recov ery  by  re­
w atering for three days. The dry m atter 
partitioning was relatively more towards the 
root in transgenic lines (55% and 60% in LI 
and L2, respectively) while, it was less in the 
untransformed RRII 105 (43%). A fter six days 
of moisture stress in polybags, pre-dawn leaf 
water potential and relative w ater content 
declined in all the lines, however, L I showed 
higher tissue water content throughout the 
drought and follow ing recovery  periods.

Chlorophyll content and effective quantum 
yield (OPSII) during drought period did not 
show a significant reduction , possibly due 
to the rapid  d e v e lo p m en t o f stress. Net 
photosynthetic rate (PN) declined rapidly and 
by the 3rd day o f d rou g h t treatm ent, and 
reached near zero, barring L I, w hich showed 
slower decline in PN. The decline in stomatal 
conductance ( g j  w as m ore rapid than P in 
all the lines. On re-w atering, recovery in both 
PN and g4 w as better in the transgenic lines 
than untransform ed RRII 105, w hich did not 
recov er fu lly  from  the d ro u g h t im pact. 
A ntioxidant enzym es nam ely, superoxide 
dismustase and peroxidase did not show' any 
consistency in their activ ities in the three 
lines. SO D  activity w as h igher in transgenic 
line L2 w hereas the o ther lines had lower 
activ ity  un d er w ell w atered  and drought 
conditions. Lipid p eroxid ation  w as m ore in 
the transgenic lines possibly due to the excess 
H 20 2 g e n e ra te d  by  S O D  a c t iv ity  in the 
transgenic lines. H ow ever, it w as found that 
line L I had better d rought tolerant capacity 
under the drought cond itions in the North 
Konkan region o f India.

T h e  tra n s g e n e  in te g r a t io n  in the 
transgenic plant developed in the previous 
year in tegrated  w ith M n SO D  g en e using 
im m ature anther derived callus explants was 
confirm ed by PCR. T h is tran sg en ic  plant 
from a new' transgenic even t has been fully 
acclim atized and ready for m u ltip lication by 
bud grafting for further an aly sis o f drought 
tolerant traits.

A n ew  e x p e r im e n t w as in itia te d  to 
develop antib io tic m arker free transgenic 
rubber plants for d esirable traits. Cre/ loxP 
technique is used to rem ove the antibiotic 
m arker gene once the transgene is integrated 
into Hevea tissues. A gen eric bin ary  vector 
w ith  C re/ lo xP  s p e c i f ic  s e q u e n c e  w as 
synthesized in collaboration w ith University



o f A r k a n sa s , U SA . T h e  g e n e ric  b in a ry  v ecto r  
w a s  tra n sfe rred  to  A g rob acter iu m  tu m efac ien s  
stra in  E H A 105. F o r  th e  fu n ctio n a l v a lid a tio n  
o f  th e  g e n e ric  b in a ry  vector, tra n sfo rm a tio n  
e x p e r im e n t  w a s  c a rr ie d  o u t w ith  to b a c c o  
c a llu s . T h e  tra n sg e n ic  c a llu s  lin es  o b ta in ed  
w ere  cu ltu red  for p ro lifera tion . A grobacter iu m  
in fe c tio n  w a s  a ls o  c a rr ie d  o u t w ith  H ev ea  
friab le  a n th e r  ca llu s  an d  k a n a m y d n  w as u sed  
fo r  th e  se le c tio n  o f  tr a n s g e n ic  ca llu s  lin es. 

K a n a m y d n  r e s is ta n t c a llu s  lin e s  o b ta in e d  
w ere  c u ltu re d  fo r  p ro life ra tio n .

E x p e rim e n ts  w ere  a lso  ca rr ie d  o u t  for 
d e v e lo p in g  t r a n s g e n ic  r u b b e r  p la n ts  fo r  
m u ltip le  tra its  b y  in te g r a tin g  tw o  o r  m o re  
tr a n sg e n e s  in  H ev ea  tis su e  th ro u g h  rep e a te d  
tra n sfo rm a tio n . In th is  e x p e r im e n t a tte m p ts  
w e re  m ad e  to  in co rp o ra te  M n S O D  fo r  ab io tic  
s tre ss  to le ra n ce  a n d  h m g r l  g e n e  fo r  in creased  
r u b b e r  b io s y n th e s is .  M n S O D  tr a n s g e n ic  

c a l l u s ,  u n d e r  t h e  c o n t r o l  o f  F M V 3 4 S  
p r o m o t e r  w e r e  g e n e r a t e d  u s in g  z y g o t ic  
e m b r y o  d e r iv e d  e m b r y o g e n ic  c a llu s .  T h e  
M n S O D  t r a n s g e n ic  c e l l  l in e s  (T , )  w e r e  
p ro life ra te d  an d  th e  fo re ig n  g e n e  in teg ra tio n

w as co n firm ed  b y  P C R  an a ly sis  w ith  M n S O D  
g e n e  s p e c i f i c  p r im e r s .  T h i s  M n S O D  
tra n sg e n ic  c a llu s  w a s  u se d  a s  th e  ta rg e t tissu e 
fo r  h m g r l  g e n e  i n t e g r a t i o n  e m p lo y in g  
v a cu u m  in filtra tio n  te ch n iq u e . S in c e  h p t  w a s  

u se d  a s  th e  s e le c ta b le  m a r k e r  g e n e  in  th e  
H M G R 1 g en e construct, h y g ro m y d n  (40  mg/1) 
w as u sed  fo r  th e  s e le c tio n  o f tra n s fo rm e d  c e ll 
l in e s . E le v e n  h y g r o m y c in  r e s is ta n t  c a llu s  
lin es w e re  o b ta in ed  a n d  a ll th e  c e ll l in e s  w ere  
cu ltu r e d  o v e r  c a llu s  p ro life r a tio n  m e d iu m  
fo r tifie d  w ith  h y g r o m y d n . P ro life ra te d  calli 
w e r e  c u l t u r e d  o v e r  e m b r y o  in d u c t io n  
m e d iu m  an d  e m b ry o  in d u ctio n  w as o b ta in ed  
fro m  fo u r  c e ll lin e s . T h e  e m b r y o s  o b ta in e d  
w e r e  t r a n s f e r r e d  to  e m b r y o  m a t u r a t io n  
m e d iu m  a n d  th e y  a re  u n d e r  d if fe r e n t s ta g e s  
o f  d e v e lo p m e n t. A  p o rtio n  o f  th e  p ro life ra ted  

c a l lu s  w a s  u s e d  fo r  P C R  a n a l y s i s  w it h  
M n S O D  a n d  h p t  g e n e  s p e c i f i c  p r im e r s .  
A m p lif ic a tio n  w a s o b ta in e d  in  a ll  th e  c e ll 
l i n e s  t e s t e d  w i t h  b o t h  s e t  o f  p r im e r s ,  
c o n f i r m in g  th e  p r e s e n c e  o f  M n S O D  a n d  
h m g r l  tr a n s g e n e s  in  th e  t r a n s g e n ic  c a llu s  

(F ig . B io te ch . 3 ).



T h e  s o m a tic  e m b r y o g e n e s is  s y s te m  
developed  from  lea f e x p lan ts w as a lso  used 
for g en etic  transfo rm ation  and  d ev e lo p m en t 
o f  transgenic plan ts. E m bryogen ic ca llu s  lines 
o b ta in e d  fr o m  g e n e t i c  t r a n s f o r m a t io n  
e x p e r im e n t s  c a r r ie d  o u t  e a r l i e r  w e r e  
m aintained  viab le b y  su b cu ltu re  in m e d iu m  
contain ing  k a n a m y d n  (100  m g L '). E m b ry o  
in duction w as ob ta in ed  fro m  tra n sg e n ic  1 in es 
in corporated  w ith  all M n S O D  an d  ip t  g en es 
w ith  v ary in g  frequ en cy . M a tu ra tio n  o f  th e  
em bryos, g erm in ation  an d  p la n t regen era  linn 
fro m  ip t  t r a n s g e n ic  l in e s  c o u ld  a ls o  b e  
o b ta in e d . A tt e m p t s  a r e  b e in g  m a d e  fo r  
su ccessfu l h ard en in g  o f  th e  p lan ts . N ew  

A grobacterium  in fection s w ere a lso  carried  ou  t 
w ith  p r o life r a te d  fr e s h  le a f  c a llu s  u s in g  

A g r o b a c t e r iu m  s t r a in  E H A  101 w it h  tw o  
d ifferen t b inary  v ecto rs (1) c a rry in g  M n S ( )D 
g en e and (2) c arry in g  ip t  gen e . C a llu s in d u ced  
m  fresh  le a f cu ltu res  in itia ted  d u rin g  2 0 P  

u sin g  lea f e x p la n ts  ta k e n  fro m  g la ss  h o u se  
g ro w n  bud g ra fted  p lan ts  o f  d o n e  R R II 105 

w ere m ain ta in ed  in  an  activ e ly  p ro life ra tin g  
s t a g e  w e r e  u s e d  a s  t a r g e t  t i s s u e  fo r  

A g r o b a c te r iu m  in fe c t io n .  T ire  in fe c tio n , co  
c u l t iv a t io n  a n d  s e le c t io n  m e d iu m  w e r e  

m o d if ie d  b y  in c lu s io n  o f  s i lv e r  n i tra te  to 
p rev en t b acteria l o v erg ro w th , a n t io x id a n t o. 
lip o ic  acid  (50  mg/]) an d  su rfa c ta n t p lu rom c 

F -6 8  (3 0 0  mg/1) to  im p ro v e  tra n s fo rm a tio n  
efficien cy . T ran sg en ic  c a lli h a rb o rin g  ip t  and

M n S O D  g e n e s  w e r e  o b t a in e d  a n d  
p ro life ra ted . E m b ry o  in d u ctio n  w as o b tain ed  
fro m  tw o  lin es e a ch  o f  th e  p r o life ra te d  ca llu s 
h a rb o rin g  M n  S O D  a n d  ip t  g e n e s .

A g rob acter iu m  in lectio n  w ith  le a f  e x p lan ts 
as ta rg e t tis su e s  w a s  a lso  a tte m p te d . S w elled  
lea f se c t io n s  a fte r  tw o  w e e k s  c u ltu r e  in ca llu s  

in d u ctio n  m e d iu m  w e re  u se d  a s  ta r g e t t issu e 
fo r  b a cteria l in fec tio n . T h e  p r e  c u ltu re d  lea f 
se c t io n s  w e re  tra n s fe rre d  to  p etri p la te s  and  

p re trea tm en ts  g iv e n  b e fo re  b a cteria l in fection  
T h e  in fected  le a f  se c tio n s  w e re  b lo tted  d ry  and  
p laced  in  co  cu lt iv a tio n  m e d iu m  c o n ta in in g  

s i lv e r  n i t r a t e  a n d  a n t io x id a n ts .  S e le c t io n  

m e d iu m  c o n t a i n i n g  s i l v e r  n i t r a t e  a n d  
a n t i o x i d a n t  a l o n g  w it h  t h e  a n t i b i o t i c s  
c a rb e n ic illin  (300  m g  L 1) a n d  k a n a m y d n  (100  

m g  L -') w as u se d . In fe c te d  le a f  s e c t io n s  c o u ld  

b e  reco v ered  free  o f  b a c te r ia l o v e r g ro w th  and  
c a llu s  in d u ctio n  w a s  in itia te d  in  few  e x p la n  is 
p r o v in g  th e  fe a s ib il ity  o f  u s in g  p r e -cu ltu re d  

le a f  se c tio n s  a s  ta rg e t tissu es  fo r  A g rob acter iu m  
in f e c t i o n .  N e w ly  f o r m e d  c a l l u s  w a s  

s u b cu ltu re d  fo r  p ro life ra tio n . L e a f  s e c t io n s  in 
co n tro l p la te s  g ra d u a lly  d ied .

A tt e m p t s  w e r e  m a d e  fo r  d e v e lo p in g  
tran sgen ic p lan ts in tegrated  w ith  o sm o tin  g en e  

fro m  n ew  tra n sg e n ic  ev en ts . T ra n sg e n ic  cell 
lin e s  w e re  p r o life ra te d  a n d  su b c u ltu re d  for 
e m b ry o  in d u ctio n  in  e a rlie r  rep o rted  m e d iu m . 

Em b ry o s ob ta in ed  w ere  th en  tra n sfe rred  for 
m a tu r a t io n  a n d  g e r m in a t io n .  F o r  e m b r y o

ABA (m g L ') "  ----------

Phytagel(% )

14.75(22.58)
13.75 (21.75)
20.75 (27.08)
28.0 (31.94)
29.5 (32.86)

17.75 (24.91)
22.75 (28.48)
27.75 (31.78)
35.0 (36.27)
24.0 (29.33)

21.75 (27.79)
28.25 (32.105)
31.75 (34.29)

41.25 (39.963)
24.5 (29.66)

0.8
27.25 (31.47)

32.00 (34.443) 
34.0(35.67)

46.0 (42.70)
22.5 (28.30) 

’1.16

30.75 (33.68) *
35.0 (36.27)

35.75 (36.72)
38.0 (38.055)
20.25 (26.74)



m atu ration , e ffect o f A B A  a lo n g  w i th  d ifferen t 
levels o f  p hy tagel w as ex p erim en ted  an d  the 
resu lts  a re  g iv en  in  Table. B io tech  1.

It w as o b serv ed  th at th e  m a tu ra tio n  o f 
em bry o s im p roved  w ith  h ig h er  co n cen tra tio n  
o f  p h y ta g e l  a s  w e ll  a s  A B A . M a x im u m  
m a t u r a t io n  (4 6 % )  w a s  o b s e r v e d  in  a 
co m bin atio n  o f  0 .5%  p h y tag e l a lo n g  w ith  0 .8  
m g  L 1 A B A . T h e  em bry o s  enlarged  in  size  and  
th e  co ty le d o n s  b e ca m e  iv o ry  co lo u red  an d  
op aq u e.

For germ  ination , d ifferent levels o f B A  and 
G A 3 w ere tried. M ax im u m  g erm in ation  o f  23.6 
%  w as o b ta in ed  in a c o m bin atio n  o f  1 .5  m g  L '1 
BA  an d  1.5 m g L 1 GA-, H ig h er co n cen tra tio n s 
h a d  a n eg a tiv e  e ffe c t on  the g erm in a tio n  o f 
e m b r y o s  (T a b le  B io te c h . 2). F e w  e m b r y o s  
germ in ated  from  the new  tran sgen ic lin es w ere 
cu ltu red  for p lan t regen eratio n .

T h e  tr a n s g e n e  in te g r a tio n  in  th e  h m g r l  
t r a n s g e n ic  p la n ts  w a s  c o n f ir m e d  th ro u g h  
P C R  a n d  S o u t h e r n  b l o t  a n a l y s i s .  T h e  
H M G R  p r o te in  in  th e  le a f  t i s s u e s  o f  th e  
t r a n s g e n ic  a s  w e ll a s  th e  c o n tr o l  p la n tle ts  
w a s  a n a ly z e d  u s in g  in d ir e c t  e n z y m e  lin k e d  
im m u n o s o r b a n t  a s s a y  (E L IS A )  te c h n iq u e . 

P o l y c lo n a l  a n t i b o d i e s  r a i s e d  in  r a b b i t  
a g a in s t  th e  H M G R  p r o te in  ( A r a b id o p s is  
o r ig in )  w e r e  u se d  a s  th e  p r im a r y  a n t ib o d y  
to  s tu d y  H e v e a  H M G R  p r o te in .  T h e  c ru d e

e n z y m e  e x tr a c t  w a s  p r e p a re d  b y  g r in d in g  
th e  le a f  s a m p le s  (2 5 0  m g ) in  liq u id  n itro g en  
a n d  h o m o g e n iz in g  in  4  m l 0 .1  M  p h o sp h a te  
b u ffe r  s a lin e  (p H  7 .4 ). T h e  h o m o g e n a te  w as 
c e n tr i fu g e d  a t  1 0 ,0 0 0  rp m  fo r  15  m in u te s . 
T h e  s u p e r n a ta n t  w a s c o lle c te d  a n d  u se d  a s  
th e  c ru d e  p r o te in  e x tra c t . T h e  c ru d e  e x tra c t  
o b ta in e d  fro m  th e  le a v e s  o f  th e  tr a n s g e n ic  
a n d  th e  c o n tr o l  p la n ts  w a s  c o a te d  o v e r  th e  
E L I S A  p l a t e  a n d  t h e  a b s o r b a n c e  w a s  
r e c o r d e d  a t  4 5 0  n m . T h e  e x p e r i m e n t a l  
r e s u lt s  sh o w e d  th a t th e  t r a n s g e n ic  p la n ts  
h a d  a h ig h e r  H M G R  a c t iv i ty  c o m p a re d  to  
th e  c o n tr o l  (F ig . B io t e c h .  4 ).

Biotech Fig. 4 . H M G R  E L ISA  test
S p e c i f i c  a c t iv ity  o f  H M G C o A  
r e d u c ta s e  in  th e  le a f  s a m p le s  o f  
transg en ic  and control p lan ts o f  H ev ea

Table. Biotech 2. Effect o f  BA  and G A 3 on germ in ation  o f transg en ic  em bryo s B A  (m g L ')
G A ,(m g L ') 0.5 1 1.5 2 5
0.5 10.40 (3.22) 12.40 (3.64) 12.8 (3.57) 14.40 (3.78) 1 0 . 8 0
(3.28)

1.0 10.80 (3.27) 14.40 (3.79) 17.20 (4.14) 15.60 (3.94) 1 2 . 0 0
(3.46)

1.5 14.40 (3.78) 18.40 (4.23) 23.6 (4.86) 17.20 (4.15) 1 4 . 4 0
(3.46)

20 13.6 (3.78) 17.2 (3.68) 17.20 (4.14) 16.40 (4.05) 9.60 (3.08)
5.0 9.60 (3.08) 10.00 (3.15) 14.40 (3.78) 14.40 (3.78) 7.60 (2.74)

C D (.0 5 )«  0.89



4. M olecular studies

4. 1. M o lec u la r  m ech a n ism  o f  d is ea s e  
tolerance

Six novel isoforms of the gene encoding 
P-1,3-glucanase (Gin) involved in abnormal 
leaf fall disease tolerance was characterized 
earlier from Hevea. Stru ctu re  m o d ellin g  
studies were carried out with the deduced 
am in o  acid  seq u en ce  o f G in 2  iso fo rm  
showing maximum antifungalactivity in the 
in vitro system  and com p ared  w ith  3D  
structures of reported 0- 1,3-glucanase from 
Hevea and barley. There are 58 am ino acid 
residues including the start and end glutam ic

Fig. B iotech (a-b)

a. Superim posed  3D  im ages o f  G in  2 (yellow ) and 
3EM 5A (orange)

°<G'»2 <*u™»

acid residues, occu pying the catalytic cleft 
o f the six novel isoform s. It was observed that 
the residues are highly  conserved except for 
very m inor sequ en ce variations (2-3 am ino 
acids) in the cataly tic cleft o f these newly 
isolated form s. A m ino acid sequ en ce o f the 
catalytic clefts o f G in 2  and a reported 3D 
structure o f p-1,3-glucanase with ID  #3EM5A 
is 100 % sim ilar. The am in o acid sequences 
in the catalytic clefts are sim ilar in G in 5 and 
G in 6. The m odelled 3D  structure o f G in 2 
isoform  exhibited 100 % structural alignm ent 
w ith the reported crystallograp hic structure 
o f  th e  Hevea p -1 ,3 -g lu c a n a s e  (P D B  ID - 
3 E M 5 A ) u p o n  s u p e r im p o s in g  (F ig . 
Biotech. 5 a). An interesting feature observed 
from  the su perim posed 3D  structures o f p- 
1,3 -g lucanase in barley  (1G H S) and Hevea 
(3EM 5A ) w as that, d espite their significant 
a m in o  a c id  s e q u e n c e  v a r ia t io n s  (an  
alignm ent score o f fifty  only), the structures 
o f glucanases from  both these distant groups 
w ere p erfectly  su p erim p o sin g  w ith  each  
other sh ow ing  the evolutionary  structural 
conservation of P -l,3 -g lu can ases in plants. 
The 3D  m odels also show ed sim ilar pattern 
o f the p-helices and a-sheets arranged in a 
regular pattern in both Hevea as well as in 
barley (Biotech. Fig. 5 b).

4.2. G en e exp ression  o f sign al transducers
related  to ab io tic  s tress to leran ce  inHevea brasiliensis
A new  project was initiated to study the 

expression o f signal transducer related genes 
such as m itogen-activated  p rote in  k i r ^ -  
(M A P  k in a se ) an d  c a lc iu m  d e p e n d e n t 
protein k inase (CD PK ) involved in m ultiple 
stress resp on se . A ttem p ts w ere m ad e to 
am plify the M A P kinase gene, using prim ers 
d e s ig n e d  b a s e d  on c o n s e n s u s  cD N A  
s e q u e n c e s  o f  th is  g e n e  fro m  Ricinus 
communis, Populus, Arabidopsis, Medicago, 
Vitis and Nicotiana species. A t optim um  PCR



conditions a 0.75 kb band w as am plified. 
N u cleotid e  seq u en cin g  revealed  734 bp 
show ing 94% sim ilarity with M AP kinase 
cD N A  rep orted  from  Ricinus communis 
(X M _ 0 0 2 5 3 4 1 2 0 .1 ) . T h e  se q u e n c e  w as 
aligned with the cD N A sequence of Ricinus 
communis and showed two gap regions in the 
Ricinus cD N A w hich were identified as GT- 
AG in tro n s  p re se n t in Hevea g e n o m ic  
sequence. T he two introns are from  region 
350 -  422 bp com prising 74 nucleotides and 
from region 552 -  718 bp com prising 149 bp. 
M ajor differences are not seen except for a 
few random  single nucleotide variations.

A 1671 bp  cD N A  en co d in g  calc iu m  
dependent protein kinase (CDPK) w as also 
amplified from the cD N A of Hevea clone RRII 
105. U sing the ClustalW  tool, the alignm ent 
of obtained CDPK cD N A  from Hevea clone 
RRII 105 w ith  the rep orted  Hevea cD N A  
sequence from RRIM  600 w as analyzed and 
show ed sim ilarity at all nucleotide positions 
except at 13 sites. Using the ExPASY tool it 
was able to deduce the am ino acid sequence 
for the CD PK  protein containing 556 amino 
a c id s . U s in g  p B L A S T  th e  a m in o  acid  
seq u en ce  sh ow ed sim ilarity  w ith  C D P K  
protein sequ en ces. T he p rote in  dom ains 
w ere identified using the PRO SITE tool. The 
first dom ain is the protein k inase domain 
(108-366) for b in d in g  the su b stra te . The 
rem aining four dom ains are the EF-hands 
(421 - 43 1 ,4 5 8  -  46 9 ,4 9 4  -  505, and 529 - 540) 
that bind to the calc iu m  ions. T h ese-five 
dom ains form the basic structure of CDPK 
protein.

4.3. T issu e  sp e c ific  g en e exp ression  and 
characterization o f prom oters 
C h a r a c te r iz a t io n  o f  c is -p r e n y l 
t r a n s fe r a s e  g e n e  is o fo rm s  an d  
prom oters from  Hevea 
Two form s of c/s- prenyltransferase gene 

prom oter o f 716 & 582 bps upstream  to  the

ATG codon were isolated through inverse 
PC R  d u rin g  p reviou s years. T h e 582 bp 
prom oter fragm ent w as id entified  as the 
prom oter o f cis- prenyltransferase-2 (cis2) 
gene. A ttem pts were m ade to PCR am plify 
the 7 1 6  bp  p ro m o ter  fragm en t w ith  its 
co rre sp o n d in g  g en e and a fra g m en t of 
approxim ate size of 1.9 kb from the genom ic 
DN A w as am plified. T he sequence data on 
a lignm ent w ith the earlier isolated 716 bp 
prom oter sequ en ce show ed that the PCR 
amplified fragm ent contains a new promoter. 
The gene portion of the prom oter show ed 
s ig n if ic a n t  s im ila r i ty  to  H R T 2  m R N A  
(#A B064661.2). The newly isolated promoter 
region contains 1088 bp upstream to the ATG 
codon. It contains an intron of 613 bp in the 
S'U TR region.

T h e  5 ' fla n k in g  reg io n  o f cis- 
pfinyltransferase-3 was analyzed for know n 
m o tifs  u sin g  the P la n tc a re  and P L A C E  
program m es. O ne TATA core sequence w as 
found at position -119 to -124 w ith reference 
to the transcription start site, w hich m atches 
the consensus sequence of a TATA core, 5 '- 
TATAWA-3' w here W  is either A or T. O ne 
TATA core sequence w as found at position - 
127 to 132 (TATATA) with reference to the 
translational initiation site (ATG +1). Putative 
CAAT box m otifs w ere also located in cis- 
prenyltransferase-3 prom oter. Regions like 
w ound -responsive elem ent, M YB binding 
site involved in drought-inducibility, light 
re s p o n siv e  e le m e n ts , h e a t  s t r e s s  
resp on siv en ess e lem en t, 5 ' U T R  P y-rich  
stretch conferring high transcription levels 
etc are also present in cis- prenyltransferase- 
3 promoter.

Functional analysis o f this novel cis- 
p re n y ltra n sfe ra se -3  g en e p ro m o ter  w as 
carried out to prove w hether the isolated 
sequence is functional and able to drive gene 
e x p re s s io n . B in a ry  v e c to r  c o n s tr u c ts



containing p rom oter::G U S fu sio n s w ere 
made and tested in a heterologous system, 
Nicotiami tabaccum. Transgenic tobacco plants 
containing chim eric prom oter::GU S fusion 
in which a GUS reporter gene was placed 
under the control of cis- prenyltransferase- 
3 gene prom oter from H. brasiliensis were 
generated. This construct was introduced 
into tobacco by Agrobacterium tumefaciens 
m ed iated  tran sfo rm atio n  o f le a f d iscs. 
Transgenic plants were developed and the 
expression of the G U S rep orter gene was 
detected histochem ically. T he transgenic

to b a c c o  p la n ts  s h o w ed  p o s i t iv e  G U S 
activity. Presence o f prom oter-G U S fusions 
in the putative tran sgen ic tob acco  plants 
w ere  c o n firm e d  th ro u g h  P C R  u s in g  
p ro m o te r , hpt an d  G U S  g e n e  s p e c if ic  
prim ers. Presence o f G U S g ene transcripts 
in transgenic tobacco lines w ere confirm ed 
th ro u g h  R T -P C R  a n a ly s is .  T h is  s tu d y  
su ggests that the p rom oter fragm en t o f cis- 
p r e n y lt r a n s fe r a s e -3  a n a ly z e d  h e re  is 
functional in term s o f their ab ility  to direct 
expression o f the G U S gene in transgenic 
tobacco plants.

B O T A %

T h e  B o tan y  D iv is io n  a p a rt fr o n j 
con tin u in g  its research  p rogram m es dfi 
m u ltilocational evalu ation  o f p rom isin g  
p ip e lin e  c lo n es , b re e d in g  fo r  d ro u g h t 
tolerance, evolving high yielding clones for 
the traditional region, propagation studies 
and investigations on anatom ical aspects 
pertaining to yield com ponents and tapping 
panel dryness, initiated new program m es on 
breeding for disease resistance, inheritance 
o f tapping panel dryness, h eritab ility  o f 
wood traits and m odifications in the root 
trainer technology. It also launched fourth 
phase of the participatory clone evaluation 
project during the reporting period .

1. Evolv ing  h igh y ie ld in g  clo n es fo r 
the trad itio n al area

1.1. H ybridization and clonal selection

In order to widen the genetic base of 
b re e d in g  p o p u la tio n s  an d  to  d e v e lo p  
S p- ved clon es b y crossin g  p rom isin g  
Wickham x Am azonian hybrids (W xA) as

D I V I S I O N

male parents with high yielding clones (RRII 
400 series clon es and R R II 105) as fem ale 
parents by attem p ting 4443 pollinations in 
se v e n  c r o s s  c o m b in a t io n s  d u r in g  th e  
rep orting  period.

A m on g the 42 p ro m isin g  se le c tio n s  
from  four sm all scale trials (1989; 14th year 
o f  ta p p in g ), tw e n ty  s ix  h y b r id  c lo n e s  
m aintained h igher annu al m ean yield and 
36 clones m aintained h igher su m m er yield 
than RRII 105. A m ong the 37  selections from 
hybrid clones p lanted  in e ig h t sm all scale 
tria ls  (1990), e ig h teen  c lo n es m ain tain ed

Table B ot 1. Y ield  o f  c lon es in th e 9 year o f  tapD inc
Clone Parentage Yield (g t'11 1)*
RRII 105 Parent 81.9a
90/109 RRII 105XRO  26 73.7ab
90/274 RRII 105XM T 196 64 .2ab
90/130 RRII 1Q5XRO 24 52.6bc
M ean 35.4
C V (% ) 45.3

'V a lu e s  fo llo w ed  b y  th e sam e le tte r  d o  n o t d iffe r
statistically a t P= 0.05



higher annual yield and 29 clones recorded 
h ig h er g irth  than R R II 105 (1 3 th y ear of 
tapping), hi a sm all scale evaluation trial of 
W x A hybrids (9th year of tapping), yield of 
clones 90/109 and 90/274 was com parable to 
RRII 105 (Table B ot.l). In another small scale 
trial of W  x A hybrids, 21 hybrids were found 
to yield better than RRII 105 (Table Bot.2). 
Hybrids 90/10,90/271,90/193,90/170 and 90/ 
174 perform ed better than RRII 105 (m ean 
yield over nine years).

T able  Bot. 2  Yield o f W x A hybrids in the 9th year of
tagging

Clone Parentage M ean Mean 
yield yield  over 

(g f  f 1) " '  yeare 
(g f  t')

90/10 RRII 105 x R O  142 106.82a 68.6
90/271 RRIM  600 x RO  87 97.94 ab 52.9

90/193 RRIM  600 x RO  87 88.63 abc 41.7

90/170 RRIM 600 x R O  87 77.68 bed 45.7

90/174 RRIM  600 x R O  87 76.05 bed 35.7

90/25 RRII 105 x R O  142 66.58 cde 46.7

90/34 RRII 105 x R O  142 62,05 defgh 47.9

90/29 RRII 105 x RO  142 59.70 defghi 44.5

90/241 RRII 105 x RO  142 49.55 efghijk 39.8

RRIM  600 T jir  1 x PB 86 56.43 defghij 25.5

RRn 105 T jir 1 x G 1 1 38.46 ghijk 37.3

RO  142 Rondonia accession 36.73 hijk 18.9

RO  87 Rondonia accession 35.16 ijk 20.3

’ statistically significant at 5%  level; “ M eans followed 

by a com m on letter are not significantly different by

DM RT;

In another sm all scale evaluation trial 
(1995; W x W hybrids), 89/27 and 89/309 
w ere identified as prom ising latex tim ber 
clones. In another sm all scale evaluation trial 
o f hybrids (1998 and 1999), som e superior 
clones like 93/37 (78.8 g  tr11 ') and 93/98 (66 
g t 1 f 11 and clones 95/242,95/306,95/346 and 
95/19 w ith 73.4, 88.7, 87.6, and 86.5 g  t’1 t'1 
respectively w ere identified. These clones 
w ith  h ig h  y ie ld  an d  b e t te r  se c o n d a ry

attributes w ere m ultiplied and planted in a 
source bush nursery at CES, Chethackal. In 
a n o th e r  sm all sc a le  tria l o f 24 h y b rid s 
planted in 1999, one hybrid clone exhibited 
su perior yield (76 g t'1 t '1) over RRII 105 (34 
g tr111). In the three sm all scale trials of 54 
hybrid clon es (2001), 26 clones exhibited 
better yield than RRII 105. C lones viz. 95/ 
425 (65.5 g f  f 1), 95/519 (50.1 g  t 1 f 1) and 95/ 
410 (54.6 g f 1 f 1) show ed superior yield over 
RRII 105 in their respective trials. In another 
sm all scale trial o f 35 hybrid clones (2003), 
clo n es 96/135 and 96/422 atta in ed  better 
girth (58.4 and 58 cm  respectively) than RRII 
105 (50.7 cm ).

In the clonal nursery trial (2007) of 22 
h y b rid  clo n es gen erated  from  200 2  HP, 
clones 02/688 and 02/638 (PB 330 x RRII 414) 
sh o w ed  s u p e r io r  g ir th  (2 6  a n d  25  cm  
respectively) than RRII 105 (16.4 cm ). Initial 
test tapping results indicate clone 02/638 (7.3 
g f '  t'1) as high yielder. In another clonal 
nursery trial (2007) of h alf-sib  progenies, 
progenies o f L C B 1320 (37.7 cm ), and C h 153 
(36.8 cm ) w ere found vigorously grow ing 
(in the 4th year) w hen com pared to  check 
clones. Y ield o f PB  86  (15 .5  g t'1 t 1) w as 
com parable to RRII 430 (16 g t '114).

1.2  O rtet selection

In the sm a ll s c a le  tr ia l o f  o rte ts  
(Kodum on estate selection; 1993), clonesu/z. 
O Kn 75 (74 g f  f l ), O Kn 28 (60 g  tr1 tr1}  and 
OKn 39 (52.5 g  f  t *) exhibited better yield, 
vigour and clear bole volum e over RRII 105. 
In another sm all scale trial at sam e location 
(9th year of tapping), clone O Kn 73 (84.5 g t 1 
t'1) w as found superior. Similarly, clones viz. 
O Kn 36 and OKn 49 continued to perform  
better (55.4 and 57.5 g t"11'1 respectively) than 
RRII 105 (51.2 g t'1 t ’) and w ith better m ean 
girth  of 78.9 and 85.9 cm  respectively. In the 
sm all scale trial o f ortet selections from small



holdings (7 years data), O  73 (76.2 g  t'1 t ') and
O  72 (73.8 g t 1t ') continued to perform better 
with superior yield and girth com pared to 
RRII 105 (52.6 g t 111) indicating their latex- 
tim ber potential.

In a small scale trial of ortets (1998), clone 
OKr 48 recorded better yield over six years 
of tapping (35 g  t 1f 1) and girth (72.2 cm) than 
RRII 105 (46.8 g t-1 t~!; 64.2 cm). In another 
small scale trial o f ortets (2000), clones viz. 
OKr 49, O Kr 71 and OKGD 3 continued to 
perform better over four years o f tapping. 
Clone OKGD 3 was found a potential latex 
tim ber clone (67.1 g  t'1 f ;  67.3 cm ). In the
2005 large scale trial o f ortet selection s, 
clones C h v 035  (46 cm) and C h y 048  (48 cm) 
registered better girth than RRII 105 (40 cm). 
A clonal nursery evaluation trial o f ortets 
selected from one o f the o ldest seedlin g 
p lan ta tion s (N R E T C , so u th  A n d am an s) 
comprised o f GG1, G G II and GG  III series of 
P BIG  p ro g e n ie s  w as la id  o u t a t  C E S 
Chethackal with 13 clones.

2. Evalu ation  o f  clo n es

2.1. Large scale evaluation

In the two large scale trials of RRII 400 
series clones (1993), clones viz. RRII 417  and 
RRII 403 in trial 1 and RRII 430 and PB 330 
m trial 2 were com parable in yield to RRII 
105 (11th year of tapping). Clone PB 330 (92.8 
g t'1 t 94.7 cm ) w as found '(12th year data) 
superior. In term s of m ean yield over 12 
years, RRII 417 in trial 1 and RRII 430 and 
RRII 422 in trial 2 were found superior to 
RRII 105.

In the m ultidisciplinary evaluation trial 
(1989A ) o f in tro d u ced  and in d ig e n o u s 
clones, RRU 5 and RRII U8 w ere found 
su p erio r to R R II 105 (T able Bot. 3). In 
a n o th e r  la rg e  s c a le  tr ia l (1 9 8 9  B) o f 
introduced clones, excep t PB 310 all PB

Table Bot. X Y ield  perform ance o f  c lon es

C lone Yield of 
BO .l 
panel

(g r ‘ f )

Yield of 
BO .2 

panel in

( g t - ' f )

Mean 
Yield over in 

4 years 
B l.'l panel 

(g t' 1 f )
RRII 5 61.42 69.01 73.25
RRII 118 46.00 64.32 73.58
RRII 308 45.20 49 .53 56.15
RRII 105 47 .12 51 .77 58.49
Mean 40.83 43 .08 43 .36
C D  (P = 0.05) 6-52 8 .17 13.08

Table Bot 4. Yield  perform ance o f  c lon es

Clone Yield of Yield o f  B O .2 M ean yield
B O .l panel 

(g  f  f )
panel

(g  c  f )
over 4  years in 

B l . l  panel 

(g t ' f )
PB 255 74.89 79 .97 85 .77
PB 260 60 .46 66.62 60 .45
PB 280 66.99 74.58 73 .59
PB 310 48.14 64.00 57.75
PB 311 63.68 59.78 56 .15
PB 312 68.14 71.85 57 .24
PB 314 79.72 76.41 54 .29
KR S 163 60.81 70 .67 6 9 .37
RRII 105 52.04 55 .50 37 .30
Mean 58.20 62 .86 57 .94
C D  (P=0.05) 6.52 13.67 19.63

clones recorded superior yield in both virgin 
and renewed panels (Table Bot. 4). Yield over 
14 years o f tapping indicated  clo n e PB 255 
(80  g t 1 t 1) and PB 2 8 0  (7 1 .7  g  t 1 t 1) as 
superior clones. A m ong the Thai clones, KRS 
163 w as found b etter  in yield.

In the large scale evalu ation  o f exotic 
an d  in d ig e n o u s  c lo n e s  (1 9 9 4 ; C E S , 
C hethackal), tw o hybrid s viz .  86/44 and 86/ 
120 and R R IM  712 con tin u ed  to m aintain 
h igher y ield (9lh year o f tapping). C lone 86/ 
120 w ith 91.1 cm  girth w as found a potential 
latex  tim ber clone (Table Bot. 5). In the large 
scale trial o f hybrid  clon es at Padiyoor (1996 
A), hybrid  86/44 (57.6 g  f 1 f )  w as found



o f tapping

Clone Yield 

(g f  f )

Girth

(cm )

86/44 88.53 74.63

86/ 120 81.60 91.06

RRIM 728 79.64 72.17

RRII 105 97.08 70.22

C D  (P = 0.05)SE 18.236.62 6 .442.20

superior over four years of tapping. Five 
hybrids viz. 86/428,86/109,86/300,86/61 and 
86/400 were found superior to RRII 105 (4th 
year of tapping). In another large scale trial 
(1996 b), hybrids 86/468 (66.5 g  t'1 t'1) and 86 
/ 613 (65.6 g t'1 t 1) w ere found superior in 
yield (4th year of tapping).

2.2. O n farm evaluation

In an on-farm  evalu ation  trial for PB 
a n d  PR  c lo n e s  a t S h a lia c k a r y  e s ta te , 
P u nalur (12lh year of tapping), PB 280 (2162 
kg  h a 1) p erform ed  b etter  than R R II 105 
(1896 kg h a 1). A m ong PR -clones, PR  261 
exhib ited  better y ie ld . C lone RRII 5 also  
y ielded m ore than 2000 kg h a 1. In another 
trial at the sam e location  (1993; 14th year of 
tapping), yield o f RRII 176 (4224 kg h a 1) 
and RRII 50 (3898 kg  ha ') w as h igher than 
clone RRII 105 (3087 kg ha*1). The clone RRII 
176  w a s fo u n d  to  p e rfo rm  w ell in 
Kanyakum ari region also. In an on-farm  trial 
at Ayiranallur estate (2003), yield of clone PR 
261 (1693 kg ha ') was com parable to RRII 105 
(1686 kg h a 1) w hile clone PB 217 yielded 
about 1400 kg ha'1.

A m ong the RRII 400 series clones (on- 
farm trial at Ayur; 2001), RRII 422  and RRII 
430 (75.9 and 68.7 g f  t '1) y ielded m ore than 
R R II 105 (5 0 .3  g t 1 t 1). In th e  on -farm  
e v a lu a tio n  o f R R II 4 0 0  s e r ie s  c lo n e s  
(Shaliakary estate; 2003), clone RRII 429 (59.7 
g  t 1 t ') continued to perform  better than 
other clones. C lone RRII 414 (65.5 cm ) and

RRII 422 (66.3 cm) attained better girth than 
RRII 105 (55.5 cm ). At Kanjirapally (2005), 
all the clones of RRII 400 series registered 
m axim um  tappability  when com pared to 
RRII 105. Initial yield of R R II 430 and RRII 
4 1 4  w as b e t te r  th a n  R R II 1 0 5 . At 
Kulathupuzha (8th year of planting), RRII 414 
(51.5 cm ), R R II 429 (49.7 cm ) and RRII 422 
(48.2 cm ) perform ed better than RRII 105 
(48.5 cm ).

Variation in yield w as observed in RRII 
400 series clones evaluated in sma11-holdings 
across Kerala. RRII 414  at Ponkunnam  and 
Elenji, RRII 417, RRII 422 and RRII 429 at 
M a la y a tto o r , R R II 4 3 0  at O o n n u k a l 
perform ed better than RRII 105. In M alabar 
region, while RRII 417  excelled in yield, bark 
thickness was alm ost sim ilar to RRII 105 (4th 
year of tapping). W hile RRII 422 excelled at 
T ic h u r  (4 !h y e a r  o f ta p p in g ), R R II 4 1 4  
excelled at W andoor (M alappuram ; 5th year 
o f tapping). M axim um  bark  thickness w as 
found in C lone RRII 422. Yield of RRII 429 
(35.3 g t '111; 51.07 cm ) and RRII 414 (33.6 g t'
' t '1) w as com parable to RRII 105 (34.7 g  f 11 
’; 52 .6  cm ) at M an n ark ad u  (2 nd y ear of 
tapping). A t 3rd year of tapping, clone RRII 
414 show ed m axim um  bark  thickness (8.1 
m m ) and girth (53.9 cm ).

2.3. G en etic  stu d ies and in v estigation s on
genotype x environm ent in teraction s

W hen narrow  sense heritability  (h2) of 
TPD  w as com puted using parent-offspring 
regression o f 12,h year data, high narrow  
sense heritab ility  (h2= 0 .50) for TPD  w as 
fou n d . P rog en ies o f  PB 5/51 x R R II 208  
sh ow ed m in im u m  TP D  in c id en ce  (3.6% ) 
while those o f RRIM  600 x PB 235 exhibited 
maxim um  incidence (29.6% ). Progenies of 
RRIM  600 x R R II 33 did not exh ib it TPD 
s y m p to m s. P r o g e n ie s  p ro d u c e d  fro m  
hybridization betw een clones w ith very low



(e.g., RRII 33) TPD incidences exhibited very 
low TPD incidences and vice versa in the 
clones with vexy high TPD (e.g., PB 235) 
incidences. TPD also w as found to have 
genetic correlation  w ith y ield and girth 
(Table Bot. 6).

Table Bot. 6. G en etic p aram eters of tapping panel
dryness

Regression estimates N arrow  sense 
heritability' (h:) for

tapping panel dryness
Offspring- 'm id-parent’ mean 0.50
Offspring - fem ale parent 1.12
Offspring - m ale parent 0.30

Genetic correlation
Yield Girth

Tapping panel dryness (TPD) -0.25 -0.41

Investigations carried out on 'genotype 
x environm ent' (G x E) revealed significant 
variation in yield am ong clones (Table Bot. 
14). W hile RRII 176 (67.59 g t 1 t !) excelled 
at Kanyakumari, RRIM  600 (54.26 g t'111) and 
RRII 422 (84.41 g  f 1 t J) excelled at Agartala 
and Nagarkata respectively. Over nine years 
of tapping, clones RRII 203 and RRII 105 at 
K anyakum ari, R R II 429  and RRII 422  at 
Agartala and RRII 429 at N agarkata were 
found top perform ers. A t Padiyoor, clones 
RRII 430 (67.3 g f 11 '), RRII 422 (60.5 g f  t 1), 
RRII 417 (59.1 g  t° t 5) and PB 217 (57.2 g t'1 f  
') exhibited better yield than RRII 105 (50.36 
g t 1 t ')  in  the 6th y e a r  o f  ta p p in g . At 
Bhubanesw ar based on data of yield over 
three years and on third year of tapping, 
clones RRII 430 and RRII 429  w ere found 
best perform ers.

3. P a r t ic ip a t o r y  e v a lu a t io n  o f
ru b b e r clo n es

U nder Phase 1 o f participatory clone 
evaluation (2008), 20 p ipeline clones and 
three check clones viz., RRII 105, RRII 414 
and RRII 430 are being evaluated in 14 field

trials. C lone RRII 414 from  LST 1, P  070 and 
RRII 414 from LST  2 w ere found vigorous 
(Table Bot. 7). Am ong the check clones, RRH 
414 and RRII 430 w ere su p erior in girth  in

Table Bot. 7. G irth  of pipeline c lones at 4' year after 
_______________planting of the C entral LSTs__________

LST of clones under Batch 1 LST o f  clones under Batch 2

Clone Girth C lone G irth
(4,h yr) (4,h yr)

P 0 7 4 22.4 P 044 23.9
P  068 18.7 P 064 19.1
P  067 19.2 P  065 18.6
P 061 19.7 P  062 14.1

P 060 13.9 P 069 15.6
P  084 17.9 P  063 15.8
P 010 19.0 P  066 14,5
P  015 18.8 P 087 16.1
P  076 18.6 P  072 21.6
P 021 22.8 P 027 16.7
P 088 16.7 P 078 2 1 .7
P 053 21.5 P  070 24.2
RRn 105 19.1 P 026 22.6
RRII 430 21.5 R R II 105 17.3
RRII 414 23.3 RRII 430 21 .3
G.M . 19.6 RRII 414 23 .7
C .D .(0.05) 3 .99 C .D .(0 .05) 2.41

O FTs of all location s. C lones P  010, P 026, P 
074, P 067, P 021, P 087  and P  072 exhibited 
better grow th in m ost o f the locations. Gokul 
Estate, Vithura w as the best am ong locations 
of first batch of clones. T h e second batch  of 
clon es p erform ed  b etter  at Be Be Estate, 
Punalur. In general, the grow th o f clones was 
better in the sou th ern  d istr icts o f K erala. 
W hile in batch 1, g irth  of clo n es R R II 414, 
RRII 430  and P  021 w ere su p erior to RRII 
105, P  026 and RRII 414  w ere su p erior in 
batch 2.

In Ph ase 2 o f PC E p ro jec t (2010), the 
central large scale trial w as p lanted  at CES 
and on-farm  tria ls w ere laid ou t in eight



locations. Under Phase 3 of the project, trials 
were established in seven locations in 2012 
with the central large sca le  tria l at C ES, 
C h e th a ck a l an d  O FT s at s ix  lo c a t io n s  
involving twelve pipeline clones and three 
check clones.

4. B r e e d i n g  f o r  o t h e r  s p e c i f i c  
o b jec t iv es

4.1. B reeding for D rou ght tolerance

G row th  an d  y ie ld  p e rfo rm a n c e  o f 
hybrids developed for drought tolerance was 
assessed in the 7th year of tapping in two small 
scale trials (1998). In trial 1 (Table Bot. 8) while

Table Bot. 8 . Yield  perform ance o f  h ybrid s in  the 7
year o f  tapping

Clone Parentage M ean

yield

(g  t 1 f  T

Sum m er

yield

' ( g  f  f ' r
93/214 RRII 105 x RRIC 52 94.9 40.2

93/88 RRII 105 x PB 86 70 .7 37.9

93/216 RRII 105 x RRIC 52 68.9 58.8

93/270 RRII 105 x RRIC 52 61.3 35.7

93/105 RRIM  600 x RRIC 104 61.1 46.0

PB 217 PB 5/51 x PB 6/9 84.2 53.8

RRIC 104 RRIC 52 x T jir  1 65.1 36.9

RRU 105 T jir  1 x G 1 1 57.3 33.8

RRIM  600 T jir  1 x PB 86 55.8 30.7

RRIC 52 Prim ary clone 39.6 34.2

" s ig n ific a n t a t p<0.01

hybrid  93/214 exhibited  m axim u m  yield 
(94 .9  g  t ' t 1), clo n e 93/216 (58 .8  g f 1 f 1) 
topped in sum m er yield. In trial 2, hybrid 
93/58 (85.87 g t_l t 1) w as the highest yielder. 
In the sm all sc a le  tria l (1 9 9 8 ) o f o rte ts  
s e le c te d  fo r  d ro u g h t to le r a n c e  from  
D ap ch ari, D ap 111 co n tin u ed  to record  
m axim um  yield (120 g  t 1 t ') follow ed by 
Dap 23 6 (1 1 2  g t'1 f 1) while RRU 105 yielded 
87  g t 1 t '. In  o ther tw o sm all scale trials 
(1999), seventy  h ybrid  clo n es are un d er

evalu ation  in d rought prone con d ition s. 
A m ong the 14 clones evaluated in trial I, 
w hile clone 94/90 (76.5 cm ) recorded highest 
girth, clones 94/23 (89.4 g f 1 t°) and 94/44 
(88.9 g  t'1 t ') recorded superior yield in the
6,h year of tapping (Table Bot. 9). Am ong 
the 56 clones studied in trial 2, 16 clones 
perform ed better than RRII 105 (7th year of 
tapping). C lones 95/297 and 95/448 yielded 
95 and 93 g  t"1 f '  respectively while RRII 105 
y ielded 57 g  f 1 f 1.

