


The Rubber Research Institute of India (RRII), under 
the Rubber Board (Ministry of Commerce and Industry, 
Government of India), had its inception in 1955. With 
a very modest beginning, the RRII is now capable of 
handling most of the problems associated with natural 
rubber (NR) production technology, primary processing 
and product development. The steady growth of RRU 
in its scientific worth and research contributions has 
won it the recognition as an International Centre of 
Excellence in NR research.

Location

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

Organization

l or the efficient discharge of its functions, the RRII has 
established major research divisions and research 
supporting sections at its headquarters and regional 
research establishments at appropriate locations where 
Hevea brasiliensis is commercially grown or is likely to 
be grown.

Continued on inside back cover
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D I R E C T O R 'S  R E V I E W

Th e year 2011-12 saw m arked progress 
in th e  v ariou s p ro jects  taken  up by the 
In stitu te . A sig n ifica n t achievem en t was 
developm ent o f rubber distribution map of 
K erala and K anyakum ari district o f Tamil 
N adu using satellite im ages w ith very good 
accuracy com pared to the traditional land 
su r v e y  m e th o d . A n o th e r  im p o rta n t 
developm ent w as that the breeding pool was 
e x p a n d e d  b y  a d d in g  se v e n  m o re  w ild  
A m azonian accessions show ing promising 
yield  and girth characteristics. Accession AC 
16 6  sh o w e d  g o o d  y ie ld  a lth o u g h  not 
com p arab le  w ith  RRII 105. Th e breeding 
team  o f R R II m ade a few  h u n d red  new  
h y b rid s  b y  cro ss in g  betw een  p rom isin g  
W ickham  lines and Am azonian accessions.

RRU 4 0 0  s e r ie s  co n t in u e d  to  fin d  
increasing acceptance am ong the growers.

A  few  c lo n e s  sh o w in g  p r o m is in g  
drought tolerant traits w ere identified. D ata 
from  la rg e -sca le  fie ld  ev a lu a t io n  tr ia ls  
continued to show  superior yield and girth 
in PB 280. RRII 429 was the top yielder in 
A gartala and Nagrakata. W ork for phase III 
o f the participatory clone evaluation project 
w as in itia ted . A m ap ping  popu lation  for 
yield and Phytophthora  resistance generated 
through interspecific cross betw een RRII 105 
(H ev ea  b r a s i l ie n s is )  an d  F 4 5 4 2  (H ev ea  
bentham iana) are u nder nursery evaluation.

M o re  n u m b e r  o f g e n e tic  
tran sfo rm ation s using  M nSO D  gene was 
m ade and plants were generated. Several SSR 
and SN P m arkers were generated to enhance 
the gen om ic resources in rubber. A genetic

lin k a g e  m ap  w as 
c o n s tru c te d  w ith  
224 markers. Cold- 
induced variations 
in  m e th y la tio n  
w ere detected in cis 
regulatory sites o f a 
few' g e n e s
a ss o c ia te d  w ith  
latex biosyn thesis.
Two d rought-responsive genes w ere cloned 
and characterised.

A new  study on ev aluation  o f ortets 
selected  from  R egional R esearch Stations 
w as in itia te d  d u r in g  20 1 1 -1 2 . RR II 430 
show ed relatively better in trinsic drought 
tolerant characteristics. 18% of the rubber 
growers resorted giving life saving irrigation 
to one year old rubber plants during sum m er 
in Central Kerala. This w as 5  %  in Southern 
region.

T h e re  w e re  c le a r  in d ic a t io n s  th at 
seco n d a ry  an d  m icro n u tr ie n t w ere  fast 
getting depleted in the soil with long term 
rubber cultivation. Retaining natural weeds 
in m atu re  ru b be r p lan ts  im p ro v ed  so il 
h e a lth . U s in g  g o o d  q u a lity  p la n tin g  
m aterials and ad opting  good agricultural 
practices led to reducing the gestation period 
by o v er o n e  year. V etive r  w as a h ig h ly  
effective vegetative hedge for preventing soil 
erosion in sloppy terrain.

Low  freq u en cy  ta p p in g  is th e  on ly  
im m ed iate so lu tion  o f scarcity  o f sk illed  
tappers. Studies on low  frequency tapping 
co n tin u ed  to  g iv e  g ood  y ie ld  w ith  low  /



incidence o f TPD, but timely stim ulation was 
a p re re q u is ite . D iffe re n t c lo n e s  b eh av e  
differently to ethephon stim ulation. M any 
experimental hybrids in the p ipeline showed 
good response o f ethephon stim ulation. Low 
frequency tapping helps to address the issue 
o f scarcity o f skilled tappers. However, RPS 
netw ork should be used for p ooling tappers 
and o th er labours. B etw een 1980-2013, w age 
share o f tappers decreased in real term s bv 
1.25%.

M ore farm m echanisation is becom ing 
an im perative because o f the acute labour 
sh o rtag e  ex p erien ced  in th e  ag r icu ltu re  
sector. Three m odels o f one m an carrying 
m ist b low er w ere tested and recom m ended 
fo r  sp ray in g  in  ru b be r p lan ta tio n s . O u r 
studies showed that m inim um  tillage should 
be practiced and indiscrim inate use o f heavy 
m achinery for land preparation should be 
avoided to conserve soil from erosion.

Irradiating fresh latex w ith gam m a rays 
g iv es b e tte r  raw  m a teria l fo r  p ro d u cin g  
p re v u lc a n ise d  la tex  a n d  d e p r o te in ise d  
n a tu ra l r u b b e r  w ith  b e tt e r  p r o c e s s in g  
characteristics. A new  peroxide vulcanising 
system  w ith ex ce llen t scorch  control was 
developed. A n ew  d evulcan isin g agen t was 
id e n tif ie d . A m o d ifie d  fa s t  c o a g u la tio n  
s y s te m  w as d e v e lo p e d  w h ic h  a llo w e d  
in c o rp o r a tio n  o f f i l le r s  in la te x  s ta g e . 
P rocessing aspects o f a new  polym eric filler 
w ere s ta n d a rd ise d  w h ich  co u ld  re p la ce  
carbon black. A  protocol o f recovering rubber 
fro m  s k im  la te x  w as a ls o  d e v e lo p e d . 
Technical consultan cy w ing o f RRII received 
sam ples from  711 firm s w hich w ere tested 
for variou s param eters. 41 p rod u cts w ere 
developed and queries from  1337 un its w ere 
ad d re sse d  d u r in g  th e  r e p o rt in g  p erio d . 
Rubber technology research and consultancy 
serv ice for the in d ustry  w ill continu e to get 
m ore priority  in the com ing  years.



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

The research program mes of the Division 
are  aim ed at d ev elop m en t and p eriod ic 
refinem ent o f agromanagement practices to 
im p rov e gro w th  and  yield  o f ru b ber in 
different agro-climatic regions, to reduce cost 
of cu ltivation  and to  sustain  soil quality. 
Various experiments on nutrient management, 
soil and w ater conservation, rubber based 
cro p p in g  sy stem s, farm  m ech an iza tio n , 
g ro u n d -co v e r  m an ag em e n t and stress 
managem ent are in progress. Experiments to 
develop an agronom ic package for reducing 
the gestation  period o f rubber continued. 
Studies w ere also initiated to estimate the soil 
C O , flu x  from  ru b be r p la n ta tio n s  u sing  
resp iration  analyzer. D evelopm ent o f the 
rubber in form ation  system  using rem ote 
sensing and G IS continued. T he Division also 
fun ction s as a centre for d issem ination o f 
k n o w led g e  on v ario u s so il an d  crop  
managem ent tecliniques o f rubber.