Table Bot. 9. P erform ance o f  c lon es in  th e 6 year o f

____________taPPing__________________________
Clone Parentage Yield G irth

(g f  f ) (cm)

94/23 RRU 105XPB 86 89.4a 74.0ab

94/44 RRIM  600XRRIC  52 88.9a 74.6ab

94/50 RRIM  600XRR1C 52 74. lab 67.6de

94/101 RRII 105XRRIC 52 63.5ab 61.3cd

PB 217 Parent 60.7ab 61.7bc

RRU 105 Parent 57.6bc 61.7bc

M ean 48.5 62.3

C V (% ) 34.8 11.2
•Values followed by sam e letters are not statistically 

different

Table Bot. 10. Perform ance of c lones in the 4 *  year of 
_______________tapping_________________________________

Q o n e Parentage G irth Yield

(cm) (g f  f )
95/98 RRU 105 x RRIC 104 58.9 98.7

95/3 RRU 105 x PB 217 62.9 79.2

95/518 RRTl 105 x  RRII 118 59.7 65.5

95/280 RRU 105 x PB 260 60.0 63.9

95/489 RRII 105 x AVT 73 64.3 57.1

95/108 RRII 105 x RRII 118 65.6 56.5

95/484 RRU 105 x PB 280 69.8 53.8

95/97 RRU 105 x RRIC 104 61..2 49.7

95/520 RRU 105 x PB 260 57.0 49.5

95/253 RRII 105 x AVT 73 55.1 48.0

RRU 105 RRII 105 55.4 45.6
CV 7.8 38.5

C D  (0.05) 6.4 22.6



A m ong 36 clones (SST  trial 1; 2001; 
fourth year), ten clones were found superior 
in yield and eighteen clones w ere found 
superior in girth to RRII 105 (Table Bot. 10). 
Clone 95/484 recorded highest girth (69.8 cm), 
clone 95/98 registered highest yield (98.7 g  t 
1 f 1). Among the 14 clones evaluatedin trial
2, seven were found su perior in grow th. 
Maximum girth and yield was exhibited by 
clone 528 (67.8 cm) and clone 279 (75.4 g t 11 
') respectively while RRII 105 attained 53.3 
cm girth and yielded 52 g t 1 f 1.

4.2 Breeding for disease tolerance

A seedling nursery evaluation trial of 
open pollinated progenies of FX 516 (a disease 
tolerant clone) was initiated by hybridizing 

Table Bot. 11. H ybridization  for disease tolerance

Fem ale parent M ale parent Nos. o f HP

FX 516 RRII 105 524

RRII 105 FX 516 68
RRII 105 341/90 (RRIM  600 x R O  142) 113
RRQ 414 FX 516 1141
RRII 414 520/86 (RRIM  600 x RRII 33) 97
RRU 414 RO 87 (Rondonia accession) 53
RRII 414 193/90 (RRIM  600 x R O  87) 69
RRIi 414 341/90 (RR IM  600 x R O  142) 353
RRII 417 520/86 (RRIM  600 x RRII 33) 172
RRII 422 520/86 (RRIM  600 x RRII 33) 37
PB 330 520/86 (RRIM  600 x RRII 33) 71

Total nos, o f l iPs 2698

RRII 400 series clones and RRII 105 with FX 
516, W xW  hybrid, W xA  hybrid and wild 
germplasm accession R 0 8 7  to develop disease 
resistant clones (Table Bot. 11).

4.3 M olecu lar b reed ing

For developing a m apping population, 
hybridization w as carried out by em ploying 
RRII 430 and RRII 414 as fem ale and clone 
FX 516 as m ale parents. To overcom e the 
asynchrony in flowering, the pollen sam ples 
collected from FX 516 were stored at various 
freezing conditions (4°C, -20°C , -80°C  and - 
196°C) in 2011 and w ere su bsequ ently  used 
in 2012 . V iab ility  o f the p o llen  w as not 
affected in any o f the freezing cond itions 
attem pted (Fig. Bot. 1).

4.4. Polycross progeny evalu ation

In order to identify p re-p oten t clones, 
150 half-sib progenies from ten parent clones 
are being evaluated in two field trials (1993). 
In trial 1, progeny o f PB 242 (77.8 cm ) and 
PB 28/83 (75 cm ) record ed  su p erio r  girth 
(11th and 12th year of tapping). Forty  four 
clo n es w ere  found su p e rio r  to  R R II 105 
(Table Bot. 12). PB 242, PB 215 and Ch 26 
p ro d u c e d  m a x im u m  n u m b e r  o f  h ig h  
yield ing and uniform  progenies indicating  
their prepotency.

--- - v -------- --------- oiiu in iii.ii n u n  set: r o n e n  s i u i e u
(left), po llen  stored un d er -20 C  (cen tre), in itia l fru it set recorded 56 d ays a fter  HP



clones in trail 1
Progeny Yield 

(11lhyr.; g  f 1 f )
V.R. No. o f clones 

w ithin superior to 
progenies RRII 105

RRII 105 58.2 4.1** 3

PB 242 74.9 1.8 8

AVT 73 49.8 1.8 3

PB 252 54.6 1.7 3

PB 217 60.9 3 3 * 5

PB 28/83 53.2 2.2 2

PB 5/51 51.6 6.3** 4

PB 215 63.9 1.7 7

Ch 26 67.9 1.9 6

PB 5/76 50.8 1.1 3

G .M . 58.6 

V. R. 3.5* 

Yield of RRII 105 58.4

Table Bot. 13. P erform ance of h a lf-sib s o f prepotent 
c lon es in trial 2

Progeny Yield
( l l ,hyr.; g  f  t ’)

V.R.
w ithin

progenies

No. of clones 
better than 

RRII 105

R R n  105 78.67 3.95* 2

PB 242 62.73 3.40 1

AVT 73 55.11 5.77* 1

PB 252 67.22 1.13 2

PB 217 64.53 16.29** 1

PB 28/83 57.83 4.55* 1

PB 5/51 50.68 19.86“ 1

PB 215 73.43 1.10 3

Ch 26 80.63 4.88* 4

PB 5/76 48.71 1.91

G.M . 63.95

V .R . 4.51*

Yield of RRII 105 75.49

In trial 2 where m ean yield of progenies 
ranged betw een 80.63 and 48.7 g t ’ t 1 (Table 
Bot. 13), 16 clon es perform ed better than 
RRII 105 (11th year of tapping). As in trial 1, 
the highest m ean yield and recovery o f high

yielding clones w as found in the progeny 
o f C h 26 and PB 2 15  re a ffirm in g  th e ir  
superiority. Progeny of PB 252 was found 
su p e rio r  in g irth  (87 .6  cm ; 1 9 ,h y ear of 
planting). In another trial (2005), trees of 
polyclonal seedling origin attained superior 
m ean girth over RRII 105 seven years after 
planting. In clonal nursery trial o f half sib 
progenies (2007), progenies of clone LCB 
1320 (37.7 cm ) and clone C h 153 (36.8 cm ), 
exhibited better grow th that parents (in the 
4th year). Progenies of PB 86 (15.5 g t'1 t '1) 
and ch eck  c lo n e  R R II 4 30  (1 6 .0  g t'1 t 1) 
registered superior yield.

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

S tu d ie s  o n  a n a to m ic a l an d  
histochem ical changes were continued. Cell 
w alls of sieve tubes in the inner soft bark 
including the recently derived  ones from 
cam bium  got stained reddish brow n with O- 
dianisidine while the rem aining tissues were 
le ft u n sta in ed . P erox id ase  a ctiv ity  W'as 
found to be season al in  p h lo ic rays and 
continuous in sieve tubes of bark  tissues. 
Diam eter, density and grouping pattern of 
sieve tubes varied am ong the clones studied 
(RRII 105, RRII 33, RRII 38, RRIM  600, RRII 
118, RRII 208 and PB 260). P relim in ary  
studies on chaotic and linear spatial display 
o f m ovem ent o f particles in the sieve tubes 
indicated the existence o f alm ost uniform  
p attern in healthy and uneven p attern  in 
TPD  affected trees.

6. P ro p ag atio n

T h e e x p erim en t on the in flu en ce  of 
d ifferen t form s o f p lan tin g  m ateria ls on 
gro w th  and y ie ld  o f ru b b er p la n ts  w as 
continued. No significant change in grow th 
and yield  (12lh y ear) w'as found  in trees 
ra ised  w ith  d ifferen t p lan tin g  m ateria ls 
(Table Bot 14).



Table Bot- 14 Mean girth and yield (g t 11 ') o f  trees raised from  d ifferent p lan tin g  m aterials

Treatments Girth Yield Yield Yield
(cm) (1 - yr) ( 2 - y r ) (3rd yr)

Brown budded stumps 56.96 59.49 47.49 58.68

Field budded plants 54.27 54.93 37 .46 46.35

Green budded plants 57.03 58.50 51.31 58.72

Brown budded plants 56.98 58.61 46 .85 46.69

Young budded plants (stock 42 days old) 56.70 58.23 48 .10 42.18

Young budded plants (stock 49 days old) 56.93 56.93 42 .27 48.40

Young budded plants (stock 56 days old) 56.47 58.73 45.51 38.25

CD (0.05) NS NS N S NS

SE 1.79 2.32 2.96 3.11

In the experim ent on influence o f age 
of bud wood stock on grow th and yield of 
rubber plants, plants raised from young and 
matured budwrood attained a m ean girth of
45.6 and 42.2 cm respectively (Table Bot. 15). 
Plants raised using buds from the m ature 
trees w ere sig n ifican tly  in ferio r  in g irth  
(33.69 cm ). H igher intraclonal variation in 
girth w as found in plants raised with buds 
from  m ature budw ood than from  young 
budwood plants. Trees raised from young 
budw ood sou rce had b e tter  v igo u r and 
h igher percentage o f tap p ability  (60.2% ) 
than plants raised from m ature budw ood 
(39.1%). Plants developed using budw ood

Table Bot. 15. Tap p ability  o f  trees usin g  d ifferen t types 
Treatm ents

Trees - young budw ood slock (Source A)

Trees - young budw ood stock (Source B)

Trees - young budw ood stock (source C)

Trees - young budw ood stock (Source D)

Trees - old budw ood stock (Source A)

Trees - old budw ood stock (Source B)

Trees - budw ood collected from  old trees
C D  (0.Q5) "  --------------------------------------------------------

from  m a tu re  tre e s  e x h ib ite d  m in im u m  
tappability  (11 .1%).

In connection w ith  the exp erim en t on 
in f lu e n c e  o f  v a r io u s  ty p e s  o f  b u d s  on 
grow th, tappability and yield o f rubber, trees 
raised from  prom inent sem i green  bu d s and 
w h orl b u d s  a tta in e d  4 5 .6  a n d  4 2 .1  cm  
resp e ctiv e ly  d u rin g  7 ,h y e a r  o f p la n tin g  
(Table Bot. 15). Trees raised u sing  light green 
buds recorded highest intra-clonal variation. 
A m ong the recom m ended buds, trees raised 
using prom inent sem i green buds possessed 
higher percentage o f tap p ability  in the 7,h 
year w ith an average o f 61 .9  % as com pared 
to trees from  w horl bu d s (37.5 %).

o f  budw ood in  th e 7lh year________

G irth  (cm)_________Tappability (%)_______  CV

4 6 2 9  59 .33  12.76

4 4 3 2  51 .33  14.67

4 6 -62 70 .67  14.79

4 5 -14 59 .33  14.70

4 2 -01 39 .66  19.68

4 2 '48 3 8 .50  15.47

_  33 -69 11.11 23.11

~  4 -9 l  6 ^ 8



The 1981 IRRDB wild Hevea brasiliensis 
germ plasm  collection, dom esticated clones 
d e riv e d  from  th e  o r ig in a l W ick h am  
collection, and 5 o ther Hevea sp ecies are 
being conserved at RRII. M anagem ent of this 
collection, form ulation of D U S testing norm s 
for Hevea, and g en eration  of a m apping  
p o p u la tio n , are th e  th ru st a rea s  o f the 
D iv ision . A ltern ative  so u rces o f natural 
rubber suitable for m arginal lands are also 
being explored.

1. In tro d u c tio n , c o n se rv a tio n  an d  
d o cu m en tatio n

1 .1 . D o m e s t i c a t e d  g e n e p o o l  ( W ic k h a m  
c o lle c t io n )  fro m  se c o n d a ry  c e n te rs

183 W ick h a m  c lo n e s  are b e in g  
conserved in field gene banks w ith 1 clone 
m u seum  at R R II F arm , K ottayam , and 2 
germ plasm  gardens at CES, Chethackal. In 
the germplasm garden G G IV  planted in 1992 
and com prising the 5 IRCA clones, girth, dry 
ru bber y ield and incid ence o f TPD  w ere 
analysed (Table Ger. 1).

year o f  tapping

Clones G irth ** Dry rubber incid ence
(cm) yield " of TPD

(g t't-1) (%)

IRCA 130 77.8 66.4 11.0

IRCA 111 79.3 53.5 6.0

IRCA 109 67.9 43.3 5.0

IRCA 18 68.5 35.5 8.0

IRCA 230 64.8 44.6 8.0

RRII 105 70.7 58.2 8.0
CD(P=0.05) 6.64 19.70

** C lonal d ifferences significant a t P<0.01

D uring the 11th year of tapping, IRCA 
130 and IRC A  111 w ere found to be very 
vigorous, w ith better perform ance for girth 
and dry rubber yield, indicating the potential 
of these clones as latex-tim ber clones. The 
clone IRCA  130 however also show ed higher 
T P D  than the o th er c lo n es . A n a ly s is  of 
growth over years show ed that IRCA 130 and 
IRCA 111 w ere consistently superior to all 
other clones for girth, w hile IRCA 130 w as 
consistently the highest yielder follow ed by 
RRII 105 and IRCA 111 (Figs. 1 and 2).

-IRC A  1 3 0  

-IRC A  1 0 9  

-IR C A  111 

-IR C A  18 

-IR C A  2 3 0  

-R R II  105

Year of growth

Fig. 1. G row th o f  IR C A  c lon es over 21 years



“  IRCA 130  

“  IRCA 109 

-IR C A  111

-  IRCA 18 

“ IRCA 23 0  

-R R II 1 0 5

Fig. 2. Y ield  o f  IRC A  c lon es over 11 years o f  tapping

In Germ plasm  Garden V, am ong the 20 
clones, RRII 23, RRIC 100 and RRIM  609, 
continued to be the best clones in terms - i 
yield (83.1 -  79.9 g f ' f ) ,  while the control 
clone RRJ1 105 had an yield o f 62,7 gt ' f !. 
T hese three clones also  had h igher g irth  
ranging from 99.2 cm (RRII 23) to 93.8 cm 
(RRIM 609), while the control d one RRII 105 
had a girth o f 74.1 cm.

Formulation of DUS testing norms in Hevea 
The 49 W ickham clones planted at CES, 

Chethackal, RRS, Dapchari and RRS, Agartala 
tor form ulating the D US testing norm s for 
Hevea, were characterized for m orphologicjl 
traits in their first year o f growth. Along with 
the traditionally recorded characters, a few 
new traits were also recorded to assess their 
usefulness in DUS testing. Photographs of the 
donesat all three locations were also recorded 
for a digital database.

1.2. IR R D B  1981 w ild gene p ool

3 5 7 6  w ild  a c c e s s io n s  a re  b e in g  
m aintained in d ifferent field conservation- 
c u m -s o u rc e  b u sh  n u r s e r ie s  (S B N s ) . 
R e e s ta b lis h m e n t  o f  th e  c o n s e r v a t io n  
nurseries has been carried  out. T he first 3 re­
established nu rseries (SBN s 2003, 2004 and 
2005) com prising o f 550, 975 and 701 wild 
accessions respectively, w ere cut back, after 
en su rin g  p ro p er identity. 16 a cc e ssio n s 
identified on the basis o f tetstap yield from 
SBN  2005 w ere m ultip lied for the next FET. 
The 4 lh set of 806 accessions planted in SBN
2 0 0 6  in  an a u g m e n te d  R B D  w ith  fo u r  
controls is m aintained properly. The selected 
a c c e ss io n s  b ased  on fir s t  rou n d  o f test 
tapping w ill be subjected to 3rd round o f test 
tapping for recon firm ation  o f th eir y ield 
potential as the 2"d round of test tapping was 
affected by rain.



T h e SB N  2 0 0 7  co m p r is in g  o f 500 
accessions w as monitored for early growth 
and test tap yield. Data were recorded on 
the traits yield (g lr 'f') by test tapping in 3,d 
year, girth (cm) in the 2nd year to 5th year, 
girth increment (cm/yr) over 3 years, number 
of branches, crotch height (m ), plant height 
(m) in the 2nd year and 5,jl year and height 
increm ent (m ). 25 potential accessions for

yield w ere identified and M T 4788, AC 226, 
AC 4155, M T 1007 w ere top yielders. W ide 
ra n g e  o f v a r ia b ility  w as o b se rv e d  for 
various yield and growth contributing traits 
(Table Ger. 2).

O f the 201 wild accessions in SBN 2008, 
6 accessions w ere identified from the second 
round of testapping for prom otion to the 
next FET for further detailed evaluation.

Table Ger. 2. Range of variability (or yield and growth characters in wild Hevea germplasm
C ontrol clones

M inimum M axim um  General 
m ean

RRU 105 RRII 208 RRIM  600 PB 235 C V (% )

Test tap yield 0.01 3.52

(g t - 'f )  

G irth (cm)

(M T5081)

3.0

(M T4788)

15.9

0.15 0.11 0.05 1.42 0.20 245.17

2nd year (AC493, RO  
1374, R 02367 )

(AC1218) 7.8 5 .7 4.8 6.8 5.0 42.83

G irth (cm ) 

3rd year

6.0
(M T4350)

21.0

(R 03792)

12.1 9.2 8.9 12.2 8.9 30.72

Girth (cm) 
4'h year

8.0
(A C 3944)

28.3
(M T2226)

16.6 12.9 12.3 17.2 12.2 31.29

G irth (cm) 

5th year

10.7
(R 0 2 3 2 8 )

37.5
(R 03792)

21.1 18.9 18.5 22.8 18.9 32.15

G irth  increm ent 

(cm )

0.7
(R 0319 ,

AC 3905)

10.0 

(AC577, 
AC 734)

4.4 4.4 4.6 5.3 4 .6 46.92

N o  of branches 1.7
(R 0 1 7 5 4 )

13.5
(M T1680, 

RO  4194)

4.9 3.8 4.1 4.6 3.9 53.76

Crotch

height (m) 1.2 (R 04574 ) 9.6 (R 0335 ) 3.4 2.4 2 .6 3.0 2.9 26.00

Plant height (m)

2nd yr 0.9 (M T136) 7.3 (M T2226) 2.8 1.8 1.5 2.6 1.9 55.25

Plant height (m)

S^ y r 1.5 (R 04574) 13 .0(R 0229) 6.5 4.3 4.3 6.0 4.6 41.2

H eight
increm ent (m) 0 .5 (R 04574) 9.8 (AC989) 3.7 2 .5 2.8 3.8 2.8 44.71

N ote: Figures in parenthesis denotes the nam e of accession.



1.3. O ther Hevea species
The collection of other spedes of Hevea 

available at RRII. comprising 6 species and 
their hybrids (H. benthamiana, H. spruceana, H. 
nitida, H. camargoana and 2 accessions of H. 
pauriffora, two H. brasiliensis clones, 5 natural 
putative interspecific hybrids and FX 516, an 
interspecific cross between H. brasiliensis and
H, benthamiana), are being conserved in an 
arboretum planted at CES in 2006.

2. C haracterization  and p relim in ary
evaluation

In the preliminary evaluation trial PET 
2000, the 2 accessions RO 4599 and M T 4788 
continued to show better yield levels than 
RRII 105 and were used for crop improvement 
through hybridization this year. A t RRS, 
Padiyoor, monthly yield and annual girth was 
recorded in 171 wild accessions in P E T 2000A. 
Accession AC 2537 (68.7 cm) recorded the 
highest girth followed by RO 2171 (61.7 cm) 
and AC 3609 (59.7 cm). Highest annual yield 
was recorded in accession RO  2786, AC 2670 
and RO 2136. Monthly yield and annual girth 
were recorded in PET 2000B at RRS, Padiyoor. 
Among 166 wild accessions, AC 647 recorded 
the highest girth o f 77.0 cm follow ed by 
accession RO 2883 (73.3 cm ) w h ereas the 
check clones RRII 105, RRII 208 & RRIM 600 
recorded girth of 53.2 cm, 46.1 cm and 44.0 
cm respectively. 2 7 accessions had girth higher 
than RRII 105 showing their timber potential. 
For mature yield, among the 3  check clones, 
RRII 105 recorded the highest yield (44.2 g). 
Am ong the wild accessions, RO 341 recorded 
highest mature yield (43.0 g) on par with RRII 
105, followed by accession A C 2004 (31.7 g).

3. Fu rther ev a lu atio n  an d  se lectio n

3.1. Clonal nursery evaluaHon

A clonal nursery comprising 15 selected 
wild accessions from SBN 2004 having 50-

80%  te st tap  y ie ld  o f R R II  1 05  at CES, 
Chethackal along w ith three ch eck clones 
p lan ted  at a sp a c in g  o f 2 .5  x  2 .5  m for 
e v a lu a tin g  th e ir  y ie ld  p o te n t ia l ,  w as 
m aintained properly.

3.2. Further evalu ation  tria ls

A nnu al g irth , dry  ru b b er y ie ld  and 
volum etric tim ber (bole) yield w ere recorded 
and analysed at the age o f 18 years (9Ihyear 
o f tapping) in the further evaluation trial FET 
1995. Five M ato G rosso  accession s and 1 
Acre accession show ed significantly  higher 
girth than that o f the control clone RRII 105 
T he accession A C  166 had the highest dry 
rubber yield (65.3 g t ' t 1) w hich is statistically  
on par with the yield o f RRII 105 (64.0 gt ' t 1) 
in the 8^ year of tapping. Three accessions 
(RO 2385, AC 2004 and RO  2908) had 85%  to 
95 % o f the y ie ld  o f  R R II 105, w h ile  11 
accessions show ed 50%  to 80%  o f the yield 
o f RRII 105 (Table Ger. 3).

Table Ger. 3 . P o te n t ia l  a c c e s s io n s  s h o w in g  d ry  
_______________ ru b b er y ie ld  ___________________
A ccessions Dry rubber yield 

( g t ' t ' )

%  o f  th e yield 
o f RRU 105

A C  166 65.3 101 .9
R O  2385 61.1 95.5
A C  2004 54.9 8 5 .7
R O  2908 54.6 85 .2
A C  692 46.7 72 .9
A C  650 46.7 73.0
AC  655 44.6 70 .0
A C  635 44.0 68 .7
M T 922 42.5 66 .3
A C  638 41.5 64.6
RO  368 40.7 6 3 .6
AC 668 36.3 6 3 .3
M T 1020 35.1 54.8
A C  3013 32.7 51.0
RO  2976 32.3 50.0
RRII 105 64.0
CD(P«O.Q5) 20.06



F iv e  a c c e s s io n s  sh o w ed  b e tte r  
perform ance for tim ber yield com pared to 
RRII 105. Two M ato G rosso accessions (M T 
9 9 9  & M T 9 2 2 ) sh o w ed  r e s is ta n c e  
Phytophthora w ith 95%  leaf retention . The 
trial w as subjected to stim ulated tapping 
this year.

Annual girth w as recorded in the FET 
2003 com prising 22 wild accessions and 3 
controls. RO 2629 (68.4 cm ) recorded the 
highest girth followed by AC 4149 (58.8 cm) 
and AC 626 (53.0 cm ). RO 2629 and AC 4149 
also recorded highest yield in the 2nd year of 
tapping, followed by AC 716.

A n a ly s is  o f  g irth  in  F E T  2 0 0 5  
c o m p r is in g  22  w ild  a c c e s s io n s  an d  3 
controls show ed highly  significant clonal 
differences. A C 2004 follow ed by M T 4788 
had the h ig h est g irth  (54 .4  and 46 .0  cm 
respectively), on par w ith the best check PB 
260 (49.1 cm ). C lonew ise analysis of girth 
d a ta  sh o w ed  th a t  n o n e  o f th e  c lo n e s , 
in c lu d in g  co n tro ls , had  a tta in e d  70 % 
ta p p a b ility  by  th e  8 ,h y e a r  o f  g ro w th . 
A ccessions RO 1570 and RO 1755 show ed 
the highest tappability  percentage at 42.9 
and 40.0 % respectively, while the best check 
P B  2 6 0  sh o w e d  3 0 .8  % . S e v e n  o th e r  
accessions, including AC 2004 and M T 4788, 
show ed tappability ranging from 1 5 .4 -2 6 .7  
% . In FET 2008, accessions A C 176, M T  77 
and RO 2846 and recorded the highest girth 
out o f the 26 wild accessions.

13 w ild  a c c e s s io n s  in  F E T  201 0 A , 
selected from  SBN 2004 having m ore than 
80 % test tap yield of RRII 105 planted at CES, 
Chethackal along with the check clones RRU 
105 , R R II 4 30  and R R II 4 14  are  u n d er 
evaluation. Planting m aterial for 25 selected 
wild accessions along w ith 3  control clones 
w ere m u ltip lied  and raised  in poly  bag 
nursery at CES, C hethackal for planting of 
FET 2013 in the ensuing planting season.

3.3. O n -fan n  trials
On-farm  trials at 5 locations viz., B.C. 

C h eru v ally  esta te , E rum ely , M alan k ara  
estate, Thodupuzha, M ooply estate, Trissur, 
C a licu t e s ta te , K ozh iko d e  and B ethany  
esta te , K an yaku m ari fo r e v a lu a tin g  the 
perform ance of the 3 selected IRCA clones 
(IRCA 130, IRCA 111, IRCA 109) and 1 wild 
accession (AC 166) at multi locations were 
m aintained properly. G irth of the clones w as 
recorded in all the 5 locations. At M alankara 
estate, Thodupuzha, am ong the IRCA clones, 
IRCA  111 show ed good girth w hereas at 
M oo p ly  e s ta te , T r iss u r, IR C A  13 0  w as 
perform ing well. The wild accession AC 166 
gave the highest girth among the 4 test clones 
at M ooply estate.

4. S c re e n in g  fo r  s tress  to lera n ce

4.1. Screen in g  for b io tic stress tolerance

A s part o f Corynespora disease tolerance 
screening of wild Hevea accessions, a set of 
55 sh orted  listed  accessions along w ith  2 
c o n tro l c lo n e s  w e re  m u ltip lie d  for 
confirm ation in a hotspot evaluation trial to 
be p lan ted  at U lick a l n u rsery , Iritty , a 
collaborative project w ith Plant Pathology 
division.

4.2 . A b io tic  stress  re s ista n ce

4.2.1. D rou gh t tolerance
A clo n a l n u rse ry  co m p ris in g  o f 40 

potential h a lf-sib s of 9  clon es and 7 hybrid 
seed lin gs is bein g  evalu ated  along w ith 3 
ch ecks viz, R R II 105, RRII 430, RRII 414  for 
their d rou gh t to leran ce  p oten tia l a t RRS, 
D ap chari, a d rou gh t prone area. G irth  at 
3 rd year after planting ranged from  8 .9 -1 8 .5  
cm  am o n g  the 47  c lo n es. T h e fa m ily  of 
clone PB 5/51 record ed  the h ig h est m ean 
g ir th . A m o n g  th e  4 c h e c k  c lo n e s , th e  
h ig h est g irth  w as record ed  by  R R II 105



(19.1 cm ). Family means of 9 clones on girth 
is show n in Table Ger. 4.

T,iMp r.i?r 4. Family m eans of n ine c lon es for girth

Clone Fam ily mean (cm)

AVT 73 12.0

Ch 26 13.4

PB 215 13.4

PB 217 10.3

PB 242 13.3

PB 28/83 13.3

PB 5/51 16.9

RRII 105 13.5

RRIJ 203 13.7

Another clonal nursery com prising of
29 potential half-sibs and 2 hybrid progenies 
are under evaluation at RRS, Padiyoor, to 
study their drought tolerance potential at this 
location, which is a drought prone area in 
the traditional belt. Girth at 3rd year ranged 
from  6 .8 -14 .4  cm am on g  the 31 c lo n es. 
Among the 4 check clones, the highest girth 
was recorded by RRII 430 (11.6 cm ).

A sm all scale trial (n orm al spacing) 
comprising 7 potential accessions selected 
out of 130 wild accessions screened at RRS, 
Dapchari (close spacing) for their drought 
tolerance potential based on drought related 
grow th param eters and rubber y ield  are 
under further evaluation at RRS, Dapchari 
fo r re -c o n firm a tio n  o f th e ir  d ro u g h t 
tolerance potential. Check clon es are RRII 
105, RRII 414, RRII 430, RRIM  600 and Tjir 1. 
A m ong the 7  accessions, accession RO 2976 
record ed  h ig h est g irth  at 3 ,J y ear a fter  
planting.

In the further field evaluation of selected 
Hevea c lo n e s  at R R S, D a p ch a r i in 
co llab oration  w ith  B otany D iv ision , the 
growth during the sum m er and peak period 
o f growth in the 34 selected Hevea clones 
comprising 23 wild accessions, 5 HP clones 
and 6 check clones viz., RRII 430, RRII 414,

RRII 105, RRIM  600, RRII 208 and T jir  1 was
assessed. O ut o f 34 clones in this trial, 9 wild 
accessions and 3 HP clon es show ed girth 
superior to drought tolerant clone RRIM  600 
after com pleting 5  years grow th. Accession 
M T 4856 recorded h ighest g irth  (27.7 cm) 
during the sixth year. A m ong the modern 
clones, RRII 430 show ed sign ifican t growth 
d if fe re n c e  w ith  R R II 4 1 4  at D a p ch a ri 
conditions (27.8 and 23.9 cm respectively). 
Top ranking accessions for girth  during sixth 
year is show n in.

4.2.2. Cold tolerance
A to ta l o f  64  w ild  a c c e s s io n s  w ere 

evaluated for cold resistan ce in 2 trials at 
R egional E xp erim en t S ta tion , N agrakata, 
W est B e n g a l. G ir th  o f  th e  13  y e a r-o ld  
accessions recorded during pre- and post- 
w inter period, show'ed significant variation. 
M onthly yield, D RC , PI, C C I and lea f traits 
w ere record ed . H ig h er an n u al g irth  was 
observed in RO  2902, M T 5105 and RO  2387 
as com pared to ch eck clones SC A TC  93/114 
and RRIM  600 in Trial 1. In Trial 2, accessions 
M T 915, RO  2727 and M T  900 recorded 
higher girth than that of the controls Haiken 
1 and RRIM  600.

5. S c re e n in g  f o r  tim b e r  c h a ra c te ris tics

5.1. F ie ld  screen in g

A nnual girth, m onthly yield and tim ber 
vo lu m e w ere  estim ated  at th e  age o f 11 
y e a rs . A m o n g  th e  w ild  a c c e s s io n s , 14 
accessions sh ow ed g irth  statistica lly  o n  par 
w'ith RRII 105; 4  accession  on par w ith PB 
235 & PB 260; 5 accession s o n  par w ith  RRII 
33; 2 accessions on par w ith R R II 118; and l 
accession on par w ith R R IM  600. T he tim ber 
(bole) volum e w as sig n ifican tly  h ig h er in 2 
accessions (M T 941 & A C 650) had than that 
o f PB 260, R R II 33, RRII 118, RRII 105 and 
R R IM  600 (Table Ger. 5).



Table Oct. 6. Tree girth and bole volum e
Wild Girth Bole volum e

Accessions (cm) (m 3)

M T 922 64.5 0.09

M T 941 61.4 0.1

M T 915 58.5 0.07

AC 650 57.5 0 .13

RO  255 56.6 0.05

M T 919 56.0 0.07

AC  635 54.4 0.06

M T 1032 53.7 0 .06

M T 999 51.7 0.06

A C  1021 51.1 0.05

D om esticated Clones

RRH 118 68.0 0.08

PB 235 67.0 0 .05

PB 260 65.4 0 .08

RRII 33 63.7 0.06

RRII 105 56.9 0.06

RRIM  600 53.6 0 .06

R O  322 51.3 0.08

AC  655 48.9 0.05

M T 935 48.4 0.04

M T 1020 48.1 0.04

AC 707 43.1 0.04

AC  685 42.0 0.04

AC  637 41.8 0.05

AC 651 41.2 0.06

RO  879 36.3 0.03

CD(P=0.05) 14.46 0.033

Two Acre accessions (AC 685 and AC 
707) show ed yield 28.3 and 30.3 g t 't '1, which 
were statistically on par w ith that of RRII 105 
& PB 235 (38.7 and 30.5 g t ' t ').

5.2. L ign in  b io sy n th esis studies
W ood lig n in  p e rcen ta g e  o f  6 Hevea 

brasiliensis clones and 1 Hevea benthamiana 
clone w as estim ated. Leaf lignin percentage 
w as also estim ated in these clones as well as

in 4 other plant species grow n as intercrops 
in ru bber p lan ta tion s viz. Coffea arabica, 
Theobroma cocao, Tectona grandis and 
Artrocarpus hirsutus. RRII 430 (24.3%) had the 
highest wood lignin percentage followed by 
RRII 422 (2 3 .7 % ), RRII 429 (22.0% ) and H. 
benthamiana (21.8%) while the least w as in 
RRII 105 (18.9%). Artocarpus hirsutus (31.8%) 
and Hevea benthamiana (31.5% ) show ed the 
highest leaf lignin percentage. Am ong Hei’ea 
clones, RRII 430 (26.6% ) show ed high leaf 
lignin (Fig. 3 &  4).

6. U tilisa tio n  o f  H evea  g erm p lasm

6.3. Hand p o llin ation  program m es

A h a n d  p o llin a t io n  p ro g ra m m e  
conducted during 2009 at CES, Chethackal 
in v o lv in g  3 w ild  a c c e s s io n s  sh o w in g  
potential for yield, and 6 cultivated W ickham 
clon es, resu lted  in 75 su ccessfu l h ybrid  
progenies w hich are under field evaluation 
for early grow th and test tap yield. A t RRS, 
Padiyoor 29 progenies derived from 2 crosses 
in 2009, along w ith 25 O P seedlings of RRII 
105, a re  u n d er ev a lu a tio n  in  a seed lin g  
nursery. M orphological data in the 3rd year 
of planting w as recorded. Hybrid progenies 
from the cross RRII 105 X AC 675 continued 
their superiority in girth  com pared to the 
progenies derived from the cross RR II 105 X 
RO  3 68  b u t th e  re c o v e ry  o f s u p e r io r  
s e e d lin g s  w a s 47  %  in th e  se c o n d  
com bination com pared to 44%  in the first 
com bination.

Tw o w ild accession s id en tified  from 
PET 2000, RO 4599 and M T 4788, show ing 
high m ature yield supported by high latex 
vessel num ber, w ere crossed w ith RRII 105 
this season. 538 and 949 crosses were m ade 
respectively w ith these two accessions. Initial 
fru it  se t  w as 9 an d  28  (1 .7  an d  2 .9 % ) 
respectively.
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6.4. G eneration  of m apping population

From tine 96 seedlings generated in 2009 
HP between H brasiliensis (RRII 105) and H 
benthamiana (F 4542), growth of the progeny 
estab lish ed  in the seed lin g  nu rsery  w as 
m onitored: girth ranged from 5.0- 30.5 cm, 
with an average of 18.8 cm. The seedlings 
were subjected to testtapping: HP 09/109 and 
H P 09/34 gave the highest testtap yield of 3.42 
and 2.99 gt 't '1 respectively. The cross was 
repeated this year too: 1829 crosses w ere 
made, and the initial fruit set was 44 (2.4%).

7. A ssessm ent of the perform ance of new
ru bber p lantation s o f IT D A , AP

This collaborative project with ITDA was 
taken up w ith the objective of m onitoring 
grow th of new large scale plantings in 2008 
a t R C  V aram , by  the In teg ra te d  T rib a l 
D e v e lo p m e n t A gen cy  (IT D A ), G o vt, o f 
A n d h ra  P ra d e sh . G ro w th  o f ru b b er 
plantations in 12 random ly selected farmers' 
fields was assessed. In the 5th year of growth, 
Farm 7 recorded the highest girth of 29.5 cm 
and Farm 10 recorded the lowest girth 9.5 cm.

S tu d ies on A lternative Sources o f Natural 
R u b b er y ie ld in g  plants

Initiated studies on the conservation and 
m anagem ent the germplasm lines of guayule 
rubber (Parthenium argentatnm ) and Ceara 
ru b b er (Manihot glaziovii) as a ltern ativ e  
sources of natural rubber w ith the objective 
of understanding the feasibility of cultivation

o f these potential drought resistant plant 
species in sem i-arid stress prone areas and 
m a rg in a l la n d s in  In d ia . O n e sc ie n tis t  
acquired overseas training on the germplasm 
conservation, cultivation and related R&D 
activ ities on guayule rubber from various 
USDA laboratories at USA. O ne indigenous 
accession of Ceara rubber w as m ultiplied 
and established in the field at RRII.

8. O th e r  stu d ies

8.1. Feasib ility  o f ratoon ing  in  Hevea
Girth w as recorded in the 12,h year of 

grow th in the two sets of plants- the ratoons 
as well as the plants raised conventionally in 
polybags. Ratoons continued to be superior 
(Table Ger. 7). 98.5 % and 60.1 % of the ratoon 
and polybag plants respectively have attained 
more than 50 cm girth so far. High variation 
for yield in individual plants w as observed 
for y ie ld . 18 and 2 p la n ts  resp ectiv e ly  
recorded m ore than 50 g t ' t 1. Yield of the two 
existing RRII 105 ratoon plants (others are 50 
different clones) w as 49.0 and 59.1 gt"1 tr1.

Table Ger. 12. G row th and yield  of ratoon p lan ts

G irth (cm ) Yield g t ’t'1
Ratoons Polybags Ratoons Polvbags

N um ber 135 203 124 35

M ax 111.0 85 107.5 103.7

M in 16.0 16.5 8 .7 8.6

Avg 74,6 51.3 27.8 16.8

No.>50 133 122 18 2

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

1 . L e a f  d is e a s e s  clones RRII 105 and RRIM  600 at Chim ony
estate Thrissur w as continued for the third

1.1. A bnorm al lea f fa ll d isease y ear. T h e sp ra y in g  w as u n d erta k e n  by
T h e  e x p e r im e n t to  im p ro v e  th e  T u rb low  m istb lo w er d u rin g  the second

efficiency of ALF disease m anagem ent in the fortnight o f May. Second round o f spraying



Table. Path.1. Per cent lea f  retention  in  R R I1 105 and R R IM  600
_  ! I'.if rplpnH'nn V\L

r r U 105 RRIM  600 R R I1105 RRIM  600  RRII 105 RRIM  600

COC(lOkg): spray oil (40L) 1:4 90 60 60 40 95 60

COC(8kg): spray oil (48L) 1:6 82 82 70 50 95 55

COC(4kg) : spray oil (20L) 

(Two rounds)I" round - 0  day 

2r“' round -  30* day 1:5 99 99 90 75 95 75

CO Q Skg): spray oit(40L) 1:5 94 54 70 50 95 50

Control -  47 5 50 5 90 10

CD,own 11.4 5.6 5.8 5 .5 NS 4.3

in the experiment was imposed 30 days after 
first sp ray in g . O b servatio n  on the le a f 
retention, leaf fall from leaf collection baskets 
were recorded. Two rounds of spraying of 
COC in oil @20 L/ ha (1:5) was found to be 
superior in checking the ALF disease during 
the three years of study. (Table Path.l)

Bio-degradable oil supplied by Bharath 
Petroleum Com pany Ltd. was subjected to 
phytotoxiciy test and found non-phytotoxic. 
Block trials were carried out during 2012 
season at three locations to evalu ate  the 
usefulness of bio-degradable oil as a carrier 
for COC in clone RRIM  600. Bio-degradable 
oil sprayed plots were found to retain m ore 
leaves indicating its better efficiency as a 
c a r r ie r  fo r  C O C  a g a in s t  A L F d is e a s e  
comparing the conventional-m ineral oil.

In the field trial to evalu ate the yield 
loss due to pow dery m ildew  and A LF at 
Padiyoor in the clones RRII 105, RRIM  600, 
PB 235 and PB 5/51, su lphur d u stin g  w as 
undertaken during Jan u ary  and February  
and spraying o f CO C in oil against ALF 
w as under taken during last w eek o f M ay 
in the respective plots. The m onthly block 
y ield w as record ed  and y ie ld  loss w as 
calcu lated . T h e crop  loss observed  w as

sh ow n in Table P ath . 2 . T h e girth  increment 
w as found to be less for untreated  plants.

Iso lates o f Phytophthora spp . collected 
from  14 different regions from  2010-2012 
w ere characterized by d ieir m ating type, and 
resistance to fu n g ic id e s . O u t o f 690 isolates 
tested, 169 w ere o f A1 m atin g  type and 521 
w ere  A 2 m a tin g  ty p e , in d ic a tin g  
predom inance o f A 2 m ating  type in rubber 
p lan ta tion s. O f the iso la te s  screen ed  for 
fu n gicid e  sen sitiv ity  to  F ytran , 18%  was 
sensitive, 58%  w ere in term ed iate and 24% 
w ere resistant.

To find out the d ifferentially  expressed 
genes during Phytophthora induction, plants 
o f Phytophthora tolerant clone FX 516 were 
ch a llen g e  in o cu la te d  w ith  z o o s p o re s  of 
Phytophthora and su btracted  cD N A  library 
w as developed. Su btracted  cD N A  showed 
hom ology w ith resistant related cD N A  of 
other plants and hypothetical proteins

A ttem pts w ere m ad e to  ev a lu ate  the 
antagonistic potential o f a bacteria l endo- 
sy m b o in t a g a in s t  A L F  d is e a s e  ca u sin g  
p a th o g e n  Phytophthora meadii. T h e 
a n ta g o n is tic  co m p o u n d  in  th e  c u ltu re  
su p ern atan t o f Alcaligenes sp . E IL -2  was 
extracted w ith diethyl ether and the extract



Table. Path. 2. Pow dery m ildew  and ALF disease- %  leaf retention  and y ield  loss in  d ifferen t c lones____

Clones Powdery m ildew  disease Abnorm al leaf fall d isease % yield loss
Dusted Undusted_______________ Sprayed Unsprayed

RRII 105 

RRIM 600 

PB 235 
PB 5/51____

6.45

28.46

13.73
10.49

inhibited the growth of P. meadi under in vitro 
c o n d it io n . In  th e  cru d e  e x tr a c t , fiv e  
com ponents w ere identified through thin 
layer chrom atography with Rf values of 0.58,
0 .6 1 ,0 .66 ,0 .72  and 0.88 and each com ponent

w a s s e p a ra ted  th ro u g h  fla s h  co lu m n  
chrom atography. O f these five, one specific 
com ponent was found to inhibit the m ycelial 
growth of P.meadii. The active fraction w as 
purified  in R P -H P L C  and their ch em ical

J L ,

11(11 yc '<H >
o

IKHVC ( H ^

&
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Fig. Path. 1 (a) Tw o d im en sio nal N M R -H SQ C  spectrum  o f  antago nistic  com pound h orn  A kaligenes  sp .lEIL-2) 
broth  su pern atant (b) predicted structu re o f  the com pound



s tru ctu re  w as e lu c id a te d  by m ass 
spectroscopy, F T K . 'H  and “  C N M R  DEPT 
N M R, 2D -N M R ('H / 'H -C O SY , H SQ C ) 
analysis and was identified as phenazine-1- 
carboxylic add(PCA) (Fig. Path. 1).

The purified phenazine-l-carboxylic acid 
showed antagonistic  activ ity  against P. inmlu. 
Tlie percentage inhibition of P. meadii myceha 
grow th in c r e a s e d  w ith  in crease  in the 
concentration of phenazine-1 -carboxyhc acid 
and the minimum inhibitory concentration ot 
P h e n az in e-l-carbo x y lic  acid  against P. matin 
was found to b e 5 pg/ml (Fig. Path. 2)

Fig. Path. 2. Growth in hib ition  o f P. m ea d ii on PDA 
p la te s  in c o r p o r a te d  w ith  d if fe r e n t  
concentrations o f  Phenazine-l-carboxylic 
acid

1.2. Pow dery m ild ew  d isease

C ro p  lo ss  at N ew  A m b a d i estate 
Kanyakumari during 2008 to 2012 in the clone 
RRII 105 w as continued. The disease intensity 
was assessed on a 0 -5 scale(very light, light, 
moderate, severe and very severe) during each 
dusting. Tine block yield was recorded and tlie 
crop loss was calculated as per the method 
reported by Jacob et al.(1992). T he crop loss 
estimated w ere presented in Table Path.3.

1.3. C orynespora le a f d isease

The survey w as con tin u ed  for the third 
year in the tw o lo ca lities viz., Thodupuzha 
and K o th a m a n g a la m . In  T h o d u p u z h a  
region the d isease in c id en ce  ranged from 
68 to 90%  and the h igh est d isease incidence 
w as re c o rd e d  in  th e  N a lp a th u  a cre  of 
N ey a ssery  v illa g e . In  K o th a m a n g a la m  
region, the d isease  in c id en ce  ranged from 
80-100 % and the h ig h est d isease  incidence 
w as recorded in  V arap etty  and K adavoor 
areas. H ow ever the d isease  severity  was 
very less. In T h o d u p u z h a  area  disease 
s e v e r ity  ra n g e d  fro m  2 - 2 0 %  an d  in 
K otham an galam  area  0-35% . T h e  disease 
w as observed to be m axim u m  in the age 
group o f 1 to 7  y ears in the c lo n e  R R II 105.

Table. Path. 3. Pow dery m ild ew  d isease in ten sity  and crop  loss

■ D isease intensity

2008* 2009  2010  2011 2012

D UD D UD D UD D UD D UD

1“ dusting BB" BB BB BB BB BB BB BB BB BB

2 dusting 2.2 2.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

3,-! dusting 3.00 3.0 0.3 0.3 0.3 2.0 0.3 1.5 0 .5 2.0

4'" dusting 1.0 4.0

Yield(Kg/400 trees) 1798 1902 182.7 1894 1663 1647 1409 1472 221 8 2276

Crop loss(%) 1.3 5.7 5 .5 3.0

Cum ulative crop loss over 4 years 

* Pre-treatm enl year D - Dusted

” BB = bud break (JD  - Undusted



T he 400 series clones RRII 414 and RRII 430 
exhibited less disease severity.

Evaluation of new generation fungicides 
w as continued at U lickal nursery on the 
polybag plants of the clone RRII 105. The 
results indicated that am ong the fungicides 
tested, pyraclostrobin+metiram, thiophanate 
m ethyl and ipridione + carbendazim  were 
effective (9.6 % disease severity).

Transcriptom e sequencing was adopted 
to gain a com prehensive overview  of the 
Hevea brasiliensis transcriptom e in response 
to Corynespora infection in two clones viz., 
RRII 105 (susceptible) and G T 1 (tolerant). A 
c o m p a r is o n  o f th e  d iffe re n tia l g en e 
expression data revealed that an average of 
397 and 649 genes were down regulated and 
upregulated respectively w hen com paring 
the control transcriptom es of the two clones. 
U pon challenge inoculation, 58 genes were 
d ow n regu lated  and 574 g en es w ere up 
regulated in the clone RRII 105. W hereas, in 
the case of the tolerant clone GT 1, 5 genes 
w ere down regulated and 817 genes were up 
regulated follow ing pathogen infection.

E x p re s s io n  o f m a jo r  p a th o g e n e s is  
related genes against C.cassiicola infection 
in tw o clones viz G T 1 and RRII 105 was 
carried  out. Enhanced expression  of four 
m ajor PR genes viz., chitinase, Phenyl alanine 
am m onialyse (PAL) PR 5 and peroxidase was 
observed in the the tolerant clone GT 1 than 
in  the c lo n e  R R II 105 w h ich  is h ig h ly  
susceptible to C.cassicola. During the initial 
hours of induction the expression was found 
to  be m a x im u m  fo r  p e ro x id a s e  g en e 
followed by chitinase and PAL.

1.4. C olletotrich u m  lea f d isease
The experim ent to study the influence 

o f Colletotrichum  leaf disease on grow th of 
rubber at TR & T  estate, M undakayam  on the 
clone RRII 105 w as continued.. The disease

severity in the protected block w as in the 
range of 8 to 10 %  w hereas it w as around 65 
% in unprotected block. The average girth 
and height of the plants and the num ber of 
le a v e s  in  th e  se c o n d  w h orl w ere  a lso  
observed to be high in the protected block.

T he experim ent to study the efficacy of 
new generation fungicides at TR & T  estate, 
M undakayam  against colletotrichum  leaf 
d isease w as continued for the second yer. 
T h e resu lts in d icated  that the treatm en t 
inv olv in g  tebu con azo le  + trifloxystro b in  
registered least disease severity (8.86 %  and 
9.83 %).

The study to confirm  the m ajor cause of 
the Colletotrichum  leaf disease in India was 
continued for the second season. C.acutatum 
was found to be m ore frequent with 91.3%  
o f the c o lo n ie s . T h e re  w e re  v e ry  few  
lo c a t io n s  w h e re  e ith e r  C.acutatum o r 
C.gloeosporioides alone was isolated. Both the 
species could be isolated from  all types of 
sym ptom s. Perfect stage or the ascigerous 
s ta g e  o f th e  fu n g u s  Colletotrichum 
gloeosporioides (Glomerella sp ) p rod u cin g  
perithecia in culture could be isolated .

1.5. So u th  A m erican  Leaf B lig h t (SA L B )
d isease
T h e  c lim a te  s u ita b il i ty  fo r  th e  

occurrence of SALB in India, South East Asia 
and other parts of the world w here rubber is 
c u ltiv a te d  w as w o rk e d  o u t u s in g  an 
environm ental envelope or an expert-driven 
m o d el u s in g  the A rcM ap  9 .3 , the m ain 
co m p o n e n t o f  E S R I 's  (E n v iro n m e n ta l 
System s Research Institute) ArcG IS suite of 
geospatial processing program s. Individual 
m aps for tem perature, precipitation and RH 
for India, South East Asia and the w orld 
revealed that no t all these three su itable 
environm ental factors are present together 
during the refoliation period in India and



therefore, disease development does not take 
place in India. However, there is a threat for 
certain regions in South East Asia and Africa, 
which is a matter of concern.

2. S tem  d iseases

2.1 Pink disease
Evaluation of new generation fungicides 

as prophylactic and curative treatm ent was 
continued at M undakayam  estate. In  the 
experim ent with prophylactic application 
o f various treatments maximum recover)' of 
the p la n ts  w as o b se rv e d  in  c a s e  o f 
tra d itio n a l B o rd eau x  p a ste  (98% ) and 
K on d od y 's B o rd eau x  p a ste  (97% ). T he 
treatm ents involving Kondody's Bordeaux 
m ix tu re  sp ra y  w as co m p a ra b le  w ith  
u n treated  co n tro l in  te rm s o f p e r  cen t 
recovery of the p lants. In the cu rative 
ap p lic a tio n , fu n g ic id e s  w ere  m ixed  in 
rubberkote and applied  on the infected 
portion of the plants. The results revealed 
that Kondody's paste w as highly effective 
(100 % recovery of plants). A m ong the newr 
g e n e ra t io n  fu n g ic id e s  the fu n g ic id e  
tebuconazole (90% recovery) was promising 
followed by copper hydroxide (Kocide 101) 
with 85 % recovery.

3. P ests  o f  ru b b er

Conducted a prelim inary study on the 
effect of Metarhyzium anisopliae on the larvae 
of m ooply beetles by spraying the fungal 
suspension on the cluster of larvae. Three 
d ifferen t co n cen tra tion s o f  Metarhyzium 
anisopliae w ere  sp ray ed  an d  record ed  
m ortality of larvae on the 3 rd and 7th day of 
spraying. The results show ed only 15 -38 % 
mortality of larvae after 7,h day o f spraying 
(Table Path. 4).

Conducted an extensive survey on the 
in c id en ce  o f b ark  fe e d in g  ca te rp illa r ,

Table. Path. 4. Effect of Metarhyzium atiisopliae on 
the mortality of the larvae of mooply 
beetles, Laptops curticollis

M etarhyzium anisopliae Percentage o f m ortality 
in different concentrations after

_________________________  3 rd d ay  7-h day

M etarhyzium

anisopliae (14x105) 10.90(19.29) 14.85(22,68)
M. anisopliae  (28x105) 19.50 (26.22) 24.62(29.76)
M. anisopliae (55x 105) 31.33 (34.05) 37.76(37.93)

Control 7.96(16 .40) 7.82(16.25)

C D  at 5% 17.43 12.42

( Figures in parenthesis are  arcsin e transform ed  values)

Aetherastis circulata (L e p id o p te ra  
:Y p on om eu tid ae), in  ru b b e r  tre e s  and 
observed  K od u m on  esta te  as th e  highly  
infested area. The pre pupal and pupal stages 
of bark feeding caterp illar from  the infested 
trees were collected from  Jan u ary  to April 
2013 and kept in the laboratory condition for 
the em ergence of adult lep id op teran  or the 
parasitoids. T he em ergence o f a parasitoid 
from  the p u p ae w as o b serv ed  an d  was 
identified as Braconid sp  (B raconid ae). An 
entom opathogenic fu ngu s w as also  isolated 
from the dead larvae.

The incidence o f Ptochoryctis rosaria in 
rubber trees w as record ed  from  d ifferent 
lo ca tio n s  viz;  P a th a n a m th itta , P u n alu r, 
Adoor and Kottayam . The attack  w as mainly 
noticed in clones PB260, PB235, RRII 105 and 
R R II 422 and w'as found  co n fin ed  to the 
outerm ost virgin bark  areas.

4. V ector c o n tro l

Carried out entom ological surveillance 
on th e  v e c to r  p o p u la t io n  in  d if fe re n t  
lo c a t io n s  su ch  as  C E S  C h e t h a c k a l  
A im com bu, M alankara , R am ap u ram  and 
Kum arakom . The biodiversity  o f m osquito 
species in rubber plantations w as found less 
c o m p a re d  to  n o n -r u b b e r  a r e a s . Aedes



albopictus w as recorded as the predom inant 
sp e c ie s  o f m o sq u ito  (4 8 % ) in ru b b er 
plantations followed by Armigerus subalbatus 
(43%).

C onducted field experim ents on the 
control of m osquitoes in three locations at 
Erumely, M ukkoottuthara and Mundakayam 
reg io n s by sp ray in g  B t form u lation s on 
pineapple axils. O bservations w ere taken on 
2nd ,5th and 7th day after spraying and also 
after two, three and four weeks. 100 percent 
m o rta lity  w as n o tic e d  o n  2nd d ay  o f 
s p ra y in g . B t sh ow ed  good  co n tro l of 
m osquito breeding in pineapple axils up to 
three weeks.

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

C onducted  a field study to find out the 
c o m p arativ e  e fficacy  of feed in g  of fru it 
ju ices on the brood rearin g  and foraging 
activ ity  o f Indian H oney bee, Apis cerana 
indica d u rin g  p eriod s of dearth in rubber 
p lantation s. C olon ies w ere fed w ith ju ices 
of jack  fru it, m ango, p ineapp le (200 m l / 
co lo n ies) and su gar syru p  tw ice a w eek 
d uring o ff season. T h e percentage increase 
in  the brood d evelo p m en t and forag ing  
a ctiv ities of the co lo n ies w ere found to be 
h ig h  in  s u g a r  s y r u p  tre a te d  co n tro l 
co lo n ies  com p ared  to fru it ju ice  treated 
co lonies.

C arried  out a com p arative  study on 
th e  p o lle n  c o n te n t  a n d  b io  c h e m ic a l 
c o n stitu en ts  o f honey sam p les co llected  
from  d iffe re n t  so u rce s  su ch  as ru bber, 
fo r e s t  a n d  o th e r  f lo r a l  s o u r c e s  in 
c o l la b o r a t io n  w ith  E n v iro n m e n ta l 
R e s o u r c e s  R e s e a rc h  C e n tre  (E R R C ), 
T rivan d ru m . A s per the analy tical report, 
th e  ru b b e r  h o n e y  a p p e a rs  to  p a ss  the 
recom m end ed  sp ecifications.

6. M ic ro o rg a n is m s  fo r  im p ro v in g  
g r o w th  o f  r u b b e r  a n d  c o v e r  
cro p s

T h e ro le  o f 15 P G P R  (p lan t grow th 
p rom otin g  rh izob acteria ) iso la tes in the 
germ in ation  o f rubber seed w as studied . 
The per cent germ ination, after 12 days and
30 days of p lanting w as found high in the 
Azotobacter G in o c u la te d  s e e d s  (76% ) 
follow ed by RB 88 (72% ), F I (7 2 % ), R H 104 
(7 1 % ) an d  in  c o n tro l  6 2 % . T h e  
p hosphofu ngi selected did not show  any 
stim u lating  effect on seed germ ination.

A bou t 1300 rh izob acteria l cu ltu res  
from  36 lo cation s of Sou th  K arnataka and 
N orth K erala, w ere isolated  and studied  
th e ir  v a r io u s  b e n e f ic ia l  a c t iv i t ie s  fo r 
g ro w th  p r o m o tio n . In  th e  p r im a ry  
s c r e e n in g  o f 3 1 0  b a c te r ia l  i s o la te s ,  
so lu b ilisation  of phosph ate w as sh ow n by 
67, ZnO  by 45 and Z nC o3 by  66 iso late. T he 
p r o d u c t io n  o f IA A  w as sh o w n  b y  20 
iso lates and s id ero p h ore  by  19 iso la tes. 
A m ong 4 17  iso la tes o f  fu n gi co llected , 
tw enty  iso la te s  w ere  se le c te d  b a s e d  on 
th e ir  p h o sp h a te  s o lu b ilis in g  e ffic ien cy . 
F orty  iso la te s  so lu b ilise d  Z n O  a n d  33 
iso lates ZnC O S. M ost of the p hosp h ate 
so lu b ilisers w ere also  so lu b ilizers o f Zn 
com pound s.

A bout 550  bacterial iso lates collected 
during the sum m er season w ere tested for 
A C C  deam in ase activ ity  and selected  80 
isolates for further screening.

Eighty five actinom ycetes collected from 
these locations were screened for antagonism 
against the six pathogens o f rubber. Four 
is o la te s  viz. 3 9 , 4 5 , 65  an d  13 4  w ere  
antagonistic to all the five pathogens (Table 
Path. 5). Isolate 39 show ed m ore zone of 
in h ib it io n  a g a in s t  C. acutatum and



____________ Table. Path. 5. Antagonism  o f  actinom ycetes against d iffe re n t p a th og en s _____________

Isolates P. mxdus C. salmonicdor P. meadii C. cassiicflla C. acutatum C-glwosporioi f o
39 i 4mm 20m m  10mm 16m m  35in m  33m m

45 10mm 20mm 15mm 10m m  20m m  18m m

65 5mm 19mm 27m m  15mm 20m m  16mm

134 16mm 32m m__________ 18mm_________ 38m m_________ 27m m _____________ 27m m

C.gloeosporioides, iso la te  134 a g a in st 
Corynespora, Corticium and P. noxius and 
iso late  65 ag a in st Phytophthora and to 
Corticium with browning of mycelium.

Bacterial isolates (210 nos.) w ere also 
checked for antagonistic activity against all 
the p ath o gen s. F ou r a n ta g o n is ts  o f 
Phytophthora, six  each  o f Corynespora and 
C. acutatum, two of Corticium. three o f C. 
gloeosporioides and two of Phellinus show ing 
more zone of inhibition were selected.

In the biofarm ing trial the population 
o f m ic ro o rg a n ism s in so il  fro m  th e  
d ifferent treatm ents w as estim ated . The 
total b acteria l p o p u la tio n  in th e  th ree  
trea tm en ts did n o t vary. T otal fu n gal, 
p h o s p h o b a c te r ia l an d  Pseudomonas 
population w as m ore in b io lo g ic a l and 
in te g ra ted  p lo ts . In o c u la te d  b a c te r ia l 
population in the rhizosphere soil w as also 
m ore in these two plots.The p lants in the 
integrated treatm ent three years after 
planting show ed m ore grow th (24.33 cm ) 
fo llo w e d  by  c h e m ic a l (21.7  cm ) an d  
biological (20.6 cm ) treatm ents w h ich were 
statistically  on par. Inciden ce o f diseases 
was less in all treatm ents.

7. W aste m a n a g e m e n t in  r u b b e r
p rocessin g

The various treatment systems vi: floor 
wash collection and coagulation tank, initial 
nitration unit, combined/equalization tank 
biomethanation system (H RM R), diffused

aeration system , clarification/sedim entation 
system , final filtration  unit, treated water 
co llection  tan k  w ere in teg ra ted  to obtain 
reduction in pollution load. T h is Integrated 
W aste W ater T reatm en t Sy stem  (IW W TS) 
w as evaluated by  analysin g various samples 
collected w ith respect to variou s pollution 
param eters. T he hybrid reactor-H R M R  was 
fou n d ed  to be e ffe c tiv e  in  red u cin g  the 
p o llu tio n  load . I t  co u ld  red u ce  BO D  by 
94 .57% , C O D  by  95 .1 2 % , to ta l so lid s  by 
74.87% , and dissolved so lid s by76.50% . The 
pH  also increased from  the ran ge o f 4.8-6.3 
to 6.8-7.2 (Table Path. 6).

The overall p erform an ce efficiency  of 
the integrated w aste w ater treatm ent system 
co n s is tin g  o f H R M R , d iffu se d  aeratio n , 
sedim entation and filtration w as found to be 
highly  effective. T he system  could  achieve 
rem oval efficien cy  in  B O D -99 .48% , COD- 
98.63% , TS&  D S- 81.50 % . The pH  increased 
from  the range o f 4 .7-6  (that o f raw' effluent) 
to 6.6-8 (treated final water). All the pollution 
param eter of the treated final w ater w as well 
w ithin specified safe lim its for discharge to 
the environm ent.

The H RM R yielded 8m 3 b iogas /day. The 
utilization o f biogas as an alternative fuel has 
reduced > 35%  o f firew o od  in the sm oke 
house for sh eet drying.

8. F arm  M e c h a n iz a tio n

T h e H D P  p u m p  used  in  th e  tractor 
m ou n ted  m ist b lo w er w as rep laced  by a



T able. Path. 6 . E ffic iency  o f Integrated w aste w ater treatm ent system

(Coir filter + HRMR+ diffused aeration *  sedim entation + sand filtration)
Param eter Raw

effluent
Filtered
Effluent

Discharge 
from H RM R

A fter diffused 
aeration and 
sedim entation

Final
(After
filtration)

O verall
Efficiency
o fE T P
(%  reduction)

Safe
limit

pH 4.7-6.0 4.S-6.3 6.8-7.2 b.5-7.7 6 .6-8.0 — 6-8.5

C O D 10964 9037(17.57) 441(95.12) 183(58.50) 150(18.03) 98.63 250

BO D 5349 4859(9.16) 264(94.57) 30(88.64) 28(6.66) 99.48 30

T S 13119 11362(13.39) 2856(74.87) 2562(10.29) 2432(5.07) 81.46 2100

D S 12003 10388(13.45) 2437(76.50) 2371(2.71) 2219(6.41) 81.51 - -
V alues are in Mg/1, except pH.

Values given in parenthesis are percentage reduction

c e n t r i fu g a l  p u m p  an d  f ie ld  te s te d . 
P u m p in g  o f fu n g icid e  flu id  w as fou n d  
in te rr u p te d  fre q u e n tly . T h e  fu n g ic id e  
d elivery  pum p, w orking through a pulley
& b e lt system  w as also  found ineffective 
d u rin g  the op eration  in the field. The leaf 
reten tion  in the p lo t w h ere all the row s 
w ere sp ray ed  w ith  the tractor m ounted  
s p r a y e r  w as c o m p a r a b le  w ith  the 
co nventional m icron spraying.

In view  o f in tro d u c in g  s in g le  m en 
operated mist blower, various units available 
in the m a rk et w ere  ev a lu ated  fo r th e ir  
perform ance. The efficacy of these sprayers 
were assessed by recording the ALF disease 
severity in term s of per cent leaf retention. 
All the single m an mist blow ers tested were 
found inefficient to protect the rubber plants 
from abnorm al leaf fall disease w here the 
height of the tree w as around 70 feet.

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

Tine thrust areas of research in the Crop 
Physiology D ivision are environm ental and 
stress physiology, physiology of grow th and 
y ie ld , ta p p in g  p an el d ry n ess , n u tritio n  
p h y sio lo g y , g en e  e x p re s s io n  s tu d ie s , 
secondary metabolites and ecological impact 
o f natural rubber cultivation.

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

1 .1 . S t r u c t u r e  a n d  f u n c t i o n  o f  
p h o to s y n th e t ic  a p p a r a tu s  o f  n a tu r a l  
r u b b e r  in  r e la t io n  to  i t s  a d a p ta t io n  to  
h ig h  l ig h t  a n d  d r o u g h t s t re s s

O n e year old plants o f nine different 
clones o f Hevea (viz., RRII 414, RRII 417, RRII

422, RRII 429, RRII 430, RRII 105, R R IM  600, 
RRII 208 and PB 260) grow n in big size poly 
bags w ere subjected to w ater deficit stress 
by w ithholding irrigation for ten days during 
su m m er se a s o n  (M a rc h -A p r il , 2 0 1 2 ). 
Similarly one year old plants of RRII 105 and 
R R IM  60 0  ra ise d  in p o ly  b a g s  at R R S  
Dapchari, a severe drought prone area, were 
s u b je c te d  to  w a te r  d e f ic it  s t r e s s  by 
w ithholding irrigation for six days during 
su m m er se a s o n . C h lo ro p la s t  p ro te in s  
prepared from these clones were subjected 
to w estern b lo ttin g  u sing  the p o lyclon al 
antibody raised against the stress protein. 
T he result show ed that the stress protein



u n  105 (tRlI 20* RRJ-MMC RRU 414 RRIM 17 RRII 422 RRJI 429

Fig. Phy 1. The expression of 23 kDa chloroplast sm all hsp in d ifferen t c lon es o f  H evea; W estern  b lo t show ing 
the over-expression o f  the protein in drought im posed p lan ts (C- irrigated  con tro l and D - drought 
im posed)

expression was not visible in the clone PB260 
and in all other clones protein with varied 
m ag n itu d e o f e x p re ss io n  (F ig .P h y . 1). 
Drought tolerant clones such as RRIM 600, 
RRII 208 and RRII 430 showed prominent 
expression of this protein after water stress 
imposition.

Western blot analysis was performed 
for total leaf protein also. The result showed 
good profile with over-expression of stress 
protein in drought im posed p lants. The 
stress protein differentially expressed among 
the clones were purified by repeated electro- 
e lu tio n  and reso lv ed  by 2D  gel 
electrophoresis to confirm its hom ogeneity 
and further sequencing of this protein was 
carried out by MALD1 TOFF/TOFF method.

1.2. Identification of m olecu lar b asis for 
drought tolerance in  Hevea 
Six month old polybag plants of clones 

RRIM 600 and RRII 105 were subjected to 
drought stress and re-watering (two cycles 
o f drought stress and re-w atering). Leaf 
sam ples were collected after assessing the 
drought status of the plants by m easuring 
w ater p o te n tia l an d  g as e x ch a n g e  
parameters. Quantitative gene expression 
a n a ly se s  w ere  p erfo rm ed  in  d ro u g h t 
imposed plants for NAC transcription factor. 
GAPDH was used as endogenous control for 
norm alization analysed w ith reference to 
control plants of and respective clones.

The gene expression analyses showed 
significant in crease o f N A C  transcrip tion  
fac to r  e x p re ss io n  a fte r  re -w a te rin g  and 
subsequent drought stress. T he increase in 
expression w as m ore in a relatively drought 
tolerant clone R R IM  600 com p ared  to the 
known susceptible clone RRII 105.

1.3. M o le c u la r  s tu d ie s  o n  co ld  s tres s  in Hevea
Young polybag plants o f clone RRIM  600 

were acclim atized in a grow th  ch am ber and 
cold treatm ent w as im posed by reducing the 
tem perature to 8 ° C. Total R N A  w as isolated 
from both leaf and latex sam p les using the 
S p ectru m  P la n t T o tal R N A  K it (S ig m a- 
A ld r ic h ). m R N A  w a s is o la te d  u s in g  
m agnetic bead s (D yn a bead s, Invitrogen, 
U SA). Transcriptom e library for sequ encing 
w as constructed accord ing  to the Illum ina 
TruSeq RN A library protocol. Around 90735 
transcripts were obtained, out of w hich about 
961 transcripts were up-regulated  under cold 
stress and about 109 transcripts w ere dow n- 
re g u la te d . S S R s  c o n ta in in g  t ra n s c r ip ts  
s p e c if ic a l ly  fo u n d  in  c o ld  r e s p o n s iv e  
population w ere identified.

1.4.1 Developing a microarray of stress 
responsive genes from Hevea brasiliensis 

To develop ESTs o f various stresses viz. 
d rou g h t, low  tem p era tu re , e th y le n e  and 
T P D , tran scrip tom e seq u en cin g  h as been



p e rfo rm e d  by  o u ts o u rc in g  w ith  M/s. 
G enotypic Technology, Bangalore. Data were 
analysed  and the sequ en ce inform ations 
have been submitted in the Genbank database. 
Further data compilation and arranging to 
get the microarray is being done.

1.4.2. Investigations on microRNAs in Hevea 
brasiliensis: Role in gene regulation 
during abiotic stresses 

L o w  m o le c u la r  w e ig h t R N A  w as 
isolated from the leaf sam ples of drought 
im posed plants of clone RRIM  600 using 
m irVana m iRN A  isolation kit and separated 
o n  12%  d e n a tu r in g  (7M  u rea) 
polyacrylam ide gel. The bands at the range 
of 20-24 nt were eluted using DTR colum ns. 
3' and 5 ' linkers w ere ligated using m iRCat 
cloning kit in tw o separate reactions. Reverse 
transcription was perform ed for the tinkered 
sm all RNA and PCR am plification of cDNA 
w as perform ed using linker specific primers. 
The am plicons were purified and proceeded 
w ith cloning and sequencing. A total of 50 
c lo n e s w ere  seq u en ce d . By p erform in g  
BLA ST analysis against m iRBase database 
v l 9.0, two sequences w ere found sim ilar to 
m iR166 fam ily and one was found sim ilar to 
m iR482.

1.5. Ecosystem  Flux m easurem ents

1.5.1 Sap-floiv measurements in mature 
rubber plants

W ith  an  o b jec tiv e  o f accou n tin g  the 
w ater use of rubber plants in different agro 
c lim atic  reg io n s sap  flow  m easu rem en t 
s y ste m s w ere  co m m issio n ed  in  m ature 
rubber trees at RES, Nagrakata, North Bengal 
and RRS, D ap chari, M aharashtra during 
Septem ber and Decem ber 2012, respectively.

The xylem  sap flow  rate (w ater L/ tree/ 
day) recorded in tw o rubber clones (RRU 417 
and R R II 429) at RES, N agrakata is given in

Table Phy.l. The average w ater m ining rate 
(sap flow ) of m ature rubber plantation at 
RES, Nagrakata during w inter period was 13 
L/tree/day. This rate w as only around one 
third of the post m onsoon season (30 L/tree/ 
day) indicated defoliation (w intering) and 
low tem perature m ediated  redu ction  in 
transpiration.

Table Phy. 1 Sap flow  rate in  tw o ru bber c lon es at 
R E S , N agrakatta, W est B en gal_________

M onth

M ean transpiration (T) 
w ater loss L/tree/day

RRII 417 RRII 429

O ct 2012 28±1.2 33±0.9

N ov 2012 29+0.7 30±1.2

D ec 2012 21±0.6 17+0.73

Jan  2013 14+0.7 l l ± 0-6

Feb 2013 10±0.3 6+0.33

M arch 2013 19± 0.9 18.4+1.0

A t RRS, Dapchari, M aharastra the sap 
flow system  was installed in clone RRIM  600 
with two different treatments; one set of trees 
(n=3) w ith irrigation during sum m er m onths 
and another set of trees (n=3) left w ithout 
irrigation as rainfed trees. The average w ater 
m ining rate of irrigated trees ( L/tree/day) 
w as significantly  h igher than unirrigated  
trees.

1.5.2. Measurement of CO and zvater vapour 
flux in rubber plantation 

The ecosystem  level carbon dioxide and 
w ater flux and canopy level photosynthesis 
in a seven year old rubber plantation were 
continuously m easured during the period 
(October 2012 to M arch 2013) using an eddy 
covariance system  w hich w as installed in a 
field standing tower at Central Experim ental 
Station, Chethackal. On an average, the NEE 
was 11.6 g CO/m2/day, w hich is equivalent 
to 42 to n s C 0 2/ha/year. T h e  e v a p o - 
transpiration (ET) values obtained from the



latent heat of vapourization (LE) indicated 
2.5 mm/dav from this plantation .

The amount of carbon sequestered by 
the rubber trees was estimated during the 
same period by estimating the annual shoot 
b io m ass in c rem en t and the C O , 
sequestration realized from shoot biomass 
increm ent was 23 tons CO,/ha/yr (w hich 
does not include root biomass, soil carbon, 
litter decomposition and sequestration by 
weeds and cover crops).

1.6. Stu d ies on adaptive m echanism s in Hevea for drought and cold stresses 

S tu d ies  w ere in itia te d  to fin d  out 
existence o f any com m on m echanism  of 
abiotic stress tolerance in Hevea clones under 
d ifferen t e n v iro n m en ta l co n d itio n s. A 
polybag nursery of Hevea clones comprised 
of nine clones (RRII 414, RII 422, RRII 430, 
RRn 429, RRII 105, RRII 208, RRIM 600, and 
RRIC 100 & SCATC 88/13) w as raised at 
RRII. At two w horl stage d rou g h t w as 
imposed to RRII 422, RRII 430, RRII 208, 
RRIM 600 and RRII 105. Clones such as RRII 
430  and R R II 4 22  m a in ta in ed  b e tte r  
photosynthesis and stom atal conductance 
under w'ater stress. All the clones showed a 
reduction in <DPSII and the m agnitude of 
reduction was lesser in RRII 430 and RRII 
208 . T h e se  c lo n e s show 'ed b e tte r  
photochem ical quenching under drought. 
Leaf w-ater content was well maintained in 
R R II 422  and R R II 208. A red u ction  in 
photosynthetic electron transport rate (ETR) 
occurred under drought treatment.

A) D iu rn a l v a r ia t io n  in  x a n th o p h y ll
pigm ents

Diurnal variation in xanthophyll cycle 
pigment contents was analysed in poly bag 
p lan ts o f R R II 414 . It w as fo u n d  that 
neoxanthin (Nx) content increased starting 
from 8.30 am to 2.30 pm and there after

declined. Violaxanthin (V x) and Lutein (L ) 
co n ten ts w ere h ig h e r  a t  m o rn in g  time 
followed by a m arked d ecrease till midday 
and sh ow ed  an  in c re m e n t tren d  in the 
e v en in g . A n th e ra x a n th in  (A x ) w as not 
datectable at early m orning how ever, there 
is a m inor increase in the content after 10.30 
am and stable till evening. Z eaxanthin (Zx) 
content w as also  n o t d e tecta b le  at early 
morning but show ed a sign ifican t increase 
in their level w ith increase o f light intensity, 
recorded m axim um  at m idday then decline 
d u r in g  e v e n in g  w h en  s u n lig h t  fa llin g . 
X a n th o p h y ll c y c le  p ig m e n t  p o o l size  
(V+A+Z) show ed clear d iurnal variation and 
fou n d  h ig h  a t m id d a y . H ig h  le v e l of 
x a n th o p h y ll c y c le  a c t iv i ty  a t  m id d a y  
indicated a m ajor role in d issip ating  excess 
light energy in m esophyll.

B) Su n/shade e f f e c ts  o n  x a n th o p h y ll
cycle p igm ents

Polybag plants w ere grow n under open 
su nlight and 50%  sh ad e con d ition s. Leaf 
sam ples were collected after 15 days o f sun/ 
sh a d e  tre a tm e n t a n d  a n a ly s e d  for 
xanthophyll cycle pigments. The data showed 
that neoxanthin (Nx) content reduced under 
open su n ligh t con d ition  how ev er, under 
shade condition it w as found increased in 
RRII 208. A reduction in violoxan th in (Vx) 
pigm ent under open sunlight condition in all 
the clones was observed. Zeaxanthin (Zx) was 
not traceable under sh ad e co n d itio n  but 
higher levels w ere observed in su n exposed 
leaves. The xanthophyll p igm ent pool size 
w as low in sh ad e con d ition  than  the sun 
ex p osed  le a v e s . L e v e l o f  x a n th o p h y lls  
pigment pool size per unit of chlorophyll was 
fou n d  h igh  in R R II 4 3 0  a n d  R R IM  600 
followed by RRn 422 and SCA TC 88/13 (Table 
I hy.2). In all clones a reduction w as observed 
in the level of total chlorophyl l and a-carotene 
under open sunlight condition.



Table Phy. 2. V ariation in xanthophyll cycle pigm ent 
p o o l : to ta l ch lo ro p h y ll a m o n g  th e 

_______________c lon es in  sun exposed leaves__________
G o n e V+A+Z / Chi. (%)
RRII 414 3.69
RRU 422 4.95
RRII 429 4.35
RRII 430 5.63
RRIC 100 4.96

SCATC 88/13 4.82
RRII 208 5.26
RRIM  600 5.55
RRII 105 3.89

1.6.2. Foliar application of potassium to 
mitigate drought 

A stu d y  w as c o n d u cted  w ith  an  
objective to find out the advantage of foliar 
ap plication  of potassium  to tide over the 
adverse effect of drought in young plants of 
Hevea. Tw o clo n es w ere selected  for this 
study (R R II 105 and R R II 414). A fter two 
weeks of drought imposition, RRII 105 plants 
sh o w ed  s ig n if ic a n t  re d u c tio n  of 
p h o tosy n th esis. D rou gh t p lan ts show ed 
drastic reduction in leaf water potential. But 
this reduction w as lesser in plants with foliar 
application o f potassium under water deficit. 
Under drought condition foliar application 
of K show ed better rate of photosynthesis 
an d  sto m a ta l co n d u cta n ce  com pared to 
w ithout K  application . H igher levels of 
carotenoid and ascorbic acid contents were 
ob served  in  p la n ts  u n d er d rou g h t w ith 
potassium  application than control drought 
p la n ts . It w a s fo u n d  th a t p o ta ssiu m  
ap p lica tion  protected  the photosynthetic 
m achinery from dam aging effects of water 
stress w ith elevated levels of antioxidants and 
carotenoids.

1.7.1 Physiological evaluation of transgenic 
Hevea plants in a dry environment 

O n e y ear old  bud g rafted  p lan ts of 
u n tr a n s fo r m e d  R R II 105 an d  M n SO D

transgenic lines (L I  and L2) w ere irrigated 
daily  up to field cap acity  and anoth er set 
of equal nu m ber o f p lan ts w as kept u n ­
irrigated for six days. A fter that the plants 
w ere irrigated daily  to study the ex ten t of 
drought recovery. Both the transgenic lines 
(L I  and L 2 ) sh ow ed  m o re  d ry  m a tter  
p a r t it io n in g  to w a rd s  th e  ta p r o o t .  
P artitioning to other parts of the plants was 
sim ilar in all the lin es . P re-d aw n  w ater 
potential o f lea f declined  upon im position 
of d rought stress in all the lines. Though 
L2 h a d  h ig h e r  c h lo r o p h y ll  c o n te n t  
th ro u g h o u t  th e  stu d y , th e re  w a s  n o  
sig n ifican t variation in ch lorop h yll index 
am ong the lin es stu d ied . A p rog ressiv e  
decline w as observed for C O , assim ilation  
w ith w ater stress. T he un transform ed RRII 
105 show ed slow  rate o f recovery  o f PN up 
to 27% after re-w atering for three days (Fig. 
Phy. 2). Stom atal condu ctance also  show ed 
a d ecline un d er m oistu re stress and the 
decline w as less in L I com pared to L2. T he 
antioxidan t enzym es activ ity  did not show  
a n y  tre n d  in th e  t r a n s g e n ic  an d  
untransform ed plants.

°  1 2 3 4 ^  6 R1 R 2 R3

Fig. Phv.2. Photosynthetic rate (PN) of the transgen ic 
lin es  (LI and L2) and untransform ed R R II 
105 d uring six  d ays o f  drought stress and 
recovery after re-w atering fo r  3 days (R: 
re-w atering)



1.8. Rapid screening o f Hevea germ plasm  
lin es for in trin sic drought tolerance 
traits

1.8.1. Laboratory screening of germplasm 
accessions for intrinsic drought 
tolerance

Ten top ranking and ten bottom ranking 
accessions of SBN 2006, twelve top ranking 
and ten bottom ranking accessions of SBN 
2007 and seven top ranking and five bottom 
ranking accessions of SBN  2008, selected 
from  field  sc o rin g  w ere su b jec ted  to 
laboratory screening for intrinsic drought 
tolerance traits. Leaf discs punched from 
middle leaflets were incubated in 60%  PEG 
(polyethylene glycol solution) and exposed to 
light. Control leaf discs were incubated in water. 
The effective quantum yield of PS II (cfcPSII) was 
measured using PAM 210 0  chlorophyll 
fluorometer. The percent reduction in quantum 
yield of drought stressed leaf sam ples to that 
of control sam ples was calculated, sorted 
numerically and the accessions were ranked. 
The accessions that w ere exhib iting  less 
reduction were ranked top as m ost intrinsic 
tolerant ones and vice-versa. A ccessions AC 
513, RO 2990, RO 1528, AC 967, RO 1398 and 
RO 2907 of SBN 2006, accessions AC 1914,

RO 3672, A C 460, RO  366 and A C  1963 0 f 
SBN 2007 and accessions RO 3160, A C  1 9 6 9  

RO 2806, RO 1370 and RO  323 o f SBN 2008 
respectively, w ere selected as m ost tolerant 
ones. Percent reduction in OPSII o f differeni 
accessions under in-vitro d rou g h t stress of 
various SBN are g iven in Table Phy. 3.

1.8.2. Nursery evaluation of selected 
germplasm accessions for drought tolerance traits.

F iv e  to le ra n t  a c c e s s io n s  a n d  three 
su sce p tib le  a c c e ss io n s  se le c te d  by field 
scoring and know n d rou gh t tolerant and 
drought susceptible check clon es (RRIM  600 
and RRII 105, respectively) w ere grow n in 
polybags. H alf o f the plants w ere irrigated 
w hereas the other h a lf w as kept un-irrigated 
for ten days before the m easu rem en ts were 
m ade. Percentage lea f y e llow in g  and leaf 
senescence w as found less in  accession  MT 
1623 followed by clone R R IM  600 and HP 
105. C lone RRII 105 and accession s RO  85, 
M T 1616 sh ow ed sev ere  d ro u g h t injury. 
S im ilarly  the clo n e H P  105, fo llo w ed  by 
RRIM  600 and accessions M T  1623, RO  2387 
retained m axim um  nu m ber o f leaves under 
d ro u g h t c o m p a r e d  to  o th e r  c lo n e s .

Table Phy. 3. ^ P ^ ^ ^  germ plasm  accessions selected  from  SBN
2006, 2007 and  2008 b y  la b  scree n in g  for

Accessions % reduction Accessions

1 AC  513 4.89 A C  1914
2 RO  2990 4.94 RO  3672
3 RO  1528 8.73 A C  460
4 AC  967 12.45 RO  366
5 RO  1328 18.71 AC 1963
6 RO  2907 20.49 AC  4072
7 RO  2723 35.09 AC 4138
8 RO  2142 48.13 AC  3822
9 RO 2863 50.14 AC  3567
10 A C  3123 59.75 M T 1723

% reduction 
in PS II Q.Y,

A ccession s 
(SBN  2008)

%  reduction 

in PS n  Q.Y.
5 .7 R O  3160 5 .98
7.6 A C  1969 7.25

13.7 R O  2806 9.85
21.6 R O  1370 13.60
22.5 R O  323 25.12
35.5 A C  3325 30 .12
39.3 A C  1846 5 1 .77
46.9

4 9 .7

59.6



Accessions RO 85, M T 41 and clone RRII 105 
showed m aximum reduction in leaves. The 
reduction in chlorophyll content was found 
less in accession M T 1623 (7.06% ) followed 
by  clone RRIM  600 (10.2% ) and HP 105 
(1 1 .4 2 % ) and m axim u m  red u ctio n  w as 
noticed in clone RRII 105 (31.18% ). Clone 
RRIM  600 followed by RO 2387, RO 2153, 
H P 105 and M T 1623 m aintained higher leaf 
w ater status under drought whereas, in clone 
RRII 105 and accessions M T 1627 and RO 85 
the m id- day leaf w ater potential w as m ore 
negative indicating increased susceptibility 
to drought. U nder drought stress the net 
photosynthetic rate w as found m ore stable 
in accession M T 1623 (5.38 p m ol n r2 s ' )  
followed by clone RRIM  600 (4.34 p mol n r2 
s  ') and H P 105 (3 .87  p m ol n r2 s '). The 
p h o tosy n th etic  rate redu ced drastically  
u nder severe stress in clone RRII 105 (0.07 p 
m ol m '2 s'1). U nder extrem e drought (fifteen 
days drought) 13% of plants of RO 85 and 
26%  of plants in clone RRII 105 com pletely 
d r ie d . In a d d it io n  to th is  100%  le a f 
senescence w as observed in few plants of 
clones RRII 105, RO  85 and M T 1627.

1.8.3. Physiological, biochemical and 
molecular factors associated with 
drought tolerance in Hevea germplasm 
accessions

Relatively drought tolerant (14 nos.) and 
susceptible (4 nos.) wild Hevea germ plasm  
accessions, short listed based on extent of leaf 
y e llo w in g , w ere  ra ised  in p o lyb ags. Six 
m onth old polybag plants w ere subjected to 
d rou gh t stress and assessed  for drought 
tolerance by em ploying param eters such as 
photosynthesis (A), Fv/Fm, pigm ents and 
epicu ticular wax contents.

G erm p lasm  accession s RO  3157, RO 
2432, RO 1406, RO 3261, AC 612 and RO 3184 
show ed higher wax content than the check 
clone RRIM  600. Five germ plasm  accessions

showed higher total chlorophyll content than 
another check clone RRII 430. Six germplasm 
a c c e s s io n s  sh ow ed  h ig h e r  c a ro te n o id  
contents than clone RRII 430. The accession 
RO 3261 show ed the highest photosynthesis 
rate whereas the accession RO 3242 show ed 
the low est rate. Two accessions R 0 4 0 6  and 
RO  3184 show ed b etter  p hotosystem  II 
efficiency than the check clone RRIM  600 
w hereas RRII 414 showed the lowest Fv/Fm. 
T he highest ranked accession for drought 
tolerance w as RO 3261 followed by AC 612 
and RO 3157.

1 .9 . E x p e r im e n ta l c u lt iv a t io n  o f  h ig h  
y ie ld in g  clo n es o f ru b b er p lan ts for 
estab lish m en t in  h ig h er elevation  in 
K erala

To evaluate the perform ance of Hevea 
plants in high elevation in the traditional belt 
two field trials were initiated at Haileyburia 
Tea Estate, Elappara, Idukki Dist. Among the 
five clones planted in 2006 clones PB 260 and 
RRIM 600 showed higher girth followed by 
G T 1. C lone PR 261 continued as low est 
performing clone at high altitude. In field trial
2007 clone RRIM  600 perform ed better than 
clones PB 235, GT 1, RRII 105 and RRII 422. 
The polyclonal seedlings planted along the 
tea plantation as shade trees m easured better 
girth (25.6 cm). However the traditional shade 
tree, Silver oak (37 cm) planted in the sam e 
period were found superior to Hevea.
1.10. E valuation  o f en v iro n m en ta l stress 

tolerance and physiological adaptations 
o f co ld  and d ro u g h t to le ra n t  o rte t 
selections under varying agro-clim atic 
conditions

With a m ajor objective to evaluate the 
p h y sio lo g ic a l and b io ch em ica l b a s is  o f 
adaptations of ortets selected from  extrem e 
clim atic zones (both cold and drought prone) 
in India, twenty three clones (16 ortets and 7 
clones) were planted in RBD pattern with



three replications during the planting season 
of 2012 in three different regional stations 
namely, RES Nagrakatta, RRS Dapchari and 
CES, Chethackal.

The ortets namely, RRSA  98, G H -9, 
DAP-1, GH-1 and RRSA 315 showed better 
p h o tosy n th etic  p e rfo rm a n c e s a t C ES, 
Chethakkal during stress free period while 
N G K-47, D A P-34, D A P -36 and NGK-1 
showed lower photosynthetic rate among 
the ortets tested. Effective quantum yield 
of PS II found to be better in ortets, RRSA 
315, G H -9, G H -1, G H -3 and R R ST  24 
whereas it was in the lower side for DAP- 
34, DAP-36 and NGK-47. D egree of leaf 
yellowing and senescence was enumerated 
during sum m er at CES, Chethackal. Leaf 
y ellow in g  u n d er d rou g h t s tres s  w as 
comparatively low in ortet GH 3 and in the 
check clone RRII 430 whereas severe in RRSA 
98, RRST 59 and N G K 1. While analyzing the 
in vitro drought tolerance the ortets NGK 47, 
GH 3 and RRSA 315 showed more tolerance 
than  the o th er o rte ts . E n u m era tio n  o f 
number of leaves retained under drought 
condition showed that clones RRII 422 RRII 
430, RRII 417, GH  3 and RRSA  98 w ith 
m axim u m  n u m b er o f le a v e s in  p la n t 
w hereas, o rtets N GK 1, R RST 39, GH 1 
retained lowest number of leaves.

A m ong the ortets, G H  1 and G H  3 
showed better growth at RES, Niigrakata and 
DAP 36 had the low est girth . RRII 414 
recorded the maximum girth and RRII 105 
was the least among the check clones. Du ri ng 
severe winter period, ortets GH-9, DAP-35,

GH -1, DAP-1, and RRSA  29 show ed better 
photosynthetic rates w h ile G H -3, NGK-69 
NGK-1, R R SA -585 and N GK-47 had lower 
photosynthetic rates. The effective quantum yield 
(OPSII) was better for ortets namely., GH-9 
GH -1, DAP-1, and R R ST  34 and G H -3, NGK- 
69, N GK-1, RRST-37. M axim um  quantum 
yield o f PS II in d etach ed  leaves w as the 
h igh est in o rtets G H -9, R R ST -37 , D A P-l 
DAP-34 and GH -1 w hile N G K -1, RRSA-585, 
G H -3 and D A P -35 recorded the lowest.

In Dapchari, G H  3, R R SA  585 and RRSA 
98 recorded better grow th. D A P  36 had the 
low est girth. A m ong the ch eck  clones RRII 
414 show ed tine better grow th.

1.11. D rou gh t Su rvey

D uring 2012, d rou g h t su rv ey  w as done 
in southern Kerala -  K ottarakkara , Punalur 
and N edum angad regions in  on e year old 
ru bber p la n ta tio n s (s a m p le  s ize  100). In 
general, the m anagem ent p ractices adopted 
by  th e  p la n te rs  in  th is  re g io n  a re  poor 
com pared to o ther regions su rveyed earlier. 
T h e p e rce n ta g e  o f  p la n te rs  res o r tin g  to 
irrigating the you ng  p lan ts in this area is 
nearly  3% . M ore  th an  90 p e r  ce n t o f the 
planters do not follow  m anagem ent practices 
like m ulching, sh ad in g  and cover-cropping, 
w h ich lead s to c a s u a lt ie s  (3% ) o f young 
plants during su m m er in th is region (Table 
Phy. 4). Intercropp ing in the initial year is 
seen m ore in  this part o f K erala  com pared to 
other regions surveyed in  the previous years. 
M ore than 70 p er cent o f  the p lo ts surveyed 
showed leaf yellow ing w ith a low er intensity 
o f leaf tip dryness and le a f shed ding.

------------- ------p la n t in g  SoulhnKcraiaadOPtin8 ^  recommended management practices during first year

Kottarakkara “  3 ^  ~ <%1 ----------W eeding (%) C over crop  (% ) C asu ally  (%)

Punalur ,  27 1

N edumangad 19



1.12. Ph ysiology and proteom e studies of 
cold stress in Hevea brasiliensis 
In  the c o n tro lle d  e n v iro n m en ta l 

co n d it io n s  m axim u m  p h o to ch em ica l 
e ff ic ien c y  of PS11 (Fv/Fm) and e ffective  
quantum  yield of PSII (<I>PSII) were stable in 
SCATC 88/13 followed by Haiken 1 under low 
tem perature conditions. The rate of lipid 
peroxidation was severe in RRII 105 and RRIC 
100 and two stress proteins were found in the 
ch loroplast protein profile (Fig. Phy.3a) of 
Haiken 1 and SCATC 88/13 that may probably 
be related to cold tolerance in these clones.

M ore than sixty differentially expressed 
proteins were found when proteom e profiles 
o f co n tro l an d  co ld  s tre s se d  p la n ts  of 
susceptible (RRII 105) and tolerant (RRIM  
600, SCATC 88/13 and Haiken 1) clones were 
d e v e lo p e d  by  tw o -d im e n s io n a l 
electrophoresis and com pared (Fig. Phy.3b). 
The expression pattern of m any proteins was 
found com m on am ong the tolerant clones

than the susceptible clone.

1 .1 3 . S tu d ie s  on p ro te o m e  o f  Hevea
brasiliensis under drought stress

P re-d aw n  lea f w ater p o ten tia l data 
show ed that RRII 430 and RRIM  600 were 
better in m aintain ing leaf w ater potential 
th a n  T jir  1, R R II 4 1 4  an d  R R II 208 . 
Chlorophyll retention (CCI) w as better in 
RRII 430 followed by T jir 1 and RRIM  600 
than RRII 414 and RRII 208. Leaf sam ples 
w ere  co lle c te d  in  re s p e c t iv e  d a y s  and 
proteom e studies are in  progress.

2 . P h y s io lo g y  o f  g r o w th  a n d  y ie ld

2.1 Intercropp ing w ith tree crops in  ru bber

Rubber trees were intercropped with tree 
species viz. mahogany and pathim ugom  in 
2001 and trees  w ere  tap p ed  from  2010 
onwards. G row th and yield of rubber trees 
being m onitored and found that the girth of 
trees  w as n ot s ig n if ic a n tly  a ffe c te d  by
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intercropping with tree crops. Annual girth 
of rubber trees alone, rubber with 3 rows of 
Mahogany -  1 row Pathimugom, 1 row of 
Mahoganv+J row o f Pathimugom measured 
60.9cm , 61.9cm  and 60.8cm , respectively. 
Similarly the yield of rubber trees did not 
show any significant variation am ong the 
treatm en ts. R u bb er frees w ith o u t any 
intercrop yielded 58.5 g/tree/tap, whereas that 
o f 3 rows o f mahogany as well as 1 row of 
Mahogany trees per tap yield was recorded 
as 55J  g/tree, 59.2 g/tree, respectively.

2.2. Investigations on the m echanism  o f
tapping induced loss o f biom ass

This project was concluded during the 
reporting period. A completion report was 
subm itted. The possib le m echanism s of 
tapping mediated biomass loss that was not 
accounted either by rem oval o f latex  or 
standing biomass known as 'k  factor' was 
exp lored . In tap p ed  tre e s , n o n - 
phosphorylative alternative respiration was 
found significantly increased in and around 
tapping panel region due to continuous 
tapping. T h ose  c lo n es w h ich  record ed  
increased rate of alternative oxidase (AOX) 
activity tended to lose more shoot biom ass. 
Tapped trees h ad  h ig h e r  a m o u n t o f 
accumulated carbohydrates in the soft bark 
tissues and increased ATP level in the latex 
indicating increased sink activity. A large 
am ount o f ATP and other resou rces like 
sugars and proteins were lost through the 
latex. All these possible factors accounted for 
the missing biomass in tapped trees. From 
the present study it w as found that clones 
PB 235 and PB 260 are the L-T clones for the 
South Karnataka region.

2.3. On farm trial for the selection  o f Latex-
Tim ber clones

With an objectiveof selecting Latex-Timber 
clones in the traditional mbber growing region

four dones were selected in M alankara estate 
to find out the existence o f any relationship 
between yield and annual girth increment. The 
annual girth increment and annual block yield 
during 2011-12 and 2012-13 w ere recorded 
Among the clones PB 235 w'as shown to be the 
best yielding clone closely followed by RRfl 105 
The annual shoot biom ass increment was also 
the highest in PB 235 p ossessing  desirable 
character as a L-T clone.

2.4. R ela tion sh ip  o f la tex  A TP statu s, lutoid 
m em b ran e co m p o sitio n  and ATPase 
activ ity  w ith  ru b b e r  y ie ld

Latex A TP co n ten t w as m easured  in 
d if fe re n t  c lo n e s  w ith  d i f f e r e n t  y ield 
potentials (high, m ediu m  and low ) and the 
regression analysis o f latex y ield  w ith same 
day latex [ATP] show ed a d irect relationship 
d u r in g  th e  p e a k  y ie ld in g  m onths 
(Septem ber, O ctob er and N ovem ber). This 
result suggested that energy  m etabolism  has 
a role in controlling  ru bber biosynthesis.

2.5. C lonal variation  in  la tex  regeneration 
m echanism  in  Hevea brasiliensis 
L atex  sa m p le s  w e re  c o lle c te d  from

seven clones w ith d ifferent y ield  potentials 
an d  p ro te in  b io s y n th e t ic  c a p a c ity  was 
m easured in vitro u sing  labeled am inoacids 
(L e u c in e , A rg in in e , L y s in e  and 
Phenylalanine-m arked w ith MC ) during peak 
yielding and stress seasons. Incorporation of 
ra d io a c tiv e ly  la b e le d  a m in o  a c id s  into 
protein in latex show ed d ifferences between 
clones. H igh er rate o f in c o rp o ra tio n  was 
noticed in clones PB 260, R R IM  600 and RRII 
105 com pared to low  and m ediu m  yielding 
clones. R ed u ction  in p ro te in  biosynthetic 
capacity w as observed in clon es RR II 105, PB 
2 1 7  an d  PB 2 6 0  d u r in g  s t r e s s  p eriod . 
H o w ev er, n o  m a rk e d  r e d u c t io n  was 
o b se rv e d  in c lo n e  R R IM  6 0 0  a n d  low 
yielding clones (RRII 33 and R R II 38).



2.6 . S t u d ie s  o n  r u b b e r  b i o s y n t h e s i s  in
Hevea c lo n e s

Many enzym es are involved in rubber 
biosynthesis, from acetyl CoA genesis to IPP 
polym erization. A study aim s at magnitude 
o f exp ression  o f genes corresp ond in g  to 
m a jo r  e n z y m e s  in v o lv e d  in  ru b b e r  
b iosyn th esis in high /low yield ing Hevea 
c lo n e s  w as c o n tin u e d . P r im e rs  w ere  
designed and synthesized for the genes such 
as h m g r l ,  c is -p re n y l tra n sfera se  1, idp 
isom erase, Patatin  like inhibitor, Rubber 
b iosyn th esis stim u lator protein, REF and 
endogenous control gene (GAPDH). Based 
on th e  p rim er e ff ic ie n c y  (s lo p e  v a lu e), 
p r im e rs  w e re  se le c te d  fo r  e x p re ss io n  
analysis.

2.7. C lo n in g  a n d  p r o d u c tio n  o f  H M G -C o A

p r o t e in  o f  Hevea f o r  Im m u n o a s s a y

a n a ly s is

T h e  p la s m id  o f (p R S E T A / h m g rl) 
c o n s t r u c t  w a s  t r a n s fo r m e d  in  to 
e x p r e s s io n  s p e c i f ic  B L 2 1 (D E 3 )p L y s S ) 
ce lls . T h e b a c teria l cu ltu re  w as indu ced 
w ith  Im M  IPT G  at 37° C for 4 hours. The 
p R SET A  in  B L 21(D E 3) pL ysS w as used as 
th e  n e g a tiv e  co n tro l. T h e  p ro te in  w as 
c o l le c t e d  fro m  e a c h  sa m p le  an d  
q u a n tif ied . T h e p rote in  w as su b jected  to 
SD S  p o ly a cry la m id e  gel electro p h o resis 
(P A G E ) a n a ly s is  an d  v isu a liz e d  u sin g  
C oo m a ssie  b lu e sta in . A n in crease  in the 
in t e n s i ty  o f  b a n d  in  th e  p r o f i le  
co rresp o n d in g  to H M G R1 w ith  a size  of
64 .6  kD a (in clu d in g  H is Tag p rotein ) was 
observed . T he m axim u m  intensity  of band 
rep resen ted  hm gr l w as observed  after 3.5 
h o u r  in d u c tio n . T h e  p la sm id  from  the 
clo n e  (p R SE T A /h m grl) w as iso lated  and 
c o n f i r m e d  b y  r e s t r i c t io n  d ig e s t io n  
an a ly sis .