1. N u tr ie n t m an ag em en t

Th e field experim ent to study the effect 
o f long term use o f chem ical fertilizers and 
organ ic m an u res on grow th and yield of 
rubber and physico- chem ical properties of 
soil continued. Significantly higher girth was 
n o tice d  fo r  th e  tre a tm e n t w ith  25%  of 
c h e m ic a l fe r t i l iz e r  an d  7 5 %  farm y ard  
m anure (Table Ag. 1). D ifferent treatm ents 
with farm yard m anure (FYM ) alone or in 
c o m b in a tio n  w ith  c h e m ic a l fe r t i l iz e r s  
resulted in higher leaf N, P and Z n compared 
to the trea tm en t w ith chem ical fertilizer 

alone.
The experim ent on sequential skipping 

of fertilizer application in m ature rubber was

Tabic Ag. 1. Effect of long term <11 years) use of 
chem ical and organic m anures on 

_____________ growth of rubber____________________

Treatments Girth
(cm)

No fertilizer / No manure (Control) 54.3
Farmyard manure (FYM) alone 57.2
Chemical Fertilizers alone 56.3
25 % Fertilizers + 75 % FYM 603
50 % Fertilizers + 50 % FYM 56.9

75 % Fertilizers + 25% FYM 56.2

SE 0.66

CD (P =0.05) 1.99

continued. No significant difference am ong 
the different treatm ents was noticed for the 
last year an n u al y ield  and  for th e  girth 
increm ent during the period 2002 to  2012.

Soil sam ples w ere collected from  110 
r e p la n t in g  f ie ld s  o f  19 e s t a te s  in  the 
traditional rubber grow ing region o f Kerala 
to assess the secondary and m icronutrient 
s ta tu s . S ta tu s  o f  o r g a n ic  c a rb o n  and 
secondary and m icronutrients showed wide 
variation (Table Ag. 2). Considerable variation 
was observed betw een regions also. Field 
ex p e rim e n ts  to  s tu d y  th e  e f fe c t  o f 
supplementing secondary and micronutrients 
on soil test basis w ere initiated at four estates 
viz. T h am arasery  (K ozh ik od e), Palapilly  
(Thrissur), Cheruvally (Kottayam ) and New 
Ambadi (Kanyakum ari).

Th e field experim ent to study the effect 
o f  co m p o sted  c o ir  p ith  (C P O M ) a s  so il 
a m e n d m e n t in  m a rg in a l s o ils ,  at 
T h an n eerm u kkom , C h erth a la  continu ed . 
G irth o f p lants a fter four years did not show 
sign ificant d ifference am ong the d ifferent 
treatm ents w ith F YM , CPO M  and control.



Table Ag. 2  Organic carbon, secondary and micronutrients status and pH of soils in the estate sector of

Region Mean/ OC (%) Ca Mg S Zn B pH
Range (ppm)

North Mean 2.2 205.2 19.2 2.4 0.7 0.1 4.56

* * ' • '
I .55-3.5 129.5 -  

398.2 49.0
104-4.1 0.5-140 Trace -  

0.2
4.22 -4.93

North- Mean 1.3 300.8 47.1 6.8 1.11 0.4 4.47
central Range 0.5-1.9 116 1- 

611.8
14.7-106.5 2.7-11.1 0.3-2.1 Trace-0.8 4,20-4.86

Central Mean 1.7 76.0 10.3 3.2 0.7 0.7 4.27
Range 1.0-3.0 30,9-

132.8
7 .347 .5 1.7-8.3 0.5-1.1 0.4-1.0 4.09-4.69

South Mean 1.7 302.9 43.7 6.0 0.9 0.2 4.5
Range 1.1-2.8 117.5-1029 8.7-167.3 2.0-16.6 0.4-1.7 Trace- 0.3 4.1- 4.9

General 
Critical Limit

General > 0.50% 300 ppm 120 ppm > 5 ppm > 1.0 ppm 
(H C l)

> 0.5 ppm

(GCL) Rubber > 0.75% 10-25 ppm
% of field 
below GCL

General
Rubber

Nil 84 95
21

63 68 68

In th e  s tu d y  on n u tr ien t u p tak e  by 
prom inent clones o f Hevea, it was observed 
th a t th e  m ic ro n u tr ie n t c o n te n ts  v aried  
am ong the RRII 400 series clones. RRII 430 
reco rd ed  h ig h est iron  co n te n t in tru n k , 
branches and root.

2. Soil and water conservation

Experim ent on evaluation o f biological 
bu nd s for soil and w ater conservation  in 
rubber p lantations was in progress. A m ong 
the d ifferent vegetative hedges, p lan tin g  o f 
vetiver w as found to be the best to control 
soil erosion in rubber p lantation and w as 
significantly superior t<> all o th er vegetative 
hedges (Table Ag. 3).

Table Ag. 3. Quantity o f soil deposited in trench 2

Treatments Quantity of soil in the trend) 
(tonnes ha'1)

1. Rubber + Vetiver 1.3
2. Rubber + Guinea grans 1.8
3. Rubber + Pineapple 1.8
4. Rubber + StrobUanibes sp 2.1
5. Rubber alone 2.6

0.15
CD (P -0.05) 0.47

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

Exp erim ent to ev aluate the feasibility o f 
g ro w in g  p eren n ial in tercro p s viz. co ffee , 
vanilla, G arcin ia  and nu tm eg un d er norm al 
and paired row  system s o f planting o f rubber 
c o n t in u e d . T h e r e  w a s n o  s ig n if ic a n t  
d ifference betw een treatm ents w ith  respect 
to  grow th o f rubber p lan ts (Table A g. 4) in 
the p aired  row  system  o f p lan tin g. In the 
n o rm al sy stem  o f  p la n tin g , g ro w th  w as 
s ig n ifica n tly  h ig h er  com p ared  to con tro l 
w h e n  m ix e d  c ro p p e d  w ith  v a n il la  and  
Garcinia. Yield o f rubber w as not significantly 
in f lu e n c e d  b y  m ix e d  c r o p p in g  w ith  
p e r e n n ia l  c ro p s . C o f fe e  a n d  v a n il la  
continu ed  to yield well w h ile  grow th  and 
yield  o f  G arcinia  w ere adversely  affected  by 
shade. N utm eg had started bearing.

T h e ex p erim en t o n  e valuation  o f shade 
tolerant m edicinal p lants in m ature rubber 
p la n ta tio n  w as in p ro g re s s . A m o n g  the 
variou s m ed icin a l p lan ts, A rath a (A lp in ia  
ca lcarata )  and  K arim ku rin ji (Stw bU anthes  
cuspida) perform ed well.



Table Ag. 4. M eangjrth and girth increment (cm) of rubber trees under paired row and normal systems of

Paired row system of planting Normal svstem of planting

Treatments Girth Girth increment Girth Girth incremenl
2012 (2003-2012) 2012 (2003-12)

Rubber alone 58.3 46.2 58.8
Rubber + Garcinia 61.2 48.3
Rubber + coffee 61.1 49.5 60.0 48.6
Rubber + vanilla 58.1 45.9 61.8 50.7
Rubber + nutmeg 59.4 47.9 61.1 49.9

1.12 0.83 0.91 0.75
CD (P = 0.05) NS NS 2.81 2.25

Experim ent on inter-planting of rubber 
w ith  tim ber trees viz. teak, w ild jack  and 
m ahogany continued. G row th and yield of 
rubber w ere not significantly influenced by 
row  spacing, type o f timber intercrops and 
their interactions. Wild jack performed better 
than teak and mahogany.

T h e field experim ent on developm ent of 
a m u lti-s p e c ie s  ru b b e r  based  cro p p in g  
system  for Tam il N adu region (collaborative 
pro ject w ith TN A U ) w as continued. The 
g ro w th  o f  ru b b e r  w as no t s ig n ifica n tly  
in flu en ced  by the estab lish m en t o f in ter 
crops n ine m onths after planting.

4. G rou n d  cover m an ag em en t

Th e observational trial on establishm ent 
o f M ucuna  (cover crop) and fodder crops in 
the later im m aturity phase of rubber, after 
the rem oval o f p in eap p le  in tercro p  was 
co n tin u ed . It w as observed  th at M ucuna  
spread in 75%  area o f the field (7th year). 
A m o n g  th e  d if fe r e n t  fo d d e r  cro p s, 
Stenotophrum  continued to perform  well in 
the 7th year o f plantation.