2 .8 . M o le c u la r  a n d  b io c h e m ic a l  b a s is  o f  
e th y le n e  in d u c e d  la te x  p r o d u c t io n  in  
Hevea brasiliensis (e th y le n e  r e c e p to r s  
a n d  s ig n a l  tr a n s d u c t io n  m e c h a n is m )

Expression analysis ofETRs by Quantitative 
PCR:

Hevea trees (RRII 105) of uniform  girth 
and yield under S2d 3 6d/7 tapping system  
w ere  s e le c te d  an d  la te x  sa m p le s  w ere 
collected before stim u lation and different 
tim e intervals (third, fifth  and seventh day) 
after stim ulating the trees w ith ethephon. 
T o ta l R N A  w as p re p a re d  an d  re la tiv e  
q u a n tif ic a t io n  o f ETR1 a n d  ETR2 w as 
carried out at d ifferent tapping days after 
s t im u la tio n  an d  co m p a re d  w ith  
unstim ulated control trees. Significan t up 
regulation of ETR1 (about 1.5 and 1.6 fold 
on the third and 7th day, respectively) w ith 
a consid erable d ip on the 5 th day (to the 
levels o f unstim ulated trees) w as noticed. 
How ever, ETR2 level w ent up  only on the 
th ird  d ay  (to  1 .4  fo ld ) fo l lo w e d  by  
sig n ifican t red u ction  to  a low er level of 
about 0.6 fold. The prelim inary  data on its 
expression  indicated that both ETR1 and 
ETR2 w ere up-regulated im m ediately after 
s t im u la tio n  fo llo w e d  by  a s ig n if ic a n t  
redu ction  in  its levels in the su bsequ en t 
tapping days.

3. T ap p in g  p a n e l d ry n ess

3 . 1 .  L o c a t i o n  s p e c i f i c  s t i m u l a n t  
a p p l i c a t i o n  o n  e t h y l e n e  i n d u c e d  
s t r e s s  r e s p o n s e s  in  th e  ta p p in g  p a n e l  

o f  Hevea tr e e s

The experim ent w as continued at CES, 
C h eth a ck a l in c lo n e  R R II 105  u n d er ’/2 
Sd36d/7 tapping system  w ith an objective 
to red u ce the e th y len e  m ed ia ted  stress  
responses in the tapping panel by applying 
the ethephon away from  the tapping area



without comprom ising latex yield. Rubber 
vield of individual trees belongs to all the 
groups were recorded. Stress com ponents 
like Peroxidase (PX), Hydrogen peroxide 
(Hj 0 2), M alondialdehvde (M DA); Proline, 
P -cy an ola lan in e  sy n th a se  (J3-CAS) and 
Cyanide (CN) were analysed in the soft bark 
tissues at definite intervals (one month after 
stimulation). Biochem ical param eters such 
as sucrose, thiols and ATP were analysed 
in the fresh latex collected during every 
month. Significantly high ATP and very low 
sucrose w as observed in trees applied with 
5% ethephon above and below the tapping 
panel com pared to norm al stim u lation . 
Sustainable rubber yield and com paratively 
less m agnitude of stress indicators were 
o b serv ed  in tre a tm e n t w ith  e th ep h o n  
application away from tapping panel.

3.2. I n v e s t ig a t io n s  on th e  m o le c u la r  
p hysio logy o f tapping panel dryness 
syndrom e (TPD ) in Hevea brasiliensis 
A bou t 100 trees w ere se lec ted  and 

reg u la r  TP D  sc o r in g  w as d o n e . B ark  
sam ples were collected from TPD (10%, dry 
and wet portion of 40-60 % bark and dry 
and wet portion o f barks from 80-90 % TPD 
affected) and norm al trees. The relative 
expression level of about 30 genes under 
different levels of TPD w as quantified by 
using qu an titative PC R  (qPCR),. cDNA 
obtained from the above sam ples were used 
as tem plate for the qPC R  analysis. The 
results indicated that there is significant up- 
regulation of peroxidase in the dry portion 
of bark in trees w ith 40-60 % stage o f TPD 
W hile one NAC tf (D RT 5b) was found to 
be significantly up-regulated in both wet 
and dry regions o f bark with 40-60 % TPD 
another N AC tf (TPD 24) w as found up- 
regulated only in the wet region of tapping 
cut in trees with 10 % TPD.

3.3. M an agem en t o f so il ch a ra cteristics  to 
redu ce a b io tic  stress  and in c id en ce  of 
T P D  in ru b b er trees

To study the e ffec t o f so il pH  on the 
incidence of TPD and abiotic stress in rubber 
plants a lim e application exp erim en t was 
continued. Lime application w as skipped for 
the year 2012-13 to study the soil buffering 
capacity. Soil sam ples (top and bottom  soil) 
in all the blocks w ere collected  and the pH 
w as a n a ly z e d . T h e  pH  o f th e  so il  w as 
maintained in the sam e level during this year 
without lime application for the period 2012- 
13. There w ere no much variations in growth 
and yield betw een treatm ents. TP D  scoring 
is being continued on m onthly  basis.

4. S eco n d a ry  m e ta b o lite s

4.1. Q u a n tifica tio n  and id e n tif ic a tio n  of 
in o sito ls in Hevea
Other than annual renew al o f patent on 

L-qu ebrachitoI p rod u ction , fu rth e r  steps 
w ere  in it ia te d  to w a rd  l ic e n s in g  the 
technology. In ord er to com m ercia lize  the 
m ethod developed fu rther co n tacts have 
been m ade with governm en t organizations, 
Biotechnology Consortium  o f India Limited 
(BCIL) and som e leading R &  D  com panies.

4.2. W ater relations o f  latex w ith  reference 
to the con ten ts o f in o s ito ls  an d  sugars 

B io ch em ica l c o m p o n e n ts  e stim a te d
from the latex w ere com piled  and analysed 
in terms of effect o f solutes in w ater relations 
o f latex. The data show ed that su gar levels 
of latex is significantly  correlated  (r = 0.67) 
w ith osm oticum  o f latex. R elation sh ip  of 
latex osm olarity and cation ic concentration 
w as w o rk ed  o u t . L a te x  o s m o la r i ty  is 
s ig n if ic a n tly  c o rr le ta e d  (r  = 0 .57 ) w ith  
com p osition  o f all ca tio n s an d  n ot with 
volum e.



R U B B E R  T E C H N O L O G Y  D IV IS IO N

In tine current year, the activities of the 
D ivision w ere focused m ainly on evolving 
im proved techniques in processing of latex, 
v u lc a n is a t io n  o f la te x , la te x  sta g e  
incorporation of fillers, reinforcem ent of NR 
u sing  p o lym eric filler  and silica, scorch 
control of p eroxid e vu lcanisation, rubber 
n an ocom p osites based on m odified clays 
and rubber recycling.

1. P rim a ry  p ro ce ssin g

1.1. Low  p ro te in  natu ra l ru b b er (LPN R) 
p r o c e s s e d  th ro u g h  gam m a ray 
irrad iation  technology

A n attem p t w as m ade to produce low 
protein natural rubber (LPN R) by exposure 
o f fre sh  N R la te x  to  g a m m a  rad ia tio n  
follow ed by cream ing. The cream ed latex 
w as then diluted, coagulated, dried and 
processed in the conventional way. By this 
p ro c e s s  th e  n itro g e n  c o n te n t co u ld  be 
reduced to less than 0.2 per c e n t . There was 
an increase in gel content after gamma ray 
ir ra d ia t io n . (T ab le  C h e m .l)  T h e LPN R  
show ed good cure characteristics along with 
higher level of vulcanization and higher cure 
time in com parison w ith ISNR grade, for the 
ACSI mixes. For the carbon black filled mixes 
the level of vulcanization and cure time were 
com parable with ISNR grade. The low protein 
rubber also show ed very good mechanical 
and dynam ic properties (Table Chem .2 and 
Chem. 3). The im provem ent in mechanical

Table Chem. 2. F o r m u la tio n  o f  m ix e s  u sed  fo r  
evaluation  o f  LPN R

Ingredients Parts
N atural rubber 100
ZnO 5
Stearic add 2
HAF black. (N220) 40
Antioxidant (HSL) * 1
N aphthenic oil 7
CBS ** 0.6
Sulphur 2.5
"2,2,4-trim ethyl -  1,2 -  dihydroquinoline
**N -Cyclohexyl-2-benzothiazole sulfenam ide

Table Chem. 3, T e c h n o lo g ic a l  p r o p e r t ie s  o f  lo w  
protein rubber

Parameters ISNR 5 LPN R
M odulus 300% , MPa 5.82 5.63
Tensile strength, MPa 26.8 27.8
Elongation at break, % 910 890

Tear Strength, N/mm 85.2 89.8
Abrasion loss, m m 1 106 100
Heat build up, AT, 0 C 11 10
Com pression s e t , % 38.9 3 2 3

and dynamic properties is attributed to the 
partial removal of proteins and form ation of 
gel during exposure of fresh N R latex to low 
doses of gamma radiation.

2. Latex tech n o lo g y
2.1. Radiation vulcanised latex (RVN RL)

Stan d ard ised  a m eth od  to im p ro ve 
quality of RVNRL films using centrifuged

Table- C hem . 1. Raw  ru bbf 45 operties o f  cream ed latex before and after gam m a ray irrad iation

Param eter Pre-irradiated latex

N itrogen content, % 

Acetone extractable , %  
C el content, %  _____

Un-irradiated latex_______  _____________________________________
cream ing After cream ing Before cream ing A fter cream ing

0.46

4.25

0.49

3.42

0.24

4.19



latex. It was observed that centrifuged latex- 
prepared from fresh NR latex exposed to low 
doses of gamma radiation had higher green 
strength and lower levels o f nitrogen. These 
factors favoured radiation vulcanisation and 
films had very good mechanical properties.

3. R u b b er Technology

3. L  Reinforcem ent

3.1.1. NR/ Polymeric filler system
D ifferen t cu re  sy ste m s su ch  as 

co n v en tio n al v u lca n isa tio n  (C V ), sem i 
e ff ic ie n t v u lca n isa tio n  (se m i-E V ) and 
efficient vulcanisation (EV) were tried in NR/ 
PF composites. The vulcanizates with semi- 
EV sy stem  g a v e  b e t te r  te c h n o lo g ic a l 
p rop erties than  the o th er  tw o sy stem s 
(Table Chem.4).

Table Chem. 4. T ech n o lo gical p rop erties  o f  NR/PF
_______________ with d ifferent cure systems

P a r a m e t e r s _____________ CV Sem i-EV EV
M odulus, 100 %, MPa 4.60 5.74 4.00
M odulus, 300 %, MPa 10.62 12.24 9.82
Tensile strength, MPa 28.16 26.65 21.33
Elongation at break, % 620 555 530
Tear streng th , N/mm 68 78 52
Din abrasion loss, m m3 109 102 116
Heat build-up, AT, 0 C 11 11 13

T h e  co m p o u n d s  h a v in g , v a ry in g  
c o n c en tra tio n  o f p o ly m e ric  f il le r  w ere 
su b jected  to stra in  sw eep using  Rubber 
Process Analyser (RPA). The un-vulcanised 
com pound s as well as the vu lcanizates 
w ere  s u b je c te d  to th is  a n a ly s is . For a 
com parison 50 phr HAF black (N 330) filled 
N R  com p ou n d  w as a lso  in c lu d ed . The 
com pound s w ith polym eric filler show ed 
a low er sto rag e m od u lu s (G ') a t low er

strain than the HAF filled com pound both
in u n -vu lcan ised  and v u lcan ized  on es.

(Figures C hem .I & 2). This indicated better 
polym er filler in te ra c tio n  fo r  the NR/pp 
com posites.

Strain

Fig. C hem . 1. G ' vs S tra in  o f  u n -v u lcan ized  sam ple

Fig. C hem . 2. G ' vs S tra in  o f  v u lcan ized  sam ple

3 .1.2. Latex filler masterbatches
L a tex  f i l le r  m a s te r  b a tc h e s  w ere  

prepared using ISA F black (N 220) filler and 
s ilica . C arb on , b lack/ silica  m a s te r  batch  
containing 50*m r filler sh ow ed com parable 
m echanical lily  a;>rties a lon g  w ith  a lower 
h e a t  b u il d o u t. n c o m p a r is o n  w ith  
c o n v e n tird y  c o rr le n n  b la c k  f i l le d  NR 
containw ion o f all catP  b lack  (control), as 
sb ^ '-ie .



Table C hem . 5 . M ech an ical properties o f  m aster batch

Param eters M aster batch * Control”
M odulus 300 % , MPa 12.1 9.1
Tensile strength, MPa 28.9 27
Elongation at break, % 550 585
H eal bu ild-up A T ," C 16 19
DIN Abrasion loss, mm 3 135 127
Tear strength, N/mm 106 108
* contains 40 phr ISAF black and 10 phr silica filler 
** contains 45 phr ISAF black and 5 phr naphthenic oil 
as plasticiser
(All com pound s contain ZnO -5 phr, Stearic acid-lphr, 
C BS-0.9 phr.and Sulphur 2.5 phr as other com pounding 
in gredients)

3.1.3. Silica reinforcement ofENR
Studies on reinforcem ent of rubber by 

s il ic a  f il le r  sh ow ed  that rein fo rcem en t 
properties su ch  as m odulus and abrasion 
resistance im proved w ith incorporation of 
suitable grade of epoxidised natural rubber but 
this was accom panied by a reduction in tear 
strength. Attem pt was made to improve the 
tear strength by replacing the naphthenic oil 
used as plasticizer for filler incorporation either 
partially or fully by rubber seed oil. The study 
revealed that com pared to naphthenic oil,

rubber seed oil containing m ixes exhibited 
higher tear strength and lower abrasion loss. 
In continuation to the study a comparison of 
silica reinforced natural rubber containing 
naphthenic oil as process oil with that of rubber 
seed  o il, o le ic  acid , and ep o x id ised  
polybutadiene with two levels of epoxy content 
was carried out. As seen from Table Chem .6 it 
was found that the non conventionaJ process 
oil containing com posites exhibited better 
technological properties than com posites 
prepared using naphthenic oil.

3.2 . R ecycled rubber

A new radical capping agent has been 
identified for devulcanisation in a mechano- 
chemical process. Retention of properties after 
devulcanisation using this process depended 
on the type o f cross linking: the highest 
efficiency is for efficient vulcanisation system.

3.3. N anocom posites

33.1. Natural rubber layered clay 
nanocomposites

N atural rubber nanocom posites were 
prepared by melt intercalation process using

Plasticizer used Tear strength H ardness Abrasion loss Com pression Heat build-up.
(N/mm) Shore A (mm3) set (%) AT, (®Q

N ap hth en ic oil 84.9 64 109.7 27.3 6
Rubber Seed  O il 101.9 63 99.0 30.2 7

O leic Acid 91.1 66 99.8 25.8 8
Epoxidised polvbutadiene 1 104.5 64 107.9 29.8 9

Epoxidised polybutad iene 2 92.1 65 102.9

Table C hem . 7. TechnoloRical properties o f  nanocom posites.

Param eters A B C D E F

M odulus 300 %. MPa 2.81 3.10 3.35 3.39 3.47 3.78

Tensile strength , MPa 27.45 31.95 32.23 30.88 30.63 29.83

Elongation at break, % 645 680 680 680

Tear strength , N/mm 36.5 37.4 40.0

H ardness, Sh ore A 44 48 50 54 56

Heat build-up, AT, "C 2 4 5

Din abrasion  loss, m m1 235 177 169 164

C om pression  set, % 29 32 34



Haake rheocord.. Octadecylamine modified 
montmorillonite clay (M.MT- ODA) was used 
as a filler in this study. From the data given 
in Table C hem . 7 is in ferred  that the 
technological properties improved with filler 
loading up to 4  ph rand with further loading 
there was no appreciable improvement in the 
overall medianical properties.

3.4 Peroxide vulcanisation

The combination of DCP/TEMPO/N, N'- 
m-dimaleimide cure system imparted scorch 
safety in peroxide vulcanisation and the 
problem  w as poor m ould release  after 
vulcanisation. A  new system consisting of 
another peroxide, TEMPO and a co-agent was 
investigated The cure system consisting of di(t- 
butyl peroxy isopropyl) benzene/ TEMPO/ 
trim ethyl propan e trim eth acry la te  w'as 
attempted. The new system had good mould 
release property, better scorch safety and better 
mechanical properties like tensile strength, tear 
strength and modulus than a conventional 
DCPcured EPDM rubber mix. (Table Chem.8).

Table Chem. 8 . Techn ological p roperties o f  EPD M  
rubber based vu lran iratoe

EPDM- EPDM  - 
D C P new

vulcanisation 
system *

Parameter

10.21 6,56

12.31
16-34 17.32

269.00 383.00
67-00 64.00

M odulus,200%, MPa 
Modulus,300%, MPa 
Tensile strength, MPa 
Elongation at break, %

Tear strength , N/mm u/>ulf 

Compression set, lOffC, 72 h. % 8.30 i 4.10

P ero xy iso p ro p y l) benzene/ TEM PO / 
tnm ethyl propane trim ethacrylate

4. C ollab o rativ e  p ro je c t

4,1 x r „ eH:eo fH u r,h co u '’ , i^ f-

In connection with the developm ent of 
H urth coupling m em brane for Chithranjan

L ocom otive W orks (C L W ), W est Bengal 
D e v e lo p m e n t o f  S p h e r i b lo c k  is being 
attem pted.

4.2 D e v e lo p m e n t o f  r u b b e r  m o u n ts  for 
su bm arines

Developed the form ulation for a silicone 
rubber based m ount for use in submarines 
at M azagon D ock Ltd, M u m b ai, and also 
m ade trial m ounts.

5. C o lla b o ra tiv e  w o rk  w ith  ru bber 
in d u stry

B ased  o n  the f in d in g s  m a d e  in  the 
In stitu te, in itia ted  co lla b o ra tiv e  research 
program m es with d ifferent ru bber industries 
in  th e  fo l lo w in g  a r e a s  fo r  te c h n o lo g y  
transfer.

1. Reinforcem ent o f natu ral ru bber using 
polym eric fillers

2. F iller m asterbatch  from  fresh  natural 
rubber latex

3. D eproteinised natural ru bber

4. A novel m ethod for easy  coagulation  of 
skim  latex and recovery  o f high quality 
skim rubber.

6. D e v e lo p m e n t / a d v is o ry  w o rk
6.1. Rubber tapping knife w as developed.

6.2. Tested and rep ort given  for the dam age 
o f 7 nos o f tyres referred  from  various 
C onsum er D isputes R edressal Forum

6.3. Tested and rep ort g iven  for 35 no of 
p o ly th e n e  s a m p le s  fo r  th e  RP 
D epartm ent and tested 3 no o f logo 
m aterial for its su itab ility  as sticker in 
rubber bales for m arketing division.

6.4. D eveloped a m icrocellu lar ru bber ball 
sim ulating  that o f cricket ba ll further to 
a dem and from  an  entrepreneur.



T E C H N IC A L  C O N S U L T A N C Y  D IV IS IO N

T h e  m a jo r  s e r v ic e s  o f te ch n ic a l 
c o n s u lta n c y  a re  R & D  a c t iv itie s  on 
industrially im portant rubber based projects 
and testing/certification of rubber products 
as per relevant standards. The division caters 
to the needs of new  entrepreneurs as well as 
existing  rubber goods m anufacturers. The 
s e r v ic e s  o ffe r e d  by  th e  T ech n ica l 
C o n s u lta n c y  D iv is io n  in c lu d e  (i) raw  
m ateria l/ru bb er p rod u cts testin g  as per 
n ation al and in tern ation al stand ard s (ii) 
preparation o f project profiles and technical 
bu lletins to entrepreneurs (iii) solutions for 
trouble shooting/cost reduction of factory 
p ro c e s s e s  ( ii i)  d em o n stra tio n / p ra ctica l 
train ing for quality  im provement/product 
d e v e lo p m e n t (IV ) ad v iso ry / a n a ly tica l 
support to cu stom s for im port of reclaimed 
ru b b e r  a n d  (iv ) co n d u c tin g  aw aren ess 
m eetings/lectures to entrepreneurs.

1. T e s tin g  su p p o rt to  in d u str ies

For the testin g  o f raw m aterials and 
ru b b er com p ou n d s/ p rod u cts, con sisten t 
support w as offered especially to Sm all and 
M ed iu m  level E n trep ren eu rs (SM E). The 
d e ta ils  o f the p rod u cts cam e for testing 
during the reporting period are given below.

D ry ru b b er produ cts

D ifferent types of dry rubber products 
tested in the d iv ision  include, pre-cured/ 
c o n v en tio n al tread , b on d in g  gum , black 
vulcanizing cem ent, tyre flaps, inner tubes, 
rubber channels/ tubes, floor m ats, Hawaii 
soles, sponge rubber, O-ring, bushes, engine 
m ounts etc.

Latex ru b b er products

T he m ain latex products came for testing 
includ e exam in ation  and surgical gloves,

latex a d h es iv e , la tex  th re a d , b a llo o n s, 
condoms, protein analysis of latex products 
and evaluation of chem icals/ latex based 
paints.

2. P o ly m e r  i d e n t i f i c a t i o n  a n d  
reverse e n g in eerin g

A total of 246 sam ples were received for 
polym er identification based on FTIR and 
e lem en ta l a n a ly s is . 2 55  sa m p le s  w ere  
received  for rev erse  en g in e e rin g . Total 
number of sam ples tested and the revenue 
collected during the period are given below 
(Table TC. 1).

Table T C . 1 Total num ber o f  sam ple listed  and the 
______________ revenue collected______________________

No. of clients 

No. o f products tested 

No. o f parameters analyzed 

Total revenue collected

3. Product D ev elo p m en t

44 no. of different types o f produ cts 
were developed in the current period.

Standard ru bber sam ple sh eet

D egree o f  a b ra siv en ess  o f the D IN  
abrader' abrasive paper in com pliance with 
ISO 4649 w as determ ined using a standard 
rubber sample sheet. This standard sheet was 
developed from a specially  m ixed rubber 
com pound and su p p lied  to R U B C O  on 
payment basis.

O il seals for N aval A ircraft yard, K ochi

In connection with the Indigenization of 
spares o f all w estern  orig in air-crafts, 15 
ru bber sea ls  w!e re  s u cce s s fu lly  rev erse  
engineered for Navy, Kochi and the results 
were delivered.

692 

1767 

8576 
RS. 10,81,079



Developm ent of rubber based m unitions 
for Tear Sm oke Unit, BSF

Tear Smoke Unit (TSU) an autonom ous 
body working under the Ministry of Home 
A ffairs, G o vern m en t o f In d ia  has 
approached us for the development of rubber 
bullets and other less lethal am m unitions 
(Fig. TC. 1) used for riot control and law and 
order operations. Com ponent analysis and 
testing of the products are under progress.

evalu ated  and the d eta iled  rep orts w e r  

com m unicated to the clients. °

Fig. T C I  R u b b e r b u lle ts  and  o th e r  le ss  |eIhd] 
am munitions

process developm ent for sm all scale

m M D ir ° n has rec™ « y  introduced the 
old vulcanization system which has been 
Implemented successfully in the rubber band 

m anufacturing sector. Presently the coldvuloruMton process js bein s(and

4 '  c X Uoaundns 0 fC h e m iC a lS / ™ b b -

grades of process a d d itiv e  h /

Fig. TC. 2. Evaluated chem icals/rubber com pounds.

5. P ro ject p ro f ile s ^ e c h n ic a l b u lle tin s

A s p e r  th e  r e q u e s t o f  th e  e n  tre p r e n e u rs  
3 8  p r o je c t  p r o f ile s  a n d  1 4  te c h n ic a l  b u lle tin s  
w e r e  is su e d  o n  p a y m e n t  b a s is .

6. A d v iso ry  serv ices

M a tte rs  r e la tin g  to  v a r io u s  a s p e c ts  like  
s e l e c t i o n  o f  r a w  m a t e r i a l ,  d o s a g e  o f  

in g re d ie n ts , p r o c e s s in g  c o n d i t io n s ,  re c e n t 

r e g u la t io n  e tc .  w e r e  a lw a y s  a s u b je c t  o f  

co n ce rn  fo r  sm a ll a n d  m e d iu m  s c a le  p r o d u c t 

m a n u fa c tu r e r s .  199 1  q u e r ie s  o n  te c h n ic a l 

™ rio d S WCTe ad d reSSed  d u r in 8  * e  r ep o rtin g

E n t r e p r e n e u r 's  p r o m o t io n  
m e etin g / p u b lica tio n s

In  o r d e r  to  p o p u la r iz e  th e  s e r v ic e s  o f  th e  
T e c h n ic a l  C o n s u lta n c y  D iv is io n ,  a  v id e o  

P r o g r a m m e  o n  th e  v a r io u s  a c t iv i t ie s  o f  the 

events0 "  ^  d isP ,a y e d  in  * e  fo llo w in g

1. In te r n a tio n a l R u b b e r  C o n fe r e n c e  IR C -

7. K o v a la m , 2 8 - 3 0  O c t o b e r  2 0 1 2

K o v a la m , T h iru v a n a n th a p u r a m .
2 5 lh K e r a la  S c i e n c e  C o n g r e s s ,

n iru v a n a n th a p u ra m ,2 9 -3 1 Ja n u a ry 2 0 1 3 .



3. 7 th In tern a tio n a l R u bb er E xhibition , 
C onference and Tyre show  on 22-24* 
jan , 2013, M um bai.

4. Index-2013, M am m en M appillai Hall, 
Kottayam , 25-31 Jan 2013

5. Kudum basree M eet, organized by the 
N ew  M ans C ollege, Thodupuzha

8. R R II-A IR IA  re g io n a l m eetin g s

Concerned officials delivered talks on 
the m anu facturing o f rubber products in the 
m eetings w hich are listed below.

1. L a te x  c o m p o u n d in g  an d  p ro d u cts
m a n u fa c tu r e , N a tio n a l R u b b er
C o n fe re n c e  o n  n ew  ch a lle n g es and 
o p p o r tu n it ie s  fo r ru b b er in d u stry , 
o rg a n iz e d  by  A ll In d ia  R u b b er 
Industries A ssociation, Habitat Centre, 
N ew  D elhi, 16 -17 M arch 2012.

2. L a te x  P r o d u c ts  and R ecen t
D evelop m ents in India, Radisson Blu 
H otel, Chennai, 22-23 June 2012.

3. R u b b e r  N a n o c o m p o site s , N ation a l 
R u b b e r  C o n fe re n c e , L a lit  H o tel, 
M um bai, 2-3 N ovem ber 2012.

9. N A B L  A ccred ita tio n

In  c o n n e c tio n  w ith  th e  N A B L  
im plem entation of the Division, training was 
given to the officers by an external expert and 
follow ing docum ents w ere prepared.

1. M anagem ent and technical requirement 
proced ures

2. Procedure for the testing parameters
3. A ll the old instrum ents were replaced 

w ith new  ones
4. C o m p le te d  th e  c a lib ra t io n  o f all 

equipm ent and analytical devices.

10. In fra s tru c tu re  F a c ilit ie s

T h e in fra stru ctu re  and sophisticated  
in s tru m en ta l fa c ilit ie s  in trod uced  in the

Division include universal testing m achine 
(5 kN and 100 N ), partic le  size  analyser 
(m icro range), U V  sp ectrom eter, G C M S, 
FT IR , R h eo  m e te r  (M D R ), M oo n ey  
viscom eter, Goodrich flexom eter, Shore A 
hardness tester, d ig ital h ard n ess testing  
machine, micro hardness tester, TGA 4000, 
Dispergrader, Din abrader, rubber process 
analyser, Ross flex tester, Haake rheocord, 
Intermix, Mixing mill and Hydraulic presses.

11. N ew  p ro jects

A project report has been submitted to the 
Ministry under the ASIDE scheme for setting 
up a Tyre Testing Station at RRII also submitted 
a p rop o sa l for the co n tin u o u s foam ing  
technology. In order to avoid the delay in the 
testing and certification of products, an online 
consultancy service was proposed.

12. R esearch  P ro jects

(a) New m achines for sheet p rocessin g

W ith in creasin g  lab o u r co st, a new  
a u to m a ted  s h ee t p ro c e s s in g  m a c h in e  
suitable for smallholders has been developed 
by coupling the dual m achines in a single 
frame. The operator can select the operation 
with a gear. It has got 50% savings in foot­
print and also a proportionate reduction in 
processing shed area. The new m achine is 
user friendly and cost effective (Fig. TC. 3).

Fig. TC. 3 New Sheet Processing M achine



Total hydrocarbon 
(>50)

EB (400) 

Ash content { <4)

F>S-T.C.4. FCCD establishing the relationship with d ,Keren! ingredient ,nd  quality p .tr.tm etcr

lb) D evelopm ent o f cost e ffec tiv e  tread 
formulation having different abrasion 
resistance indices

A cost e ffec tive  fo rm u lation  w hich 
m eets the sp ecifications o f a tread as per 
ASRTL is a concern to m ost o f the' tread 
m a n u fa ctu re rs . H e n c e , a p r o je c t  w as 
under taken to  produ ce tread form ulation 
w h ich  can m eet a ll th e  s p e c if ic a t io n  
requ irem en ts. A F ace  C en tered  C entral 
Com posite D esign (FC C D ) w as proposed 
fo r e s ta b lis h in g  th e  re la tio n s h ip  w ith 
d i f f e r e n t  in g r e d ie n ts  an d  q u a li ty  
param eters (Fig. TC . 4 ).

<c) Rubber compounds with Improved 
flex crack resistance

Mixes with three types of carbon blai k 
tillers, i>iz. HAF, FEF and GPF at varying 
load in g  w ere used in n itrite  rubber' fo r 
optim izing flex crack resistance (Fig TC s,

^ a n .a te s v v h ic h c a n g iv e g o o d l i : .  crack
resistan ce  and low  h eat b u ild -u p  w ere 
form ulated. These m aterials are i e L ,

cra ck  rV eT irinSO i' reSiSta,1Ce;‘nd
— £ E P “  “ *■  » . .o t of

F jg .T C 5  F lex  c ra c k  re s is ta n c e  a g a in s t  d ifferen t 
load ings o f  d ifferent carbon  blacks.

<d) C e ll s tru c tu re  a n d  p e r fo r m a n c e  of
expanded rubber

Expanded rubber sh eets h ave got wide 
applications as they can be produ ced with 
v a ry in g  h a rd n e s s . T h e  te c h n o lo g ic a l  
properties o f expand ed  ru b b er are highly

r w u n ! ^  ° n itS Ce^ structure- B low ing agent 
D N P T  at d iffe re n t lo a d in g  w a s used  to 
correlate the exp an sion  and technological 
properties of Hawaii soles. The technological 
properties o f these m ixes as per 1S10702 have 

, et'n™ ^ d ' As lh e  Io a d ing  o f blow ing 
gent DN PT was increased beyond 6 phr, the 

te c h n o lo g ic a l p ro p e r tie s  w ere  fo u n d  to 
deviate from  the specification lim it



(e) N R based  EM I sh ie ld in g  com posites

C om pared to conventional metal-based 
EM I s h ie ld in g  m a te r ia ls , e le c tr ic a lly  
conducting polym er com posites have gained 
popularity because of their light weight and 
other properties/processing advantages. NR 
based shield ing com posites were developed 
an d  c h a ra c te r iz e d  fo r  th e ir  sh ie ld in g  
effectiveness.

S p ec ia lly  form u lated  natu ral rubber 
c o m p o s ite s  s h o w ed  an  EM I sh ie ld in g  
effectiveness o f 29 dB at frequency of 5GHz 
(Fig. TC. 6). The sh ielding effectiveness can 
be further increased by suitably form ulating 
the com pound.

lesser bloom . T h is m igh t be due lo  the 
formation of zinc stearate which m inim izes 
the presence of insoluble and unreacted ZnO. 
Also, the zinc com p lexes form ed rarely  
m igrate to the surface as they are bound 
within the material.

(g) Variation of particle size / extractable 
p ro te in  in  d if f e r e n t  p r o c e s s in g  / 
product developm ent techniqu es used 
in natural rubber latices

The objective of the study is to find out 
the effect of different latex processing and 
m anufacturing techniques on extractable 
protein content. The protein content of the 
la tex  film s p rep a red  from  d iffe re n t  
concentration m ethods was estim ated and a 
relationship was established w hich will be 
useful for the manufacturing process.

□ EP content ot coagulum. mlcrog/g ■ Particle st

Fig. TC. 7 sh o w s th e  ra n g e  e x tra c ta b le  p ro te in  
contents and particle sizes of d ifferent types 
o f  natural rubber latics.

(f) C h a ra c te r iz a t io n  an d  res tr ic tio n  o f
b loom

B loom  refers to the initial form ation of 
s ta r -s h a p e d  c lu s te r s  w h en  so lid  
com pounding m aterials re-crystallize at the 
vu icanizate su rface. A typical form ulation 
with conventional ingredients w as prepared, 
a n d  its  b lo o m in g  e f f e c t  w as a ss e sse d . 
Ph otographs at regular intervals were taken 
for visual grading o f bloom . DCP and ZnO 
are found to bloom  in N R vuicanizate. ZnO 
in co m b in a tio n  w ith  stearic  acid exhibit

(h) P ero x id e  v u lc a n iz a tio n  o f n a tu ra l
rubber

The peroxide vulcanization of rubber 
h as got lo t o f ad v an tag es co m p ared  to 
su lphur. The e ffec t o f d iffe ren t p rocess 
additives on peroxide vulcanization has been 
investigated in the study. A Face Centered 
Central Com posite Design (FCCD) was used 
to e s ta b lis h  the re la tio n s h ip  b e tw e e n  
vuicanizate properties and com pounding 
ingredients.

Frequency <GHz)

Fig. TC . 6 E ffe c t o f  fre q u en cy  on electro m ag n ate  
shield ing of NR based shielding com posite



(i) Stabilisation o f nano ZnO dispersion
and latex com pounding

Stabilization of nano ZnO dispersions 
were studied in detai l. Unlike other synthesis 
methods, mechano-chem ical process gave 
high yield and lower particle size 35 nm. For 
the stabilization  o f ZnO  nano p artic les 
various capping agents including both ionic 
and n o n -io n ic  typ es w ere u sed . D L S 
technique was used to monitor die particle 
size of ZnO nano particles. Figure below  
shows the DLS results of ZnO nanoparticles 
in SL S so n ica ted  a fte r  4 m in u te . Z eta  
potential analysis indicates that a potential

of -43.2 m V is im parting  good stability  to the 
ZnO  dispersion.

Intomlly Dntributton Data (%)

tc
I

Fig. T C .8 D LS results o f  Z n O  n ano  partic les in SLS 
sonicated d ispersions

E C O N O M IC S  D I V I S I O N

D u rin g  the rep o rtin g  p e r io d  the 
D iv ision  u n d ertake res e a rc h  a c t iv itie s  
confining to the five thrust areas, viz. (i) farm 
management; (ii) prim ary processing and 
m arketin g  o f N R ; (iii) ru bber p rod u cts 
manufacturing industry and foreign trade, 
(iv) inter-crops and by-prod ucts; and (v) 
inter-divisional coUaborative projects. Five 
projects handled at RRII HQ and one al RRS 
A gartala  w ere com p leted  and rep orted  
d u rin g  the p erio d . A Su m m ary  o f the 
findings and policy su ggestions evolved 
from the studies conducted at RRU H O is 
presented below.

1. H eterogen eity  in  ta riff  p o licy  and 
d iffe ren tia l lev e ls  o f  p ro tectio n  
un d er A IFTA : T h e  case  o f  ru b b e r 
and ru b b er products

T his stu d y  a ttem p ted  to  p rov id e a 
conceptual basis for disaggregate level analysis 
of the implications of AIFTA on rubber and

r u b b e r  p r o d u c ts  b a s e d  o n  a c r it ic a l  
asse ssm e n t o f  the k ey  p ro v is io n s  o f  the 
A greem ent. T h e a n a ly sis  o f  the prov isions 
revealed  th at ca te g o riz a tio n  o f ta r if f lines 
un der the six  d iffe re n t g ro u p s is the most 
cru c ia l co m p o n e n t p re d o m in a tin g  tariff 
p o licy  an d  the im p le m e n ta t io n  p eriod . 
D estin atio n -w ise  sh a res  o f  ta r iff lin es and 
average fin al ta riff are g iv en  in  Table Eco.
1. India's stra teg y  o f p u rsu in g  an  inverted 
t a r if f  s t r u c tu r e  o n  r u b b e r  a n d  ru b b er 
produ cts un der the A IFTA  m igh t have been 
g u id ed  by th e  c o m p o sit io n  o f  th e  total 
v a lu e  o f  e x p o r ts  to  a n d  im p o r ts  from  
A SE A N . H ow ever, a n eg a tiv e  ba lan ce  of 
trade in  ru bber and ru b b er p ro d u cts  with 
A SE A N  an d  a h ig h e r  a n n u a l a v e ra g e  
grow th rate o f im p o rts o f  fin ish ed  rubber 
p rod u cts u n d erlin e  the need  fo r a closer 
m on itorin g  o f the tren d s in e x tern a l trade 
w ith the trad in g  b lock  at the d isaggregate  
level.



Table Hco- 1 p cstination-wise shares of tariff lines and average final tariffs (%)
Raw  m aterial Intermediate nrnHnrte — ...

Tariff
elim ination

Tariff
reduction

Exclusion
list

Tariff
elimination

Tariff
reduction

Exclusion
list

Tariff Tariff Exclusion
list

India 65.6(0.0) 6.3(5.0) 28.1(31.11) 11.5(0) 77.0(5.0) 11.5(10.0) 58.6(0) 41.4(5.0) 0
M alaysia 86.7(0.0) 133(4 .3) 0 2.4(0) 97.6(6.9) 0 21.4(0) 64.7(7.6) 13.9(22.7)
Vietnam  100.0(0.0) 0 0 100.0(0) 0 0 45(0) 0 55(23.2)
Thailand 97.9(0.0) 2 .1 (50 ) 0 75.0(0) 16.7(5.0) 8.3(20.0) 76.5(0) 18.5(5.0) 5(10.0)
Indonesia 77.1(0.0) 22.9(2.4) 0 41.7(0) 58.3(4.5) 0 16.8(0) 83.2(4.7) 0
M yanm ar 100.0(0.0) 0 0 50.0(0) 8.3(1.0) 41.7(5.0) 44.3(0) 29.5(3.8) 26.2(5.1)
Philippines 47.9(0.0) 0 52.1(3.0) 83.3(0) 16.7(5.0) 0 66.4(0) 33.6(4.8) 0
C am bodia 75.0(0.0) 

Brunei

25.0(5.0) 0 100.0(0) 0 0 63.8(0) 32.8(5.0) 3.4(13.0)

Darussalam  100.0(0.0) 0 0 100.0(0 ) 0 0 32^(0) 0 67.8(13.4)
Lao PD R 100.0(0.0) 0 0 83.3(0) 16.7(5.0) 0 99.2(0) 0.8(5.0) 0

Source: G O I, 2010

2. C h a n g in g  d im e n s io n s  o f  
in te r c r o p p in g  in  th e  im m a tu re  
p h a se  o f  N R  cu ltiv a tio n : A  case 
s tu d y  o f  p in e a p p le  in tercro p p in g  
in  c e n tra l K era la  

Intercropp ing in the im m ature phase of 
rubber plantation s had been the outcom e of 
a m ajor policy decision im plem ented in 1957 
w ith the co re  o b jec tiv e  o f ach ieving  self 
sufficiency in NR production. However, the 
p riorities and strateg ies o f intercropping

have undergone important changes during 
the past five decades due to a num ber of 
facto rs in clu d in g  ch an ges in  the s o c io ­
e co n o m ic  d e te rm in a n ts , c ro p s  g ro w n , 
o b jec tiv es and R& D  e ffo rts . T h e stu d y  
revealed grow ing p opularity  o f contract 
farming in pineapple intercropping in NR 
w ith  th ree  d iffe re n t  c o n tra c tu a l 
arrangements in Table Eco. 2. The results of 
the a n a ly s is  h ig h lig h te d  th e  g ro w in g  
divergence between the recom m ended and

Table Eco. 2. Contractual arrangements in pineapple intercropping

O perations Type

Land preparation  Contractor

P ineapple in tercropping Contractor

Procurement of rubber planting materials Contractor 

M aintenance o f  rubber plantation 

(first th ree years)

Type o f  com pensation  to grow ers

C ontractor 

All expenses related 

to planting and 
m aintenance for

3 y e a rs __________

Sh are o f  grow ers (%)

Contractor

Contractor

Grower

Contractor 

All expenses as 
in Type 1 except the 

cost of planting 
materials

5.4

C ontractor

C ontractor

Grow er

Grow er

Rent paid 
Rs. 100)0/- to 
Rs. 25,000/- acre

35.7



adopted ag ro-m anagem ent p ractices in 
intercropping of pineapple under contract 
farming and the potential challenges to the 
agronomic sustainability of NR cultivation.

3. A n  e c o n o m ic  a n a ly s is  o f  th e  
so cio -e c o n o m ic  d im e n s io n s  o f  
participatory exp erim en tal tria ls 
on low  frequency tap p in g  (LFT)

The study w as a socio - econ om ic 
evaluation of the demonstration plots having 
S/2 d3 tapping system with stimulation. The 
demonstration plots were established in the 
rubber smallholdings in different locations to 
popularize low frequency tapping (LFT) system 
by participatory monitoring and evaluation. The 
analysis show ed that the average size of 
demonstration plots (0.9 ha) is higher than the 
average size of rubber smallholdings in Kerala 
(0-5 *1a) indicating that holding size is one of the 
factors prompting the adoption of LFT. The 
dependence on hired labour for tapping is 
higher among the sample holdings. In the case 
of holdings dependent on hired labour the (size 
of holding) number of trees emerges as the key 
factor facilitating the adoption of LFT. The 
resistance from tappers tow ards LFT was

observed only in the sm aller holdings mainly 
due to: (i) loss of tapping days; and (ii) increase 
in work load due to higher yield from unitarea 
The grow ers overcom e the resistance by (j) 
resorting  to se lf-tap p in g ; (ii) by  assuring 
em p loym ent to tap p ers in o th er grower's 
holdings; or (iii) by offering incentives for extra 
production. Availability of family labour is a key 
factor influencing die adoption of LFT in smaller 
size groups with less than 1 ha area under 
rubber. Despite the positive signals emerging 
from the schem e the scale neutrality  of LFT 
remains suspect in the unique regional context 
o f Kerala with sm aller size o f the holdings and 
higher dependence on hired labour. The study 
h ig h lig h ted  th e  n eed  fo r  a p p rop ria te  
institutional arrangements to overcom e the in­
built deficiencies of size and rigidities of the 
labour m arket for the effective implementation 
o f LFT from a long-term perspective.

4. U n c e r ta in p r i c e s an d
s e g m e n t a t i o n  o f  m a r k e t  a s  w 
su rv iv al strategy : T h e  ca se  o f  latex 
p ro ce ss in g  in d u stry  in  In d ia

H isto ric a lly , the p r ic e  o f  P reserved  
Field Latex (P FL ) in In d ia  w as linked  with



the price of RSS 4. Since the m iddle of 2000s 
price of PFL is delinked from RSS 4  price. 
The study analysed  the factors behind the 
delinking o f PFL price from RSS 4  and the 
trends in price m ovem ents o f PFL, RSS 4 
and C entrifu ged  latex (CL) and the inter­
linkages. F ig . Eco . 1 sh ow s the trends in 
p r ic e  d if f e r e n c e s . T h e  p re lim in a ry  
observations of the study highlighted the 
crucial role of the grow ing narrow ness of 
the d om estic m arket due to the significant 
grow th in the im port o f latex based value 
added p rod u cts rather than the im port of 
CL for the segm entation o f the latex market. 
H e n c e , a tw o  p ro n g e d  s tra te g y  of 
r e h a b i l i t a t in g  th e  la te x  based  
m a n u fa ctu rin g  se g m e n t so  as to ensu re 
c o m m e n s u ra te  ra te  o f g ro w th  in latex 
co n su m p tio n  an d  reju v en atin g  the latex 
p rocessin g in d u stry  to reinforce the focus 
on exp orts is su ggested .

5. A d o p t io n  o f  in te r c r o p s  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  
re g io n s  in  In d ia : E m erg in g  trends 
in  th e  s m a llh o ld e r  secto r

T h e  s tu d y  c o n fin e d  to th e  
s m a llh o ld in g s  w h ic h  a v a ile d  p la n tin g

subsidy (2004-10) show ed that am ong the 
various in tercrop s, ban ana w as the m ost 
p o p u la r  in te rc ro p  in  th e  t r a d it io n a l  
reg io n  sp read  o v er  fiv e  a g ro -c lim a tic  
z o n e s. H o w ev er, th e  r e s u lts  rev e a le d  
n o ta b le  d i f f e r e n c e s  in  th e  e x te n t  o f  
ad op tion  of in tercro p s and its  s iz e -cla ss- 
w ise p re feren ces . T h e  h ig h e st le v e l of 
adoption  of in tercro p s w as observed  in 
Kanyakum ari region (72.9 %) follow ed by 
Central K erala (72.2 % ) and Sou th  K erala 
(68.2  %) d u rin g  the sev en  y ear p eriod  
u n d e r  s tu d y  (2 0 0 4 - 1 0 ) .  A d o p tio n  o f 
in tercrop s w as found to be the lo w est in 
N o rth  K e ra la  (3 6 .2 0 % ) . T h e  a n a ly s is  
revealed that p in eap p le  rep laced  b an an a 
as  th e  c h o ic e s t  in te r c r o p  in  C e n tra l  
K erala. T he size  o f h o ld in g  w as found 
to be a key  d eterm in an t in the se lec tio n  
of in tercrop s. A p ositive relatio n sh ip  w as 
observed betw een the size  o f h o ld in g  and 
ad o p tion  o f co m m ercia l cro p s su ch  as 
b a n a n a  a n d  p in e a p p le  w h e r e a s  
s u b s is te n c e  c r o p s  s u c h  a s  ta p io c a , 
a m o r p h o p h a llu s  a n d  c o lo c a s i a  a re  
p referred  in the sm allest s ize -class.

L A T E X  H A R V E S T  T E C H N O L O G Y  D IV IS IO N

The d iv isio n  con tin u ed  research and 
advisory activ ities on various aspects of crop 
harvesting. The collaborative program me on 
pop u larisin g  Low  Frequency  d3, tapping 
am ong sm all holdings initiated under all the 
Regional O ffices of the Rubber Board during 
20 0 9 -1 0  w as co n clu d ed  in the m onth of 
M arch, 2013. C ontrolled Upward Tapping 
(CU T) d em onstration  trials initiated during 
2 0 0 8 -0 9  in  v a r io u s  re g io n a l s ta t io n s

continued successfully and reported atleast 
50 percent yield increase from old trees. The 
bio-degradable polythene under evaluation 
served for both the m onsoons (total sen 'ice  
period of 9-10 months).

1. Low  Freq uen cy  Tap p in g

T h e d iv is io n  co n tin u ed  v a rio u s 
experiments, onfarm trials and ad visory trials 
on Low Frequency Tapping under different



i H 1. I Dry Rubber ~V ield (kg 400 trees ) and other attribu tes under vario u s fre q u en c ies  o f

C ir th  incrnit. 

(cm year1)

Tapping system Tapping days 

Actual Expected
Yield D RC %

S 2  (RC) d2  6d/7 149 150 2188 32.6
S/2(RG)d36d/7 103 104 1663 36.2
S 2 (RG) d3 “d/7 ET 2.5% Pa 2/v* 119 121 2220 34,3
5/2 (RC) d3 6d/7 ET2.5% Pa 3/y* 104 104 1976 36.3
5,2 (RG) d4 7d/7 ET 2S\  Pa 4 \ ' 91 91 1937 35 .8
S/2 (RG) d 4  6d;7 ET2.5% Pa 6/y* 78 78 2109 37.2

(RG) dfe 7dJ7 E T 2 5 %  Pa 10/v* 60 60 2085 3 6 .7
S/2 (RG) d~ 6d/7 E T 25%  Pal2/'v(m) 52 52 2017 39.0
CD (Q.05) 265 -

agro-dimatic conditions. The comprehensive 
study initiated during 2010-11 at Koney Estate 
of Harrisson Maiayalam to understand the 
performance of done RRII lflSunderdifferc nt 
tapping systems continued successfully I he 
study also covered tolerance of the Lacti fcrous 
system under different tapping frequencies 
and stim u la tion  based  on b io ch em ica l 
indicators. Yield under different frequencies 
were comparable except for S/2 d3 u  itliout 
yield stim u lation . A nnual average DRC

ranged from 32.6 under d2 to 39 percen i i ,nj>. ,
and there w as no defin ite  trend with 

respect to Tapping Panel Dryness and annual 
girth increment (Table LH T.l). Tbere was n ,, 
sign of degradation of the iaticiferous system 
after shmu'ahon in d/6 and d/7, aS indicated 
by high thiol, without accumulation of sti c s..

the Io f Pr° line and Pheno1' Am™ S
to w e d ’blieqUT y laP P m g SyS‘Cms- 11 1 tow ed  balanced and activated metabolism

w ith  sufficient sucrose, h igh  en e rev
availabihfy [ATP], latex regene J o n  cap afty
and protection of the Iaticiferous system.

U  L°gifn“  o ff prog? n,me °f RR"  
p o p X r i ° nt 5 ^ d ? u bDeDr B o 4 r d instim u lation taP P "n g  w ith

’n ® Program m e initiated in 2009 111 
(phase I) and extended in 2010- 11, proceeded

sm oothly and concluded in M arch , 2013 as 
per the o rig in a l sc h ed u le . In  gen eral, an 
average y ield  o f  m o re  th an  5kg/tree was 
realized by the p articip ants and not even a 
single grow er reported any in crease in TPD 
due to LFT and stim ulation. N early  one third 
o f the grow ers are utilising  fam ily  labour for 
tapping and 30 per cent follow  d 3 frequency 
with Sunday rest, w h ereas 70 p er cent follow 

frequency w ithout Su n d ay  rest leading 
to higher nu m ber o f tapping d ays p er year. 
A ccordingly  stim u la tion  rou n d s p er year 
was m odified (reduced from  3  to 2). General 
m torm ation from  this program m e is that for 
h e  su ccess  o f  LFT, reg u la r  an d  co rrect 

tapping, effective and tim ely  rainguarding, 
panel w ashing using fu ngicid es to prevent 
diseases and p rop eryield  stim u lation  under 

e sc h e d u le d  le v e ls  e tc . a re  e ss e n tia l , 
e lay ed  an d  se c o n d  c o lle c t io n  o f latex 

uring few  taps after stim u lation can  reduce 
ield coagulum  (Scrap). Instead  o f skipping

l ? Plnf  , l°  rain in the m onths o f June- 
J V, d elay ed  ta p p in g  (ev en  a t 9 .00am )

hi J|Uf0S "  >;Ularity m  taP P ing. Sh iftin g  from
l 1 . re‘|lJ';ncv taPP ing to LFT  m ust be done 

A p ril"  y icJ|d'ng  m onths ofFeb ru ary-

T a n , ,n ’^ Xr.E.e rim e n t o n  L o w  F re q u e n c y  
ppm g (LFT) w ith d ifferen t levels o f yield



stim ulation in clone RRII 105 laid out in the 
Experim ental Farm  Unit of Rubber Research 
institute of India located at Kottayam, Kerala 
(9°32'N; 76U36'E ) w as concluded.

C u m u la tiv e  d ry  ru b b e r  y ield  over 
fifteen years under d3, d4 and d6 frequencies 
o f ta p p in g  w ith  y ie ld  s t im u la tio n  is 
com parable to unstim ulated alternate daily 
tapping (Fig. L H T .l). Cum ulative dry rubber 
yield obtained w ith d3 (3 stim/y), d4 (5 stim/ 
y) and d6 (12 sim/y) system s were 104%, 99% 
and 92%  o f d2 frequency of tapping.

C um u lative yield under d3, d4 and d6 
frequencies o f tapping resulted in 51%, 59% 
and 69%  yield increase in BO-1 panel and 
13%, 30%  and 58%  yield increased in BO-2 
panel over d2 system  of tapping (Fig. LHT.2).

M ean annu al yield un der third daily 
tapping, fourth d aily  tapping and weekly

tapping frequencies were comparable to that 
of alternate daily tapping (Table LH T.2). 
Mean annual tapping days during the study 
period under d2, d3, d4 and d6 frequencies 
o f tapping were 144,98, and 74 and 51 days, 
respectively. Thus, by adopting d3, d4 and 
d6 frequencies of tapping, requirem ent of 
tapper can be reduced by 32%, 49%  and 65% 
respectively, com pared to alternate daily 
tapping.

There are several other benefits under 
LFT such as the low incidence of tapping 
panel dryness, extended period of tapping 
on the sam e panel and increase in tree girth. 
Present study clearly show ed that tapping 
under d3, d4 and d6 along with appropriate 
stim u la tio n  can  res u lt  in  c o m p a ra b le  
production to that of alternate daily tapping. 
Sustainable yield can be achieved under LFT

Fig. LHT. 1. C u m u lativ e  yie ld  (k g  ha ') o f  clon e R R II 105 under d ifferent frequ encies of tapping (cum ulative of 

f ifteen  years). , , . . . .  , .
V alues follo w ed  b y  sam e letters are not critically d ifferent from  each other. V ert.cal b a , represent 

S E ; n=15.



d2 d3+3stim d4+5stim d6+12stim
Treatments

Fig. LHT. 2 .Cum ulative yield (kg  ha ) o f clone R R II 105 un d er d ifferen t freq u en c ies o f  tap p in g  in  B O -1  and 
BO -2 panel. Values in parenthesis indicate percent in crease over d2 fre q u en cy  o f  tap p in g

Table LHT. 2. Dry ru bber yield  and other param eters o f  clon e R R II 105 tapped un d er d if fe re n t fre q u en cie s  of 
______________ tapping and stim ulation  (M ean o f  fifteen  years)____________

Treatment-Tapping system  Yield Yieldkg/tree Tapping Yieldkg/tap/

_______ ;_________.. - ______  (kg/ha) d ays 4 0 0  trees
T1 - S/2 (RG) d2 6d/7 (Control) "

T2 - S/2 (RG) d3 6d/7. ET 2.5%  Pa3/y*

T3 -  S/2 (RG) d3 6d/7. ET 2.5%  Pa4/y‘

T4 - 5,7 (RG) d3 6d/7. ET 2.5%  Pa5 I f  

1 3  - S/2 (RG ) d4 6d/7. ET 2,5%  Pa 5/y*

T6 -  S/2 (RG) d4 6d/7. ET 2.5% Pa 7/y*

T7 - S/2(RG) d4 6d/7. E T  2.5%  Pa 9/v*

TO - S/2(RC) 66 M U. ET 2.5%  Pa 10/y*

T9 -  S/2 (RG ) d6 6d/7. ET 2.5%  Pal2/y(m)

T 10 - S/2(RG) d6 6d/7. ET 2.5%  Pa 15/)'*

LSD  (PO.Q5) '  ~

2331 7.1 •' 144 1.9.8 •
2505 Jl' 6-4 * 98 26 .3  d
2 5 7 5 * 6 .7  * 98 27 .3  d
2 6 3 3 s 7.2 ‘ 98 2 9 .5 'd

2299 M 6.0 01 74 3 2 .2  *
2212 d 6.0 * 74 32.4 ■*

2336 w 6.2 ^ 74 33 .6  b
2 2 3 6 rd 5.5 * 51 42.8  4
2134 d 5 .3 ' 51 4 1 .4 "
2115 d 5 .2 ' 51 40 .2  ‘

281 0.6 3.3
Wi*h ta “*  °»un,n. values frfjowed by , ame leltefs ate from each 0 ,hgr

t o m  r r lafKOn and t,he( srm ver can T h e d e m o n s tra tio n  p lo t  at ( ent ral
m S t c ^ r e d t ^  T J 8 f‘>f^ ? du? (ion E xp erim en t S ta tion  (C ES) u n d er weeklv
and increased econormc l.fe of rubber trees. tapping w ith m onthly ap plication  o f 2 .5%



ethephon continued to give prom ising yield 
during 2012-13. It w as 2790 kg/400 trees with 
mean per tap y ield o f 60.6 kg and average 
DRC of 39.2% . Incidence o f tapping panel 
dryness w as 6 .3% . M ean yield o f eleven 
years of tapping w as 2669kg/400 trees.

The exp loratory  trial a t C ES under dlO 
frequency o f tapping w ith once in 20 day's 
stim ulation co n tin u ed  to g ive prom ising 
yield during 2012-13. Y ield of 3477 kg/400 
trees was obtained in the second year of BI-1 
panel. TPD percentage w as very low (3.4 %). 
Overall m ean  y ie ld  o f e lev en  y ears of 
tapping w as 2472 kg/400 trees.

2. C o n tro lled  U p w a rd  T a p p in g

During eighth year, yield under S/4U d3, 
S/4U d4, S/3 U/d6 w ith  periodic panel change 
and basal panel tap p in g  u n d er d6 frequency 
was com parable (Table LHT.3). Annual panel 
change under d6 frequ ency  o f basal tapping 
also w as c o m p a r a b le  to  p e r io d ic  p an el 
change o f d 3 , d 4  an d  d 6 freq u en c ies  of 
tapping.

I he collaborative all India project on 
Controlled Upward Tapping (CUT) dearly 
indicated usefulness of CUT to considerably 
enhance production and productivity of NR 
from old and senile trees. By large scale 
im p lem e n ta tio n  o f C U T in In d ia , the 
productivity can be increased at least by 200 
kg per ha.

3. O ther experim ents

Long term evaluation of rainguard : 
Problem of production losses in the 
absence of rain guard and recovery 
through stim ulation

T h e  ra n d o m iz ed  b lo c k  d esig n  
experim ent with eight treatm ents and six 
replications laid out in the year 1997-98 at 
the E x p e rim e n ta l F arm , U n it, R IT  , 
Pambady, Kottayam (Dist.) in clone RRII 
105 was consolidated and concluded. Data 
on yield, related parameters and incidence 
o f Tapping Panel Dryness were monitored 
till 2 0 1 1 -1 2 . F ifte en  y ears d ata  w’ere 
com piled, processed, statistically analysed

Table LHT.3. P e rfo rm an ces o f  lo w  frequ ency  tapping w ith d ifferent harvesting practices in clon e R R II 105 at 
______________ EFU , R IT , Pam pady._________________________________

Tapping system  Yield*(kg 400 trees ') Tappingdays

S/4U d3 ET5% La 6/y ;S/2 (R G ) d3 ET2.5%  Pa 2/v 

S/4U d4 ET5% L a 9/y(3w); S/2 (RG ) d4 ET2.5%  Pa 4/y 

S/2 (RG) d4 E T 2.5%  La Pa 6/y 

S/4U d4 ET5%  La 18/y (3w ) w ith  annual panel change 

S/4U d4 ET5%  La 18/y stim . w ith  bi-annual panel change 

S/4U d6 + ET5%  La 12/y (2w ) ;S/2 (RG ) d6 ET2.5%  Pa 6/y 

S/2d6 ET2.5.%  Pa 12/y (m )

S/4U d6 ET5%  La 24/y (2w ) w ith annual panel change 

S/4U d6 ET5%  La 24/y (2w ) w ith  bi-annual panel change 

S/3U d6 ET5%  La 9/y ( 3 w ) ;  S/2 (R G ) d6  ET2.5%  Pa 6/y 

S/2 (RG) d6 ET2.5.%  La Pa 12/y (m)

S/2 (RG) d6  ET2.5%  La Pa 12/y (m )

S/2 (RG) d6  ET2.5%  Pa 12/y (m ) ______________
USD (0.05)

2543 a 100

2571 a 75

2446 ab 75

2494 a 75

2371 abc 75

1984 bed 52

2181 abed 52

1880 d 52

1970 bed 52

2202 abed 52

2272 abed 52

2442 ab 52

1894 cd 52

491

Values followed by sam e letter/s are  n ot critically different from each other



Table LHT. 4. Dry rubber yield and Tapping Panei D ryness status in  c lon e R R II 105 un d er d2 and  d3 frequencies 
____ _________ o f tapping w ith and w ithout rainguarding and stim ulation ________________________

Treatments Dry rubber yield’ * 
(kg 400 trees ')

Dry rubber yie ld ”  
( g t ’t-1)

T P D  trees 
(2011- 12)

S/2 (RG) d2 6d/7 2773 a 51 .6  d 6

S/2d2 6d/7 2306 bed 64.2  c 5

S/2 d2 6d/7 ET. 2.5% Pa 3/Y 2458 be 69 .2  c 7

S/2 d2 6d/7 ET. 2.5% Pa 5/Y 2196 cd 63.6  c 3

S/2 (RG) d3 6d/7 ET. 2.5% Pa 3/Y* 2328 be 5 9 .7  cd 3

S/2 d3 6d/7 ET. 2.5% Pa 3/Y 2047 d 85  b 2
S/2 d3 6d/7 ET. 2.5% Pa 5/Y 2223  cd 9 2 .8  ab 4
S/2 d3 6d/7 ET. 2-5% Pa 7/Y 2513 ab 101.2 a 1
LSD (0.05) 277.1 9 .5 - ~

* ET 2.5 % Pa from 2001 **' M ean of fifteen years -------

Values followed by same letter/s are not critically different from  each other

and consolidated. O verall pictu re o f the 
data indicated that, crop loss in non rain 
g u a rd ed  tre e s  ca n  b e  o n ly  p a r t ia l ly  
com p ensated  by  stim u la tio n  u n d er d 2 
frequency of tapping. H ow ever un d er d3 
frequency of tapping crop loss in non rain 
guarded, trees can be com pensated  by 5 or
7 ro u n d s  o f s t im u la t io n s  p e r  y e a r . 
Irrespective of the system  o f tapping non 
rainguarded trees show ed h igher per tap 
y ield  (g/t/t) and w as h ig h e st u n d er d 3 
fre q u e n c y  o f ta p p in g . T a p p in g  P an e l 
dryness w as low er under d3 frequency of 
tapping (Table LH T 4).

E v a lu a tio n  o f  m in i a n d  red u c e d  sp iral 
tapping

In the experim en t at EFU, R]T, S/4 d3 
continued to give good yield  in the 14th year 
and the fourteen  y ear averag e  y ie ld  also 
confirm s the advantage o f this system  (Table 
L H T 5). Tw o farm ers had in itiated  S/4 d3 
with y ield  stim u lation  at 45  d ays interval 
(excluding February, M arch &  A pril) and the 
trees w ere op ened  at 45cm  g irth . In the 
location near Piravom , yield w as 3.41 and
4.01 kg/tree/year resp ectively  d u rin g  first 
and second year o f tapping. In the second 
location atO ttap palam , the y ield w as 3.81kg/

Treatm ents sp iral tap in g  in c o m p a n y  ,»  a ,

S/2 (RG) d3 ET ET 2.5%  Pa3/y 

M e 5 (RG) d3 ET 2 5 %  Pa24/y 

M e 5 (RG) d3 ET 5%  Pal2/y 

S/R (RG) 10 d3 ET 2.5%  Pa24/y 

S/R (RG) 10 d3 ET 5%  Pa J  2/y 

S/4 (RG) d3 ET 2.5%  Pa 12/y 

S/3 (RG) d3 ET 2.5%  Pal 2/y

2012-13
D ry rubber (kg 400  trees ')

M ean o f  14 years. Figures in parenthesis is % o f  C ontrol, NS

1521

1532

1832

1884

1694

1679

1647

M ean Yield*

2023 (100) 

1930 (95) 

2033 (100.5) 

2 499  (124) 

2283 (113) 

2476 (122) 

2491 (123)

Panel

BI -1 (4 )  

B O  - 4  (2) 

B O  - 4  (2) 

B O  - 4  (2) 

B O  - 4  (2) 

B O  - 4  (2) 

B I -  1 ( J)



System

S/2 (RG) RG) d3 6d/7 E T  25%  Pa 3/y" 

S/4 (RG) d3 6d/7 E T  2.5%  Pa 6/y"

S/4 (RG) d3 6d/7 ET 2.5%  Pa 9/y*

Table LHT. 6 . C om m ercial yield c/,, »1nnil, .
in com parison tn S /7

----------------------Kg h a ' Ke tree'

3.9

2.6

2.6
267

280

tree/year in the first year o f opening. The 
Grower has also reported that the time taken 
for tapping 500 trees w ith S/4 cut was only 
150 m inutes.

The results of com m ercial evaluation of 
reduced spiral tapping  at B  C  Cheruvally 
estate in com parison to S/2 d3 is prom ising 
(Table LH T 6 ).

E valuation o f  n o n - co n v en tio n al tapping 
m ethods : E v a lu ation  o f vertical tapping

An RBD  exp erim en t on vertical tapping 
was initiated w ith  five treatm ents and five 
replications. D ry ru bber y ield data from all 
tapping d a y s w e re  c o lle c te d , com p iled , 
processed and statistica lly  analysed. Dry 
rubber yield o f 34  g t-lt-1  could  be obtained 
with vertical tapping cut o f 10 cm  with 24 
rounds of y ield  stim u lation  w ith ethephon. 
Vertical tapping cu t o f 22  cm  w ith 6 rounds 
of stim ulation, dry  ru bber yield  of only 28 g

Table L H T 7. D r y  r u b b e r  y i e ld  (g  ' t ' t  ') u n d er 
c o n v e n tio n a l (h a lf  sp ira l)  and  non 
co n v en tio n a l (vertical tapping) tapping
s y ste m s_________________

SI. Treatm ents 
No.

Dry 
rubber 
yield 

(g-1 f t ' 1)

t-lt-1 could be obtained which was observed 
to be at par with 8 rounds of stimulation. 
However, dry rubber yield (g t-lt-1) from 
vertically tapped trees were significantly lower 
compared to S/2 d3 6d/7 (Table LHT 7). Fu rther 
modification in length of cut, stimulation 
rounds, etc. may yield better results.

T e s tin g  and e v a lu a tio n  o f p ro d u cts : 
E v a lu a tio n  o f "M o r te x "  as an y ie ld  
stim ulant in rubber

T h e random ized  b lo ck  desig n  
experiment at Harrisons Malayalam Limited, 
Kaliyar Estate, Thodupuzha, Idukki (Dist.) 
in clone RRII 105 to evaluate "M ortex" in 
comparison with ethephon was consolidated 
and concluded. H igher yield  could be 
observed in trees stimulated with ethephon 
and "M ortex". Response of rubber trees to 
ethephon and "M ortex" application were 
comparable (Tables LHT 8) indicating that 
by applying 'M ortex", grower do not get 
additional benefit, rather than incurring extra 
exp end itu re as the co st o f "M o rtex " is 
approximately 6 times higher than ethephon.

Table LHT 8. O verall resp onse clon e R R II 105 to 
ethephon and morte.x application under 
d3 system of tapping (Mean o f  3 yeare):

1 S/2 (RG) d3 6d/7 ET. 2.5 %  Pa 3A ' 77.2 a
2 Vert. (22 cm ) (RG ) d3 6d/7 ET. 2.5 % Pa 6/Y 27.8 b

3 Vert. (22 cm) (RG ) d 3 6d/7 ET. 2 .5  % Pa 8/Y 26.0 b

4 Vert. (10 cm ) (RG ) d3 6d/7 ET. 2.5 %  Pa 12/Y 26.9 b

5 (10 cm ) (RG ) d3 6d/7 ET. 2 .5 % Pa 24/Y 33.8 b
jj D  (005)_______________ 15.6

alues follow ed  by sam e letter/s are not critically 
different from each  other

Treatment Kg/
tree

g-’ f t 11 TPD 
Trees 

( 11-12)

S/2 (RG)d36d/7 7.6 76.5 2/64

S/2 (RG) d3 6d/7 ET 2.5 Pa 3A 7.8 81.6 3/64

S/2 (RG) d3 6d/7 MTX 2.5 Pa 3/Y 8.1 81.8 5/64

S/2 (RG) d3 6d/7 MTX 2.5 Pa 6/Y 7.8 78.7 7/64

LSD (0.05) NS NS
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Fig.LHT 3: Effects o f  3 m akes o f  ethephon application  on m onthly variation  in  dry ru b b er y ie ld  (gram/tree/ 
tap) o f d o n e R R II 105 under 3 frequ ency o f  tapping  a t C E S , C hethackel (Sep t-12  -  M arch 13)

At EFU, RIT also, three years observation 
revealed no s ig n ifica n t y ie ld  d ifferen ce  
betw een ethephon (3 rounds year ') and 
"M ortex" (6 rounds y e a r1).

Testing and Evaluation o f Ethephon (new 
brands)

A Randomized block design Experiment 
w ith4 treatments and 6 replications was laid 
out at C entral Experim ent Station  (CES), 
Chethackel to test and evaluate. Ethephon

10 %  form ulated and m arketed  by tw o firms 
in  co m p a riso n  w ith  a lre a d y  te sted  and 
e v a lu a te d  e th e p h o n  a n d  co n tro l 
(unstim ulated), under d3 (once in three days) 
system  o f tapping. It w as observed  that, all 
the m akes o f ethephon w ere significantly  
effective in en h an cin g  the y ield  19 - 23% 
com pared to unstim ulated  (C ontrol) under 
d3 frequency of tapping. (Tables LHT. 9). In 
g e n e ra l, ir r e s p e c t iv e  o f  th e  m ake/s of

and kg/400 t'l^stf'lloneRRII lau n d er d s T ^  ™bbcfr yield (S/t/t)'  ^g/tree, kg/tap/400 trees
-  M arch 13) d3 fre(luency of tapping  a t C E S , C h e th ack e l (Sept-12

Treatm ents
g-' f t - ' Kg tree-1 Kg tap-' 400h a ' Kg 400 trees-1

1- S/2 (RG) d3 6d/7 (Control) 49 3 h  0 » .  --------------------------------

2. S/2(RG) d3 6d/7 ET 2.5 % Pa 2/Y* (M ake 1) 58 5 a f l9 i n m  ^  b b
3. S t t l R O ^ T ^ P a W f l ^ , 1 6  "  ' a «  23-4 <5 ( ]9 )  ,3 4 ( la ( 1 9

4 . » w d i w i r i 5 % h S v « « . :  ; ! !  ? !  24 -3 a ‘23> 1 3 8 7 'i ( r ”
LSD (0.05) ~ ------------ — --------- - ---------_  a (19) 3 4 a  (2Q) 23 .6 a (19) 1353 a (20)

8.39

*  •* .................... :•

193.30



ethephon, trees w ith ethephon stim ulation 
show ed h ig h er  d ry  ru b b er y ield  (g  t ' t 1) 
through out the year over the unstim ulated 
control trees (Fig. LH T 3).

E v a lu a tio n  o f "Jo rw in  (M anim ooli) K n ife"

S r i. T .P .G e o rg e , T h a d a th il  (H ), 
Manimooli P.O, Nilam bur, requested Rubber 
Board to e v a lu a te  "Jo rw in  (M an im ooli)" 
knife developed b y  him . T he knife has more 
sim ilarity to the ex istin g  "M itch ie  K nife" 
than "Jeb o n g " knife.

T h e c o m p a ra tiv e  ev a lu a tio n  for six 
months indicated that, the "M anim ooli" knife 
has certa in  a d v a n ta g es o ver the ex isting  
"Mitchie" knife su ch as less bark consumption, 
convenience of tapping, saving of tapping time

etc. and can be helpful in tapping more number 
of trees. H ow ever no sig n ifican t yield 
difference could be noticed (Table LHT 10). 
Both front and backend of the tapping channel/ 
cut can be tapped with out turning the knife 
or the tapper, unlike "Mitchie" knife.

E v a lu a tio n  o f 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

Im proved  and m ore sta b ilised  
b io d eg rad ab le  p o lyth en e w as used for 
ra in gu ard in g. The m ateria l served the 
p u rp ose for ra ingu iard ing.i.e . it  stayed 
w ith o u t any d am age d u rin g  b o th  the 
monsoons. After North-East monsoon, the 
material was left in the field for observing 
biodegradability.

Table LH T 10. C om p ara tiv e  ev aluatio n  o f "Jorw in  (M anim ooli)" kn ife and "M itch ie G olledge" K nife

Param eter Jorwin
(Manimooli)

Mitchie Golledge t test

1. Dry rubber y ield  (g  t'1 f ' ) 25.3 29.6 NS

2. T im e for tapping  (seconds/ tree) 27 30 *»

3. Total B ark  C on su m p tio n  (cm )5

a. Front 14.8 15.6 *

b. M id 12.5 13.0 NS

c. Back 14.3 15.4

4. B ark C on su m p tio n  (mm/tap)#

a. Front 2.5 2.6 NS

b. M id 2.1 2.2 NS

c. Back 2.4 2.6

*  From 0 6 -0 8 -12 to 2 8 -0 2 -13 N S - Non Significant

”  - S ignifican t a t P< 0.01 * - S ignificant at P< 0.05

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

In the G en om e A nalysis laboratory our 
research a ctiv ities are grouped under the 
following head s: (I) developm ent, optim iza­
tion and validation o f m olecu lar tools for the 
assessm ent o f g en etic diversity  in rubber, 
clonal id entification  and genom e mapping

(II) development of genetic markers for bi­
otic and abiotic stress tolerance and under­
standing the stress adaptation processes 
through transcriptom e analysis and (III) 
cloning and characterization of agronom i­
cal ly important genes.
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M onths

R g .L H T 3 : a d o o f  a p p l i e d  on m on U > l,variad o„ in  dry ru bber yield  (gram/tree/
tap) or cione R R II 105 under 3 frequency of tapping at C E S, C hethackel (Sept-12  -  M arch  13)

At EFU, RJT also, three years observation 
revealed  no s ig n ifica n t y ie ld  d ifferen ce  
between ethephon (3 rounds y e a r 1) and 
"M ortex" (6 rounds y e a r1).

Testing and Evaluation o f Ethephon (new 
brands)

A Randomized block design Experiment 
with 4 treatments and 6 replications w as laid 
out at C entral Experim ent Station  (CES), 
Chethackel to test and evaluate Ethephon

10 % form ulated and m arketed by  tw o firms 
in co m p ariso n  w ith  a lre a d y  te sted  and 
e v a lu a te d  e th e p h o n  a n d  c o n tro l 
(unstimulated), under d3 (once in three days) 
system  o f tapping. It w as observed that, all 
the m akes o f ethephon w ere  significantly  
effective in enhan cing  the y ie ld  19 - 23% 
com pared to unstim ulated (C ontrol) under 
d3 frequency of tapping. (Tables LHT. 9). in 
g e n e ra l, ir re s p e c t iv e  o f  th e  m ake/s of

and kg/400 trees^ jf^ Ion tT R R II S n d e r ^ e t ^ e n ^ T  (g M ) '  k8/,ree'  »<g/tap/400 trees
-  M arch 13) " d er d3 frecl ue" c y  o f  tapping  at C E S , C h e th a ck e l (Sept-12

Treatm ents

S/2 (RG) d3 6d/7 (Control) '

S/2(RC) d3 6d/7 ET 2 o  %  Pa 2A "  (M ake 1) 

S/2 (RG) d3 6d/7 T  2.5 % Pa 2/Y* (M ake 2) 

- S g fRG) d3 6d/7 E T 2.5 % Pa 2/Y (M ake 31
LSD (0.05)

49 .3  b

58 .5  a (19)

60 .6  a (23) 

58.9 a (19)

Kg tap-1400ha 1 Kg 400  trees 1

8.39

3 .4  a (19)

3 .5  a (23) 

3 .4  a (20)

.......

19.7 b 

23 .4  a (19) 

24 .3  a (23) 

23 .6  a (19)

1 1 2 7 b  

1340  a (19) 

1387  a (23) 

1353 a (20)

193.30



ethephon, trees w ith eth ep h o n  stim ulation 
showed h igher d ry  ru b b e r  y ie ld  (g  t ' t 1) 
through out the year o ver the unstim ulated 
control trees (Fig. L H T  3).

Evaluation o f  " J o r w in  ( M a n im o o l i )  K n i f e "

Sri. T .P .G e o rg e , T h a d a th i l  (H ), 
Manimooli P.O, N ilam bur, requested Rubber 
Board to ev a lu ate  " Jo rw in  (M a n im o o li)"  
knife developed by  him . T h e k n ife  h as m ore 
similarity to the e x istin g  "M itc h ie  K n ife " 
than "Jeb ong" knife.

The co m p a ra tiv e  e v a lu a tio n  fo r six  
months indicated that, the "M an im ooli" knife 
has certain a d v a n ta g e s  o v e r  th e  ex istin g  
"Mitchie" knife such as less bark consumption, 
convenience o f tapping, saving o f tapping time

e te .a r fc a n b e te ^ in ta p p i,,g m o re n u m b e r  

j L  H ow ever no s ig n ifican t vield 
difference could be noticed (Table LHT 10). 

oth trontand backend of the tapping channel/ 
cut can be tapped with out turning the knife 
or the tapper, unlike "M itchie" knife.

Evaluation o f biodegradable polythene for 
rainguarding

Im p rov ed  and m o re  sta b il ise d  
b io d e g ra d a b le  p o ly th en e  w as used for 
ra in g u a rd in g . T h e m ateria l served  the 
p u rp o se  fo r ra in gu iard in g .i.e . it stayed  
w ith o u t  an y  d am ag e  d u r in g  b o th  the 
m onsoons. A fter North-East m onsoon, the 
material was left in the field for observing 
biodegradability.

T f t i f i f f T - B .  C o m p a ra tiv e  ev a lu a tio n  o f  "Jo rw in  (M an im oo li)” k n ife  and "M itch ie  G o lle d e e"  K nife 

Param eter jQ rw in M itchie G olledge tte st
(M anim ooli)

1. Dry rubber yield  (g  f 11' 1) 25.3 29.6 NS
2. Tim e for tapping (seconds/ tree) 27 30
3. Total Bark C on su m p tio n  (cm )#

a. Front 14.8 15.6 *
b. Mid 12.5 13.0 NS
c. Back 14.3 15.4

4. Bark C onsum ption  (mm/tap)#

a. Front 2.5 2.6 NS
b. Mid 2.1 2.2 NS
c. Back 2.4 2.6 *

> From 06-08-12 to 28-02-13  N S - N on Sig nifican t

"  -S ig n ifican ta t P< 0.01 * - S ig n ifican t a t P< 0.05

GENOM E ANALYSIS LABORATORY

n the G enom e A n aly sis laboratory  our 
esearch activ ities are g ro u p ed  u n d er the 
o owing heads: (I) d evelo p m en t, optim iza- 
° n and validation o f m olecu lar tools for the 

c,^es^ment g e n e tic  d iv ersity  in rubber, 
Aa lc*en tification  and g en om e m apping

(II) developm ent o f genetic markers for bi­
otic and abiotic stress tolerance and under­
stan d in g  the stress adaptation processes 
through transcrip tom e analysis and (III) 
cloning and characterization of agronomi- 
cally im portant genes.
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Fig.LH T 3: Effects of 3 makes of ethephon application on m onthly variation in  dr}' ru bber yie ld  (gram/free/ 
tap) of clone RRII 105 under 3 frequency of tapping at C E S, C hethackel (Sep t-12 -  M arch  13)

A t E F U , R IT  a lso , th re e  y e a rs  o b se rv a tio n  
r e v e a le d  n o  s ig n if ic a n t  y ie ld  d i f fe r e n c e  
b e tw e e n  e th e p h o n  (3  r o u n d s  y e a r 1) an d  
"M o rte x "  (6  ro u n d s  y e a r 1).

T e s t in g  a n d  E v a lu a t io n  o f  E th e p h o n  (n ew  
b ra n d s)

A  R an d o m ized  b lo ck  d esig n  E xp erim en t 
w ith  4  trea tm en ts  a n d  6  re p lica tio n s  w as laid  
o u t a t  C e n tra l E x p e r im e n t S ta t io n  (C E S ), 
C h e th a ck e l to  tes t a n d  e v a lu a te  E th ep h o n

10 % form ulated and m arketed  by  tw o firms 
in  co m p a riso n  w ith  a lre a d y  te sted  and 
e v a lu a te d  e th e p h o n  a n d  c o n tro l 
(unstimulated), under d3 (once in three days) 
system  o f tapping. It w as observed that, all 
the m akes o f ethephon w ere significantly  
effective in en h an cin g  the y ield  19 - 23% 
com pared to unstim ulated (C ontrol) under 
d3 frequency of tapping. (Tables LHT. 9). In 
g e n e ra l, ir re s p e c t iv e  o f  th e  m ake/s of

Table L H T 9. H f a t r f  3 m a t e ° f  ^ P lic a t io n  on dry ™ b b e , yield  (g/l/t), kg/tree, kg/,ap/400 „ e c S

______________ " t o d ,  ] ° )  10:1 d3 " f <aPPin8 “ I C E S , C h e th ack e l (Sept-12

Treatm ents -----;---------------------- ------------------------------------------------ -

r ' s / 2  ( S G ) <136d / 7(C on trol)---------------------------- 4 W h a  '-------------------------------------------------------------------- KS  400 lrS l

S/2(RG) <13 6d/7 E T 2 .5  % Pa 2/Y* (M ake ] }  5 8 . 5 , 0 9 ,  3 . 4 a „ 9 ,  3 4  a , , , ,  a „ 9 ,
3- fV2 ,RG ) d3 6d/7 T  2.5 % Pa 2/Y* (M ake 2) 60.6 a (23) 3.5 a (23 „
4. '  '  24 .J  a (23) 13 8 7 a (i-i)

NB: l.
—^  _ '  _________________________________ 0.48 3 .3 6 ~

Values followed b y  sam e letter/s are n ot significantly different from  each  other 
igures m parenthesis indicate (per cent increase over control)



ethephon, trees w ith ethephon stim ulation 
show ed h ig h er  d ry  ru b b er y ield  (g f ' t 1) 
through out the year over the unstim ulated 
control trees (Fig. L H T  3).

E v a lu a t io n  o f  " J o r w in  (M a n im o o l i)  K n i f e "

S r i. T .P .G e o rg e , T h a d a th il  (H ), 
Manimooli P.O, N ilam bur, requested Rubber 
Board  to ev a lu a te  "Jo rw in  (M a n im o o li)" 
knife developed by him . T h e knife has m ore 
sim ilarity  to the ex istin g  "M itc h ie  K n ife" 
than "Jeb o n g " knife.

T h e c o m p a ra tiv e  e v a lu a tio n  fo r six 
months indicated that, the "M anim ooli" knife 
has certa in  a d v a n ta g e s o ver the ex istin g  
"M itchie" knife such as less bark consumption, 
convenience of tapping, saving of tapping time

etc. and can be helpful in tapping more number 
o f trees. H o w ev er no  s ig n if ic a n t  y ie ld  
difference could be noticed (Table LH T 10). 
Both front and back end of the tapping channel/ 
cut can be tapped with out turning the knife 
or the tapper, unlike "M itchie" knife.

E v a lu a t io n  o f  b io d e g r a d a b le  p o ly t h e n e  fo r  
r a in g u a r d in g

Im p ro v e d  an d  m o re  s ta b il is e d  
b io d e g ra d a b le  p o ly th e n e  w a s u sed  for 
ra in g u a rd in g . T h e  m a te ria l se rv e d  the 
p u rp o se  fo r  ra in g u ia rd in g .i.e . it  s ta y ed  
w ith o u t  a n y  d a m a g e  d u r in g  b o th  th e  
m onsoons. A fter N orth-East m onsoon, the 
m aterial w as left in the field for observing 
biodegradability.

Param eter Jorw in
(M anim ooli)

M ine miu iv iiitn je  v jo n ea g e

M itchie G olledge

ro u te

tte s t

1. Dry rubber y ie ld  (g  If' tr1) 25.3 29.6 NS
2. T im e for tapping  (seconds/ tree) 27 30 **
3. Total B ark  C on su m p tio n  (cm )S

a. Front 14.8 15.6 »

b. M id 12.5 13.0 N S
c. Back 14.3 15.4

4. Bark C on sum ption  (mm/tap)#

a. Front 2.5 2.6 NS
b. M id 2.1 2 2 N S
c. Back 2.4 2.6

» From 06-08-12 to 28-02-13  N S - N on Significant

w - S ignifican t at P< 0.01 * - S ignifican t a t P< 0.05

GENOME ANALYSIS LABORATORY

In the G en om e A n aly sis laboratory  our 
research activ ities are g rou p ed  un der the 
following heads: (I) developm en t, optim iza­
tion and validation o f  m olecu lar tools for the 
assessm ent o f g e n e tic  d iversity  in rubber, 
clonal id entification  and genom e m apping

(II) developm ent o f genetic m arkers for bi­
o tic and abiotic stress tolerance and under­
stan d in g  the stress ad ap tation  p rocesses 
through tran scrip tom e an aly sis and (III) 
cloning and characterization of agronom i- 
cally  im portant genes.



I. D ev elo p m en t, o p tim izatio n  and 
validation  o f  m olecu lar tools for 
the assessm ent o f genetic diversity 
in  ru b ber, c lo n a l id e n tific a tio n  
and genom e m apping

1. D e v e lo p m e n t o f  m ic ro s a te llite  
m arkers and its  a p p lica tio n  in  the 
c h a r a c t e r iz a t io n  o f  H e v e a  
germ p lasm

1.1. T ra n sc r ip to m e  d e r iv e d  m ic ro s a te llite s

T ra n sc rip to m e se q u en c in g  .>1 
Opynespom challenged and control leaf sam ­
ples of RRII 105 and G T l was performed 
using the lllum ina H iSeq 2000 platform . 
RNA-seq data set was analysed foi large- 
s c a le  m icro sa te llite/ S SR  m in in g . 
Microsatellite sequences bearing sim p ! ' di­
nucleotide repeat m otifs (> 10 repeats) and 
trinucleotide repeat motifs (>bearing 7 n - 
peats) w ere identified in control transcripts 
of RRU 105 (C l) and also in G T l (C2). Sim ­
ple sequence repeats com prising o f 347 di­
nu cleotide and 154 trinu cleo tid e rep eats 
unique in RRII 105 w ere identified. Similarly, 
347 dinucleotide and 183 trinuclcot.de re­
peats were found unique in G T l. A com m on 
set of 286 dm ucleotide and 283 trinucleotide 
repeats existing in both RRU 105 and G Tl 
w ere a lso  id e n tif ie d . A lto g e th e r  980 
dm ucleotde and 620 trinucleotide repeats 
were identified in control transcripts.

1 .1 .1. G e n e t ic  c h a r a c te r iz a tio n  o f  p o p u la r
c lo n e s  a n d  w ild  a c c e s s io n s

Fluorescent labeled prim er pairs were 
used in m u ltip lexin g  for m u ltico lor SSR 
genotyping o f rubber clones. M ulticolored 
allelic profiles generated could be used to
discrim inate rubber clones.

Genotyping of wild accessions o f Hevea 
^  5 « »  Hve other wild Hevea

P ecies  viz., H. ben lh a in ian a , H. sp ru c ea n a , H.

pauciflora, H. mmrgoma and H. nitida was 
continued with genom ic and genic (EST-de- 
rived) m icrosatellite m arkers to assess the 
extent of genetic diversity.

1.2. S i n g l e  n u c l e o t i d e  p o l y m o r p h i s m s  
(S N P s ) in  H e v e a

1 .2 .1 .  I d e n t i f i c a t i o n  o f  S N P s  in  
tra n sc r ip t io n  fa c to r s  (T F s )  fro m  d ise a s e  
tr a n s c r ip to m e

T ran scrip tion al co n tro l o f  th e  ex p ress io n  
o f s tress-resp o n siv e  g en es, reg u la ted  b y  tran ­
s c r ip t io n  facto rs (T F s), is  a cru cia l p a r t . tl the 
p lan t resp o n se  to  a  ra n g e  o f  a b io tic  a n d  biotii 
stresses. T h erefore , an  e ffo rt w a s  m a d e  to id en ­
tify  T F s  co n tro llin g  d ise a s e  re s is ta n c e  tra n ­
scrip ts fro m  Corynespora ch a lle n g e d  R R II 105 
and  G T l  tran scrip to m es. G e n e s  b e lo n g in g  Ici 
the W R K Y  fam ily, M y b , G A T A , e th )  le n o r c -  
sp o n siv e  an d  so m e o f  th e  p u ta tiv e  I T's w ere 
fou n d  u p -reg u la ted  in trea ted  p la n ts . T w en ty  
u p  regu lated  T F s  w ith  5 ' o r  3 'U T R s  w ere  id en ­
t i f ie d a n d  p r im e r s  w e r e  d e s ig n e d  fo r  PC R  
a m p lifica tio n  o f  th o se  r e g io n s  fro m  fo u r  H,m i  
c lon es G T l,  RRU  105, R R IM  6 0 0  a n d  R R U  411) 
fo r  S.MP d ete ctio n . F in a lly  13  tra n scrip tio n  fac- 
to rg en es , m o stly  a t th e i r 5 'U T R s w e r e s u « r e -  
fu lly  am p lified  an d  se q u e n ce d . S e q u e n cin g  ot 
I C R  p ro d u cts fro m  ea ch  o f  th e  ru b b e r  cl< mes 
u n d e r  s tu d y  resu lted  in a  to ta l a lig n e d  sc 
q u en re  data  o f  5 07 5  b a ses  fo r  e a ch  g en o ty p e. 

Respective r e feren ce  s e q u e n c e s  d eriv ed  from  
tran scrip to m e seq u en cin g  o f  e ith e r  R R II 1115 

'  G T 1  <T 2 ) tr e a te d  w ith  Corynespora 
cassiicola  w ere a lso  align ed . A lto g e th e r  3S SN I >s 
in c lu d in g  4 in d e ls  w e re  id en tified  fro m  the 
an aly sed  regions.

1 2  2/Qwp^e Hucleotide polym orphism s 
l 1 !  a? haP,o typ e  structuring in 

bmstliensis° Synthes*s  8 e iles o f Hevea

H M G -C oA  r e d u c t a s e  (H M G R ) g e n e

Tire entire HMGR gene w as cloned and 
sequenced to reconfirm  the SN Ps identified



earlier by PC R  p rod u ct sequ en cing. H aplo­
type analysis w as carried  ou t using D naSP 
and H aploview  softw are. In total, 14 SN Ps 
including tw o  in d els w ere id en tified  and 
confirm ed from  the com bined PCR product 
as well as cloned fragm ent sequence data. 
RRII 105, RRII 118 and R R IC  52 show ed com ­
plete hom ozygosity w h ereas R R IM  600 and 
GT1 appeared to be h ighly  heterozygous. 
RRII 105 and RRII 118 shared the sam e alleles 
while RRIC 52 a lle les w ere  d ifferent. H aplo­
type analysis by D n aSP  confirm ed the pres­
ence o f five haplotypes. U sing H aploview  
software it w as confirm ed that the identified 
haplotypes form ed a sin gle haplo-block.

H M G -C oA  sy n th a se  (HMGS) gene

A hig h ly  variab le  80 0  bp  intron-exon 
junction of HMGS gene h av ing  five unique 
SN P com b inations for all the five genotypes 
was re-am plified  and cloned. A llelic status 
of SN Ps from  this region w as confirm ed by 
sequencing of both PC R  produ cts and cloned 
fragments. Seven haplotypes w ere identified 
from this sh ort region indicating  that the site 
was highly pron e to recom bination  events. 
The above co m b in a tio n s o f  a lle les  could 
clearly d ifferentiate all the five clones. The 
identified h ap lo typ es are; GCGAT, A CTG C, 
GCG AG , A C T G G , A C G A G , G T G G T  and 
ATGAT.

G e r a n y lg e r a n y l d ip h o s p h a te  sy n th a s e(GGDPS) g en e

T he en tire  g en om ic region o f GGDPS 
gene was am plified and sequ enced from  five 
clones for SN P  d etection . Interestingly  the 
gene appeared  to be intron  less. A total o f 15 
SNPs w ere id entified  from  the 1.3 kb region 
of w hich tw o w ere from  the 5 'U T R  region 
and the rest from  cod in g  region. Fourteen 
SN Ps o u t o f  15 in R R II 105  w ere  in h o ­
m ozygous state w h ereas the o ther clones had 
m o stly  h e te r o z y g o u s  S N P s . S ev en  
laplotypes w-ere identified  in the five rub­

ber clones. A non-synonym ous SN P result­
ing in a substitution o f aspartic acid to gly­
cine (acidic to neutral) was identified in the 
clone RRIC-52 at 1097 nt position, w hich may 
be responsible for variation in structural and 
functional properties of the encoded protein. 
All the other SN Ps w ere either silent or re­
sulted in synonym ous m utations.

F a rn e s y l d ip h o sp h a te  sy n th a se  (FDPS) 
gene

Allelic variants of FDP synthase gene 
(due to a large indel in first intron, FD P2 frag­
m en t) w ere d etected  th ro u g h  g e l-b ased  
an a ly sis . D ifferen t a lle les  from  selec ted  
popular clones, wild accessions and other 
Hevea sp ecies w ere am p lified  separately, 
cloned and sequenced. Ph ylogenetic analy ­
sis using these allelic sequences w as carried 
out to understand their relationship. Popu­
lar clones, except R R II-l 18 and RRII-5, w ere 
clustered together. Interestingly, m orph o­
logically m uch different H. pauciflora w as 
also found in the sam e group w ith 100%  se­
quence hom ology. RRI1118 w'as grouped 
along w'ith A cre (A 19) as well as R ondonia 
accessions (R10). The low est of all the iden­
tified allele w as noticed in three Rondonia 
accessions with hom ozygosity only in R6. 
Surprisingly, this rare allele, w h ich had a 
m ajor deletion of 337 bp show ed m axim um  
hom ology to a transposable elem ent. Three 
Hevea s p e c ie s  viz. H. benthamiana, H. 
spruceana and H. nitida w ere clustered to­
gether although SN Ps existed in the respec­
tive allelic fragm ent.

R u b b er elongation  factor (REF) gene

C o m p le te  REF g e n o m ic  r e g io n  o f  
around 1.7 kb was am plified and sequenced 
from  five genotyp es (RRII 105, R R II 118, 
RRIM  600, RRIC 52 and GT1) using 3  sets of 
overlapping primers. A total of 32 SN Ps were 
identified w ith an SN P frequency o f 1 SN P 
every 53 bases, w hich is the highest am ong



all the rubber biosynthesis genes analyzed 
so far. RRII 105 and RRII 118 were found 
completely homozygous for all these SNPs, 
whereas RRIM 600, RRIC-52 and GT1 were 
highly heterozygous. Interestingly, the allelic 
status of RRIM 600 and RRIC-52 were found 
to be similar at all the loci.

1.2.2.1. SN P  g e n o ty p in g  u s in g  lo ck e d  
nucleic add (LNA) prim ers

Allele-specific LNA prim ers w ere de­
signed and used for the differentiation of 'C  
and 'T alleles at nucleotide position 1918 of 
the FD PS gen e. T h e te ch n iq u e  w as 
optim ized and su ccessfu lly  used for the 
genotyping of forty popular clones. Another 
LNA primer based on A/T alleles at nucle­
otide position 924 in HMGR gene w as also 
optimized used to genotype these clones.

1.3. C onstruction o f a con sen su s gen etic 
linkage map for understanding genetic 
architecture o f quan titative trait loci 
con tro llin g  d isease  res istan ce , latex  
yield  and tim b e r  q u a lity  in  ru b b er (Hevea brasiliensis)
A concerted effort w as taken to gener­

ate a framework linkage m ap using a segre­
gating progeny population derived from a 
diverse interspecific cross between RRII 105 
(H. brasiliensis) X F4542 (H. benthamiana) 
G enetic ch aracteriza tio n  o f the p rogeny  
population of 93 individuals w as initiated 
using 60 selected SSR markers.

2 . D e v e lo p m e n t  o f  g e n e t ic  m a r k e r s  
t o r  b i o t i c  a n d  a b i o t i c  s t r e s s  
to le r a n c e  a n d  u n d e r s t a n d in g  th e  
s t r e s s  a d a p ta t io n  p r o c e s s  th r o u g h  
t r a n s c r ip to m e  a n a ly s is

2 .1. D evelopm ent o f m olecu lar m arker(s) 
lin k e d  to th e  lo c u s  c o n fe r r in g  
resistance to fu ngal diseases in  Hevea

2.1.1. R esistance gene an a lo g u e  (R G A ) in 
ru bber

A full-length R gene (3284 bp) from  the 
clone GT1 show ing tolerance to Con/nesporn 
cnssicola w as ch aracterized  for the first time. 
C on cep tu al tran sla tion  o f the co d in g  se­
quences had characteristic N B -A R C  domain 
and leucin-rich rep eat (LLR) m otif.

S e q u e n c e  ta g g ed  s ite  (S T S l m arker 
derived from resistance (R) gene

Two sequ en ce variants o f  R gene were 
identified in GT1 clone. A  75 bp indel was 
noticed in the coding reg ion  o f  these two 
sequence variants. Based on this indel, an 
ST S m arker (R-STS) w as generated  and em ­
ployed in genotyping o f 40  ru bber clones. 
Existence o f two alleles for R -ST S was no­
ticed am ong the cultivated clones. RRII 105 
w as found to be hom ozygou s for the upper 
allele, w h ereas GT1 wras h eterozygou s ow ­
ing both the alleles.

2 .X .I.I . R esis ta n c e  p ro te in  en co d ed  by  R 
gene

Protein  stru ctu re p red iction  w as per­
form ed w ith conceptual translation  (am ino 
acid sequence) o f the cloned R gene through 
hom ology m odeling. D om ain  an aly sis re­
sulted highest m atches w ith ap op to tic pro­
tease activating factor. Besid es above, char­
acteristic dom ains viz. coiled coil, leucine- 
rich repeat, toll-like receptor2 existed in R 
gene.

2 .1 .1 .2 . F u n c tio n a l c h a r a c te r iz a t io n  o f 
resistan ce  (R) gene

T he involvem ent o f R g ene in disease 
tolerance w as assessed  th rou gh  real-tim e 
quantification o f g ene expression  after chal- 
enging to lera n t(C T l) and su sceptib le (RRII 

1 05)I c lo n e s o f  ru b b e r  w ith  Corynespora 
cassucola. D ifferen tia l exp ression  o f the R 
gene w as noticed betw een these two clones 
even in unchallenged condition (control) and 
expression level w as significantly  higher in



tolerant clone G T 1. H ow ever, a t 6 hours fol­
lowing infection , the exp ression  levels re­
duced considerably in both the clones. A t 12 
hours, expression  level o f R gene w as found 
to reduce drastically  (5 folds com pared to 
the expression level at 0  hour) in case of RRII 
105, w h ereas e x p re ss io n  sh ot up  in GT1 
reaching initial level o f exp ression  at 0 hour. 
However, a t 24 h o u rs exp ression  level in­
creased in RRII 105 by 30%  bu t decreased in 
GT1 by  50%  o f the exp ression  level noticed 
at 12 hours fo llow ing infection in respective 
clones. From  this observation it is evident 
that increased level o f R gene expression in 
GT1 (8 folds m ore than in RRII 105) at 12 
hours w hen p athogen establish es infection 
on host, m ay be one o f the reason for toler­
ance to Corynespora cassiicola observed in 
GT1.