N itro g en  f ix a tio n  by leg u m e co v er  
cro p s, P u erar ia  p h aseo lo id es  and  M ucuna  
bractcata  w ere estim ated using l5N isotope 
dilution m ethod. For P. phaseoloides, nitrogen

fixation ranged from  79.8 kg N h a 1 during 
June-July to 39.3 kg N ha 1 during October- 
N ovem ber and averaged 58.1 kg N h a 1. For 
M. bractcata, nitrogen fixation ranged from 
83.9 kg N ha'1 during June-July to 57.0 kg N 
ha'1 during October-Novem ber and averaged
69.7 kg N h a 1.

The field experim ent initiated at CES, 
Chethackal to study the im pact o f weeds on 
grow th o f rubber and to com pare the e ffect 
o f d ifferent covers on soil physico-chem ical 
and biological properties as w ell as b iom ass 
and nutrien t turnover was discontinued due 
to technical reasons and arrangem ents w ere 
m ad e to rep lan t the area in the com ing  
season.

The project o n  com parison  o f  rubber 
p lan tation s w ith and  w ithou t control of 
w eed  f lo ra  at P a th a m p u z h a  v illa g e  in 
K ottayam  D istr ic t w as co n tin u ed . Soil 
sam ples from three depths viz. 0-15, 15-30 
an d  30 -4 5  cm  w ere  co lle cted  an d  stock  
nu trients in 0-45 cm  determ ined. D ata on 
stock nutrients in 0-45 cm soil layer indicated 
that OC, N , Av.K, Av.Ca and Av.Mg were 
significantly higher in w eeds not-controlied 
fields (Table A g. 5).

It is to  b e  n o ted  th at the sig n ifican t 
increase in nutrient stock had taken place in



Table Ag. 5  Nutrient stock in 0-45 cm soil layer per hectare under weeds controlled and not controlled rubber 
_____________plantations _________________
Rubber fields c N Av.P Av.K Av.Ca Av.Mg Av. Cu Av.Zn Av.Fe Av.Mn

tons ha 1tons h a ' kg h a ’ kg ha-' kg h a 1 kg ha 1 kg ha 1kg ha 1 kg ha 1 kg ha ’

Clean-weeded 70.3 5.5 12.1 223.5 275.0 80.9 21.7 4.9 245.9 139.7
Not-weeded 76,5 6.3 3.4 262.8 404.4 144,5 14.8 4.8 247.1 144.0
Significance ’ * NS " * NS NS NS

w eeds-not controlled rubber fields in spite 
o f  n o  fertilizer  in p u t for abou t 10 years. 
M easurem ents o f soil C O , (lux w hich is an 
indicator o f soil m icrobial activity in these 
fields indicated that (Fig. Ag. 1) w eeds not- 
controlled fields w ere significantly higher in 
m icrobial activity.

*  i
Fig. Ag. J. Soil CO efflux in weeds controlled and 

not controlled rubber

rubber growing soils w as continued. Among 
the d iffe re n t lan d  p rep a ra tio n  m eth o d s 
evaluated, ploughing, pitting and terracing by 
earth m over (H itachi) recorded significantly 
h ig h e r  r a te  o f  so il e r o s io n  (1 1 .6  t ha ') 
com pared to all other m ethods (Table A g. 6).

Table Ag. 6. Quantity o f soil deposited in trenches 
_____________ (2012)________________________________
Treatments Quantity (t ha ')
Manual pitting and terracing 
(control) 7.2

Manual terracing and pitting 
by tractor- mounded hole digger 8.0

Pitting and terracing by Hitachi 8.4

Ploughing, pitting and terracing 
by Hitachi 11.6
SE 0.485
CD (P = 0.05) 1.55

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

Th e experim ent to study the effect o f 
d iffe ren t p lan tin g  g eo m etries  o n  canop y 
developm ent, grow th  and yield  o f rubber 
w as in progress. G row th o f rubber in the 
t r ia n g u la r  sy s te m  a n d  tw in  sy s te m  o f 
planting continued to be sup erior to square 
system  o f planting. T h e canop ies in altered 
p la n tin g  s y s te m s  e x h ib it  a sy m m e tric a l 
pattern o f  grow th.

The field experim ent to study the effect 
o f  m e ch an ize d  lan d  p re p a ra tio n  on soil 
erosion and physico-chem ical properties of

T h e ex p erim en t o n  e ffe c t o f p lan tin g  
density  on grow th and  y ield  o f ru bber w as 
co n tin u ed  and  th e  resu lt in d ica ted  th at, 
plants in the low est d ensity  o f 420  trees ha ' 
recorded sign ificantly  h igher yield  (g  t 1 t u 
com pared to all o ther treatm ents. The annual 
y ield per h ectare w as s ign ificantly  h igher in 
the d ensity  5 49  trees h a '.

T h e m u lti-locational trials on the effect 
o f  p it s iz e  on  g ro w th  o f p la n ts  w ere  in 
p rogress. S ign ifican t d ifference in grow th 
o f ru bber and d evelop m ent o f lateral roots 
w as not observed  in all locations on e year 
a fter planting.



W ith  th e  o b je c tiv e  to  fin d  o u t an 
a ltern ative and cost effective germ ination 
media for rubber, an observation study was 
conducted twice. The experim ents were laid 
out in com plete random ized d esign with 15 
tr e a tm e n ts  an d  tw o  r e p lic a t io n s .  T h e 
treatm ents in cluded  (1) g erm in ation  bed 
w ith river sand (control) (2) raw coir pith (3) 
s ta in  rem o v ed  co ir  p ith  (4) new  w ood 
shavings (5) six m onths old  wood shavings 
(6) raw saw dust (7) dried saw dust (6 months 
old) (8) rice husk (9) straw  (10) coconut leaf 
w ith a layer o f soil (11) dried litter (12) rock 
p o w d e r  (1 3 ) d ir e c tly  on  th e  seed  bed  
(w ith ou t m ed iu m ) (14) soil rite and (15) 
heaping seeds on floor. In both experiments, 
g e rm in a tio n  b ed  w ith  r iv e r  san d , sta in  
rem oved  co ir  p ith , d ried  saw  d u st (6 
m o n th s  o ld )  an d  s o il r ite  reco rd ed  
s ig n ifican tly  h ig h er  g erm in ation  percent 
com pared to all other germ ination media.

6. D e v e lo p m e n t  o f  a g ro
m a n a g e m e n t  t e c h n iq u e s  fo r  
red u cin g  th e  g esta tio n  p eriod

T h e  f ie ld  e x p e r im e n t in it ia te d  to 
develop an agronom ic package to reduce the 
im m atu rity  period o f H evea  a t M alankara 
Estate, Thodupuzha w as in progress. The 
g ir th  o f th e  p la n ts  u n d e r  in te g ra te d  
m anagem ent was significantly superior to all 
other treatm ents. Eighty p er cent o f the trees 
u n d er in teg ra ted  m an ag em e n t a tta in ed  
tappable girth in six years com pared to only 
4 1 .7%  u n d er th e  cu rre n t reco m m en d ed  
practice.

The sim ilar experim ent initiated at CES, 
C hethackal is being continued. There was 
significant d ifference in the perform ance of 
the tw o types o f p lanting m aterial used. The 
grow th o f d irect seed ed  g reen  - budded 
polybag plants was found to be superior to 
green - budded stum ps raised in polybags.

Th e girth o f the p lants under in tegrated  
management was found to be superior to that 
o f respective type o f planting material under
standard practice (Table Ag. 7).

Table Ag. 7. Effect of planting material and agro 
management practices on growth of 

_____________ rubber (December 2011)
Treatments Girth of rubber 

plants (cm)
Green - budded stumps raised 
in polybags + Std. practice 28.1

Green - budded stumps raised 
in polybags + Integrated management 30.4

Direct seeded green- 
budded plants + Std. practice 31.6

Direct seeded green- 
budded plants ■‘•Integrated 
management 34.1
SE 0.39
CD (P =0.05) 1.16

The experim ent o n  the effect o f different 
types o f planting m aterial (polybag - one 
whorl, two whorl and three w horl and root 
trainer - one w horl, two w horl and three 
w horl) on grow th o f rubber was continued. 
T h e re su lts  in d ica ted  th a t th re e  w h o rl 
polybag plants were significantly superior 
to all o th ers irresp ectiv e  o f the typ es of 
planting m aterial and d ifferent stages o f 
growth.

The experim ent on age o f rootstocks on 
quality o f planting m aterials in rubber was 
continued. D uring the initial 18 months after 
p lan tin g , b row n bu d d ed  polybag  p lants 
(poly bag size 55 x 25 cm ) and green budded 
polybag plants (retained for 16-18 m onths in 
p o ly  b a g s  o f  s iz e  4 5 x 1 8  cm ) had  a 
significantly superior grow th com pared to 
the grow th o f all other planting materials. 
T w en ty  fo u r m o n th s  a f te r  p la n tin g ,



s ig n if ic a n t  d iffe r e n c e  in  g ir th  w as no t 
observed am ong different types o f p lanting 
m aterials and sam e trend continued during 
30  m onths after planting.

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

Th e fie ld  e x p erim en t at P u thu kkad  
e s ta te , T h r ic h u r , to  d e v e lo p  a g r o -  
m an ag em e n t tech n iq u es  to  m itig a te  the 
adverse effects o f drought w'as continued. 
G row ths o f the plants w ere superior in the 
trea tm en ts w ith tillag e , su p er ab so rbe n t 
polym er and direct seeding in polybags.

In th e  s tu d y  o n  a c c u m u la tio n  o f 
potassium  and drought tolerance in H evea  
clones, sign ificant difference w as observed 
in  le a f  p o tass iu m  co n te n t in d iffe re n t 
gen otypes v iz . germ plasm  accessio ns, H P 
clones and check clones (drought tolerant 
clones viz. RRII 414, RRII 430, R R IM  600 & 
RRII 208 and drought susceptib le clones viz. 
RRII 105 and Tjir 1). Potassium  content was 
significantly h igher in clones M T  1627, M T 
4788, M T 43M T 1649, H P 92, H P 53, H P 225 
and RO 2153 com pared to RRII 105 and T jir 1. 
RRII 430  also  recorded h igher K content in 
leaves com pared to RRII 105 and T jir  1.

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

Th e study on co m p ariso n  o f six  soil 
ecosy stem s viz. m atu re  rubber, ru b ber - 
M ucuna  cover cropped, rubber - p ineapple 
in te r c ro p p e d , c a ssa v a  m o n o c r o p , tea k  
m ature plantation and forest in Kottayam  
d is t r ic t  c o n t in u e d . S o il r e s p ir a t io n  
m easurem ents w ere carried o u t in these soil 
system s by m easuring the C O , flux from soil 
surface w hich in d icates the soil m icrobial 
activity and organic m atter decom position. 
T h e  C O ; f lu x  d a ta  in d ic a te d  d is t in c t  
d ifferences am ong the studied  system s (Fig. 
A g. 2). Th e soils under rubber system s and 
c a s s a v a  m o n o -c r o p  w e re  s im ila r  and

significantly  low er in soil respiration than 
forest and teak soil system s.

i :

i 2

1

✓

Fig. Ag. 2. C O jF lux in different soil systems

A lso available status o f Fe, Zn, C u and 
M n w ere estim ated  in th ese e cosystem s. Zn 
w as n o t sign ificantly  d ifferen t am o n g  the 
s y s te m s  s t u d ie d . T h e  C u  c o n t e n t  w as 
s ig n ifica n tly  h ig h er  in ru b be r based  soil 
system s com pared  to teak and  forest soils. 
T h e  C O , flu x  (s o il r e s p ir a tio n )  a n d  Cu 
content in soils u n d er th e  stud ied  system s 
w ere sign ificantly  and negatively correlated. 
Th e P erm an ganate O xid izable Soil C arbon 
(PO SC ) is rep orted  to be a good  in dex o f 
active carbon w hich is labile  in natu re and 
closely associated w ith soil m icrobial activity. 
PO SC  con ten ts w ere com paratively  less in 
cassava and rubber based soil sy stem s than 
m u lti-species teak and  forest soil system s. 
H o w e v e r , r u b b e r  w ith  M u c u n a  w as an 
e x c e p tio n  w ith  r e la tiv e ly  h ig h e r  P O SC  
content w hich is com parable to teak o r  forest 
system s.

Th e pro ject on m an agem en t o f active 
and m icrobial carbon pools a t Pottam kulam  
Estate, Yenthayar was continued. G irth o f the 
rubber p lants in d ifferen t treatm ents did not 
d if fe r  s ig n if ic a n t ly .  S o i l s a m p le s  w ere  
collected  from  each  plot and  analyzed  for 
OC, total nitrogen, pH , av ailab le Ca, M g, P 
and K  and PO SC  (Table A g. 8). T h e  PO SC

■ i tdh

a l i a L _



Treatments N C POSC pH Ca Mg P K
% mg kg'- mg kg-' mg kg 1

NC 0.2 3.2 638.8 4.6 191.0 73.0 49.6 99.6
MC 0.2 3.1 592.1 4.5 109.7 27.5 27.4 83.5
NC+BF 0.2 3.2 636.8 5.0 327.8 104.0 168.7 210.5
MC+BF 0.2 3.4 694.3 4.5 148.7 34.2 59.0 91.1
NC+BF+G 0 3 4.0 867.7 5.3 675.2 266.3 127.8 308.6
MC+BF+G 0.3 3.8 746.8 4.5 150.7 36.9 22.9 99.1
Control 0.3 3.3 690.1 4.4 181.5 36.1 117.3 93.0
SE 0.0 0.1 19.7 0.1 5.0 2.1 2.7
CD (P= 0.05) 0.0 0.4 60.7 0.3 15.6 6.4 NS 8.3
(NC- Natural Cover, MC- Mucuna Cover, BF -Biofertilizer consortium, G- Glyricidia)

w as m ore in the treatm ents with Glyricidia 
in d icatin g th at the lab ile  carbon contents 
increased w ith G liricidia  m ulchings. It was 
also noticed that the pH  in general was more 
in treatm ents under natural cover than under 
M ucuna  cover.

M e a su re m e n t o f so il CO., flu x  in a 
m ature rubber p lantation in RRU farm from 
four sites w as carried out continuously on

an hourly basis. The data recorded from June
2010 to D ecem ber 2012 w ere classified  to 
different seasons viz, monsoon (June to Sept), 
post monsoon (Oct -  Dec), winter (Jan - Feb) 
and sum mer (Mar - M ay) and the hourly C 0 2 
flux values are shown in Fig. Ag. 3. The flux 
rates from 4  different sites, recorded separately, 
were averaged for each hour for a particular 
season. CO, flux rate was more during summer
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Fig. Ag. 3. Diurnal soil CO flux from mature rubber plantations in different seasons



2011 am ong the studied seasons. The diurnal 
variations w ere m ore in sum m er 2011 and it 
could be noticed that during the day hours (09 
-  20 hrs), CO, flux was lower than during the 
night hours (21- 08 hrs). Sim ilar trend could 
be observed in w inter 2011 also. N ot much 
dium al variations could be observed in soil 
CO, flux in other seasons.

A n experim ent w as in itiated to  study 
the changes in soil nu trient s tatus o f rubber 
plantations in com parison to ad jacent forest 
In non- traditional rubber grow ing tract of 
Andhra Pradesh.

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

P ro ject on d ev e lo p in g  ru b ber based  
in form ation  system  u sing  rem ote sen sing 
and  G IS  w as c o n tin u e d . P re p a ra tio n  o f 
rubber distribution m aps and its statistics for 
Kerala and Kanyakum ari d istrict in Tamil 
N ad u  h a s  b e e n  c o m p le te d . S p a t ia l 
d istribution  o f rubber area o f K erala and 
Kanyakum ari is g iven in Fig. Ag. 4.