2.1.2. Role o f caffeic acid O-m ethyltransferase
(HCOMT2) gene in d isease tolerance

In crease  in lig n ific a t io n  is o ften  ob ­
served in resp on se to p athogen attack. Since 
lignin is a n on -d egrad ab le m echanical bar­
rier for m ost m icroorganism s, it increases the 
tolerance o f the ho st by block ing  pathogen 
invasion. T h e involvem ent o f HCOMT2 in 
disease tolerance w as assessed  through real 
time quan tification  o f gene expression  after 
challenging tolerant (G T 1) and susceptible 
(RRII 105) clon es o f ru bber w ith  Corynespora 
cassiicola. D ifferen tia l exp ression  HCOMT2 
was noticed betw een these tw o clones, even 
in unchallenged con d itio n  and expression 
level was m ore in RRII 105 over the tolerant 
clone G T 1. H ow ever, a t 4  hours follow ing 
infection, the ex p ression  levels sh ot up  in 
both the cases. A t 12 hours, expression  level 
was found to redu ce significantly  (12 fold 
compared to the exp ression  level at 4 hours) 
only in case o f R R II 105. Even though an in­
creasing trend o f g ene exp ression  level was 
noticed in RRII 105 at 24 h ou rs o f infection, 
lf C0uIdn 't rea c h  up to the co n tro l level.

W hereas in  G T 1, expression sh ot up signifi­
cantly after 12 hours and eventually at 24 
hours it had increased by 62 fold com pared 
to the control indicating that th is form  of 
COMT m ight participate in the hypersensi­
tiv e  re a c tio n  in G T 1 in r e s p o n s e  to  
Con/nespora cassiicola infection.

2.1.3. G en es involved in host tolerance to 
Corynespora lea f d isease

2.1.3.1. Transcriptom e analysis

T ra n s c r ip to m e  s e q u e n c in g  o f 
Con/nespora cassiicola challenged leaf sam ples 
along with control w as perform ed for iden­
tification and functional analysis o f disease 
responsive genes. A bout 132 m illion paired 
end reads were generated through Illum ina 
H iSeq  2000 p la tfo rm . G en es/ tran scrip ts 
sh ow ing  d ifferen tia l ex p ression  betw een 
Corynespora cassiicola challenged and control 
leaf sam ples were listed out to place them  in 
respective m etabolic pathw ays for un d er­
standing the functional relevance in disease 
tolerance.

2 .1 .3 .2 . C lo n in g  o f GRAS t ra n s c r ip tio n
factor gene

D ifferen tia lly  exp ressed  G R A S tran ­
scription factor having significant role in dis­
ease tolerance w as identified . F u ll-len gth  
cD N A  (2328 bp) clo n in g  w as p erform ed  
based on the sequence inform ation obtained 
using RA CE for 5 ' and 3 ' o f the DD RT-PCR 
produ ct. C od ing  sequ en ce co m p risin g  o f 
2088 bp encoding 695 am ino acids show ed 
maxim um  hom ology w ith G R A S of Ricinus 
communis. G R A S (G A I, RG A , SC R ) gene 
fam ilies share a variable am ino-term inus and 
a highly conserved carboxyl-term inus that 
contains five recognizable m otifs.

2.2. C h a ra c te r iz a t io n  o f  s t r e s s - to le ra n t  
c lo n e s  o f  Hevea u s in g  m o le c u la r  
m arkers and g en e reg u la tio n  u n d er 
ab io tic stresses



Expression profiling o f stress related 
gene(s) in rubber clones from Northeast In­
dia

Expression analysis of aquaporin (PIPI) 
and myo-Inositoi phosphophate synthase 
(MIPS) genes in leaf sam ples of RRII 105, 
RRIM 600, SCATC 88/13 and Haiken grown 
in NE (cold stressed) was performed through 
Real time PCR. Down regulation ofPIPl was 
noticed in all cold samples and very low' level 
of expression was noticed in RRII 105 among 
all the clones grown under cold. Low er ex­
pression of MIPS was noticed in all cold sam ­
ples compared to RRII 105 control. However, 
both PIP1 and MIP expression was relatively 
high in Haiken am ong the cold sam ples. 
A n o th er s tres s  res p o n siv e  g e n e , 
metallothionein MT-3a w-as upregulated in 
RRII 105 exposed to cold.

2 .3 . M e th y la t io n  d y n a m ic s  o f  Hevea brasilinesis genom e 

Understanding the methylation pattern 
of Hevea clones w ill provide an explanation 
for the differential expression of characters 
by the sam e clone under different stressed 
conditions and how  the p lan t is g etting  
adapted to a particular stressed condition by 
controlling the expression rate o f several 
genes.

2 .3 .1 . R e a l t im e  P C R  s tu d ie s  fo r  
establishing correlation betw een DNA 
m ethylation and gene expression 

QPCR experim ents were carried out for 
establishing correlation betw een the gene 
expression patterns o f HMGR and REF and 
their respective prom oter m ethylation dur­
ing pre and post cold stress on Hevea clones 
maintained in growth chamber. Initial results 
from R R II105  plants indicated that the ex­
pression of both the genes was com ing down 
after inducing cold stress. These results were 
viewed ,n the context of methylation pa tterns 

etected  by b isu lfite  se q u en cin g  in the

CCAAT box of HMGR gene and the cytosine 
preceding the TATA box o f REF gene after 
inducing cold stress in RRII 105.

2.3.2. Identification o f genes responsi­
ble for de-nova D N A  m ethylation and de- 
m ethylation in rubber

R A CE w as perform ed for both 5 ' and 3' 
to get full-length sequence inform ation of die 
partial cD N A  fragm ents o f DRM  transferase 
(M ethylase, 759 bp) and D N A  N-glycosylase 
(D e-m ethylase, 986 bp) am plified  from  rub­
ber. RA CE products o f 5 ' and 3 ' w ere found 
to be -1 .3  kb and 500 bp  respectively for DRM 
transferase gene, and ~1 kb and 700 bp re­
sp ectiv ely  fo r D N A  N -g ly co sy la se  gene. 
C loning o f these produ cts is in progress.

2.3.3. M eth y la tion -sen sitiv e  (M S) A FLP for 
id e n tific a tio n  o f so m aclon al variants 
in  Hevea
Identification o f ep igenetic variation in 

tissue cu ltu re derived plants g ives a better 
explanation for the phenotypic variation ex­
hibited by  them d espite their sim ilar genetic 
m akeup. A n attem p t w as m ade to identify 
w h ether epigenetic variation ex ist in poly­
em bryony derived ru bber plants generated 
by tissue cu ltu re using M S- A FL P  technique. 
A nalysis u sing  d ifferent prim er com b ina­
tions w'as carried out. All the com binations 
analyzed show ed clear variation in the band­
ing pattern betw een the Mspl and Hpall di­
gests. The presence of m ore nu m ber o f bands 
in the Mspl d igest set com pared to HpaU set 
indicated presence of m ethylated regions in 
Hevea genom e. But variation in A FL P  pro­
files could n 't be d etected  am on g  the four 
polyem bryony-derived plants digested with Hpall fo r  a ll th e  p r im e r  c o m b in a t io n s  
analyzed. This indicated the absence o f meth­
ylation variation am ong these four plants. 
Based on the m ethylation A FL P  stu d ies it is 
assum ed that m ethylation variation , w hich 
is a m ajor factor responsible for som aclonal 
variation, is m eager or nil in polyem bryony-



derived plants and they are epigenetically  
true to type.

3. C lo n in g  a n d  c h a r a c t e r i z a t io n  o f  
a g r o n o m ic a l ly  i m p o r t a n t  g e n e s

3.1. C loning  and ch aracterizatio n  o f lig n in  
b io sy n th esis g en e(s) in  Hevea fo r their 
o ver-exp ression  in  tim b e r  clon es

C affeic acid O -m eth y ltra n sfera se  (COMT) 
Plant O -m ethyltransferases (OM Ts) play 

im portant ro les in  secon d ary  m etabolism  
through phenyl p ropan oid  pathw ay. Two 
COMT g en es from  ru b b er, d esig n ated  as 
HCOMT1 and HCOMT2 w ere identified and 
full-length clonin g  o f HCOMT2 cD N A  was 
reported la s t  year. F u rth e r  an  e ffort w as 
made to ch aracterize o th er form  (HCOMT1) 
of the gene. Th rou gh  RA G E techniqu e we 
could generate seq u en ce  inform ation  o f the 
difficult 5 ' genom ic region o f HCOMT1 along 
with -  800 bp p rom oter region. C od ing re­
gion of HCOMT1 w as 1086 bp  show ing m axi­

mum hom ology with Ricinus communis. To 
d ete rm in e  the g en om ic o rg a n iz a tio n  of 

g e n e ' 8 enorr>ic s e q u e n c e s  o f HCOMT2 (1779 bp) from  both the rubber 
c ones RRII105 and GT1 w ere characterized, 
w hich consisted of 4  exons and 3 introns. 
Sequence variability couldn't be noticed be­
tw een RRII105 and GT1.

3.2. C lo n in g  and characterization o f  stress
respon sive genes

C lo n in g  o f NAC transcrip tion  factor gene

Full length NAC tran scrip tion  factor 
gene involved in stress tolerance was cloned. 
R apid am plification of genom ic DNA ends 
(RA G E) technique w as adopted. EcoRV li­
brary yielded a 1387 bp fragm ent, w hich was 
found to be the 5 ' end o f N A C  transcription 
factor through sequ en ce hom ology. Full- 
length sequence of Hevea NAC transcription 
factor (HbNAC) w as d ed u ced . Seq u en ce  
length was found to be 1753 bp encoding 282 
am ino adds.

C E N T R A L  E X P E R IM E N T  S T A T IO N , C H E T H A C K A L

T h e C e n tra l  E x p e r im e n t  S ta t io n  
Chethackal, located  n ear R an n i at a distance 
of ab o u t 56  km  fro m  K o tta y a m , w as 
established in 1966 to cater research needs 
of the different D iv isions o f RRII. The Station 
has a total land area o f 254 .8  ha w hich is 
planted for d ifferen t research  projects.

The S ta t io n  m e e ts  th e  n e e d s o f  the 
scientists o f  v a r io u s  d is c ip lin e s  o f  C rop  
im provem ent, C ro p  M a n a g e m en t, C rop  
ro tectio n , C ro p  P h y s io lo g y  an d  L atex  
arvest Technology. The station  has under A

B Divisions o f alm ost equal area. Apart 
rom cl°ne trials and bu d w ood nursery of 

Pipeline c lo n e s , tr ia ls  o n  low  freq u en cy  
aPP>ng, CUT, G erm plasm  accessions, disease 

management and fertilizer dosages m ake up

bulk of the experim ental areas. Specialized 
tr ia ls  lik e  g as b ased  ta p p in g  (G -R e x ), 
intercropping and im m aturity reduction etc. 
also make part of the experim ental area. A 
three part tree crow n bu dded area w ith 
canopy from FX 516 is laid to study disease 
resistance mechanism s. An Eddy -covariance 
tower gives micro-environmental data.

During the reporting period, the total 
crop realized was 216183 kg (PFL), and 88230 
kg. (scrap) and 17105 kg. (coagulum ). A total 
of 298 tapping days was possible in the year 
and 45 tappers (per day) were engaged for 
tapping. The CES Dispensary attends to the 
m edical needs of the w orkers and the total 
num ber of visits of patients during the period 
under report w as 5434.



Expression profiling of stress related 
gene(s) in rubber dones from Northeast In­
dia

Expression analysis of aquaporin (P1P1) 
and m yo-inositol phosphophate synthase 
(MIPS) genes in leaf sam ples of RRII 105, 
RRIM 600, SCATC 88/13 and Haiken grown 
in NE (cold stressed) was performed through 
Real time PCR. Down regulation o f PIP1 was 
noticed in all cold samples and very low level 
of expression was noticed in RRII 105 among 
all the clones grown under cold. Lower ex­
pression of MIPS was noticed in all cold sam ­
ples compared to RRII 105 control. However, 
both PIP1 and M1P expression was relatively 
high in Haiken am ong the cold sam ples. 
A n o th er s tres s  res p o n siv e  g e n e , 
metallothionein MT-3a was upregulated in 
RRII 105 exposed to cold.

2 .3 . M e th y la t io n  d y n a m ic s  o f  Hevea brasilinesis genom e

Understanding the m ethylation pattern 
of Hevea clones will provide an explanation 
for the differential expression of characters 
by the sam e clone under different stressed 
conditions and how  the p lant is g ettin g  
adapted to a particular stressed condition by 
controlling the expression rate o f several 
genes.

2 .3 .1 . R e a l t im e  P C R  s tu d ie s  fo r  
establishing correlation betw een DNA 
m ethylation and gene expression 

QPCR experim ents were carried out for 
establishing correlation betw een the gene 
expression patterns of HMGR and REF and 
their respective prom oter m ethylation dur­
ing pre and post cold stress on Hevea clones 
maintained in growth chamber. Initial results 
from RRII 105 plants indicated that the ex­
pression of both the genes was com ing down 
after inducing cold stress. These results were 
viewed m the context of methylation patterns 

etected  by b isu lfite  seq u en cin g  in the

CCA AT box o f HMGR gene and the cytosine 
preceding the TATA box of REF gene after 
inducing cold stress in RRII 105.

2.3.2. Id entification o f g en es responsi­
ble for de-nova DN A m ethylation  and de- 
m ethylation in rubber

RA CE w as perform ed fo r both 5 ' and 3' 
to get full-length sequence inform ation of the 
partial cD N A  fragm ents o f DRM  transferase 
(M ethylase, 759 bp) and D N A  N -glycosylase 
(D e-m ethylase, 986 bp) am plified  from  rub­
ber. RA CE produ cts o f 5 ' and 3 ' w ere found 
to be ~1.3 kb and 500 bp  respectively for DRM 
transferase gene, and -1  kb and 700 bp re­
sp ectiv ely  fo r D N A  N -g ly co sy la se  gene. 
C loning o f these produ cts is in progress.

2.3.3. M eth y la tion -sen s itiv e  (M S ) A FLP for 
id en tifica tio n  o f som aclon al variants 
in Hevea
Id entification o f ep igen etic variation in 

tissue culture derived plants g ives a better 
explanation for the phenotyp ic variation ex­
hibited by them  d espite their sim ilar genetic 
m akeup. An attem pt w as m ade to identify 
w hether epigenetic variation ex ist in poly­
em bryony derived rubber p lan ts generated 
by tissue cu ltu re using M S- A FLP technique. 
A nalysis using d ifferent p rim er com bina­
tions w as carried out. A ll the com binations 
analyzed show ed clear variation in the band­
ing pattern betw een the Msp] and Hpall di­
gests. The presence of m ore nu m ber of bands 
in the MspI digest set com pared to Hpall set 
indicated presence o f m ethylated  regions in 
Hevea genom e. But variation in A FL P  pro­
files cou ld n 't be detected  am ong the four 
polyem bryony-derived plants digested with Hpa 11 fo r  a ll th e  p r im e r  c o m b in a t io n s  
analyzed. This indicated the absence of meth­
ylation variation am ong these four plants. 
Based on the m ethylation A FL P  stud ies it is 
assum ed that m ethylation variation , w hich 
is a m ajor factor responsible for som aclonal 
variation, is m eager or nil in polyem bryony-



derived plants and they are epigenetically  
true to type.

3. C lo n in g  a n d  c h a r a c t e r i z a t io n  o f  
a g r o n o m ic a l ly  i m p o r t a n t  g e n e s

3.1. C loning  and ch aracteriza tio n  o f lign in  
b io sy n th esis g en e(s) in Hevea fo r th eir 
o ver-exp ression  in  tim b e r  clo n es

Caffeic acid O -m eth y ltra n sfera se  (COMT) 
Plant O -m ethyltransferases (OM Ts) play 

im portant ro les in  se con d ary  m etabolism  
through phenyl prop an oid  pathw ay. Two 
COMT gen es from  ru b b er, d esig n ated  as 
HCOMT1 and HCOMT2 w ere identified and 
full-length clonin g  o f HCOMT2 cD N A  was 
reported la s t  year. F u rth e r  an e ffo r t  w as 
made to ch aracterize o th er form  (HCOMT1) 
of the gene. T h ro u gh  R A G E  techniqu e we 
could generate seq u en ce  inform ation  of the 
difficult 5 ' genom ic region o f HCOMT1 along 
with ~ 800 bp p rom oter region. C od ing  re­
gion of HCOMT1 w as 1086 bp  show ing m axi­

mum hom ology with Ricinus communis. To 
d eterm in e  the g en om ic o rg a n iz a tio n  o f 
HLOMT2 g en e , g e n o m ic  s e q u e n c e s  o f 
HCOMT2 (1779 bp) from both the rubber 
clones RRJI105 and GT1 w ere characterized, 
w hich consisted o f 4  exons and 3 introns. 
Sequence variability couldn 't be noticed be­
tween RRII105 and GT1.

3.2. C loning  and characterization o f stress
respon sive genes

C lo n in g  o f NAC transcription factor gene

Full length NAC tran scrip tion  factor 
gene involved in stress tolerance was cloned. 
Rapid am plification of genom ic DNA ends 
(RA G E) technique w as adopted. EcoRV li­
brary yielded a 1387 bp fragm ent, w hich was 
found to be the 5 ' end of N A C  transcription 
factor through sequ en ce hom ology. Full- 
length sequence of Hevea NAC transcription 
factor (HbNAC) w as d ed u ced . Seq u en ce  
length was found to be 1753 bp encoding 282 
am ino acids.

C E N T R A L  E X P E R IM E N T  S T A T IO N , C H E T H A C K A L

T h e C e n tra l  E x p e r im e n t  S ta t io n  
Chethackal, located n ear R anni at a distance 
of a b o u t 56  km  fro m  K o tta y a m , w as 
established in 1966 to cater research needs 
of the different D iv isions o f R R II. T he Station 
has a total land area  o f 254 .8  h a  w h ich  is 
planted for d ifferen t research  projects.

The S ta t io n  m e e ts  th e  n e e d s  o f the 
scientists o f  v a r io u s  d is c ip lin e s  o f C rop 
Im provem ent, C ro p  M a n a g e m en t, C rop  

rotection , C ro p  P h y s io lo g y  an d  L atex  
arvest Technology. T h e station has under A 

an B Divisions o f alm ost equal area. A part 
° m clone trials and bud w ood n u rseiy  of 

Pipeline c lo n e s , tr ia ls  on lo w  freq u en cy  
ppmg, CUT, Germ plasm  accessions, disease 

management and fertilizer dosages m ake up

bulk of the experim ental areas. Specialized 
tr ia ls  lik e  g as b ased  ta p p in g  (G -R e x ), 
intercropping and imm aturity reduction etc. 
also m ake part o f the experim ental area. A 
three part tree  crow n bu dded area w ith 
canopy from FX 516 is laid to study disease 
resistance mechanism s. An Eddy -covariance 
tower gives micro-environm ental data.

During the reporting period, the total 
crop realized was 216183 kg (PFL), and 88230 
kg. (scrap) and 17105 kg. (coagulum ). A total 
o f 298 tapping days was possible in the year 
and 45 tappers (per day) were engaged for 
tapping. The CES Dispensary attends to the 
m edical needs of the w orkers and the total 
num ber o f visits of patients during the period 
under report was 5434.



R E G IO N A L  R E S E A R C H  S T A T IO N , G U W A H A T I, A S S A M

1. C R O P IM P R O V E M E N T

1.1. Large scale trial for selection of location 
specific clones

F ifteen  p ro m isin g  c lo n e s o f  Hevea 
r j-.R R II 414, RRII 417, RRII 422, RRII 429, 
RRII 430, RRIM  600, RRII 203, RRII 208, 
SCATC 88/13, IRCA 109, IRCA 111, IRCA 
130, PB 280, PB 312 and PB 314 were planted 
in 2 010  in R BD  at R R T C  H ah ara  for 
evaluation of location specific high yielding 
clones.

1.2.1. Evaluation of potential primary clones 
in Clonal Nursery

A n u rsery  tria l o f  e ig h t p o te n tia l 
primary clones of Hevea (viz. GH 1, GH  3, 
GH  4, GH 5, GH 6, GH  8, GH 9 and G H  10) 
obtained from Sarutari Research Farm under 
RRS, Guw ahati w as started in 2008 along 
with two check clones (RRIM  600 and RRII 
429). Girth w as high in G H  9 followed by 
GH 8 and GH 6 with minimum inG H  10 after 
five years o f p lan tin g  in clonal nursery. 
Average juvenile yield (g/t/ten tappings) was 
significantly higher in GH  9 followed by GH
8 and GH 1 com pared to RRIM  600 w ith the 
m in im u m  in G H  10 a fte r  fiv e  y e a rs  o f 
planting.

1.2.2. Large scale trial for evaluation of 
potential primary clones 

The trial w as started in 2010 with ten 
potential primary clones of Sarutari Research 
Farm (viz.GH  1, GH  2, GH 3, GH 4, GH 5, 
GH 6, GH  7, G H  8, GH 9 and GH 10) along 
w ith two check clones (RRIM  600 and RRII 
429) in RBD with three replications (plot size- 
16 plants/done) at RRTC, H ahara in Assam 
tor  ev a lu a tio n  o f g ro w th  an d  y ie ld  
performance in primary clones. Planting of 
polybag plants of different primary clones

at vacancy points in field w as com pleted.

1.3. O n-farm  evalu ation  o f se lec ted  clones
of Hevea in A ssam

Four RRII 400 series clones o f H ev ea  (viz 
RRII 417, R R II 422, R R II 429 and RRII 430) 
along with tw o check clones (RRIM  600 and 
SCATC 88/13) w ere p lanted  in blocks (Plot 
size: 80 plants/clone) in U m siang (2009) and 
in Bym ihat, Bhakuagoog and Sonapu at in 
four different grow ers' field for evaluation.

G irth of clones at 3rd year w as recorded 
from U m siang. G irth  of all the clones were 
sim ilar after three years o f planting (Table 
Ghy. 1). Incidence o f die-back sym ptom s due 
to cold injury w as found in  R R II 422  in the 
o n-farm  trial a t  B y m ih a t(2 6 % ) a fter  two 
years of planting.

Table Ghy.l. Mean girth of RRII 400 series clones at 
Umsiang

Clones Mean girth at
3n) year of planting(cm)

RRII 417 26.1
RRn 422 23.2
RRII 429 25.5
RRII 430 25.8
RRIM 600 25.3
SCATC 88/13 24.1
CD ( P -  0.05) NS

2. C ro p  m a n a g e m e n t

2 .1. D evelopm ent o f  an  In teg rated  N utrient 
M anagem en t system  fo r  you ng  rubber

The experim en t on Integrated N utrient 
M a n a g em en t sy ste m  fo r  y o u n g  ru b b er 
(Clone RRIM  600) with cover crop  initiated 
in 2008 atRR TC , Flahara, RRS, Guw ahati was 
continu ed . T h ere  w ere seven treatm ents 
com prising com binations o f different doses 
o f in o rg an ic fe r tiliz e rs  w ith  and w ithout



biofertilizers, a b io fertilizer alone treatm ent 
and a no fertilizer control. T h e biofertilizers 
applied  w ere  Azotobactor, Pseudomonas, 
phosphobacteria and AMF. G row th of the plants 
under the treatm ents T2 T 4 T6 and T 7 was 
significantly superior to control (Table Ghy. 2).

Table Ghy. 2. Girth of rubber plants during different 
__________ years of growth__________

Treatments Girth at 4th year 
of planting (cm)

T Control 23.59
T Standard practice 26.66
T3 25% N & P + BF * 24.68
T4 50% N&P + BF * 27.03
T, 75% N&P +BF * 25.08
T6 Standard practice +BF 27.21
T7 BF alone 26.62
SE 0.68
CD(P = 0.05) 2.11
’  Full dose of K

2.2. E v a lu a tio n  o f  d i f f e r e n t  b io lo g ic a l  
bu nds in  so il and w ater conservation  
in  ru b b er

The exp erim en t in itiated  to study the 
impact of d ifferent biological bunds at RRTC, 
H ahara, R R S , G u w a h a ti w as co n tin u ed . 
There w ere sev en  treatm en ts, viz. vetiver, 
lemon grass, p alm arosa, gu inea grass, rice 
bean, co v er  cro p  an d  n a tu ra l cover. The 
quantity o f erod ed  soil co llected  in trench 
was record ed  an d  w as found to  be n o n ­

s ig n if ic a n t  and th e  stu d y  w a s b e in g  
continued.

2 .3 . E ffe c t  o f  crop  in te n s i f ic a t io n  w ith  
in te rc ro p s  on e s ta b l is h m e n t  an d  
grow th o f ru bber

T h e  o n fa rm  in te rc ro p p in g  tr ia l a t 
M o ru g d a ra , K am ru p  d is tr ic t  in  A ssam  
initiated in 2010 continued (Clone RRIM  600 
w ith  a sp acing  22 ' x 1 1 '). T he y ield  and 
benefit cost rates of the different intercrops 
are show n in Table Ghy. 3.

Table Ghy. 3. Yield and cost benefit ratio of different 
____________ intercrops within in rubber

Mustard 96 2.05
French Bean 75 1.10
Radish 600 1.90
Pumpkin 750 1.96
Upland Paddy var.Luit 220 1.50
Jhoom Paddy 200 1.20
Matimah (V' mungo) 70 1.50
M aize 250 2 2 0
Sesamum 50 2.17

2.4. C om parative study on zero  tillag e  and 
norm al p lanting  techniqu e for ru b b er

The experim ent initiated during 2011 to 
study the com parative effect of zero tillage 
and norm al planting techniques of RRIM  600 
w as continued.

The treatm ents involved com binations 
o f three typ es o f p lan tin g  m ateria ls viz.

lable Ghy. 4. Survival percentage and girth of rubber plants in different:system of planting
Treatment Survival percentage (%) Girth 2012

2011 2012 (cm)
1 olybag plants with normal planting 87 70 4.62
Polybag plants under zero tillage 88 76 3.97

Budded stump plants with normal planting 79 72 3.82
Budded stump plants under zero tillage 76 70 4.02

Root trainer plants with normal planting 70 67 3.87
_2^trainer plants under zero tillage 80 70 3.92

£ D ( P -  0.05)
0.22
NS



budded stum ps, polybag plants and root 
trainer plants and two m ethods of planting 
viz. planting in pits of standard size (75 cm ') 
and red u ced  s ize  (In  h o le s  ju s t  to 
accom m o d ate  the p la n ts) . T h e h ig h est 
su rv iv a l p e rce n ta g e  w as rec o rd ed  fo r  
polybag plants under zero tillage. Girth of 
the plants was not by different treatments 
(Table Ghy. 4).

2.5. D ev elop m en t o f lo ca lly  v ia b le  and
adoptable root tra iner techniqu e for
propagation o f rubber

Root trainers viz;  earthen and bam boo 
of required quan tity  h as been m ad e for 
starting of the experim ent at Sarutari farm 
under RRS, Guwahati. Sam e experim ent was 
also  sim u lta n e o u sly  in itia ted  at H B SS, 
Parliar, Kanyakumari.

3. C R O P  P R O T E C T IO N

3.1. Survey on pests and diseases o f rubber

Survey on pests and diseases o f rubber 
w as carried out in 52 pockets covering 26 
location s in A ssam , M eghalaya, Tripura 
and n orth ern  p art o f W est B en g al. T he 
ran ge  o f se v e rity  o f  p o w d e ry  m ild ew  
d isea se  (P D I) w as 20  to  50%  on low er 
branch es of the affected trees in m ost of 
the lo ca tio n s. In c id e n ce  o f b row n  root 
d isease was noticed on four/five year old 
rubber plants in m ost o f the location s w ith 
m axim um  at G am aichora M onu ar T illa  in 
Tripura. Incid en ce o f co llar root and bark  
necrosis w ere found on four to fiv e  year 
old  ru b b er p la n ts  in so m e lo ca tio n s  in 
Assam . M inor incid ence o f C olletotrichum  
leaf spot w as noticed  in nu rseries on sem i- 
m a tu re d  le a v e s  in  s o m e  lo c a t io n s . 
Infestation of scale insect w as found in few 
lo c a t io n s  in A ss a m , M eg h a la y a  and 
Northern part of West Bengal during fhe

3.2. Iso lation  and id en tifica tio n  o f fu n g a l 
pathogens o f ru bber

F u n g a l p a th o g e n s  fro m  d isea se d  
sa m p les  o f  ru b b er co lle c te d  d u r in g  the 
su rvey w as iso lated  and id en tified . Two 
species of Colletotrichum i.e. Colletotrichum 
acutatum and Colletotrichum gloeosporioides 
were isolated and infection o f Colletotrichum 
acutatum was found to be m ore than 60% 
com pared to Colletotrichum gloeosporioide 
causing Colletotrichum leaf sp ot disease of 
rubber.

3 .3 .  E v a lu a t io n  o f  w i ld  g e r m p la s m  
a g a in s t  t o l e r a n c e  to  p o w d e r y  
m ild ew  d is ea s e

The three short-listed wild accessions of 
Hevea germ p lasm  w as e v a lu a ted  in field 
condition at Sarutari Research Farm by dusting 
with spores of Oidium and found a high level 
of tolerance in A C 587 to pow dery mildew 
disease as compared to other tw o accessions. 
Further assessm ent of A C 587 & RO  1737 w'as 
carried out in polybag plants and high level of 
tolerance o f the clone A C  5 87  to powdery 
m ildew disease w as confirmed.

3.4. M a n a g e m e n t  o f  p u r p le  r o o t  d is e a s e  o f  

Hevea in  im m a tu r e  p la n ta t io n

A trial w as cond u cted  in six-year-old 
rubber plants o f R R IM  600 and R R II 105 at 
RRTC, H ahara in Assam  with five treatm ents 
and three replications. O bservations in the 
treated and untreated plot w as carried out 
and the root system  of all affected  plant was 
found healthy. Fructification o f the pathogen 
Helicobasidium compactum w as not developed 
at the plant base of treated plants as observed 
in the untreated plots. Three collateral hosts 
of the pathogen causing purple root disease 
were observed in rubber plantation at RRTC, 
H ahara. M icrobial p opulation  in soil w as



m axim um  in h e a lth y  p la n t fo llo w ed  by  
untreated control and p ropicon azole treated 
p lan ts a n d  th e  m in im u m  w as in - 
h e x a co n a z o le  p lo t  in d ic a t in g  th a t  th e  
fungicide p ropicon azole is m ore efficient in 
the m anagem ent o f  p u rp le  root disease as 
well as in the m ain ten an ce  o f so il health. 
Maximum girth w as observed  for healthy 
plants.

3.5. M icrobial activity, d is in tegration  o f leaf 
l i t te r  a n d  n u t r ie n t  r e l e a s e  u n d e r  
m ature ru b b e r  p lan ta tion  and natural 
forest cover

Litter bag m ethod w as adopted  to study 
the rate o f decom p osition  o f four types of 
forest litters (viz. rubber, sal, teak, bam boo) 
under tw o ecosystem s. D ecom p osition  rate 
was rapid un der natural forest cover than 
rubber p la n ta t io n . T h e  to ta l m ic ro b ia l 
population w as m o re  in  d ecom posed litters 
under fo r e s t  c o v e r s .  T h e  ra te  o f 
decomposition o f bam boo  litter w as faster 
than the ru bber and it w as fo llow ed b y  teak 
and sal.

3.6. D y n a m ic s  o f  m ic r o b ia l  s ta tu s  o f  
rubber, tea, fo re s t an d  b arren  so ils  in 
A ssam  and N . B e n g a l reg io n

S tu d ie s  o n  s e a s o n a l  v a r ia t io n  o f 
microbial pop u lations in rubber plantation, 
forest, tea and barren  soil revealed a decrease 
in populations from  p re - w'inter to w inter 
season. T h e p o p u la t io n  o f b a c te r ia l and 
fungal p opulation  w'as found to be high in 
the forest soils and it w as follow ed by rubber, 
tea and b a rre n  s o ils . A m o n g s t the m ost 
d om in an t fu n g a l s p e c ie s ,  Trichodertna, 
Aspergillugt Penicillium, Fusarium an d  
filam entous y ea sts  w ere  co m m on  o n  the 
entire ecosystem . T h e  so ils  o f  all the four 

rfferent system s are acid ic in nature.

3 .7 .  E x p lo i ta t io n  o f  n a t u r a l ly  o c c u r r i n g  
a n ta g o n is t ic  a g e n ts  a g a in s t  d is e a s e s  o f  
r u b b e r

Microorganisms from the rhizosphere 
soils o f rubber were isolated and tested their 
a n ta g o n is tic  a c t iv ity  a g a in s t  ru b b e r  
pathogens like Colletotrichum gbeosporioides; 
Corynespora cassiicola, Phellinus noxius and 
Helicobasidium compactum by dual cu ltu re 
techniqu e. Six fu ngal and five bacteria l 
isolates show ing antagonism  against various 
pathogens were selected.

4. C R O P  P H Y S IO L O G Y  &  L A TE X  
H A R V E S T  T E C H N O L O G Y

4.1. E ffect of application o f S tim u lan t away 
from  tapping cut

Effect of stim ulation on d ifferent areas 
of bark away from  tapping cut w as studied. 
Six different treatm ents were im posed along 
w ith  u n stim u lated  trees as co n tro l. The 
experim ent was carried out in clone RRIM  
600 under S/2 d3 system  o f tapping in blocks. 
Application of 5%  ethephon on bud union 
show ed significantly higher yield than that 
o f the unstim ulated trees during 2 nd year.

4.2. Sh allow  tapping -  an option to stress 
a llev iation  in Hevea p lan tation  during 
w interseason in  NE region.

T a p p in g  re s t  d u r in g  w in te r  is 
m andatory for N E India to avoid low w inter 
tem perature stress w hich caters to yield loss 
o f around 40-45 tapping days every year. It 
w ould be w orth  exp erim en tin g  w h ether 
shallow  tapping (tapping half o f the bark 
consum ed by norm al tapping) during rest 
period can com pensate the yield loss. The 
dry rubber yield and TPD in RRIM  600 clone 
at Saru tari R esearch Farm  in A ssam  w as 
recorded w ith different tapping  system s. 
There was no significant difference betw een 
the yield in different tapping system . The



plants showing above 75% TPD was more in 
shallow and continuous tapping with 148 
tapping days each in comparison w ith the 
normal S/2 d3 tapping where the plants did 
not show severe TPD with 105 tapping days 
each. The continuous tapping system without 
rest showed better yield in this region.

5.1. C on trolled  upw ard tap p in g  (CUT)

The experim ent on C U T  in clone RRDVJ 
600 was concluded. A m ong the treatments 
periodic panel ch ange system  o f S/4 U d2 ET 
5%  La (m ), S/2 d2 ET 2.5%  Pa 2/y recorded 
highest yield. U nder C U T  142-181%  increase 
in yield over norm al tapping w as observed.

R E G IO N A L  R E S E A R C H  S T A T IO N , A G A R T A L A , T R IP U R A

The station continued its research on 
ev a lu a tio n  o f c lo n e s , in te rc ro p p in g , 
n u tritional requ irem ent, rem ote sensing  
study and latex harvest technolog}'. The other 
aspects o f investigations were m arketing of 
rubber and ad visory  serv ices to ru bber 
growers.

1. Crop im p ro v em en t 

1.1. Development of clones

In recombination breeding evaluation of 
1860 hybrid progenies is progressing in three 
seedling nursery trials. 25 hybrids have been 
selected for further evaluation based on test 
tap yield in the seedling nursery evaluation. 
In the clonal nursery evaluation of selected 
hybrids (2008), mean test tap yield of 99/5/
9 (10.4 g t ' t 1) and 98/46 (11.6 g t ' t ’) over two 
years was on par with RRIM  600 (16.4 g f t 1). 
In the clonal nursery evaluation o f selected 
hybrids (2009), 98/38 (10.9 g f t ' )  had better 
test tap yield than RRIM  600 (9.1 g f t ' ) .

In a SST of poly cross progeny evaluation, 
among the eleven selected ortets 114 (52.2 g t  
' f )  gave significantly higher yield than RRIM 
600 (41 .6 g f t 1). Am ong the 13 ortets from four 
regional stations in the North Eastern region 

recorded highest mean test tap yield 
{ /  § r t ) Allowed by RRST 3 7  (19 6 g  f t 1) 
while check clone RRIM 600 recorded 22.6 g t

t 1. Twelve ortets from traditional area along 
with RRII 403 and RRII 407  and check clones, 
are being evaluated in clonal nursery (2009). 
Clone RRII 407 exhibited significantly higher 
test tap yield (12 g  t ' t ') than RRIM  600 (9.1 g 1 
V ) .  Am ong the ortets, P 132 recorded highest 
test tap yield (9.1 g  t ’tr').

1.2. EvaluaHon o f clo n es

In the large scale trial (LST) planted in 
1995 with ten clones, PB 311 (49.57 g  t ' t ' )  
had the highest m ean yield over eight years 
follow ed by  RRII 105 (49.25 g  f t 1). In the 
L ST  (1996) consisting o f thirteen clones, RRII 
429 (49.9 g  t-if') and RRII 422  (50.5 g  t ' t 1) 
show ed significantly superior yield (over ten 
years) com pared to RRIM  600 (42.6 g t ' t 1) 
(Table Agar. 1).

Potential clon es are bein g  evalu ated  in 
fou r o n -ta rm  tr ia ls . In K illa m u ra  b lock  
p lan tation  (1997), m ean  yield  o ver seven 
y ears o f tap p in g  w as h ig h est fo r PB 235 
(1023  kg ha-'yr-'). A t T F D P C  p lan tation , 
Bagafa , Sou th  T rip u ra (2 0 0 0 ), RRIM  600 
(H 9 5  kg ha 'y r  ') g ave the h ig h e st mean 
yield over four years o f tapping. In the on 
farm  tria l a t T R P C  p la n ta t io n , P ath alia  
(2005), RRU 429 recorded the h ig h est girth 
(4 0 .6  cm ) in  2 0 1 2 . A t H ir a p u r  B lo ck  
plantation (2009), casualty due to cold  stress 
w as observed in RRII 422.



Table Agar. 1. Yield performance o f thirteen clones at 
Airartala

Clone Cirth (cm) 
Feb '13

Mean yield (g f t - 1) 
over 10 years

RRIM 600 70.2 42.6
RRn 429 74.6 49.9*
RRII203 73.1 34.2
PB 217 71.7 32.2
RRn 51 67.3 29.5
RRII 414 65.7 34.9
RRII 430 64.0 43.2
RRIC 100 72.5 39.8
RRII 422 67.9 50.5*
RRn 105 67.6 40.0
RRII 417 70.3 44.9
RRU 176 78.6 34.3
PB 235 69.9 38.8

CD (P = 0.05) 4.4

Fou r c lo n a l  n u r s e r y  e v a lu a tio n s  
involving 57  pipeline clones from  traditional 
area, 11 p o p u lar  c lo n e s and 19 p oten tia l 
clones are in progress. In the clonal nursery 
eva lu ation  (2 0 0 9 ) ,  P B  2 5 5  r e c o rd e d  
significantly h igher g irth  and test tap yield 
(11.6 g f t ' )  than R R IM  60 0  (6 .6  g  f t ' ) .  
Clones R R IM  7 1 2 , an d  P B  3 1 4  a lso  had 
significantly h ig h er test tap y ield  than RRIM  
600. Am ong the p ip e lin e  clo n es from  the 
traditional region P  072 and P  026 had test 
tap yield on p ar  w ith  R R IM  60 0  (c lon al 
nursery, 2009). Field trial involving 49 clones 
tor standardising D U S testin g  norm s is also 
ln progress. In the stu d y  on the influence of 

RRII St° Ck on su rv ' val o f su scep tib le clone 
RRii ^  unc*er *ow  tem p eratu re  condition, 

-L-422 bu dded on selected  to leran t root 
0C bad  b e t te r  s u rv iv a l  c o m p a re d  to 

susceptible root stock .

2- Crop m a n a g e m e n t

oj: ^ 'e x p e r i m e n t  to study the influence 
^ 0rganic m anu re and in organ ic fertilizers 

growth o f you ng  ru bber trees continued.

i ^ ™ ? r i0US years' the with
YM (20 kg) and 50% inorganic fertilizer was 

superior recording 48.3 cm  girth. The girth 

°  receiving inorganic fertilizers alone
was 44.7 cm  and that of control was 35.8 cm 
Integrating FYM with 50%  o f recom m ended 
dose of inorganic fertilizers achieved higher 
ta p p a b ility  a lso . Im p ro v e m e n t in so il 
physical and chem ical properties was also 
observed due to the ap p lication  o f FYM  
along with inorganic fertilizes.

The field  exp erim en t, to  stu d y  the 
in flu en ce  of b io -fe rtiliz e rs  (Azotobactor, 
Phosphobacteria, Pseudomonas and VAM) with 
and w ith o u t grad ed  d o ses o f  in o rg a n ic  
fertilizer on grow th of young rubber w as 
continued. At the end o f the fourth year of 
p la n ta t io n , it w as o b se rv e d  th a t a 
com bination of 50%  N, 50%  P and 100%  K 
a lo n g  w ith  b io fe r t i l iz e r , s ig n if ic a n t ly  
increased the girth of the plants.

O n evalu ation  o f a crop p in g  system  
model, Colocnsia recorded highest BCR (3.08), 
followed by cow pea (1.99), m aize (1.86), rice 
(1.82) and am orphophalus (1.72) after five 
years of intercropping. Am ong die short term 
crops, Banana recorded higher BCR (2.79) 
over pineapple (1.78) both in m odel I and II. 
In the tea-rubber intercropping trial, mean 
g reen  tea le a f  y ie ld  w as 224 kg  ha 1 as 
intercrop  and 1920 kg ha 1 as m onocrop. 
Rubber yield showed that clone RRIM  600 
(2016 kg h a 1) and PB 235 (1914 kg  h a 1) w ere 
significantly superior in com parison too th er 
clones like GT 1 (1542 kg h a 1) and R R J1 105 
(1 1 9 8  kg  ha ') . In  th e  e x p e r im e n t on 
assessm ent o f grow th o f Hevea under zero 
tillage condition, the results indicated that 
pits o f larger dim ensions have no advantage 
on grow th o f p lants. In an oth er trial on 
specific package of practices for im m ature 
Hevea, the m oisture percentage in all the 
three layers of soil (0-15 cm, 15-30 cm and



30-60 cm) was higher in vertically mulched 
pits than in conventional m u lching and 
control.

3.1 Latex Harvest Technology
Sh allow  tap p in g  e x p e rim e n t w as 

initiated in clone RRIM 600 with an objective 
to alleviate the cold stress during w inter 
period by sh allow  tapping  (O cto b er  to 
M arch ). H igh er y ie ld  w as o b serv ed  in 
normal tapping (S/2 d2 6d7) com pared to 
shallow tapping. In the different system s of 
tap p in g  e x p erim en t, the c lo n e  PB 235 
continued to give the highest yield under S/
2 d3 system of tapping compared to S/2 d4 
and S/2 d6 system of tapping. In another 
experiment, yield in S/2 d3 system tapping 
was at par with S/2 d2 system in clone RRIM  
600 and higher than the S/2 d4 system  of 
tapping.

3.2 Rem ote Sensing

P red iction  o f fu tu re  d is tr ib u tio n  of 
Natural Rubber (NR) w as attem pted using 
the Maximum Entropy (M AXEN T) species 
distribution model in South and N ortheast 
India. The p relim in ary  resu lts o f m odel 
sim ulation on present d istribution o f NR 
were validated w ith the satellite im agery 
based on the present rubber distribution map 
o f the state. The d istribu tion  o f N R  w as 
predicted for south and northeast India for 
the year 2020 and 2050 using the bioclim atic 
variables of SRES-A IB scenario generated by 
the Intergovernm en tal Panel for C lim ate 
Change (IPCC). The model sim ulation has 
revealed that the suitable region at present 
for NR in northeast is 23095 km2 (8.8% of total 
area) w hich is m ainly concentrated in the 
w estern  p art o f  B rah m ap u tra  va lley  o f 
Tripura, Goalpara district o f A ssam  and part 
of M eghalaya state. T he m odel predicted 
su ita b le  reg io n s fo r  N R  c u ltiv a t io n  in 
n o rth east reg io n  in  202 0  as  3 1 9 4 0  k m 2

(1 2 .2 % ), e x p a n d in g  th e  N R  cu ltiv a tio n  
u p w a rd s in A ss a m  v a lle y  an d  in the 
N orthern part o f Tripura and M izoram . The 
prediction for 2050 indicates that there is no 
significant difference in su itab le regions in 
N orth East India betw een 2020 (31940 km2) 
and that o f 2050 (31535 km 2).

In W estern  G h ats reg io n  the present 
distribution o f N R  is spread over 30963 knv. 
Part of N orthern region in W estern ghats will 
becom e su itable fo r N R  by  2020. However, 
there is no  sign ifican t tem poral difference in 
the total area under N R in the W'estern Ghats 
region. T he m ost su itable area o f 4310 km2 
at p resent m ay decrease to 2496 K m 2 in 2020. 
P resen t d is tr ib u tio n  o f N R  p red icted  by 
M A X EN T m odel indicates that sou them  part 
o f  th e  W e ste rn  G h a ts  i .e . ,  K e ra la  and 
s o u th e rn  p a rt o f  T a m il N a d u  w ill be 
dom inated by  NR.

4. E co n o m ics

T he study on prim ary processing and 
m arketing of N atural R u bb er in Tripura is 
c o m p le te d . T h e  d a ta b a s e  c o n s is te d  of 
s a m p le s  d ra w n  fro m  p u b lic  se c to r  
u n d e r ta k in g s  s u c h  a s  T r ip u r a  F orest 
D ev e lo p m en t &  P la n ta t io n  C orp o ration  
Limited (TFD PC) and Tripura Rehabilitation 
P lan ta tio n  C o rp o ra tio n  L im ite d  (TRPC ), 
s m a llh o ld e rs  o rg a n iz e d  u n d e r  B lock  
Planting U nits (BPU ) - R ubb er Producers' 
Societies (RPS) netw ork, individual growers 
in th e  u n o rg a n iz e d  s e c to r  a n d  m arket 
interm ediaries. The relevant inform ation was 
gathered from  357 grow ers and 47  market 
in te rm e d ia r ie s . T h e  ty p e / g ra d e -w ise  
quantity of N R sold by T R P C  indicated the 
dom inance of sh eet ru bber accou nting for 
around 88%  o f the total quantity  sold during 
the year 2011-12. Sh eet rubber (38.6% ) and 
preserved field latex (PFL) (31.1% ) w ere the



major form s o f ru bber sold by TFD PC . M ore 
than 93%  o f the grow ers in the unorganized 
sec to r  w e re  s e l l in g  t h e ir  p r o d u c e  as 
unsmoked sh eets are sold to village traders/ 
subagents of d ealers. T h e average deduction 
w h ile s e l l in g  u n s m o k e d  s h e e ts  to  the 
subagents is Rs 36.8 kg-' from the consum er's 
price. A bout 92 % o f BPU s and 60%  o f RPSs 
are m arketing th eir p rod u ce as PFL and the 
m a rk etin g  c h a n n e l  fo r  P F L  h a s  b een  
dominated by M anim alayar Rubbers Ltd. for 
100%  o f B P U s  a n d  9 0 %  o f  R P S s . T h e  
M an im alay ar R u b b e rs  s e l ls  th e  P FL  so 
procured to the local consum er the D S group. 
Normally, the RPS/BPU process sh eet rubber

only  d u rin g  m onsoon and p eak  season s 
(since the local pu rch aser the D S group, 
could not buy the entire quan tity  at this 
hme). The farm gate price realized by the 
beneficiaries/ m em bers for one kg of drv 
rubber is Rs. 35.2 less than the Cenex price 
prevailing in Kottayam  m arket.

5. A d v iso ry  w ork

Discriminatory fertilizer recommendation 
based on soil was offered to 255 rubber growers 
of this region. A total of 1674 latex samples were 
analysed for DRC and other latex parameters. 
A total o f4795 m  of bud-wood (of high yielding 
clones) were supplied to the growers.

R E G I O N A L  R E S E A R C H  S T A T IO N , T U R A , M E G H A L A Y A

The R eg io n a l R e se a rc h  S ta tion , Tura 
continued its research activ ities on evaluation 
of clones, polyclonal population, latex harvest 
technology and crop  m anagem ent.

1. C rop Im p ro v e m e n t

1.1 Poly-cross p rog en y  ev a lu ation

In 2011 p op u lation s, g ro w th  data o f 338 
poly-cross seed lin gs w ere recorded

1-2 C lon al N u rsery  E v alu ation

A clonal n u rsery  w as se t up  w ith  three 
selections from  Tura, four each  from Agartala 
and G uw ahati w ith R R IM  600 as the check 
clone. The exp erim en t is in  R BD  design with 

clones and three rep lication s and the plot 
s'ze is 6. A fter tw o  years, R R IM  600 show ed 
“ gnificantly h ig h er  p la n t h e ig h t (3.64 m), 
where as A g a r ta la  s e le c t io n  R R S  A 121 
s owed the h ig h est p lan t g irth  (13.6 cm  ) at 
J Ucm from  the b u d  un ion.

1.3 Evaluation o f C lones (LST)

Establishm ent o f LST w ith IS  clones i  ̂
under progress.

1.4 O n-Farm  Evaluation o f Se lec t C lones

Three on-farm  trials have been set up 
in  th e  N o rth  &  W est G a ro  H ills  o f  
M eghalaya. 600 plants each o f six clones viz. 
RRII 417, RRII 422, RRII 429, PB 235, RRII 
203  and R R IM  600 w ere p lan ted  in tw o 
locations in the N orth G aro  H ills and 400 
plants of four clones viz. RRII 417, RRII 422, 
RRII 429 and RRIM  600 were planted in the 
W est G aro H ills o f M eghalaya. 100 plants 
were used per clone. Grow th data have been 
record ed  from  all the o n -farm  tria ls . In 
N o rth  G a ro  H ills , h ig h e s t  g irth  w as 
recorded in PB 235 (23.04 cm) follow ed by 
R R JI429 (22.95 cm ), and low est w as in RRII 
422 (16.50 cm ). H ighest g irth  increm ent was 
recorded in RRII 429 (8.20 cm) follow ed by



Table Tura. 1. Growth parameters of different clones in the on-farm trial at Mendipathar, North Garo hills of 
____________ Meghalaya________________________________________ __________ _____________
Clones Girth (cm) Girth Increment (cm)

(January to October 2012)
Rabha Momin Mean___________ Rabha Momin Mean

PB 235 21.31 24.77 23.04 6.68 8.29 7.49
RRE417 16.85 25.87 21.36 5.71 8.48 7.10
RRII 429 18.01 27.89 22.95 7.06 9.34 8.20
RRU 422 12.63 20.38 16.50 4.67 6.78 5.73
RRII 203 17.21 25.22 21.22 6.50 7.39 6.95
RRIM 600 18.68 24.03 21.35 5.70 6.67 6.19
LSD (P0.05) 5.12 1.25
CV (%) 24.3 18.0

PB 235 (7.49 cm) and low est was in RRIM 
600 (6.19 cm) (Table Tura. 1).