Rubber area in Kerala and Kanyakum ari 
e s t im a te d  u s in g  s a t e l l i t e  im a g e  w as 
5,19,909.10 ha and it showed 1.04 %  variation 
from  ground survey statistics (5 ,14,524 ha). 
Plantations w ith age less than 3 y ears could 
not be m apped as prom inent sign atu re o f 
ru b be r w as a b sen t. H ig h e st a rea  u n d er 
rubber w as observed  in K ottayam  d istrict 
(48.19% ) follow ed by Em aku lam  (23.58% ), 
Pathanam thitta (20.54% ), and the least was 
in A lapuzha (3.74% ) district. In A lapuzha, 
K annur and K asaragod d istricts rubber area 
show ed w ide variations with ground survey 
statistics. N o d efin ite trend was o bserved  in 
the extent o f difference o f  district w ise rubber 
area com pared  to ground survey. O verall 
accu ra cy  o f  sa te llite  im age c la ss ifica tio n

Fig.A g.4. Rubber area distribution of Kerala and 
Kanyakumari

ra n g ed  fro m  75 to  9 6 .6 8 %  w ith  K ap p a  
statistics varying from 0 .63  to 0.95 %. Rubber 
area d istribution  u n d er d ifferent classes o f 
elevation, slop e and  soil m an agem ent units 
(S M U ) w as a s s e s s e d  f o r  K e r a la  an d  
K an y ak u m ari d is tr ic t u sin g  G IS  ov erlay  
technique. R esu lts show ed that 70%  o f the 
ru b b e r  a rea  w as d is tr ib u te d  in  0 -1 0 0  m 
elevation. H ighest percentage o f  ru bber area 
was d istributed  in slop e catego ries 5 -10  and 
3-5 % . Rubber d istribution  w as h ig h est in 
SM U  3, 2 and 4  categories.



Spatio-tem poral analysis o f rubber area 
change during 1980-1992-2007 was attempted 
for Kanyakum ari district. Area under rubber 
in 1980 was 10693.27 ha and it increased to 
15886.71 ha in 1992 and to 20781.71 ha in 2007.

O verlay analysis indicated that during 1980 - 
1992 newly planted area was 10452.71 ha and 
sam e w as 11269.02 ha during  1992-2007. 
Replanted area was high during 1992-2007 
com pared to 1980-1992.

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

Based  on the an alysis  o f soil and  leaf 
s a m p le s  d is c r im in a to r y  fe r t i l iz e r  
reco m m en d atio n s  w ere offered  to  large 
e s ta te s  and  sm a ll g ro w ers  th ro u g h  the 
laboratories at R R II and  regional stations. 
Tw o m o bile  so il testin g  lab oratories are 
also  fu n ction ing  for the ben efit o f the sm all 
g ro w e rs . T h e  la b o r a to r ie s  a t  reg io n a l 
station s a lso  o ffer estim ation  o f dry rubber 
co n te n t o f  latex sam p les. T h e d eta ils  o f

sam p le  an aly sed  are  g iv en  in the T able 
FAG. 1.

Table FAG- 1. Details on soil, leaf and latex analysis 
_____________ and fertilizer recommendation offered
Parameter N’umber
Soil 11,100
Leaf 1,750
MST program 66
Fertilizer recommendation 6,500
DRC of latex samples 62,500

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

Genetic improvement o f Hevea brasiliensis 
using m odem  tools is the m ajor objective of 
B iotechnology research at RRII. The m ajor 
ongoing research programmes in Biotechnolog)’ 
D iv is io n  are: i) d ev elo p m en t o f in v itro  
propagation methods for elite Hevea d one;; ii) 
developm ent o f transgenic Hevea plants for 
better adaptation to environmental stressess and 
tapping panel dryness, latex yield and disease 
tolerance; iii) development o f haploid plants, in 
vitro fertilization techniques and embryo rescue 
to co m p lim e n t co n v en tio n a l breed in g  
programmes; iv) study of molecular mechanism 
and characterization  o f gen es controlling

tolerance to diseases, abiotic stresses, latex 
biosynthesis and characterization of related 
genes; and v) study of laticifer cell specific gene 
expression and characterization of laticifer cell 
specific promoters.

1. S o m a tic  e m b ry o g en esis  and p lant
reg en eratio n

C allu s in d u ction  was ob tain ed  from  
new ly initiated cultures using leaf explants 
collected from glasshouse grown budgrafted 
p la n ts  o f  H ev ea  c lo n e , R R II 105 . T h e  
o p tim iz e d  e m b ry o  in d u c tio n  m e d iu m  
supplemented with phvtohormones such as



4.4 uM BA, 2.9 (iM GAV 1.25 (iM Kin, 0.45 |i.M
2 ,4 -D  and 1.08  uM  N A A  w as u sed  for 
em bry o g en esis . In o rd er  to  im p rove the 
efficiency o f som atic em bryogenesis and plant 
regeneration different concentrations o f poly 
ethylene glycol (0 -1 0 .0  g  L ') and ABA (0-1.9 
(j M ) w ere added d irectly  in the m edium . 
M axim um  em bryo induction frequency o f 
62.5%  was obtained with a PEG concentration 
o f 5.0 g  L 1 and 0.75 jiM  ABA (Table Biotech. 1).

Table Biotech. 1. Effect of ABA and PEG on embryo 
______________induction
ABA
(UM)

PEG (« L  )
0 3.0 5.0 8.0 10.0

0 55.0 55.5 55.0 55.0 52.5
0.38 52.5 55.0 57.5 57.5 52.5
0.75 52.5 60.0 62.5 57.5 57.5

1.1 57,5 60.0 62.5 60.0 45.0
1.5 50.0 57.5 57.5 55.0 47.5
1.9 55.0 55.0 55.0 57.5 52.5

CD (P = 0.05) 1.8

Mean % o f  embryo induction in 20 replicate samples o f  100 
ntg callus. Experiments were repeated four times.

Experim ents w ere also carried out for 
optim izing the concentration o f sucrose for 
em bryo m aturation by su p plem en tin g the 
m edium  w ith sucrose ranging from  30-80 g 
L ' and the results are given  Table B iotech. 2.

Table Biotech. 2. Effect o f sucrose concentration on 
_______________  embryo maturation

s ™ ™  Em bm .
(g L'1) maturation (%) •

60 7 7 .5
70 75.0

___ - 80_____________ ________________ 75.0
CD ( P °  0.05) 2 3  ----------------------------

Values given are mean % o f  replicate culture5 and the 
experiment axis repeated thrice

M a x im u m  e m b r y o  m a tu r a tio n  
frequency o f 77.5%  w as obtained w ith 60  g

L ‘ su cro se  in W PM  m ed iu m  co n ta in in g  
organic supplem ents C W  (10% ), m alt extract 
(200 m g L '), casein h ydrolysate (400 m g L ') 
and phytohorm ones, BA (0.5 m g  L '), IB A (0.1 
m g L ') and  G A , (1.0 m g L 1).

R efin em en t exp erim en ts w ere carried 
o u t w ith  d if fe r e n t  m e d ia  a d d itiv e s  fo r  
so m a tic  e m b r y o g e n e s is  fro m  im m a tu re  
in flo re scen ce . E ffect o f a m in o  a c id s  viz. 
prolin e, a rg in in e , a sp arag in e , g ly cin e , L- 
cystein and glu tam ine on em bryo  induction 
w as e v a lu a te d . F o u r  co m b in a tio n s  w ith  
v ary in g  co n ce n tra tio n s  o f the in d iv id u al 
a m in o  a c id s  w ere  in c o r p o r a te d  in th e  
e m b r y o  in d u c t io n  m e d iu m  a n d  th e  
frequency o f em bryo induction w as assessed 
in term s o f the n u m ber o f w ell developed 
em bryos obtained  after tw o subcultures. A 
com bination  o f p rolin e (200 m g L 1), arginine 
(40 m g L 1), asp arag ine (150  m g L'1), g lycine 
(2 0  m g  L 1), L -c y s te in e  (5 0  m g  L 1) an d  
g lu tam ine (400 m g L'1) could  in duce m ore 
n u m ber o f norm al em bryos com pared  to the 
oth er com binations. Effect o f  phloroglucinol 
on em bryo  in duction w as also  assessed  by 
in c o r p o r a t in g  d i f f e r e n t  le v e ls  o f 
phloroglucin ol (0 .5- 5 .0  m M ) in the em bryo 
induction m edium . W hen the em bryogen ic 
c a ll  i w e re  c u ltu r e d  o v e r  m e d iu m  
su p plem en ted  w ith  2-3  m M  p hloroglucin ol 
alon g w ith the proven g row th regulators, 
th ere  w as no callu s p ro lifera tio n . Instead  
m o re  n u m b e r  o f  c o ty le d o n a r y  em b ry o s  
co u ld  be o b ta in ed . T h ese  em b ry o s  w ere 
tr a n s fe rr e d  to  m a tu r a tio n  m e d iu m  for 
further d evelopm ent.

2. In  v i t r o  ap p roach es to co m p lem en t 
conventional breed in g  program m es

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

A protocol w as d eveloped for the rescue 
o f im m atu re em bryos by ad opting  in ovulo



e m b r y o  c u ltu r e , w ith  su c c e s s fu l p lan t 
re g e n e r a tio n  in H ev ea  b r a s i l ie n s is .  By 
o p tim iz in g  su ita b le  cu ltu re  m e d ia , the 
percentage o f em bryo recovery could  be 
increased to 42%.

For the induction o f m ultiple em bryos, 
cultures w ere initiated with im m ature fruits 
(8 -1 0  w eeks old) o f c lon e RRII 105. Th e 
grow th regulator com bination o f GA? (2 mg 
L 1) and Kin (3 m g L 1), reported earlier for 
the induction o f m ultiple em bryos was kept 
constant and different levels o f other growth 
regulators viz. zeatin, NAA, 2, 4-D  and BA 
w ere tried for m ultiple em bryo induction. 
M ultiple em bryos w ere induced in Nitsch 
b a sa l m e d iu m  s u p p le m e n te d  w ith  th e  
grow th regulators, zeatin (0.3 m g L'1), G A 3 
(2 m g L ' ) and Kin (3 m g L '). A  m axim um  of 
3 7  em bryos could be obtained in p resence of 
the above grow th regulator com binations 
(Table Biotech. 3). In the sam e com bination,

Table Biotech. 3. Effect of various growth regulators on
the development of cultured ovules

Treatments GA, 
(mg L ')

Kin 
(mg L ') (mg L ')

Number of 
embryos 
(mean)

T1 3 2 0.1 13
T2 3 2 0.2 14
T3 3 2 0.3 37 "
T4 3 2 0.4 2
T5 3 2 0.5 15

CD (P = 0.05) 1.0
S3 Embryos with embryogenic callus

along with m ultiple em bryos, em ergence of 
em bryogenic calli also could be observed.

T h re e  se ts  o f p o ly e m b ry o n ic  p lan ts 
o b tain ed  earlier  w ere sub jected  to RAPD 
analysis for assessing the uniform ity a s well 
a s  o r ig in . R A P D -P C R  r e a c tio n s  w ere  
perform ed using two selected prim ers as per 
standard procedure. It w as observed that the

R A PD  p ro file  o f a ll th e  p o lyem bryo n y  
d eriv ed  p lan ts  w ere d iffe re n t from  the 
m a tern a l p a ren t R R II 105 fo r  both  the 
prim ers tested. Sim ilarly all the plants from 
each set showed the sam e banding pattern 
with the tested prim ers which in turn proves 
single origin. Thereby uniform ity as w ell as 
zygotic origin o f the three sets of p lants had 
been established.

2.2. I s o la t io n  an d  c u ltu r e  o f  p o lle n
protoplasts for d eveloping haploids in
H ev ea  b ra s ilien s is

T h e  ty p e  an d  c o n c e n tr a tio n  o f 
osm oticum  as w ell as enzym es for digestion 
w ere standardized using pollen grains from 
mature m ale flowers prior to  opening. Intact 
protoplasts w ere isolated in very h igh yield 
(80-90% ) from the pollen grains o f H evea. 
Partial purification o f the isolated protoplasts 
cou ld  a lso  b e  achieved  th ro u g h  siev in g  
technique using sieves o f 60-70 p m esh size. 
Since com plete rem oval o f the debris was not 
possible, a m ixture o f pollen protoplasts with 
u n d ig este d  p o lle n  w a lls  w as u se d  for 
protoplast culture. Effect o f nurse culture on 
the plating efficiency o f the protoplasts was 
also perform ed. D iffere n t nu rse  cu ltu res 
tried in this experim ent w ere a) em bryogenic 
callus o f H evea induced from polyem bryony 
d erived  m aterial, b) ca llu s derived  from  
tobacco leaf cultures over M S m edium  with 
NAA and BA and c) callus raised from carrot 
segm ents cultured over m odified M S with
2,4-D  and BA. Partially purified protoplasts 
were cultured over the already standardized 
c a llu s  in d u c tio n  m e d iu m  c o n ta in in g  
d ifferen t nu rse  cu ltu res. Sim u ltan eou sly  
diploid protoplasts o f H evea  were isolated 
fro m  em b ry o g e n ic  ce ll su s p e n s io n  and 
purified according to  the protocol already 
developed and cultured for callu s induction 
in media w ith d ifferent m u se cultures. It was 
o b se rv e d  th a t in  th e  c a s e  o f  p o lle n



protoplasts, division o f protoplasts had not 
occurred in any o f the m edia tried. Instead, 
m ost o f the pollen protoplasts w ere found 
to be broken after a  few days in culture. On 
the contrary, diploid protoplasts cultured 
over callus in duction m edium  containing 
n u rse  cu ltu res  o f  H evea  started  d iv ision  
resulting in the form ation o f m icro colonies 
and m icro calli.

2 .3 . D e v e lo p m e n t o f  h a p lo id s  th ro u g h
m ature un fertilized  ovule culture

M atu re  o v u le s w ere  d isse cted  from  
surface sterilized fem ale flow ers and were 
inoculated in N 6m edium  supplem ented with 
10%  su cro se  fo r  5 d ays a t  4°C . A fte r  the 
pretreatm ent, the ovules w ere transferred to 
the callu s induction m edium  solidified with 
0.4%  phytagel. The ovules isolated from light 
y ellow  flow er buds responded p ositively  
and swelled after 20 days o f culture, during 
w hich the outer in tegum ent and the inner 
integum ents could be clearly differentiated  
and a so ft w hite tissue protruded ou t from 
the m icropylar end of the ovule. Th is w hite 
tissue w as sep arated  and cu ltu red  in th e  
ca llu s  in d u ctio n  m ed iu m  c o n ta in in g  9%  
sucrose. Callus form ation w as achieved  25

d ays after inoculation w ith a frequency of 
20% . M odified M S m edium  fortified with 6%  
s u c r o s e ,  o r g a n ic  s u p p le m e n ts  (c a s e in  
hydrolvsate, m alt extract, banana pow der, 
y e a s t  e x tra c t)  an d  a m in o  a c id s  (se r in e , 
p ro lin e , a s p a r tic  ac id  an d  a la n in e )  w as 
id e n tif ie d  a s  th e  b e s t  m e d iu m  fo r  
em b ry o g en ic  c a llu s  e m erg en ce . E ffe c t o f 
p h y to h o rm o n e s  on  e m b r y o g e n ic  ca llu s  
in d u ction  w as assessed u sing  varying levels 
o f N AA (0.5-2.5 m g L 1) and zeatin  (0.2- 1.0 
m g  L 1) a lo n g  w ith  G A , (0 .5  m g  L ') . 
E m b r y o g e n ic  c a llu s  fo r m a tio n  w ith  a 
frequency o f 46%  w as ob tain ed  w ith  NAA 
(1.0 m g L -'), zeatin  (0 .6  m g  L  ')  and G A 3 (0.5 
m g L 1) (Table B iotech. 4).