In West Garo Hills highest plant height 
(4.44 m), mean girth (12.65cm ) and num ber 
of whorls (9.56) were recorded in RRU 417 
followed by RRIM 600 while RRU 429 had 
the least of all.

1.5 H alf-S ib  progeny evaluation

In 2008 and 2009 selections, on the basis 
of the test-tap yield of the progenies, top 20% 
o f the population were selected for further 
evaluation in donal nursery trials.

1.6 E valu ation  o f p o ly -cro ss  p ro g en ies
from four station s o f NE region

Poly-clonal seeds w ere collected from 
four locations in the NE region and planted 
in RBD w ith 5 replications (360 progenies). 
Nagarakata polyclonal progenies show ed 
the m axim um  plant girth (12.2cm ) and test 
tap yield (5.19 g f» 10 tap ’) fo llow ed by 
Agartala (11.33cm girth and 4.57 g f 110 tap 
') and least in Tura polyclonal progenies 
(10.77 cm plant girth and 3.29 g  f  10 ta p ') 
selections. Around 15-20%  were selected on 
the basis of test tap yield and cut back in the 
field for further study.

1.7. F u n d am en tal s tu d ies  o n  the nature of 
w in te r in g  an d  f lo w e r in g  in  Hevea 
clo n es in  G aro  H ills  o f  M eghalaya

10 clones in  the 1985 clonal tria ls are 
in d u d ed  in this study. C lonal variations in 
w in te r in g  p a t te r n  a n d  flo w e r in g  w as 
observed.

2. C ro p  p h y s io lo g y  &  L a te x  H arv est 
T e ch n o lo g y

Low tem perature (below  10°C ) during 
w inter period is one of the m ain  factor for 
depression of y ield and dry ru bber content 
in Hevea under the agro-clim atic condition 
o f G aro H ill. Y ield and yield com ponents 
w ere record ed  and resu lts in d ica ted  that 
annual average total vo lu m e of latex was
158.5 ml/t/t, y ield w as 48 .7  g/t/t and DRC % 
was 33.1 %. C om plete defoliation  occurred 
in last week of January  and refoliation in last 
w eek o f February w hile flow ering w as noted 
2nd week of M arch and during defoliation 
and refoliation period D R C  ranged w as from
26.6 -  28.3 %. Low est soil m oisture recorded 
in the m onth o f Febru ary  /March.

In th e  c o n tro lle d  u p w a rd  ta p p in g  
system  (CUT), treatm ent w ise m onthly yield 
was recorded and result show ed that highest 
yield w as recorded in T 2 fo llow ed by  T l ,  T3



and lowest was in T 4 (Table Tura. 2). H ighest 
TPD w as o b served  in  T 1 (8 .9 2  % ) w h ile 
lowest was in T 4 (6.89 % ). U nd er C U T  33-60 
% increased yield w as observed over norm al 
tapping of basal panel.

Table Tura. 2. Annual yield (g t 't ') under different 
treatments o f ethephon application in 
Controlled Upward Tapping system. 
(2012-13)____________

Treatment Yield TPD
fet-' f ) (%)
Tl. S/2 d2 6d/7 ET 2.5% Pa (2/y), 

S/4U d2 6d/7 ET 5%. La (3w)
90.6 8.9

T2. S/2 d2 6d/7 ET 2.5% Pa (2/y), 
S/4U d2 6d!7  ET 5%. La (m)

93.3 7.5

T3. S/2 d2 6d/7 ET 2.5% Pa (2/y), 
S/4U d2 6d/7 ET 5%. La (m)

83.8 7.2

T4. S/2 d2 6d/7 ET 2.5% Pa (2/y), 
S/4U d2 6d/7 ET 5%. La (6w)

72.1 6.9

CD (P = 0.05) 531 NS

Shallow  tap p in g  -  an op tion  to stress 
alleviation in Hevea plantations during winter 
season in N E region, m onthly yield (g f t  ') 
and DRC (%) w ere recorded and presented in 
Table Tura. 5. Results indicated maximum yield 
in normal tapping system  (46.0 g  f t  ') followed 
by Normal continuous tapping (42.1 g  f t  ’) 
and LPT/normal tapping (39.3 g  f t  ') and 
lowest was in shallow/Normal tapping system 
(37.3 g f t 1). Low D RC  w as recorded in normal 
continuous tap p in g  sy stem  (33.1% ) w hile 
higher in shallow /N orm al tapping tapping 
system (34.0%,). N orm al continuous tapping 
system show ed higher TP D  (8.9% ) followed 
y the shallow/ norm al tapping system  (7.2%), 
FT/nonmal tapping (6.5% ) and m inim um  was 

m normal tapping system  (5.6 %).

The e x p e rim e n t o n  lo ca tio n  sp ec ific  
stimulant ap p lication  o n  ethylen e induced 
stress responses in the tapping panel of the 
wen trees w as continued. RRIM  600 clone was 

se ected lor the study with 6  treatments. Results 
s owed that m axim um  annual average yield

(56.2 g  f t  ') was recorded under T3 (Bark 
application of 5% ethephon at 150 cm above 
from bud union and near the bud union) and 
lowest was in (T6) control (28.43 g f t  '), while 
higher DRC (33.98 %) was recorded in control 
(T6) and lowest was in T3 (32.9 %).

3. C rop M an agem en t

3.1. N u tr it io n a l  s t u d ie s  (O n  fa rm  tr ia l a t 
B o r g a n g , A ssa m )

The experiment was continued. The highest
girth (93.60 cm), girth increment (3.12 cm), yield 
(58.8 g  t 't ') ,  DRC (35.73 %) and latex volume 
(1683 ml t 't  ') were recorded under the treatment 
com b ination  of N ^ K , ,  kg  h a '1 and the 
minimum was recorded in N ^ .  Application 
of NPK fertilizers, significantly increased the OC 
content (0.79 to 1.45 %), available phosphorus (7.0 
to 12.5 mg kg:1) and potassium (81.0 to 119.0 mg 
kg-') in treatment ( N ^ K J .

3.2. S o i l  m o is tu re  r e te n t io n  c h a r a c te r is t ic s  
u n d e r  th e  r u b b e r  g r o w in g  a r e a  o f  
M e g h a la y a

Soil sam ples were collected during each 
m onth at a depth of 0-15 cm, 15-30 cm  and 
30-60 cm for soil m oisture study. The trend 
was sam e as that in 2011-12. A nnual mean 
of soil moisture were betw een field capacity 
and perm anent wilting point viz. 22.48,23.23 
and 24.05%  at the depth of 0-15, 15-30 and 
30-60 cm, respectively.

3.3. A n aly tica l/  A d v iso ry  w o r k  fo r  fe r t i l iz e r  
r e c o m m e n d a tio n

42 soil sam ples were collected from the 
rubber grow ing areas and analyzed. Results 
indicated that in the surface soil (0-30 cm ) 
O C  content was in the m edium range (0.92- 
1.32 %), available phosphorus was in the low 
ra n g e  (0 .8  -4 .1  m g kg ') and a v a ila b le  
potassium  was in the medium range (67-85 
mg kg'1). The soil is acidic in nature with pH 
ra n g in g  from  4 .6 -  5 .4  and fe r til iz e r  
recom m endation were given to the growers.



1. C ro p  Im p r o v e m e n t

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

Experiments on multidisciplinary clone 
evaluation was initiated in 1990, 1991 and 
1993 in the non-trad itional area o f su b- 
Himalavan West Bengal in order to identify 
promising clones suitable for the area, in 
terms of girth, RRIM 612, RRII 118, SCATC 
93/114, RRIM 703 and Haiken were found 
better than RRII 105 in trial I and II. In terms 
of g irth  while SCA TC 93/114 perform ed 
significandy better than RRIM 600 in trial III, 
none were superior in trial II.

The mean vield (Table Nag. 1) o f clones 
RRIM 703, SCATC 93/114, SC A TC  88/13, 
RRII 300, PB 311,GT 1, PB 235, RRII 208, RRII 
118, PB 5/51 RRII 203, PR 107,RRLM 605, PB

86, HK 1 and RRIM  612 w ere su perior to the 
check clone RRII 105 in trial I  and II. In trial 
III such as PB 235, PB 310, R R II 208 and HK 
1 were found su perior to ch eck  clone RRIM 
600, trial IV clones H K I , PB 280, PR  261, RRU 
308 and R R II 208 clon es sh ow ed superior 
yield com pared to R R IM  600.

1.2. Evaluation o f g erm plasm

Evaluation o f germ p lasm  in hot-spot 
a rea s  lik e  N a g ra k a ta , W e st B en g a l was 
initiated in 1998 w ith 21 g erm p lasm s lines. 
A m ong the wild accessions, m axim u m  girth 
w as found in RO  3172 fo llow ed by  RO 2890, 
RO  5348, RO  2635 and RO  5557. G irth of 
fourteen clones w as su p erior to the check 
clone R R II 105. In term s o f y ield , RO 5363 
w as com parable to  clone RRII 105. In general,

Trial I and II
J a b le  Nag. 1. Pattern of yield (g t'1t ')  in different clone trials

GL1
CT1
HK1
PB235
PB311
PB5/51
PB86
PR107
RR1I118
RRI1203
RRII208
RR11300
RRIM.605
RRIM612
RRJM7G3

SCATC88/13
SCATC93/114
RR1J105
Collective mean 
CD (Pd"Q.Q5) 
“ Significant at 1% 1

Yield (g t t ) Trial 111 Yield (g f ' t ') Trial IV Yield (g f 1 f )
HK1 42.45 HK1

44.74 PB235 59.38” PB235
33.60 PB260 36.93 PB280
42.21 PB310 43.75 PR261

46.07* PB86 34.65 RRIC104
38.97 PR 107 31.48 RRII105

R R If 102 36.60 RRII208
36.82 RRII208 43.33 RR1I300

RRIM600 39.38 RRI1308
RRIM612 30.26 RR1M600

41.21 SCATC93/114 33.15 SC ATC93/114

34.89
32.23

49.24”
48.80”
48.82”

29.80
39.53
12.49

Collective mean 

CD (Pd"0.05)

39.21

7.61

Collective mean 48.19



the p e r fo r m a n c e  o f  R o n d o n ia  a c c e s s io n s  
w ere  b e t t e r  c o m p a r e d  t o  th e  A c r e  a n d  
M ato G ro sso  a c c e s s io n s .

1.3. P erform an ce o f  p o ly c lo n a l seed lin gs

M ean g ir th  o f  th e  P o ly c r o s s  seed s, 
(collected from  seed garden o f Kanyakum ari, 
Tamilnadu) at tw enty  secon d  year w as 69.00 
cm and the average b lo ck  y ield  w as 35.78 g t 
’ t'1 where 36%  plants sh ow ed  above average 
yield. Selected o rtets w ere m ain tain ed at the 
nursery for fu rther evalu ation .

1.4. M u lt i  t r a i t  s c r e e n in g  o f  h a l f  s ib  
p rogenies fo r  co ld  to leran ce  and yield  
attribu tes

Seeds were collected from open pollinated 
fruits from seven clones and seedlings were 
raised in polybag. Significant difference in seed 
weight was observed, RRII 429 showed highest 
seed weight am ong the clone (Table Nag. 2). 
Shoot die back and cold  injury was seen in all 
the clones in w inter season.

Table Nag. 2. Seed weight
Mother Clone Average Wt. 

(gm.)
Germination

(%)
RRII 208 219.13 * 93
RRII 417 192.87 90
RRJI422 236.33 '* 84
RRII 429 336.53 95
SCATC 88/13 206.53 * 72
RO 5363 196.47 83
RRIM 600 195.60 97
CL) al 5 % 07.45

1-5. O n  fa rm  e v a lu a t i o n  o f  p r o m is in g
clones

In an  e x p e r im e n t  to  s tu d y  th e  
perform ance o f p rom isin g  clones, m ean of 
shoot len g th  a n d  n u m b e r  o f  leav es w as 
highest in R R IM  60 0  (C h eck  C lone) followed 

y SCATC 88/13. H ow ever, h igh est survival 
rate was recorded in SC A T C  88/13 followed 
by RRII 422  (Table N ag . 3).

fable Nag. 3. On farm evaluaHon
Shoot length No. of Survival rate

RRII 208 29.57 10.96 65.75
RRII 417 25.13 10.65 56.25
RRII 422 22.00 8.52 7852
RRII 429 27.07 12.08 67.60
SCATC 88/13 30.64 12.27 91.46
RRIM 605 23.18 11.78 58.66
RRIM 600 34.01 12.53 67.60

1.6. Intraclonal V ariability  Stu d ies

In the experim ent initiated in 2011 to 
study the tree to tree variability in yield and 
yield related com ponent (Volume, DRC and 
yield) in three clones, highest variation in 
volume was observed in RRII 300, while DRC 
% in RRII 105. However, RRIM  600 show ed 
m inim um  variation in term s of yield and 
yield related com ponents.

2. C rop M an ag em en t

2.1. N utritional trial

T h e  e x p e rim e n t on N P K  in th re e  
factorial design w as continued. The girth 
data d u rin g  this year did not sh ow  any 
regular pattern in different treatm ents. A lso 
no s ig n ifica n t d ifferen ce  in y ie ld  noted  
am ong the treatments.

2.2. In ter-p lan tin g  trial

T h e in ter-p lan tin g  tria l on ru b b er in 
tea  w as co n tin u ed  in the D ooars area  o f 
W est B engal. G reen  tea leaf y ield  in in ter- 
p la n te d  p lo ts ,  R u b b e r  + T e a , w a s 
sig n ifica n tly  low er than that o f the pure 
p lo t d u e to heavy  sh ad e im posed by  the 
m a tu re  ru b b e r  tre e s  an d  a ls o  d u e  to  
sev ere  p est a ttack  in in ter-p lan ted  p lots. 
R ubb er y ield  in pure plot w as b e tter  than 
the in ter-p lan ted  p lo ts due to m ore p lant 

stand.



3.1. P erform an ce o f p o ly cro ss  p rog en y  
raised from seeds o f locally adapted 
mature rubber plantation

Comparative study on die performance 
of the seedling plants raised from polvcross 
local seeds with that from the traditional 
environment, the girth at 50 cm height o f all 
the p la n ts  w as s im ila r  in th is year. 
Superiority of Kanyakumari seedling over 
the growth of seedlings of other three places, 
w h ich  m ay be d u e to e a rly  p la n t 
establishment, was still maintained during 
the reporting period. The first year juvenile 
yield of the seedling plants showed that the 
yield efficiency of all the plants w as sim ilar 
although the yield efficiency of Tura and 
Kanyakumari was more than the other two.

3.2 Ph ysio log ical E valuation  o f  R u b b e r  
C lones in A bandoned Tea G row in g  
Areas o f Dooars Belt o f  N orth Bengal 

Plants of all clones were established in the 
field. Girth was also similar in all the clones. 
However, the girth of RRU 422 was significantly 
higher in high pH soil than that of the control 
plot. Girth in high pH soil was found to be better 
than that of the normal pH soil. The chlorophyll 
content index (CCI) was high in RRII 429 while 
cultivated under high pH soil Table Nag. 4).

Effective quantum  in yield (<}>PSII) was 
a lm o st  s im ila r  in b o th  s o il  ty p e s . The 
m axim um  potential quantum  yield o f PSH 
(Fv/Fm) no variation  betw een  clones. In 
norm al soil, it w as higher than the high pH 
s o il . T h e r e fo re , th e re  w a s n o t  m u ch 
difference in the p erform ance o f the clones 
in norm al and h igh  pH  soil at this stage.

3.3. Evaluation o f O rtets fo r  a b io tic  stress 
to le ra n ce  in  d if f e re n t  a g ro -c lim a tic  
regions

Budgrafted plants of ortet selections from 
Nagrakata, Tura, Agartala, Guwahati (cold) and 
D aphchari (drought) w ere field planted in 
A ugust 2012 under the agroclim ate o f sub- 
Plimalayan West Bengal. The girth data of G H 1 
and GH  3  was significantly higher than the check 
clone RRIM 600 after 8 months of field planting; 
however, girth increment over months showed 
no significant difference during the reporting 
period (Table Nag. 5). D unng the winter season 
some plants dried/died due to low temperature. 
As a result o f winter shock casualties occurred in 
Ortet trials at RES, Nagrakata.

The C hlorophyll content index o f NGK 
69 and RRU 429 was significantly higher than 
R R IM  600 d u rin g  p re-w in ter  p eriod . The 
m axim um  potential quan tum  yield o f PSII 
(Fv/Fm ) in 23  g e n o ty p e s  (u n d e r  d a rk ) 
show ed that the redu ction  in Fv/Fm from

Clones Girth of plants after 
12 months of planting frm)

clones growing in
Yo Improvement 

over control

high and normal pH soil 
Chlorophyll content Index

High pH soil Normal oil
(December'12)

RRII 417 
RRII 422 
RRII 429 
RRIM 605 
RRIM 600 
CD (Pd"0.05)

24.66
19.90
19.02
21.80
18.75
19.43
6.30

18.94
18.50
10.18
20.20

14.03
16.58

+ 5.72 
+ 1.40 
+ 8.84 
+ 1.60 
+ 4.72 
+ 2.86

46.39
42.21
36.14
46.80
40.41
54.19

Normal soil 
43.99 
54.34 
40.01 
60.16 
47.76 
54.52

imputation average 20.59 16.41 + 4.19
10.14
44.36

12.23
50.13



Table Nag. i .  Pattern o f growth and effect o f cold 
stress in ortets / clones ___________

Oriet/ Girth
(cm)

GI
(cm/month)

No of casuc 
out of 21 p

DAPI 4.52 0.13 0

DAP 34 4.60 0.14 3

DAP 35 4.49 0.28 2

DAP 36 3.60 0.37 2

GH 1 6.15* 0.02 0

GH3 6.37** 0.04 0

GH9 5.10 0.27 0

NGK 1 5.02 0.24 4
NGK 47 5.14 0.39 1
NGK 69 5.79 0.15 1
RRIJ105 4.82 0.39 1
RM 414 5.82 0.22 0
RRII 417 5.52 0.31 4
RRD 422 5.59 0.32 8
RRii 429 5.16 0.33 1
RRII 430 5,34 0.40 2
RRIM 600 5.62 0.33 0
RRSA315 5.01 0.39 3
RRSA 585 5.20 0.39 0
RRSA 98 5.77 0.41 12
RRST 24 4.93 '0.51 2
RRST 37 . 4.86 0.62 0
RRST 39 3.88 0.72 2
CD (£0.05) 0A2~

post-monsoon p eriod  to  p re -w in ter  period 
was maximum in RRII 429  and low est in D A P 
l and R R ST39. Sim ilarly, e ffec tiv e  quan tum  
yield (ipPSII) in 23 g e n o ty p e s (u n d er light) 
maximum redu ction in c lo n e  R R IM  600 and 
minimum w as in D A P  1.

from  tapping panel appllCaHon away

In ord er to understand the effect of 
stim u lant applied away from tappjng cut 
m  A fferent treatments were imposed along 
w ith  un st,m utated  trees as control. The 
experim ent was undertaken in B 0 2  (virgin) 
panel ( 5 * year) of RRIM 600 in S2d3 system 
o f tapping in blocks of fort}- plants each. 
The 2 year yield data on kg/tree/yr and kg/ 
ha sh ow ed  that y ield in C and F were 
s ig n if ic a n t ly  h ig h e r  than  th at o f  the 
unstim ulated (E) trees. The data on % of 
plants show ing above 75% TPD ranged from
2.5 to 7.5%  only (Table Nag. 6).

3.6. W ater m in ing of rubber trees in West
Bengal: Sap flow  System

To m ea su re  the q u an tu m  o f w ater 
m in in g  through transpiration by rubber 
tree, sap  flow  m easurem ent system  was 
installed. T he m easurem ent was made on
12 year old trees of two clones, RRII 429 and 

RRII 417. The mean water consumption was
20.0 litre t r e e 'd a y 1. Maxim um rate of sap 
flo w  p e r  d ay  w as o b serv ed  d u rin g  
N ovem ber followed by December and the 
m in im u m  in  the m on th  o f F eb ru ary  
coincid ing w ith com plete defoliation of the 
canopy.

---------------- ------------------Table Nag 6. Effect of stimulation on yield of rubber___________ ____________
vstem ofstimulation application Yield Yield % o f  plants

(Kg/tree/ (Kg/ha-400 showing
- — -----_____________________________________________________________________  _________________ ___________year) plants) above 75% TP
 ̂ ark applicatjor| 50̂  Etiiephon above 125cm from the bud union

C b l a^ ’cat,on ° t  5% Ethephon on the bud union
Q ‘'pplication o f 5% Ethephon at both A and B positions

aPplicalion of base material (diluents oil) at both A and B positi
p Stim u lated  trees.

of 2.5% Ethephon (standard practice). _______ _

3.67 1470 0

4.15 1660 0

4.36 1746 2.5

3.76 1506 0

3.84 1538 0

4.50 1800 7.5

0.43 172



REGIONAL REESEARCH STATION 
DAPCHARI, MAHARASHTRA

The m and ates o f this station  are to 
develop suitable clones and location specific 
agro technology for p revailin g  d rought 
co n d itio n . T he e x p e rim e n ts  on crop  
im p rovem ent (screen in g  of w ild  Hevea 
accessions, evaluation of clones, polyclone, 
pipeline clones, selected ortets and wild 
hevea accessions for grow th and yield 
p erfo rm a n ce  u n d er N orth  K on k an  
co n d itio n , s tu d ies  on id e n tific a tio n  o f 
reliable juvenile and mature characteristics 
fo r  c lo n es to  file  a D U S n o rm s), 
e n v iro n m e n ta l p h y sio lo g y  (ir r ig a t io n  
req u ire m e n t and ir r ig a tio n  m eth o d s, 
drought studies, physiological evaluation of 
selected ortets from various agroclim ates of 
In d ia ), Latex H a rv est T ech n o log y  and 
su itab le crop m anagem ent p ractices (to 
m itigate the d rou g h t and soil m oistu re 
conservation) are being carried out.

1. En viron m en tal P h y sio log y

1 .1 . D r ip  an d  B a s in  m e th o d  o f  ir r ig a tio n

For the identification of suitable drought 
and high temperature tolerant dones, three 
e x p e r im e n ts  n am ely , (i)  p h y sio lo g ic a l 
ad aptation  o f cold and d rou g h t'to leran t 
ortets selected from varying agroclim ati, 
regions o f India, (ii) irrigation scheduling / 
response of m ethods of irrigation and (iii) 
cost benefit analysis of irrigated and rainfed 
grow n rubber plants w as being conducted 
m this station. Accounting the water mining 
rates of m ature rubber plantation of clone 
RRIM  600 is also started recently.

T h e ir r ig a tio n  e x p erim en t sta rted  
d u rin g  198 7  w ith  ETc based  irrig a tio n  
schedulin g in two m ethods o f irrigation  
(b a sin  and d r ip ) w as co n tin u e d . A

significantly higher g irth  w as registered in 
basin irrigation at 1.0 ETc (79.67 cm ) level 
but w hich is on par w ith oth er tw o levels of 
sam e irrigation m ethod, 0 .25  and 0.50 ETc 
(7 5 .1 3  cm , 7 4 .9 2  cm ), resp ectiv e ly .T rees 
under different levels o f  basin irrigation (1.0, 
0.25, 0.50 ETc) show ed h igher g irth  (79.67, 
74.92 cm ) as com pared to drip system  and 
control (65.03 c m ) .

The results indicated  h ig h er dry rubber 
y ield  (44 .50  g t ' t 1) w ith  b a s in  irrigation 
scheduling at 0 .50 ETc level as com pared to 
control (27.0 g t ' t 1). R educed irrigation (0.25 
ETc) in basin and drip recorded rubber yield 
o f 42.4 and 34.4, 37.1 g  t 't '1 respectively.

1.2. C ost eva lu ation  trial

The cost evalu ation  trial started  during 
1 98 7  to  a c c o u n t th e  e x p e n s e s  in cu rred  
tow ards various inpu ts, farm  practices and 
irrigation w as also  continued. T h e results 
indicated better grow th and su m m er as well 
annual yield o f trees u n d er redu ced level of 
irrigation (l/5lh ETc). In the d eep  soil area it 
w as 21.39 g t  ' t 1 com pared to the higher level 
of irrigation 1.0 ETc, (16.90 g  f L ') .

1.3. E v a lu a tio n  o f e n v iro n m e n ta l s tress 
to le r a n c e  a n d  p h y s io lo g ic a l  
a d a p ta t io n s  o f  c o ld  a n d  d ro u g h t 
tolerant ortet se le c tio n s from  varying 
a groclim atic reg io n s o f  In d ia

In order to evalu ate the physiological 
and biochemical basis o f adaptation potential 
and to find out various m echanism s involved 
in cold and drought tolerant tra its in related 
ortets from extrem e clim atic zones (both cold 
and drought) by interchanging the clones to 
different agro-clim atic regions and to study 
the G x E in teraction for grow th and yield



under varying agro-clim ates. A significant 
difference in g irth , h e ig h t and no. o f leaf 
w horls w ere  r e c o r d e d  in  y o u n g  fie ld  
planting. T he low est g irth  w as recorded in 
Dap 36 (2.2 cm ) w h ich is less than RRII 105 
(2.5cm). while the highest girth  w as recorded 
in RRII 422 and R R II 4 30  (4 .6  cm ) follow ed 
by RRII 417, RRII 429 (4.2 cm ) and ortet RRSA 
98 (3.9 cm). The low est height w as registered 
in Dap 36  (71 .1  cm ) w h ile  R R II 4 14  the 
highest height o f  159.6 fo llow ed  by R R II 430 
(146.7 cm) and R R SA  98 (144 .3  cm ). Low est 
no. of leaf w h orl w as record ed  in D ap 34 
(1.3). T h e c lo n e  R R II  4 1 4  a n d  R R SA  98 
registered the highest nu m ber o f w horls (2.8) 
followed by N G K  69  (2.7), D ap . 1 and G H  1 
(2.5). N o fo liar d ry in g  w as seen  in D ap .l. 
RRII 105 (3.8% ) record ed  the h igh est drying 
followed by N G K  1, G H  3 (3.1% ), R R II 422 
(2.9 %), N G K  699 (2 .8  % ). A m on g the ortets 
RRSA s ta n d s  f ir s t  ra n k  fo r  a ll g ro w th  
parameters w h ile  the low est ran k  registered 
by RRST (Table D ap. 1).

2. Latex H a rv e st te c h n o lo g y

T h e s tu d y  o n  c o n t r o lle d  u p w ard  
tapping initiated d u ring  2009 w ith  objective 
to identify best C U T  p ractice  su itab le to this 
region y ie ld  fo r  c lo n e  R R II  1 0 5  w as 
continued.

The treatm ent S/3 U  d 3 6d/7 ET 5%  La 
with application o f e th ep h o n  once in three 
Weeks recorded h ig h er  y ield o f 42 .24  g  t'11'1 
(1132.20 kg h a 1) than the o th er treatm ents. 
Lower y ield w as record ed  u n d er S/4U d3 
system w ith stim u la tion  o n ce  in a m onth 
(30.30g t'11 1 812.20 kg  h a '1). R esu lts revealed 
*■ fatS/3U d3 tapping system  w ith application
0 efbephon o n ce  in th ree  w'eeks proved 
promising. In g eneral, C U T  recorded high 
V'eld in all the trea tm en ts than the norm al 
asal panel tapping.

Table Dap. 1. Growth parameters and visual scoring 
ot o drying in various ortets selected 

—----------------Jro m  various location of India
es Gir*  Height No. of %

(cm) (cm) whorl DryingRRII 105 2.5 70.8 1.4
-- i— p

3.8
RRI M 600 2.7 100.1 2.1 0.5
RRII 414 4.4 159.6 2.8 2.7
RRII 417 4.2 128.7 1.7 0.2
RRII 422 4.6 135,3 2.4 2.9
RRII 429 4.2 133.9 1.9 1.2
RRII 430 4.6 146.7 2.0 2.1
DAP 1 3.3 116.5 2.5 0
DAP 34 2.9 86.0 1.3 0.8
DAP 35 3.5 105.0 1.9 4.0
DAP 36 2.2 71.1 1.5 1.5
RRSA 98 3.9 144.3 2.8 4.0
RRSA 315 3.7 127.2 2.1 1.4
RRSA 585 3.4 119.0 2.0
NGK 1 2.7 141.0 1.8
NGK 47 3.1 122.9 2.2
NGK 69 3.2 128.1 2.7
GH 1 3.2 127.2 2.5 1.2
GH 3 3.6 125.8 2.4
GH 9 2.9 111.1 1.6 0
RRST 24 2.4 82.8 1.5 0
RRST 39 2.8 96.5 1.6 2.5
RRST 37 2.5 101.5 1.9 2.2
Dap 2.98 95.65 1.8 1.58
RRSA 3.67 130.97 2.3 2.13
NGK 3.0 130.67 2.23 2.8
GH 3.23 121.37 2.17 1.43
RRST 2.57 93.6 1.67 1.57
SE.d 0.35 13.91 0.37 2.03
CD ( P = 0.05) 0.71 28.03 0.76 NS

3. C rop Im p ro v em en t

D e v e lo p m e n t o f  d ro u g h t to le ra n t  
clones, screening of wild Hevea accessions for 
d rought tolerance and future evaluations 
from  m odern clones, ortets selection, clones 
from  half sib progeny o f prepotent clones 
along with new ly released 400 series, study 
on unique characteristics of each clones to



file DUS norms were continued to be the 
thrust areas. A total of 10 experim ents are 
being condu cted  to screen  w ild H evea 
accessions and to evaluate the growth and 
yield performance of clones, pipe line clones, 
wild Hevea accessions, progeny evaluation 
from half sib clones and polycross seedlings, 
se lec tio n s from  h a lf  s ib  c lo n e s  from  
prepotent clones and selected  o rtets for 
fu rther evalu ation  and ex p e rim e n t on 
identification of reliable juvenile and mature 
characteristics for clone identification ( 50 

divergent clones) in Hevea: standardization 
of distinctiveness, uniform ity and stability' 
(DUS) testing norm s for evolving specific 

■ guidelines for varietals registration.

3.1. O rtet selection

The large scale evaluation o f 14 ortets 
of Dapchari along with 4  control clones (RRII 
105, RRII 208, RRII 430 and RRIM 60 0 ) was 
started during 2008 to evaluate the grow th 
and yield performance. A m ong the ortets, 
significantly higher girth w as found in O S  
37 (19.11 cm) than clone RRII 105 (1 4 .7 4  cm) 
while OS 42 (13.23 cm ) had low est girth. 
Highest first branching height was recorded 
in O S 111 (329.3 cm) while it was 3 1 5 .7  cm in 
clone RRII 208 recorded highest girth o f 17.62  

cm. OS 216 registered low est per cen t o f 
yellow ing (3 .8 9  %) while O S 136 registered 
(13.84%). Am ong the check clones RRII 4 3 0  

registered 9.05% of yellow ing followed by 
RRII 105 (9.04 % ) while RRII 2 0 8  (4 .3 9  % ) 
registered 4.4%.

3.2. G erm plasm  screenin g

A Screening for wild H evea accession 
for drought under Dapchari condition was 
laid out in Ju ly 2003 using one hund red thirty 
w ild H evea accession s a lon g  w ith  three 
selected clones viz., RRII 105, RRIM  600, Tjir
1 as a check control in A ugm ented M. „ |. 
d esig n  fo r  sc re e n in g  a g a in s t  d ro u g h t

to le ra n c e . T h e  o b s e r v a t io n  o n  p r e  a n d  post 

d ro u g h t g ro w th  a n d  R W C  %  w e re  recorded 
T h e  A c c e ss io n s  sh o w e d  a w id e  v ariab ility  for 
a l l  c h a r a c t e r s  s t u d ie d .  In  g e n e r a l ,  M ato 

G ro s s o  a c c e s s io n s  w e r e  s u p e r io r  fo r  all the 
g r o w th  c h a r a c te r s  s tu d ie d  th a n  th o se  from 

R a n d o n ia  a n d  A c r e  p r o v e n a n ce s . A m o n g  the 
c o n tro l c lo n e s  R R IM  6 0 0  a n d  R R I I  2 0 8  was 

s u p e r io r  to  R R I I  1 0 5 . 2 5  p o te n t ia l  d rou gh t 
to le ra n t a c c e s s io n s  w e r e  id e n tif ie d  b ased  on 

3 - 4  y e a r s  f i e ld  p e r f o r m a n c e  f o r  fu r th e r  
d e ta ile d  s tu d ie s  a r e  in  p r o g re s s .

3.3. F u rth er  e v a lu a tio n  o f  s e le c te d  wild
H evea a ccession s

• A to ta l o f  th re e  e x p e r im e n ts  co m p ris in g  

o f 2 5 ,4 7  a n d  11 s e le c tio n s  a r e  b e in g  evaluated  
a n d  is  a t  in itia l s ta g e .

A  f ie ld  e v a lu a t io n  o f  s e le c te d  H ev ea  

c l o n e s  f o r  d r o u g h t  t o l e r a n c e  a t  R R S , 
D a p c h a r i w a s  la id  o u t  in  J u ly  2 0 0 7  u s in g  25 

s e le c te d  d r o u g h t  t o l e r a n t  c lo n e s  o f  w ild  

H e v e a  a c c e s s io n  f o r  d r o u g h t  u n d e r  D ap chari 

c o n d itio n  a lo n g  w ith  f iv e  H P  c lo n e s  a n d  RR II 

105 , R R IM  6 0 0 , T JIR  1, R R II  4 3 0 ,  R R II  2 0 8  as 

a c h e c k  c lo n e  in  R e c ta n g u la r  L a tt ic e  D esign . 

T h e  o b s e r v a t io n  o n  g r o w th  w a s  reco rd ed . 

T h e  A c c e s s io n s  s h o w e d  a w id e  v a ria b ility  for 
a ll  c h a r a c te r s  s tu d ie d .

A  c lo n a l n u rse ry  e x p e r im e n t w ith  c lon es 
se le c te d  fr o m  h a l f  s ib  p r o g e n y  o f  p re p o te n t 

c lo n e  w a s  in itia te d  in  2 0 1 0  w ith  o b je c tiv e  to 

e v a lu a te  th e  c lo n e s  in  a  c lo n a l n u rs e r y  and 

a d v a n c e  th e  p o te n tia l o n e s  s h o w in g  d ro u g h t 

to le ra n c e  a lo n g  w ith  r u b b e r  y ie ld  to  L S T  and 

P C E  to  r e d u c e  th e  b re e d in g  c y c le  tr ia l is in 
i n i t i a l  s t a g e .  A  o n e  s m a l l  s c a l e  f ie ld  

e v a lu a t io n  tr ia l o f  s e le c te d  w ild  A c c e ss io n s  

(11 n o ) fo r  d r o u g h t  to le r a n c e  fu r th e r  field 

e v a lu a t io n  o f  s e le c te d  w ild  a c c e s s io n s  are 

p la n te d  in  2 0 1 0  w ith  o b je c t iv e  to  e v a lu a te  

ju v e n i le  a n d  m a t u r e  p e r f o r m a n c e  u n d e r  

d r o u g h t c o n d itio n  is  in  in it ia l  s ta g e .



3 .4 . C lonal nursery evaluation
E valuation o f h a lf  s ib  p rog en y  o f 15 

clones in nursery w as started  in  2011 for the 
early selection based on dependable juvenile 
traits under rainfed cond ition .

O b se rv a tio n  o n  g r o w th  p a r a m e te rs  w ere  
re c o rd e d  in  t h e  p l o t  o f  c l o n a l  n u r s e r y  

e v a lu a t io n  o f  P i p e  l i n e  c l o n e s  ( 5 0 )  fo r  
d rou gh t to le ra n c e .

In  c o n n e c t io n  w it h  th e  e x p e r im e n t  on  

id e n t i f i c a t i o n  o f  r e l i a b l e  j u v e n i l e  a n d  

m a t u r e  c h a r a c t e r i s t i c s  f o r  c l o n e  
id e n t i f ic a t io n  in  Hevea t o  d e v e lo p  D U S  

te s t in g  n o r m s  f o r  e v o l v i n g  s p e c i f i c  

g u id e lin es fo r  v a r ie ta l  r e g is t r a t io n  in  r u b b e r  

(laid o u t  in  2 0 1 1 )  w it h  5 0  d iv e r g e n t  c lo n e s , 

m o rp h o lo g ic a l d a ta  o n  in d iv id u a l  p la n ts  in

th e  ju v e n ile  s ta g e  c o v e r in g  4 0  tr a its  w ere  
r e c o rd e d  fro m  a ll th re e  lo c a t io n s . D a ta  w as 
a SO r e c o rd e d  fo r  a  s e t  o f  tr a its  fro m  m a tu re

fiRM in s  ‘h e  P ° PU l,lr R R I1 C l0nes ( K M ' 5,
RR 105, R R II 118 , R R II 203, R R II 208 and 
R R I I  4 00  se r ie s).D a ta  w as record ed  on 
w intering pattern in a set of 25 clones at R R II 
tor the third year, and the data are being 
analysed. Q uantitative data on girth  and 
h e ig h t h a v e  a ls o  b e e n  reco rd ed .

4. Crop M anagem ent

T h e  e x p e r im e n t  in it ia t e d  in  2 0 0 8  to  
s tu d y  th e  e ffe c t  o f  v e r tic a l m u lc h in g  a n d  

K a o lin e  sp ra y  o n  m o is tu re  c o n s e r v a t io n , 
g ro w th  a n d  y ie ld  o f ru b b e r  co n tin u ed . T h e re  

w a s  n o  s ig n if ic a n t  d if fe r e n c e  a m o n g  th e  

trea tm en ts  in  te rm s o f g irth  an d  p la n t h e ig h t.

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  R e g i o n a l  R e s e a r c h  S t a t i o n  in  

D hen kanal d is t r ic t  r e p r e s e n ts  d r y  s u b  h u m id  

clim ate. T h e  s t a t io n  c o n t in u e d  i t s  r e se a rch  

a c t iv i t i e s  o n  C r o p  I m p r o v e m e n t  a n d  

m an ag em e n t, w ith  th e  p a r t ic u la r  o b je c tiv e  o f 

id e n t i fy in g  c l o n e s  s u i t e d  to  p r e v a i l in g  
d rou gh t p r o n e  c o n d it io n s .

Crop improvement

C ro p  Im p r o v e m e n t  in c lu d e s  e v a lu a t io n  
of c lon es a n d  o f  p o ly c lo n a l  p o p u la tio n . T h e re  

are fiv e  c lo n e  e v a lu a t io n  t r ia ls .  T h e  tr ia ls  

w ere la id  o u t  to  e v o lv e  m o s t  s u i ta b le  c lo n e s  

under th e  d r y  s u b  h u m id  c lim a te .

Clone Evaluation

In  th e  1 9 8 7  e x p e r im e n t ,  b o th  G T  1 (7 9 .3  
C1T|) a n d  R R I M  6 0 0  ( 7 5 .5  c m )  e x h ib i t e d  

^ g n ifican tly  h ig h e r  m e a n  g ir th  o v e r  R R II 105 

•6  cm ) w h i le  m a x im u m  m e a n  y ie ld  w a s

fo u n d  in  R R II 105  (43 .8  g  ir' f ) .  M in im u m  

w a s  fo u n d  in  G T  1 (3 8 .4 5  g  t '1 1'!).

In  th e  1 990  c lo n e  tr ia l, S C A T C  93/114 
(8 8 .5  cm ) fo llo w e d  b y  R R II 2 0 8  (8 6 .5  cm ) 

s h o w e d  s u p e r io r  g i r t h .  S C A T C  88 / 1 3  
e x h ib ite d  h ig h e s t y ie ld  (6 6 .7  g  t '1 f 1) w h ile  

R R IM  6 0 0  y ie ld e d  5 0 .8  g  f ‘ f .  S C A T C  93/ 

1 1 4  w as th e  lo w e st y ie ld e r  (31 .5  g  f 1 1'1).

In  a n o t h e r  e x p e r i m e n t  ( 1 9 9 1 ) ,  th e  

p e r fo rm a n ce  o f Hez>ea c lo n e s  w ere  co m p a red  

w it h  p o ly c l o n a l  s e e d l in g s .  P o ly c lo n a l  

s e e d l in g s  e x h ib i te d  b e t t e r  g ro w -th  a n d  
a d a p ta b il ity  a s  co m p a re d  to  o th e r  c lo n e s . 

C lo n e s  s u ch  a s  R R II 2 0 8  (7 2 .7  g  f 1 1 1) a n d  P R  

2 5 5  (84 .3  g  t 1 f 1) r eco rd ed  h ig h e r  m e a n  y ie ld . 

In  th is  tr ia l a lso , R R II 208  ex h ib ite d  h ig h e r  

g ro w th , y ie ld  an d  ad a p ta b ility  in  th is  reg ion . 
P R  261  a n d  p o ly c lo n a l s e e d lin g s  sh o w e d  

co m p a ra t iv e ly  lo w e r  y ie ld  (T ab le  O R .l ) .



G o n e Girth (cm) Mean yield
M ar'13 (g t 1 f )

RRU 5 82.7 58.8
RRII 105 80.6 67.7
RRU 208 87.9 72.7
RRII 300 85.8 62.4
RRIC 102 84.2 74.9
RRIM 600 78.0 63.8
G T l 92.4 61.4
PR 255 86.4 70.6
PR 261 80.0 52.0
Polyclonal 104.3 45.4
5E(m ) 3.03 8.46
CD(P=0.05) 9.09 N/A

In  th e  1 999-00  d o n e  tr ia l, h ig h e st m ean  
g irth  w as reco rd ed  in  RR II 3 0 0  (6 0 .9  c m ) and  
IR C A  111 (5 5 .4  cm ). T h e  lo w e st g ir th  w as 
r e co rd e d  in IR C A  109  (45.1 cm ). M a x im u m  

m e a n  y ie ld  w as o b serv ed  in IR C A  109  (45 .0  
g  t ' t !) fo llo w ed  b y  R R II 105 (4 3 .5  g  f ] t ' )  
an d  R R J I 3 5 2  (4 0 .7  g  t 11 ')  w h ile  lo w est m e an  
y ie ld  w as fo u n d  in  R R II 51 (30 .2  g  t 1 r ') .

P o ly c lo n a l T r ia l

In  a tr ia l (1 9 8 9 ) , c o n d u c te d  to  e v a lu a te  
g r o w t h  a n d  y i e l d  p e r f o r m a n c e  a n d  
ad a p ta b ility  o f  p o ly c lo n a l s e e d lin g s  in O rissa 
c o n d itio n s , m a x im u m  a n n u a l m e a n  y ie ld  
w as r e co rd e d  in  0 2  (9 4 .6  g  f 1 ')  fo llo w e d  by

0 5  (8 9 .8  g  f  t  >) . T e n  e l ite  p o ly c lo n a l  trees 

w ere  s e le c ted  a n d  a re  u n d e r  fie ld  ev a lu atio n .

O r te ts  E v a lu a H o n

A m o n g  th e  ten  o r te ts  p la n te d  a lo n g  w ith 

fe w  m o d e r n  c lo n e s  p la n t e d  f o r  fu r th e r  
e v a lu atio n  (2008), O R  4  (2 8 .6  cm ), O R  8  (28.3 

cm ) and  O R  7  (27.2 cm ) ex h ib ite d  su p e rio r  girth 
w h ile  c lo n e  R R II 2 0 8  a tta in e d  2 4 .0  c m  girth .

L a te x  H a rv e s t T e c h n o lo g y

C o n tr o l l e d  u p w a r d  t a p p in g  t r i a l

P r e lim in a r y  o b s e r v a tio n s  in d ic a te d  th at 
c lo n e  R R IM  6 0 0  u n d e r  tr e a tm e n t  T 3  ( S/3 U 
d 2  E T  o% (m ), S/2 d 2  E T  2 .5 %  (2  y )  sh o w e d  

m a x im u m  m e a n  a n n u a l y ie ld  o f  8 6 .0  g  f 1 f  
a n d  th e  y ie ld  tr e n d  w a s  s a m e  a s  t h a t  o f  
p r e v io u s  y ear.

R E G IO N A L  R E S E A R C H  S T A T IO N , P A D IY O O R , K A N N U R

T h e  sta tio n  co n tin u ed  w ith  th e  research  
p ro g ra m s fo r  id en tifica tio n  o f  c lo n e s  su ited  
to  th e  r e g io n  a n d  e v a lu a t io n  o f  c lo n a l 
to leran ce  to  d ro u g h t an d  d isea se  in c id en ce .
F ield  tria ls  o n  a g ro -m a n a g e m e n t p ra c tice s  for 
red u ctio n  o f  th e  g e sta tio n  p erio d  in ru b b e r  
a re  a lso  in  p ro g ress.

1. C rop  M a n a g em en t 

1.2. Water requ irem en t studies

O bservations on irrigation in im m ature 
rubber vvith irrigation levels at IW/CPE ratio 
of 0 .3 ,0 .6 ,0 .9 ,1 .2  and an unirrigated control 

as co n tin u ed  in to  the m a tu re  p h a se . C D (P  = 0.05) n s

S ig n if ic a n t d iffe r e n c e  in  g ir th  in c r e m e n t  w as 
o b se r v e d  a m o n g  th e  d i f fe r e n t  tr e a tm e n ts . 
S u m m e r  y ie l d  d i f f e r e n c e s  w e r e  n o t 
s ig n if ic a n t (T ab le  P ad . 1).

ja b le  P ad .l. Effect o f  irrigation  on gro w th and yield 
Treatment , '  7rr~.--------  — *------Treatment
(IW/CPE)

T2 "
0.9
0.6
0.3
Control

Girth (cm) Girth Summer 
77T —  increment yield

13* yr , 3 S „ m ,
62.6
60.2
65.2
60.9
59.9

62.8
61.6
65.9
61.6
61.4
NS

0.2
0.3
0,5
0.7

26.5
26.4 
31.2
29.5 
29.9



Table Pad. 2 . Effect of applied fertilizer on growth 
___________ (11 year) o f rubber______________

Treatment Girth (cm)
RRII 105 RRII 429 RRII 414

30:30:20 52.9 48.3 54.7
60:30:20 47.2 48.9 55.5
90:60:40 45.2 48.1 55.4
120:60:40 54.1 49.3 53.9
Mean CD (P = 0.05) 5.7

1.3. Response to applied fertilizers in  high
y ie ld ing  clones
The experim ent w as initiated in J une 2002 

using budded stum ps as the planting material. 
The treatments comprised of 3 clones (RRU 105, 
RRII 414 and RRII 429) and four fertilizer levels 
(30:30:20, 60:30:20, 90:60:40 and 120:60:40 kg 
ha-1 of N, P20 5 and K ,0 . The experim ent was 
laid  o u t in R B D  w ith  3 rep lica tion s. T he 
different levels o f applied fertilizer did not 
significantly influence growth of any of the 
clon es studied  thou gh a sign ifican t clonal 
difference in growth w as evident (Table Pad.2).

1.3. Water consumption in  rubber nurseries
P o ly h o u se  raised  roo t tra in er  p lan ts 

utilized a total o f 75.3 L per plant through 
irrigation for a total duration of 312 days from 
seeding to two-whorl stage while the quantity 
utilized for a polyhouse grow n polybag plant 
for the sam e stage o f grow th w as 45 L  per 
plant for 290 days. Polybag plants raised in 
the open conditions utilized 46.6 L o f w ater 
through irrigation for a total grow ing period 
of 289 days from  seeding to tw o-w horl stage.

2. C ro p  Im p ro v e m en t

2.1. Large scale evaluation of clones
The trial planted in 1996 w ith 11 clones 

indicated the significant superiority in girth 
and girth increm ent of IRC A  130 followed by 
PB 330. IRC A  130 also exhibited significantly 
high annual and sum m er yield follow ed by 
PB 255. IRCA 130 follow ed by PB 255 were 
significantly su p erior for bran d lin g  height 
and bole volum e also (Table Pad. 3).

Clones Girth
(cm)

Annual yield 
(g f ' f )

Summer yield 
(g f ’t-1)

PB 255 63.5 58.7 38.7
PB 314 63.9 45.5 27.3
PB 330 69.8 40.4 22.7
PB 28/59 63.3 48.4 30.2
RRIM 703 56.9 35.4 20.3
IRCA 18 68.1 39.8 19.1
IRCA 109 60.9 36.2 24.9
IRCA 111 61.5 36.1 23.7
IRCA 130 69.3 67.7 49.8
IRCA 230 64.3 40.8 22.9
RRII 105 63.3 48.4 29.2
CD 4.7 12.4 10.2

2.2. Evaluation of rubber clones/selections
at h igh altitude situations
T h e trial p lan ted  in  1996 u n d er high 

altitu d e co n d itio n s (974 m  M SL ) w ith  10 
s e le c tio n s  an d  5 c lo n e s  in d ic a te d  th e  
superiority o f the d on es RRII 203 and RRIC 
100. The selections P  270, P  213 and Iritty w ere 
also superior to that o f RRII 105 w ith resp ed  
to girth and yield. M ean annual yield o f RRII 
203 was found to be on par with that of PB 86, 
RRIC 100, P  270 and P  213 and significantly 
superior to RRII 105 (Table Pad. 4).