Th e em bryogen ic calli w ere proliferated 
in  m ed iu m  co n ta in in g  red u ced  le v e ls  o f 
N A A  (0 .3  m g  L '1) and G A 3 (0.2 m g  L '). For 
em bryo  induction , M S, m o d ified  M S and N 
basal m ed ia  su p p lem en ted  w ith  P E G  (1- 
10% ) and am ino acids (arg in in e 100 m g L !, 
prolin e 200 m g L 1 and alan in e 50  m g L '!) 
a lon g w ith  g row th regulators, K in (0 .25  -  0 .6  
m g L  ')  and  G A ,(0 .2  - 1 .0  m g L 1) w ere tried. 
Som atic  em bryo  in d u ction  w as observed  in 
Nfi basal m edium  contain ing PEG  (3% ) along 
w ith  g row th  regu lators K in (0 .4  m g L >) and 
G A 3(0. 8 m g  L-').

Table Biotech. 4. Influence of Zeatin and NAA
Zeatin NAA (mg L 1)

(fngL,1) 0.5 1.0 1.5 2.0
0 2 4,0 (07.5) 10.0 (16.4) 14.0 (21.7) 4.0 (07.5) (0.3)
0.4 20.0 (26.2) 22.0 (27,6) 16.0 (21.0) 6.0 (11.) (0.3)
0.6 30.0 (32.9) 46.0 (42.6) 24.0 (29.2) 8.0 (12.8) (0.3)
0.8 10.0 (16.4) 16.0 (23.3) 10.0 (16.4) (0.3) (0.3)
1.0 6.0(11.2) 10.0 (16.4) (0.3) (0.3) (0.3)



3 . G e n e tic  tran sform ation

A ttem pts w ere continued to develop 
transgenic plants with increased tolerance to 
abiotic stresses, tapping panel dryness and 
higher latex yield by Agrobacterium  mediated 
gen etic transform ation using different gene 
constructs. Efforts w ere m ade to develop 
m ore transgenic plants incorporated with 
M nSO D  gene under the control o f CaM V35S 
p ro m o te r . T r a n sg e n ic  c e ll lin e s  w ere  
prod u ced  from  d ifferen t tran sfo rm ation  
events and em bryos w ere induced from  one 
callus line. For enhancing em bryo induction 
frequ en cy , w ater s tre ss  w as in duced  by 
adding phytagel ranging from 0.3 to 0.5%. 
P r o life ra te d  e m b r y o g e n ic  c a llu s  w as 
d if fe r e n t ia te d  in to  sm a ll e m b r y o s  by 
increasing the phytagel concentration and 
m axim um  em bryo induction was obtained 
w ith  0 .5%  p h y tag el. By m ain ta in in g  the 
em bryos in the sam e fresh m edium  for 2 
m ore m onths, they get m atured, enlarged 
and m any of them germinated. However, full 
plant regeneration w-as lim ited. Seventeen 
p lan tlets w ith  full leaf developm ent w ere 
o b ta in e d . T h re e  p la n ts  s u r v iv e d  a fte r  
hardening and they w ere planted in large 
polybags (Fig. Biotech. 1).

Th e putatively transgenic callus lines 
integrated w ith M nSO D  gene w ith FM V34S 
prom oter w ere cultured individually over 
th e  c a llu s  p r o life r a t io n  m e d iu m . T h e  
proliferation m edium  was m odified Vi M S 
b asal m ed ium  fo rtified  w ith  400  m g L 1 
calcium  nitrate, 10 m g L’1 silver nitrate, 0.4 
m g L’1 2,4-D , 0 .4  m g L 1 BA and 0.2 m g L 1 
NAA. A ddition o f 400 m g L _i calcium  nitrate 
an d  10 m g L ' s i lv e r  n i tra te  in the 
p r o life r a t io n  m e d iu m  fa c ilita te d  th e  
form ation o f so ft friable callus. Effect o f PEG 
(2% ) a lo n g  w ith  0 .2  m g L ! A BA  on 
em bryogenic ca llu s induction w as assessed. 
Three subcultures w ere m ade in this medium

Transformed Induction of
embryogenic callus transgenic embryos

Transformed cotyledonory Transformed
stage embryos mature embryos

Fully developed transgenic plants

Fig. Biotech. 1. Different stages of plant development 
from transgenic embryogenic callus 
integrated with XlnSOD g en e  with 
CaWV35S promoter



a t s ix  w eek s in te r v a ls . A fte r  th e  th ird  
subculture, the yellow  friable calli becam e 
brow nish black with oily appearance. The 
calli w ere then cultured over em bryogenic 
callu s induction m edium  containing 0.1 mg 
L 1 2,4-D, 0 .3  m g L ' BA, 0.5 m g L 1 Kin and 
0.5 m g L_l G A .. A fter 2-3 subcultures in the 
sam e m edium , som e o f the cell lines becam e 
em bryogenic. The em bryogenic ca lli w ere 
further cultured for em bryo induction.

To im p ro v e  th e  tr a n s fo r m a tio n  
efficiency, vacuum infiltration technique was 
a tte m p te d . T h e  co n d itio n s  fo r  v acu u m  
infiltration viz., in fection tim e and vacuum  
infiltration pressure w ere optim ized using 
the M nSO D  gene construct w ith FM V 34S 
prom oter. A fter optim izing the conditions 
fo r  v acu u m  in f iltra tio n , tra n sfo rm a tio n  
experim ent w as carried out with the gene 
c o n s tr u c ts :  1) M n S O D  w ith  C a M V 3 5 S  
prom oter. 2 ) antisense A CC  synthase, and 3) 
sorb ito l-6-p h osp h ate  d eh y d rog en ase  and 
H M G R1. Pu tatively transform ed cell lines 
w ere  s e le c te d  a f te r  s u b je c t in g  G U S  
h is to ch e m ica l s ta in in g . E m p lo y in g  th is  
technique, the transform ation efficien cy o f 
M n S O D  g e n e  c o n s tr u c t  w ith  F M V 3 4 S  
prom oter w as en h an ced  from  14 to 40% . 
Sim ilar results w ere obtained w ith sorbitol 
6-phosphate dehydrogen ase gene. M nSO D  
gene construct w ith CaM V 35S prom oter and 
antisense A C C  synthase, the frequency was 
30%  b u t fo r  H M C R 1 g en e co n stru c t the 
frequ en cy  w as 20% . Th e transform ed cell 
lin e s  w ere  p r o life r a te d  in  m e d iu m  
containing the respective antibiotics. F ive cell 
lines w ere selected random ly and PC R w as 
perform ed w ith the D N A  iso lated , using 
g en e sp ecific  p rim ers. A m p lifica tio n  was 
obtained with gene specific prim ers in all the 
cell lines tested. T h e proliferated calli w ere 
further cu ltured  for em bryo  in d uction  on 
d ifferen t m edia co m bin atio n s a lon g  with

control (untransform ed) callus. Em bryogcnic 
calli w ere obtained from som e of the cell lines.