Table Pad. 4. Growth and yield in high altitude area
Clones Girth

(cm)
Summer yield 

(g f t - ’)
Annual yield

(g r ,r ')
RRII 105 48.5 21.9 29.7
RRII 203 67.7 44.9 54.3
RRIC 100 65.5 43.2 48.1
RRIC 102 51.8 14.8 20.7
PB 86 56.6 28.4 39.4
PI 63.7 27.1 31.9
P 2 52.3 19.5 24.4
P90 54.4 20.9 27.7
P121 51.4 18.9 22.9
PI 55 47.9 20.6 24.9
P213 62.9 32.8 42.3
P270 65.6 38.6 46.8
P280 58.9 21.4 25.4
P296 59.4 23.4 26.6
lrittv 63.2 31.5 43.3
CD (P -  0.05) 12.0 15.5 22.8



H E V E A  B R E E D IN G  S U B  S T A T IO N , K A D A B A , K A R N A T A K A

The major thrust areas of research in the 
station are to evaluate clones under different 
b io tic and a b io tic  s tress  fa c to rs  and to 
id en tify  clon es su itab le  for com m ercia l 
cultivation. Brief account of the progress of 
research projects during the financial year, 
April 2012 to M arch 2013 are detailed below:

1. Sm all scale  trials o f  selected  ortet 
clones (1988 A , 1988 B and 1988 C)

All the three trials planted w ith  the 
objective to evaluate selected ortet clones along 
with popular clones as controls are in progress.

In the trial 1988A, a total o f 15 ortet 
clones and three control clones are under 
evaluation. M ean yield over ten years of 
tap p in g  in d ica ted  T 2  to be the h ig h est

yield er w ith 70.0 g  t ’t 1 c losely  follow ed by 
the ortets nam ely O  17 (65 .0  g  t ' t 1), O 15 
(60.2 g  t ' t 1). Y ield o f  contro l clones G T 1, 
RRII 105 and RRIM  600 w as 61.9, 43.5 and
42 .5  g f  t-' res p ectiv e ly . R e g a rd in g  the 
grow th, ortet O  47  record ed  h ighest girth 
(124.8 cm ) follow ed by  T  2  (113 .7  cm ) and 
O 17 (110.2 cm ). T h ou g h  O  4 7  (121.3 cm) 
exhibited h igh est girth , its  y ield w as only
50.1 g  t- 'r1.

Sixteen  ortet clon es and three control 
clones viz. RRII 105, RR IM  600 and G T  1 were 
under evaluation in the trial 1988 B. Details 
on grow th and y ie ld  p erfo rm a n ce  of the 
clones are given in Table N et. 1. After ten 
years of tapping high yielding clones were Tl 
(78.2 g t ' f )  follow ed by  G T  1 (70.8 g  f t 1).

Table Net. 1. Performance in 
Girth (cm) 

at age 25 years 
(Dec.2012)

Clone

growth and yield 
Mean yield 

overten vears

in the small scale
1988 C 
Clone

T l  
GT 1
0 5 3  
0 4 0  
RRII 105 
C 150 
0 3 8
0 5 4  
0 1 6
RRIM 600 
PO 
0  46 
O 14 
0  37 
C 151 
0 2 3  
0 2 2  
0  57 
C 9
CV(%)---------
CD (P0.05)

114.2 78.2
92.3 70.8
89.5 50.8
85.6 47.7
72.7 47.0
80.6 43.6
87.4 43:4
85.2 43.0
73.9 42.0
76.2 40.3
78.6 37.6
85.2 34.1
74.0 31.7
80.7 30.0
70.2 28.4
66.1 28.1
72.3 24.4
67.2 20.6
65.5 17.8
11.2

14.8
28.3
18.7

GT 1 
0  55 
C 140 
0  49 
RRII 105 
O i l  
0  26 
0  56 
0 3 0  
0  39 A 
C 10/9 
C 6 
0  51 
C 32
RRIM 600

ortet trial (1988 BC) at H BSS, Kadaba 
Girth (cm) at Mean yield over
age 25 years ten years of
(Dec., 2012) tapping (g t-lt-1)

CV (%)
CD (P<0.05)

93.5 82.8
124.6 79.3
99.9 78.0
80.6 69.5
83.0 65.0
102.7 63.7
106.9 62.2
92.1 59.5
84.4 56.5
90.0 49.6
91.4 46.7
62.6 45.4
82.7 39.5
82.5 35.9
73.3 31.3

15.7
23.6

20.1

19.4



The third trial (1988 C) consists of 14 
ortet clones and three control clones nam ely 
RRII 105, R R IM  600 and G T  1 (Table N et.l). 
After ten years of tapping, G T  1 recorded 
m axim um  yield  (82.8 g f t ' 1) fo llow ed by 
ortet O  55 (79.3 g  f t ' 1), C  140 (78.0 g  f t 1) 
and RRII 105 (65.0 g  t ' t 1).

2. L arg e  s c a le  c lo n e  tria l 1989

h i this trial 14 clones under evaluation. 
A fter ten years o f tapping, m axim u m  yield 
w as found in clo n e R R II 203 (66.0 g t ' t 1) 
fo llow ed b y  K R S 25 (55.5 g f t ' 1). C heck 
clones RR II 105 and R R R IM  600 yielded 46.0 
and 34.4 g  t ' t 1 respectively  (Table Net. 2).

Table Net. 2. Performance in growth of clones over
24 years and yield over ten years of 
tapping (2002-2012) in the large scale 
clone trial (1989) at H BSS, Kadaba

Clone Girth (cm) Mean yield
atage 24 years overten years of

(Dec 2012) tapping (g f t- ')
RRII 203 97.5 66.0
KRS 25 90.7 55.5
PB 255 80.5 54.6
KRS 128 83.1 48.8
KRS 163 81.8 47.9
RRII 308 86.5 46.7
RRII 105 75.9 46.0
SCATC 88/13 68.2 40.2
PR 255 67.8 38.6
HAIKEN 1 63.2 36.7
RRIM 600 76.6 34.4
PR 261 73.0 32.4
RRII 300 80.5 30.9
SCATC 93/114 71.0 16.1
CV(%) 5.5 20.0
CD (P<0.05) 7.3 14.3

3. L arg e  sca le  c lo n e  tria l 1990 A

In this exp erim en t 1990, 15 clones are 
un der ev a lu a tio n  w'hich h ave com p leted  
seven years o f tapping. M axim um  yield w as 
recorded for clone PB 235 (65.3 g t ' t 1) closely

follow ed by PB 260 (65.2 g  t 't') and H P 372 
(63.4 g  t ' t 1). T jir 1 w-as the low est yielder 
(23.5 g  f t 1).

4. E stim a tio n  o f  g e n e tic  p a ra m eters  
1990B

T h is trial w as started  w ith an  aim  to 
evaluate 12 parent clones and their progenies 
for estim ating genetic param eters. Details on

Table Net. 3. G row th and yield  p erform ance o f 
clones and their progeny in the trial on 
estim ation  o f g en etic  param eters 
(1990B) at H BSS, Kadaba over nine

Clone Girth (cm) 
atage 23 years 

(Dec., 2012)

Mean yield over 
nine years of 

tapping (g f t - ’)
Parents
PB 235 98.9 78.2
RRII 203 93.6 57.4
RRII 105 75.6 49.3
G T l 82.9 45.2
PB 5/51 76.7 40.8
PB 213 74.3 38.5
PB 242 77.9 38.3
PB 252 85.5 38.2
RRIM 600 63.8 33.7
IAN 45/873 61.4 30.4
PB 86 64.5 28.1
Tjir 1 73.2 27.2
CV(%) 4.9 8.6
CD (P<0.05) 6.3 6.1
Progeny
RRII 203-HS3 110.1 46.6
GT 1-HS2 111.0 45.4
PB 235-HS10 119.2 43.9
PB 242-HS7 111.1 38.6
PB 5/51-HS11 106.3 37.4
RRIM 600-HSl 96.3 36.3
RRII 105-HS8 101.7 33.2
IAN 45/873-H 105.5 33.0
PB 252-HS4 101.8 32.7
PB 86-HS5 93.8 30.9
PB 213-HS12 117.9 30.0
Tjir 1-HS9 99.0 26.2=
CV (%) 7.4 16.7
CD (P = 0.05) 13.2 10.2



growth and yield performance of the clones 
are provided in Table Net. 3.

5. S m all scale  clone tria ls o f  pop u lar 
clo n es (1991A, 1991B and  1991C )

A total o f 54 trial clo n es and three 
control clones are under evaluation in three 
tria ls to com p are the grow th  and yield  
performance. Growth and yield performance 
continued sam e pattern o f previous years.

6. Large sca le  c lo n e  tr ia l 2000

The trial has 8 clones under evaluation 
and has com pleted 12 years o f grow th and 
four years o f tapping. M axim um  yield was 
noted for clone RRII 414 (72.7 g  f ' t ' )  followed 
by RRII 430 (65.3 g  t  ' f ') and RRII 422  (64.2 g 
t ' t 1). Parent clones R R II 105 and R R IC  100 
resp ectively  y ie ld ed  4 2 .2  and 4 2 .7  g f ' f 1 
respectively.

H E V E A  B R E E D IN G  S U B S T A T IO N , 
T H A D IK A R A N K O N A M , K A N Y A K U M A R I

The research activities pursued at the 
station during 2012-13 could be categorized 
u n d er tw o  p ro je c ts , n a m e ly  cro p  
im provem ent and im provem ent of p lant 
propagation in Hevea. The form er project 
c o n s is ts  fo u r  s u b -p r o je c ts  v iz . c lo n e  
e v a lu a tio n , h y b r id iz a t io n  an d  clo n a l 
selection, new  generation polyclonal seed 
g ard en  and ev a lu ation  o f n ew  p ip e lin e  
clones under the m ega project Participated 
Clone Evaluation.

1. C rop  im p ro v em en t

1.1. C lone evaluation

Field perform ance of 30 high yielding 
in d ig e n o u s  an d  e x o t ic  c lo n e s  is  b e in g  
e v a lu ated  u n d er n in e  large  sc a le  c lo n e  
evaluation experim ents. In the large-scale 
clone evaluation experim ent (1994), IRCA 
130, RRIM  703 and PB 314 gave crop above 
130 g  f 111 (Table Par. 1). However, the pooled 
data for 12 years of tapping revealed PB 255 
(88.15 g t 1 1 ') as the best yielder exhibiting 
significant yield difference from the control

The mean girth and mean yield and the 
pooled data of 12 years of tapping
Mean Mean yield (g t 11 ') TPD over 
girth 2012-13 Pooled 12 years 
(cm) (12 yrs)

RRII 105 80.86 98.98 64.51 13.33
PB 314 90.94 130.47 80.26 51.96
IRCA 130 85.40 139.22 77.47 39.27
PB 28/59 83.70 65.08 60.13 15.76
IRCA 109 90.14 94.10 79.86 15.38
PB 330 93.62 82.96 63.18 30.17
IRCA 18 87.51 82.82 65.79 20.20
RRIM 703 100.2 137.72 70.82 34.47
IRCA 111 101.6 81.19 77.81 19.47
PB 255 96.14 119.06 88.15 20.55
IRCA 230 96.49 115.66 67.30 7.43
G. mean 91.54 104.29 72.3 33.81
CD (P = 0.05) 12.25 26.63 22.07 -

clone RRII 105 (64.51 g  t'1 t 1). Incidentally 
high TP D  w as noticed in IRC A  130, RRIM  
703 and PB 314. O u t o f the five IRC A  clones 
introduced recently from  C ote d' I voire IRCA 
109 (79.86 g f  t 1) presented the m axim um  
yield, follow ed by IRC A  111 (77.81 g  t'1 t 1) 
and IRCA 130 (77.47 g  t > t ’) up to the 12th 
year of tapping.



In the 1994 block evalu ation, out of the
13 m odern clones, RRII 105 (68.96 g t 11 ‘) was 
ranked  fir s t  w ith  res p e ct to 12 y e a rs  o f 
tapping, follow ed by PB 28/59 (63.75 g t 1 f ) .  
In this trial the b ark  d am ag e due to  sun 
scorch during the initial years of planting 
e x h ib ite d  a h ig h ly  s ig n if ic a n t  p o s it iv e  
correlation w ith  the TPD  incidence recorded 
tow ards the end o f tapping in BO -2 (Table 
Par. 2). H ow ever, it requ ires further studies 
to establish any positive correlation betw een 
sun scorch dam age in the initial years and 
TPD  incidence at a m ature stage. The yield 
perform ance o f PB 311 (59.85 g  t ' t 1) worth 
close m onitoring as it presented reasonably 
good yield w ith the m inim um  occu rrence of 
TP D  (17.98% ).

Table Par. 2. Percentage of sun-scorch damage and 
TP D  in cid en ces a fter 11 years of 

_____________ tapping________________________
Clone Sun-scorch damage at TPD incidence after

2nd year of planting 11 years of tapping
RRII 5 23.82 25.01
RRII 50 21.16 21.76
RRII 105 28.91 40.97
RRII 176 23.76 29.61
RRIC 102 21.07 20.64
PB 217 9.91* 16.71’
PB 235 53.08* 41.74*
PB 260 32.51 28.83
PB 311 16.77 17.58
PB 28/59 27.04 26.58
PR 255 41.09 29.41
PR 261 14.11 21.44
Mean 26.1 26.69
SE 3.54 2.85

A large scale clone trial at N ew  A m badi 
E state w as initiated  during 1996 as part o f a 
m u lti- lo c a tio n  trial to an a ly z e  the G x E 
Interaction o f selected  Hevea clones at five 
diverse agro-clim atic conditions. T he yield 
p erform an ce o f 12 m od ern  Hevea c lones,

including five hybrid clones belonging to the 
RRII 400 series and their parents are being 
m onitored. In this trial, RRII 203  consistently 
perform ed better than RRII 105 till 10th year 
of tapping, but in the 11th year of tapping, RRII 
105 (58.4 g  t '  f )  and RRII 203 (58.07 g t 111) 
performed equally well. A m ong the hybrid 
clones belonging to the RRII 400 series RRII 
422 (50.29 g t 11 ') and RRII 430 (50.01 g  t 1 11) 
perform ed better in term s of yield w hile RRII 
414 (44.55 g  f 11 1) w as not up to the m ark.

In the observatio n a l trial in itiated  at 
Vaikundam  Estate (2000), RRII 422  (61.05 g 
t 1 t 1) w as found to be the best y ie ld er and 
RRII 414 (51.78 g t 11 ')  the least up to the 8,h 
y ear o f tap p in g . R R II 4 29  an d  R R II 414  
contracted high TP D  o f 35.71 and 28.57%  
res p ectiv e ly , in  o rd e r  to  stu d y  o n  the 
perform ance o f hybrid clones, five large scale 
clone evaluation experim en ts rep resenting 
fiv e  d iv erse  a g ro -c lim a tic  co n d it io n s  in 
K anyakum ari D istrict w ere initiated.

1 .2 . H y b r id iz a t io n  a n d  c lo n a l  s e le c t io n

Tw o b reed ing  orch ard s co n sistin g  26 
c lo n e s  (1 9 8 7 )  a n d  2 5  c lo n e s  (1 9 8 8 ) 
respectively w ere well m aintained and hand 
p o llin atio n s w ere  a ttem p ted  at d iffe ren t 
parental com binations. O ut o f a total o f 62 
p otential high y ie ld ers iso lated , 10 w ere 
included in a large scale clone evalu ation  
exp erim en t in itiated  d u rin g  2008 at RRII, 
K ottayam  and an o th er se t o f  14 p ip elin e  
clones w ere planted in a sm all scale trial at 
Vellam bim alai during 2011.

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 r d e n

A  p o lyclon al seed  g ard en  co n sistin g  
n in e  m o d e rn  c lo n e s  as  p a r e n ts  w a s 
estab lish ed  in an area o f 9 ha o f land at 
N ew  A m badi Estate, M anianku zhy  during 
2000. The seed garden w'as w ell m aintained 
and the cu ltu ra l o p era tion s w ere c losely



m onitored. The m other p lants raised out 
o f polv-cross seeds collected during 2012 
were test tapped and the prom ising high 
y ie ld ers w ere k ep t cu t back  for fu rther 
evaluation. The seedling trees of poly-cross 
origin transplanted at N agam alai (Isfield 
Estate) are bein g  c losely  m on itored  for 
h ig h  y ie ld  an d  p r o m is in g  s e c o n d a ry  
characters.

1.4. P a r t i c i p a t o r y  c l o n e  e v a l u a t i o n
e x p e rim e n t

Ju ven ile  grow th o f 11 p ip elin e  clon es 
and three ch eck  clon es record ed  d u rin g  
2013 at Tharu vaiyar (2008) and V ithura 
(2008) are p resented  in  Table Par. 3. The 
c lo n e  w ith  c o d e  N o . 10 e x h ib ite d  
m axim u m  g ro w th  b o th  at T h a ru v a iy a r  
(33.08 cm ) as well as at V ithura (38.53 cm ). 
Two OFTs w ere initiated at Bethany Estate 
during 2010 (P hase II). T he O FT  in itiated  
at Bethany Estate (P h ase III) d u rin g  2012

w e re  w e ll m a in ta in e d  a n d  a l l  the 
v acan cies w ere  filled  d u rin g  the p lanting  
season  in 2013.

2. R o o t tra in e r  p la n tin g  te ch n iq u e

In the field trial initiated at Churulacode 
(2002) root trainer plants continued to exhibit 
better yield (56.6 g  f 11 1) than polyb ag  plants 
(54.7 g f 1 t'1) up to the 7th year o f tapping. 
Tw o d em o n stra tio n  p lo ts  o f ro o t trainer 
plants (200 each  o f root tra iner and polybag 
plants) w ere established in the South Zone 
V ellay an i an d  M u k a m p a la i a n d  a th ird  
d e m o n stra tio n  p lo t in  the C e n tra l Zone 
(Pazham thottam ). Large scale produ ction of 
root trainer plants w as in itiated  at Central 
N ursery, K arik kattoo r and fo u r R egional 
N u rseries un der R u bb er B oard  from  2013 
onw ard s. T rain in g  w as im p arted  on root 
trainer p lanting techniqu e to various groups 
o f farm ers.

------- Tak*e 3- Mean girth of OFTs at Tharuvaiyar and Vithura (2008)
Girth (cm} Girth of R R JI105 for G irth in g  l ^ t h  of RRII im  to F

the analysis of covariance _______________ the analysis of cov.m I,nee
‘ nadikarankonam___________  Vithura------  ------------------------

P10 33.08 30.48
PI 5 22.97 23.80
P76 26.79 31.30
P21 31.06 31.89
P88 26.48 29.41
P84 23.06 23.17
P60 21.95 28.07
P61 27.95 22.89
P67 25.10 26.05
P68 26.46 28.27
P74 26.79 26.50
RRII 105 32.54 28.75
RRII 414 31.47 26.24
RRU 430 28.49 24.11
M em 27.44 27.21
SB 1.S9 ________  1.73

38.53 35.80
37.12 32.96
33.64 36.80
33.71 39.75
31.42 36.94
33.34 33.64
33.41 35.15
38.08 36.90
35.87 33.79
34.67 35.89
35.25 38.16
32.43 37.00
32.87 39.34
33.62 36.11
34.57 36.3

1.46 1.42



L IB R A R Y  A N D  D O C U M E N T A T IO N  C E N T R E

D uring the year, 66 books w ere added 
to the s to c k  o f th e  lib ra ry . T h e  lib ra ry  
subscribed 44  foreign and 72 Indian journals. 
A bout 42 o ther jo u rn als w ere also received 
as gift/exchange. Provided online access of 
journals, literature searches, press clipping, 
rep rographic services, etc.

Natural Rubber Research: A Bibliography 
2005-2010 w a s b ro u g h t o u t  d u r in g  the 
period . New Additions List 2012, List of 
Current Periodicals 2012 and tw o issues of 
Documentation List w e re  c o m p iled  and

d istribu ted . D atabases w ere  up d ated  by 
ad d in g  the d e ta ils  o f 10 b o o k s  an d  372 
journal articles. Arranged the distribution of 
455 n u m bers o f Press C lip p in gs and 489 
num bers o f other SD1 bulletins.

O rganized the distribution o f 653  issues 
of the journal Natural Rubber Research and 14 
num bers of RRII A nnual Report. A rranged 
the sale and distribution o f 555 nu m bers of 
R R II p u b lica tio n s. P h otocop ies o f abou t 
16948 n u m bers o f in form ation  m ateria ls 
were provided during this period.

A G R O M E T E O R O L O G Y

1. R R I I  H Q

1.1. C lim a te  resou rce  ch aracteriza tio n  o f 
the ru b b er grow ing  areas

Box plot and w h isker plot analysis w as 
carried  out in  p aram eters su ch  as Tm ax, 
Tm in, su nshine and rainfall in Kottayam  to 
stu d y  the d is tr ib u tio n  and sp read  o f the 
dataset and frequency o f occu rrence o f the 
events. Percentiles o f Tm ax, Tm in ,rainfall 
an d  s u n sh in e  fo r  K ottay am  on w eek ly  
,m onthly and seasonal basis has been w orked 
o u t  s in c e  th e y  s e rv e  a s  in d ic a to r s  to 
ch aracterize various regions.

1.2. W hy N E In d ia  is  h o stile  fo r  A bnorm al 
le a f  fa ll d isease  in  N atural R u b b er?

D ifferen ces  in th erm al and m oistu re 
regim e in an A L F d isease prevalent region 
(K ottayam , South India) and a free region 
(A g a rta la , N o rth e a st In d ia ))  h a v e  b een  
exam ined  based on the indices defin ed  by 
the W M O  Expert Team  on C lim ate Change 
D e te c t io n , M o n ito r in g  a n d  In d ic e s .

Tem perature thresholds at 90th, 50th and 10 
percentile and the num ber of days exceeding 
these diresholds for m axim um  tem peratures 
an d  b e lo w  th e  th re s h o ld  fo r  m in im u m  
te m p e ra tu r e s  w e re  w o rk e d  o u t  a n d  
com pared betw een the regions .

O bserved tem perature profiles of Tm ax
& T m in w ere  w ell w ith in  th e  ra n g e  for 
P h y to p h th o ra  in c id e n c e  at K o tta y a m  
w h ereas in A gartala  therm al reg im e falls 
beyond the favorable range for the d isease 
incidence.

T he precipitation regim e of the selected 
re g io n s  w ere  a lso  c o m p a re d  u s in g  the 
indices defin ed  by W M O.

O ut of 120 days in the season there were 
90 w et days (R F e"lm m ), around 60 heavy 
precipitation days (R E e"10 m m ) and 25 very 
heavy p recip ita tion  d ay s (R F e"30m m ) in 
K ottayam  w here as it w as 6 0 ,3 0  and 10 days 
in A g a r ta la . M a x im u m  n u m b e r  o f 
co n secu tiv e  w et d ay s w as 20-30  d ay s in 
Kottayam  as against 5-10 days in Agartala It



w as o b serv ed  th a t c o n d itio n s  c o n g e n ia l tor 
d ise a s e  to  o c c u r  p rev a il in A g a rta la  too , bu t 
w h a t is  s h ie ld in g  A g a rta la  fro m  th is  d isea se  
m ig h t b e  th e  o v e r r id in g  in f lu e n c e  o f  th e  
te m p e ra tu re  r e g im e  o v e r  th e  p re c ip ita tio n  
reg im e.

2 . S t u d i e s  o n  c l im a te  c h a n g e

C h a n g e  p o in t  a n a l y s i s  a n d  c u s u m  
a n a ly s is  fo r  te m p e ra tu re  a n d  p re c ip ita tio n  
tim e  s e r ie s  o f  K o tta y a m  w e re  c a rr ie d  ou  t for 

th e  p e r io d  (1 9 7 3 -2 0 1 1 )  a n d  K e ra la  fo r  th e  
p e r io d  1 8 7 1 -2 0 1 1 . C lim a te  c h a n g e  im p a ct 
a n a ly s e s  w e re  a ls o  c a rr ie d  o u t fo r  A il India 
a n d  S u b  d i v i s i o n a l  t e m p e r a t u r e  a n d  
p r e c ip ita tio n  tim e  s e r ie s  fo r  th e  p erio d  i 90] - 
2 0 0 7  a n d  1S1 3 -2 0 0 7 .

C h a n g e  p o in t  a n a l y s i s  f o r  T m a x  a t  
K o t t a y a m  s h o w e d  t h a t  c h a n g e s  h a v e  
o c c u r r e d  tw ic e  d u r in g  1 9 7 9  a n d  1 9 9 8  a t  
c o n f i d e n c e  l e v e ls  o f  9 1  a n d  1 0 0  ", 

r e s p e c tiv e ly .M a x im u m  te m p e ra tu re  (Tma\| 
ch a n g e d  fro m  3 1 .0  to  3 1 .6 "  C  a n d  fro m  3 1 .i  
to  32.1“ c  d u r in g  1 9 7 9  an d  199 8  resp ectively . 

C h a n g e  p o in t a n a ly s is  o f  th e  se a so n a l ra in fall 
d e te cte d  tw o  c h a n g e s  in  th e  tim e  s e r ie s  o f 
s u m m e r  ra in fa ll o f  K o tta y a m  d u r in g  1969 

a n d  1 9 7 9  a t  c o n f id e n c e  le v e ls  o f  9 7  a n d  9 2 %  

w ith  c o n fid e n c e  le v e ls  o f  3  a n d  2. R a in fa ll 
sh ifte d  fro m  3 8 6 m m  to  6 3 7  m m  an d  fro m  6 3 7  

to  4 8 4  m m  d u r in g  1 969  a n d  1979 resp ectively . 
N o  s ig n if ic a n t c h a n g e  w a s  d e te cte d  in  th e  
tu n e s e r ie s  o f  S o u th w e st m o n so o n , N o rth e a st 
m o n so o n , w in te r  an d  a n n u a l ra in fa ll.

C h a n g e  p o in t  a n a ly s is  fo r  N o r th e a s t  
m o n s o o n  f o r  t h e  S t a t e  e x h i b i t e d  fo u r  
c h a n g e s  in  th e  p r e c ip i t a t io n  t im e  s e r ie s  
d u r in g  1877, 1 9 7 5 , 1961  a n d  1 9 9 2  w ith  a 

co n fid e n c e  in te rv a l o f  100 , 9 4 ,9 6  a n d  9 7  p er  
c e n t  a t  c o n f i d e n c e  le v e ls  o f  6 ,5 ,3  a n d  2 
re sp e c tiv e ly  . T h e  tim e  s e r ie s  o f  S o u th w e s t 
m o n so o n  ra in fa ll d id  n o te x h ib i ta n y  c h a n g e  
o v e r  th e  y ears.

3. M o n so o n  v a r ia b ility

Precipitation time series of the state of 
Kerala during the m onsoon for the period 
1871-2011 have been em ployed for the study 
Rainfall anom alies were worked out for all 
the m onths, seasons and annu al rainfall 
Anomalies were subjected to running m eans 
of wavelength 11 y ears. Linear changes in the 
precipitation time series have been estimated 
by the least sq u a re  reg res sio n  a n a ly sis . 
Regression analysis was em ployed to find out 
the interdependence of Ju ne and Ju ly  rainfall 
b e tw een  th e m se lv e s  an d  a ls o  o n  SW  
monsoon, N E m onsoon and total m onsoon.

A d e c lin e  in SW  m o n s o o n  a n d  a 
corresponding increase in N E monsi .on have 
been observed during the last decade o f the 
20“’ century. The decline fe S W  monsoon was 
com pensated during N E m on soon  w h ich 
was well depicted in the tim e series o f  total 
m o n so o n . W h en  th e  p e r fo r m a n c e s  of 
in d iv id u a l m o n th s  w e re  c o n s id e re d  a 
declining trend was noticed for Ju n e and Ju ly 
ra in fall tow ard s the end o f the cen tu ry  
Rainfall during A ugust did n ot exhibit any 
tre n d  an d  m a in ta in e d  c o n s is te n c y  
th ro u g h o u t the s tu d y  p e r io d . An 
insignificant positive trend w as observed for 
Septem ber, O ctober and N ovem ber rainfall 
It can be concluded that there exists a m ajor 
shift in the rainfall pattern tow ards the end 
o tth e  century, as seasonal rainfall during SW  
m onsoon showed a downward trend and NE 
m onsoon show ed an upw ard trend. This 
could be better term ed as clim ate variability.

R egression analysis sh ow ed that SW' 
and total m onsoon w as influenced by June

a n d  J u ly  ra in fa ll s ig n if ic a n t ly  (0.01 le v e l) . It
w as observed that Ju ne and Ju ly rainfall did 
n o t in flu en ce  or sh ow  any d ep en d en ce  
betw een them selves and also on the rainfall 
Of other m onsoon m onths.



A G RO M ETEO RO LO G Y

2. R R S , A G A R T A L A

2 .1 . R e so u rc e  c h a ra c te ris tic s  o f  ru b b e r  
grow ing  areas

R e s o u rc e  c h a r a c te r i s t ic s  o f  w ater  
b u d g e ta g  were studied to understand the 
w ater d e h a t  m tensity  and direction  for a 

p ecific p lace. W eekly an d  m onthly  basis 
w ater balance param eters have been worked

India '  p  ™ b b er g ro w in g regions o f  NE
In d ia . P o te n tia l  e v a p o tra n s p ir a t io n  
estim ated by the m odified Penm an m ethod 
w as utilized  in the standard T-M  m odel and 
the w ater deficit, w ater surplus, storage and

th e reSp ecH ve p e r io d s  w ^re
stu d ie d  fo r  th e  s ta t io n s  o f  A g a r ta la

TUra" N(agrakata and D henkanal 
W ith  d a ta  r a n g in g  fr o m  15 to  29 y e a rs .

fP F T U h 11131 ° f  ev aPo tran sp iration  
( ET) show ed a double peak for D henkanal 
o f 6.2  d u rin g  M ay and 4.4 m m  d ay -d u rin g  
O ctob er ag ain st the norm al peak in ApruU 
in o ther station s. Low est PET values w ere 
noticed d u ring  D ecem ber and Jan uary  with 
he lo w est cu rv e ob ta in ed  for G u w ahati 

W ater d efic it cond itions as sh ow n in Fig  l a- 
e e x is ts  fro m  D e c e m b e r  to  M arch  in  all 
sta tio n s e x c e p t  D h en kan al w h ere d efic it 
p e r io d s ex te n d  from  D e c e m b e r  to  M av 
M onthly  ru n o ff values w ere highest during 
July, w ith N agrakata h av in g  m ore than 800 
mm . H ig h  w ater d eficit w ere also  noted for 
D h enkanal and A gartala (164 and 162m m  
respectively).

Dhenkanal (Orissa) to understand the nature
o f luture ch ange in  clim ate

T he observed su rface  m eteorolog ical 
p a ra m e te rs  co n s id ered  w ere  m ax im u m , 
m inim um  and average tem perature, relative 
hu m id ity , w in d  sp e e d , b r ig h t  su n sh in e  
hours, evaporation, rainfall and eainy davs 
o r  resp ectiv e  p erio d s . In m o st sta tio n s 

significant increasing trends w ere observed 
lo r  the m in im u m  te m p e ra tu r e  w h ich  
o n tn bu tes the sim ilar trend in the average 

tem p eratu re. N o s ig n ifica n t ch a n g e  w fs  
noted in the m axim um  tem perature. Striking 
fe a tu re  m  A g a rta la  w as th e  s ig n if ic a n t  
decrease in evaporation and bright sunshine 
h o u rs , w ith  an  R= o f 0 .7 6  a n d  0  51 
respectively. There w as no ch an ge in the 
am ount o f rainfall and rainy days in anv of 
the stahons. Septem ber m onth in  Agartala 
sh ow ed a s ig n ifican t in crea sin g  trend  in 
m axim u m  te m p era tu re  w h ile  m in im u m

mZrahtrê CreaSed dU™8 them onths which have contributed to the annual 
in crease  com pared to  any o th er m onths 
Characteristic trends in slopes were noted for 
the trend an alysis. T he m o rn in g  relative 
hum idity show ed decreasing trend over the 
y e a rs  fo r  the p o st-m o n so o n  an d  w in ter  
periods. A significant reduction in sunshine 
hours w as noted by 1 hour in ten years for 
th e  D e c e m b e r  a n d  Ja n u a ry  m o n th s  in 
A gartala.

3 - C l im a t e  c h a n g e  s t u d ie s  in  th e  
l u b b e r  g r o w in g  tracts  o f  th e  N E 
re g io n

M onthly , season al and annu al trend s 
ere com pu ted  fo r the various data sets for 
e regional stations o f RRII in the N E region 

?  I f f " ’ "1 (T riPl,ra >- G u w ahati (A ssam )
3 (M eShalaya), N agrakata (N .Bengal)and

4 . F o r e w a r n in g  o f  p e s t s  a n d
d ise a se s  in  ru b b e r

T h e id entification  o f critical w eather 
param eters for the developm ent o f diseases 
a n d  its  in te n s ity  is im p o r ta n t  to  ta k e  
appropriate prophylactic m easures in the hot 
spot areas o f rubber grow ing tracts. In view  
of this, rubber plantations in three different 
lo ca tio n s in the N E reg ion  viz. A gartala 
(Tripura), Guw ahati (Assam ) and Nagrakata



W

Fig. la -e . W ater b alan ce curves for

fV V.Bengal) h a v e  b e e n  s e le c te d  fo r  the 
experim ental trial. Daily based Diseased leaf 
collections on daily basis w ere m ade before 
the onset o f disease and w ith the advent of 
daily weather changes. Evaluation o f sam ple 
size  o f Leaf C ollection Baskets (LC B) was

(d )

(f)

liEGENB

Soil: m oisture u tilisa tion  

U  W ater D eficit 

®  W ater Surplus 

® Recharge

th e five  region al sta tio n s o f  R R II

c a rr ie d  o u t in  R R S , A g a r ta la  to  fin d  o u t th e  

o p t im u m  n u m b e r  o f  L C B s  r e q u ir e d  in  a 
e c t a r e  s o  a s  t o  c a p t u r e  th e  t r u e  

r e p re s e n ta t io n  o f  d ise a s e d  le a f  fa ll in  ru b be r.

e x p e r i m e n t  w a s  c a r r ie d  o u t  in  th e  
m a tu r e  c lo n e s  o f  R R IM  6 0 0  a n d  R R U  J0 5 .



a g r o m e t e o r o l o g y

P o w e r  A n a l y s is  w ith  tw o  y e a r s  o f  l e a f  
c o l le c t io n  d a ta  w a s  u s e d  to  f in d  o u t  fh P

p r o b a b le  n u m b e r  o f  b a sk e ts  r e q u ire d  fo r  th e

w in te r in g  p e r io d , th e  s a m p le  s iz e  o f  I * , ,

"“ S ir-S H F '
—

( " a f f a i r  (9 5 % uS« n i f ir a n « )  t o  r e p re s e n t th e
le a f  fa ll ,n  a r u b b e r  p la n ta tio n  in  A g a r ta la .

5- A g r o m e te o r o lo e ic a l
M anagem en t 8  D ^ a b a s e

^ ; e b W p la n , , n8 u n i , i „ th eAN " «  

t a b u l a  'S m d the data were P°sted S ter

= p £ = £ S = S
d a ta b a s e  m a n a g e m e n t. ° f  *h e



a n n u a l  e x p e n d i t u r e

E x p e n d itu re  a t a g la n c e  (2 0 1 2 -1 3 )

N o n -P lan *

N on-P lan  RRII 

P rojects (CES)

T otal

E x p e n d itu re  in la k h s '

669.77

549.08

T i i i i F

P lan

R esearch  Schem e

N E R D S  R e s e a r c h  C o m p o n e n t

Total

"N on -p lan  exp ense includes non-plan
p rojects (CES)

2,449.28

402.55

2,851.83



S C I E N T IF IC  A D V IS O R Y  C O M M IT T E E  
R E C O M M E N D A T IO N S  (2 0 1 2 -2 0 1 3 )

previous re c o m L n d a tfo n  oT m o  plante/h'a0 " '  RR"  105 55 °  P 'an,S/ h a ’ from  the
Biod iversity  in  R u b b e r  p lantation s:

C L T  T'°PY U ndcrneath rubber viz- «> «<*. va- 
w ith ou t adverse effect on grow th and v i d f l r f 3 h S * C“J t,vated aIon8  w ith rabber 
be grow n betw een tw o rows of m hh M u ™ ' 0116 row  of tbese crop s can
intercrop in one hectare o f rubber I ol P ,ants * a t  can be cultivated as 
445 N os ; C ocoa- w l  r t l S  "  "  : C ° ffee "  445 N os- - -
establishm ent o f these crops All oth ln °S’ Vld,n8  sb ade is beneficial for 
should be followed as ne r L  “ Jhvahon practices including m anuring
these crop s ft"  « *  crops. Yield o l

canopy underneath m b b e r w U l ^ r ^ s ™ ^ 1̂ 1™ ^  tbrou 8 h cr° P  w ‘<h 
and sustain soil nutrient status. m oisture status during dry season

• Alpinia calcarata can be a m edicinal plants suitable for cultivation in m ature rub-

for m ech an ized  w eedin g in rubber plantations. Prem ium

M A K  ru bber spray oil (BD) m anufactured by M/s. Bharat Petroleum  C orporation 

p lan ta tion s^ "6 '  Ch' ° ride g a in s t  leaf d i s e a s ^ X r

3 S 2 2 £ £  reCOm n,endations: “ 8  m ateria ls su itab le  for K arnataka and

G T l, RRU 203, PB  260, PB  2 1 7 * , RRII 414, RRH 430, RRU 422, RRII 429 PB 280

^ ™ 4 ,  PB 235, R R II 5, RRII 300, PB 311* and RRII 105*. Polyclonal seedlings 
. t \ isab le for p lanting  in areas w here proper m anagem ent is not possible.

(R R II 105 is h ig h ly  su sceptib le, RRII 203 and PB 217 are m oderately susceptible to 
o ry n esp o ra  ea t d isease, and h ence recom m ended control m easures are to be 

aao p ted . 1 B 311 is w ind su sceptib le (h ence avoid planting in wind prone areas)



RRIM  600, RRII 208, RRII 105, RRII 6, RRII 5, PB 260, PR 255, RRIC 100 perform  well 
in the region. The drought to lera n t, stable d one RRII 430 could be planted in the 
region. Life saving irrigation to be given to all clonal plantings in the first three years 
o f planting. I f  cultivation under rainfed / unirrigated condition is intended, 
polyclonal seedlings are the best choice.

7. Wood Pecker chain saw model W P-5200 supplied by M/S. R em ys A gro quipm ents 
Pvt. Ltd, Kaloor, Kochi for rubber tree felling and cutting operations .

8. M ist blow er ST1HL-SR 450 supplied by M/s A ndreas STIH L Pvt. L td .,Pune for low 
volum e spraying and sulphur dusting in rubber plantations.

9. H TP sprayer-W P-22K supplied by M/s Rem ys Agro Equipm ents Pvt. Ltd., Kochi 
for high volum e spraying in rubber plantations.

10. R a in g u a rd  com p ou n d  su p p lied  by M/s. ST P  L td . P a la riv a tto m , C o c h in  for 
rainguarding rubber trees.

11. Tapping knife ("Jorw in  (M anim ooli)) supplied by Sri. T.P.George, T had athil (H), 
M anim ooli, Nilam bur for its use as Tapping knife in rubber plantations.

12. Revised usage of form ic acid for coagulation o f RSS in the N orth East. U sage during 
N ovem ber to m iddle of M arch as 3m l diluted to 300 ml, and for other m onths as 1.5 
ml diluted to 300m l (for N ext day of sheeting). Sim ilarly for sam e day sh eeting, use
4  ml diluted to 400 m l (during N ovem ber to m iddle o f M arch) and 2m  1 diluted to 
400 m l for other months.

13. Recom m ended the follow ing clones for planting in N orth East India 

Category I RRIM  600

Category II RRII 105, GT1, PB 235, RRII 203, RRII 208, RRII 429, RRII 417  and RRII 
430.

C ategory IB  RRII 5, RRU 422, RRII 118, PB 260, PB 310, PB 311, RRIM  703, SCATC 
88/13, SCATC 93/114, H aikenl and polyclonal seedlings. R R II 422  has 
been dow ngraded from Category II to Category III due to high cold 
susceptibility  during the early period of establishm ent.



L I S T  O F  M A JO R  E Q U IP M E N T S  A T  RRII

A ir perm eability  tester

A tom ic A bsorption Sp ectrophotom eter
A utoclave (Cylindrical and H orizontal)
Ball mill
Bio -  Cabinet
B io sa fe ty  cabinet

Biom edical Freezers (-30°C)
BOD Incubator 
Brook field viscom eter 

C arbon N itrogen A nalyser 

C entrifuges (H igh speed refrigerated) 
C hem ical fum e hoods 
Chlorophyll C on tent M eter 
C hlorophyll index m eter 
C lim atic ch am ber

C oir foam  testing  equipm ent (indentation 
hard ness, flex in g , com p ression  se t A & B 
testers)

C om pression  se t apparatu s (25%  strain)
De- m attia F lexom eters 
D eep freezer (-20° &  -80°)
Deep freezers

D ifferential scan n in g  calorim eter 
Din A brasion  m achines 
Disper grad er 
DMA 50

DNA electrop h oresis unit 
DNA iso lation  m achine 
Eddy covariance system  
ELISA reader

Environm entally contro lled  shakers 
Flame p hotom eter 

Flash ch rom atograp h & accessories 
Fluorescence M on itorin g  System  

Fluorescence sp ectrop h otom eter 
Freeze D riers 

F riR sp ectrom eters

G as ch rom atograp h -m ass spectrom eter 
G el blotting apparatus 

N anodrop Sp ectrophotom eters 
O xygen electrode 
O zone cham ber

sy ste m l0r0phyl1 fluorescence m easurem ent

PAM -2000 portable flurom eter 
Particle size analysers 
PCR m achines

Phase contrast M icroscope & accessories 
Phosphor Im age A nalyser 
Phosphor im ager 
Plant grow th cham ber 
Plate reader

Polarizing M icroscope &  accessories 
Projection m icroscope w ith accessories 
Protein separating system s - 2D  
Real time PC R  m achines 
Recirculating Cooler 

Refrigerated and H eating C irculator 
Refrigerated high speed m icro centrifuge 
Refrigerated shaker 

Refrigerated Table Top C entrifuge

R e m o te  S e n s in g  an d  G e o g r a p h ic a l 
Inform ation System  (RS & GIS)

R esearch m icroscope and im age analyser
Ross flexing M achine
Rotary Evaporator
Rubber Process Analyser
Sap flow  m eter

Sequ encing gel electrophoresis unit 

Sequ i-G en G T system  (sequencing system ) 
Soil Respiration A nalyser 
Sonicator

Sp ecific gravity  balance 
Sp ectro  radiom eter 

Sp ectrophotom eter -  nanodrop



Gel docum entation & image analyzer
Gel docum entation system s
Gel Dryer & Pump
Gel electrophoresis apparatus - 2D

Gel doc system s
Genetic Analyzer 3500 XL
Goodrich Fiexometers
GPC
Hardeness tester (shore A,D,M ,0)
High speed m icrocentrifuge 
H igh speed Table Top Centrifuges 
High Voltage Power Pack 
High-Speed Centrifuge 
H isto Embedder 
HPLC system

Hybridization oven -  Incubator shaker 
Hydraulic press (14" *  14",)
Image processing and A nalysis System  
Incubator & A ccessories 
Incubator shaker with cooling 
Infrared therm om eter
In v e rte d  M ic ro s c o p e lR G A - P o rta b le
photosynthesis system
Isoelectric focusing unit
Lam inar Air Flow H oods
Latex foam  testing equipm ent (indentation
h a rd n e ss ,fle x in g ( co m p re ss io n  se t A & B
testers)
Leaf area m eter 
Linear PAR Ceptom eters 
Liquid scintillation system  
M easuring m ixer (80 cc)

M icro centrifuge with cooling
M icro pH m eter
M icrotom e -  Base sledge
M icrotom e -  Rotary w ith knife sharpener
M ini IEF electrophoresis unit
M ooney viscom eter
M oving die rheom eter

M uffle furnaces
Spectrophotom eters

Speed vac concen trator system
Stereo M icroscope

Subm erged Electrophoresis System
Tem perature controlled incubator shaker

Tem perature Recorder
Therm o gravim etric analyzer

T herm ocouple psychrom eter

T issue processor

Tw o-roll m ixing m ill (6" *  13")
U ltracentrifuges

U niversal testing m achines (50N , 100N, 5 
kN)

UV Sp ectrophotom eter

Vertical electrophoresis unit

W alk in environm ental G row th C ham ber

W alk in Fum e Hood

W ater potential system

W ater purification system
Wet sieving apparatus

Z eta potential analyzer

N O R TH  E A ST

A tom ic A bsorption Sp ectrophotom eter 

Chlorophyll content meter.

Flam e photom eter

F luorescence M onitoring System
Leaf A rea M eter

Lum inom eter
N itrogen A nalyzer

PAR/LAI C eptom eter

Portable photosynthesis system

Sp ectronic 20D  Sp ectrophotom eter

Stereo m icroscope

U V-spectrophotom eters
W ater Potential m eter W P4-T
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Research divisions and functions

T h e  m ajor research  d iv ision s are  A gronom y/ Soils, 
B iotechnology, Botany, G erm plasm , P lant Pathology, 
P lant Physiology, Latex H arvest Technology, Rubber 
T e c h n o lo g y  a n d  E c o n o m ic s . S tu d ie s  on  C lo n e  
Evaluation, G en om e A nalysis and D R IS Fertilisation  
are dealt separately.

The thrust areas o f  research o f  Agronom y/Soils Division 
are  investigations on the n utritional requirem ents of 
r u b b e r, ir r ig a t io n , in te r c r o p p in g , c o v e r  c ro p  
m anagem ent, weed control and the stud y o f  the rubber 
grow ing soils. D evelopm ent o f  tissue culture and anther 
culture system s for propagation and crop im provem ent 
o f  H ev ea  a r e  th e  im p o rta n t a r e a s  in  w h ich  th e  
B io tech n o log y  D iv isio n  is en g ag ed . T h e  im portan t 
fields o f  research o f  the Botany D ivision  are breeding, 
evaluation  and selection  o f  new  c lon es, propagation  
techniques, p lanting m ethods, anatom ical studies and 
cytogenetic investigations. T h e G erm plasm  D ivision is 
con centratin g on the in trod uction , con servation  and 
evaluation of H evea  germ plasm . T h e Plant Pathology 
D ivision is engaged  in investigations on the d iseases 
and pests o f  rubber and associated cover crops and their 
control. Th e Plant Physiology Division conducts studies 
on both fundam ental and applied asp ects o f  H evea  tree 
physiology. T h e L atex H arvest Technology D ivision is 
concentrating on all applied aspects o f  crop  harvesting 
in  ru b b e r. T h e  R u b b e r  T e c h n o lo g y  D iv is io n  
concentrates on  im provem ent in  prim ary processing o f 
rubber, its  c h em ica l m o d ifica tio n , ru b b er prod u ct 
m anufacture and quality control o f processed rubber, 
lh e  T e c h n ic a l C o n s u lta n c y  D iv is io n  p r o v id e s  
consultancy services for the prom otion of the rubber 
industry. The Econom ics D ivision undertakes studies 
on econom ic aspects related to rubber plantations.

Th e research  supporting sections includes Library and 
D ocum entation, Instrum entation, S tatistics, C om puter 
an d  M a in te n a n c e  W in g . T h e r e  is  a ls o  a s m a ll 
experim ental farm  of 33 h a . a t the headquarters o f  RRII.

C en tral Experim ent Station

Th e 255 ha. C entral Experim ent Station  at C hethackal 
(Ranni), 50  km aw ay from  K ottayam , w as started  in 
1966. Field trials laid out by the research divisions cover 
alm ost the en tire area.

Regional Research Stations

R R II h a s  e s ta b lis h e d  a N o r th -E a s te r n  R e s e a rch  
C o m p le x  w ith  h e a d q u a rte rs  a t  A g a rta la  h a v in g

reg io n a l resea rch  s ta tio n s  a t A g arta la  in  T rip u ra , 
G uw ahati in  Assam  and Tura in M eghalaya. T h e RRII 
has a lso  set up regional research  estab lish m ents at 
D a p c h a r i (M a h a ra s h tr a ), D h e n k a n a l (O ris s a ) , 
N agrakatta (W est Bengal), Th adikarank onam  (Tamil 
Nadu), Kadaba (Karnataka) and Padiyoor (Kerala).

Regional soil testing laboratories h ave been  established 
at Taliparam ba, K ozhikode, Thrissur, M uvattupuzha, 
Pala, Kanjirappally, A door and N edum angad. M obile 
u n its  fo r  s o il an d  le a f  a n a ly s is  a re  a v a ila b le  a t 
K o z h ik o d e  la b o r a to ry , a p a r t  fro m  th a t a t  th e 
headquarters.

N ational/International collaboration

RRII is a m em ber o f  the International Ru bber Research 
and D evelopm ent B oard  (IR R D B ), an association  o f  
n a t io n a l o rg a n iz a t io n s  d e v o te d  to  re s e a r c h  and  
d ev e lo p m en t on  natu ral rubber. R u bber Board  is  a 
m e m b e r  o f  th e  A s s o c ia t io n  o f  N a tu ra l R u b b e r  
P ro d u cin g  C o u n tr ie s  (A N R P C ) an d  In te rn a tio n a l 
Rubber Stu d y G roup (IRSG).

T h e R R II h a s  research/ acad em ic  lin k ag es w ith  the 
B a n a r a s  H in d u  U n iv e rs ity  (V a r a n a s i ) , K e r a la  
A gricu ltural U niversity (Thrissur), K erala U niversity 
(Thiruvananthapuram ), M ahatm a G andhi U niversity 
(K o tta y a m ), C o c h in  U n iv e rs ity  o f  S c ie n c e  and  
T e ch n o lo g y  (K o c h i), In d ian  A g ricu ltu ra l R esearch  
In stitu te  (N ew  D elh i), In d ian  In stitu te  o f  S c ien ces  
(B a n g a lo r e ) ,  In d ia n  I n s t itu te  o f  T e c h n o lo g y  
(K haragpu r), N ational C h em ical L abo rato ry  (Pune), 
S ree  C hitra Tirun al Institute of M edical Scien ces and 
T ec h n o lo g y  (T h iru v a n a n th a p u ra m ), T am il N ad u 
A g ricu ltural U n iversity  (C o im bato re), U n iversity  of 
A gricultural Scien ces (B angalore) and U niversity of 
G oa (Goa).
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