E x p e r im e n ts  w e re  c a r r ie d  o u t to 
develop transgenic H evea  p lants integrated 
w ith osm o tin  p ro tein . A lth o u g h , a good 
p e r c e n ta g e  o f  e m b r y o  in d u c t io n  w as 
obtained from the transgenic cell lines, the 
e m b r y o  m a tu r a t io n  a n d  g e r m in a t io n  
freq u en cies w ere low. E x p erim en ts  w ere 
conducted for im provin g the frequ en cy  o f 
em bryo  m atu ration  and  germ in atio n . For 
em bryo m aturation , ho rm on e free m edium  
su p p le m e n te d  w ith  d i f fe r e n t  le v e ls  o f 
sucrose (30-150 g  L ') w ere tried. Su crose 75 
g  L 1 was found to be ideal for getting healthy 
cotyledonary em bryos. T h e m ature em bryos 
w ith w ell d eveloped  and n o rm al looking 
c o ty le d o n s  w e re  t r a n s fe r r e d  to  the 
germ in ation m ed iu m . Full and  V4 strength 
M S m ed ium  su p p lem en ted  w ith  d ifferen t 
gro w th  reg u la to rs, o rg a n ic  su p p lem en ts, 
charcoal, sucrose (20-75 g  L 1) and  d ifferent 
levels o f m annitol (1-10 g  L 1) w ere used. The 
organic sup plem en ts tried w ere C W  (5-20% ), 
m a lt  e x t r a c t s  (0 -1 0 0  m g  L 1), c a s e in  
h y d r o ly s a te  (0 -5 0 0  m g L ') a n d  b a n a n a  
p o w d e r  (1 0 0 -5 0 0  m g  L  ') .  T h e  g r o w th  
regulators BA, G A y IBA  and K in w ere tried 
in com bination. C om bin ation s o f T D Z  along 
w ith BA, G A 3 and IBA  w ere also  tried.

It w as observed that addition o f 2 .0 g  L 1 
m annitol w as beneficial for the g erm in ation 
o f  tr a n s g e n ic  e m b r y o s  in te g r a te d  w ith  
osm otin  gen e. A m o n g the d ifferen t grow th 
regulators tried, 0 .5  m g  L '1 IBA  a lon g  with
1.0 m g L 1 Kin and 1.0 m g L '1 GA., im proved 
germ ination percentage from  2 to 10% . Three 
t r a n s g e n ic  p la n t le t s  r e g e n e r a te d  w e re  
transferred  for hard en in g  and they survived 
only  up to 2 -3 m o nth s. In ord er to rescue the 
tr a n s g e n ic  p la n tle ts , a fe w  s h o o ts  w ere 
g ra fted  to the se e d lin g s  d ev e lo p e d  from  
em bryo  rescue cu ltures. O u t o f 5  grafts tried,



o n e  w as s u c c e s s fu l an d  th e  sh o o t 
d e v e lo p m e n t w as foun d  to  b e  n o rm al. 
However, the grow th w as slow  and after 6 
m onths the graft a lso dried up.

Em bryogenesis could be obtained from 
five o f the new ly developed transgenic cell 
lines. Em bryos are under d ifferent stages of 
d e v e lo p m e n t . In  o r d e r  to  s tu d y  the 
expression o f osm otin gene in Hevea, reverse 
transcription PC R was carried out using gene 
specific prim ers. Positive am plification was 
o b ta in e d  w h ich  in  tu rn  co n firm s  g en e 
expression.

A g r o b a c te r iu m  m e d ia te d  g e n e tic  
tran sfo rm ation  w as carried  ou t w ith the 
binary vectors containing the genes coding 
fo r  M n S O D , ip t  an d  T B  a n tig e n , u sin g  
proliferated leaf callus as the target tissue. 
Em bryogenic callu s initiation and em bryo 
in d u c tio n  w ere  o b ta in e d  u sin g  th e  
standardized m edium  reported earlier for 
lea f ex p lan ts. Four tran sgen ic lin es from 
M nSO D , five from ipt and seven from  TB 
antigen have produced em bryogenic callus. 
Em bryogenic callus initiation and em bryo 
induction w as obtained  from  proliferated 
c a llu s  in m o d ifie d  M S b a sa l m ed iu m  
co n ta in in g  300 m g L '1 C a(N C),),-4H ,0, Bb 
vitam ins, am ino acids, organic supplem ents 
s u c h  a s  c o c o n u t w a te r  (5 % ), ca se in  
hydrolysate (300 m g L ') ,  sucrose (80 g L ') 
and phytohorm ones BA (4.4 pM ), G A , (2.9 
jiM ), Kin (2.3 fiM ), 2 ,4-D  (1.8 pM ) and NAA 
(1.08 pM ). Rate o f em bryo induction from 
the transform ed callu s w as less com pared 
w ith non transgenic control. M aturation of 
the em bryos from ipt  transgenic callus could 
be obtain ed  in the m edium  standardized 
e a r l ie r .  A b o u t 15  tr a n s g e n ic  p la n tle ts  
regenerated were subjected to hardening, but 
they dried up  gradually. Experim ents are 
b e in g  co n tin u ed  for the reg en era tio n  o f 
transgenic plants.

Effect o f adding 50 m g L ' a-lipo ic acid 
in the m odified infection and co-cultivation 
medium and 0-100 mg L  ' in the selection 
m ed ium  for im p ro v in g  tra n sfo rm a tio n  
frequency and transgenic tissue regeneration 
w as studied and the results are given in Table 
Biotech. 5.

Table Biotech. 5 E ffec t o f a -lip o ic  acid on
transformation efficiency

a-lipoic acid (mg L ’) 
(selection medium)

Transformation 
efficiency (%)

0 11.1 (1.6)
25 13.3 (2.6)
50 16.4 (3.8)
75 15.5 (3.6)

100 14.8 (3.7)
CD (P -  0.05) 1.53
'Data from four replicate experiments using 30 callus clumps 
per petri plate. Values in parentheses indicate transformed 
values

A ddition o f 50 m g L 1 a-lipo ic acid in 
the se le c tio n  m ed iu m  c o n ta in in g  silver  
n i tra te  e n h a n c e d  th e  tr a n s fo rm a tio n  
frequency to 16% w ith the ipt gene.

For developing transgenic H evea plants 
in te g r a te d  w ith  H M G R1 g e n e , th e  
Agrobacterium  strain, EH A 105 w as used for 
infecting the cell suspensions raised from the 
em bryogen ic ca llu s o f the ovule . Tw elve 
putative transgenic cell lines w ere generated 
and proliferated. PCR analysis using gene 
s p e c if ic  p r im e r s  sh o w e d  p o s itiv e  
am plification in eleven cell lines and these 
c e ll  lin e s  w e re  cu ltu r e d  fo r  e m b ry o  
induction . In fluen ce o f basal m edium  on 
som atic em bryo induction w as investigated 
em ploying M S, m odified M S and W PM . The 
basal m edium  w as supplem ented w ith 30 g 
L ' sucrose, proline and grow th horm ones. 
The m odified M S m edium  contained 200 mg 
L ' NH 4N O v 90  m g L ’ M gSO , and  2000 mg



L° K N O r  Effect o f polyam ines on em bryo 
induction was also evaluated by incorporating 
putrescine, sperm ine and sperm idine (0-2.5 
m g L ) individually in the em bryo induction 
m edium . Sperm idine was found to be ideal 
for the induction o f som atic em bryos. The 
com bined effect o f sperm idine and sucrose 
on e m b ry o  in d u ctio n  w as a sse s se d  bv 
in corp oratin g  d ifferen t con cen tration s o f 
sperm idine (0-2.5 m g L ’) and sucrose (50-90 
g  L 1) in presence o f grow th regulators, Kin 
(0.7 m g L ') and NAA (1.0 mg L !) and the 
results are given in (Table Biotech. 6).

Addition o f 1.5 m g L ! sperm idine and 
80 g L '1 sucrose along with grow th regulators 
enhanced the frequency o f em bryo induction 
to 72% . Th e transgenic em bryos obtained 
from  tw o cell lin es w ere  sep ara ted  and 
cultured for maturation.

The em bryogenic callus developed from 
zygotic em bryos during  the in d u ction  o f 
polyem bryony was also used as the target 
tis su e  fo r  g e n e tic  tr a n s fo rm a tio n . 
Transformation experim ents w ere done w ith 
three different binary vectors, containing the 
gene encoding osm otin protein, H M G R] and 
M n S O D  w ith  C a M V 3 5 S  p ro m o te r . T h e 
putatively transgenic cell lines that em erged 
from these selection plates w ere separated 
individually and transferred to proliferation 
m e d iu m . W hen p o ly e m b ry o n y  d eriv ed  
em bryogenic callus w as used as the target 
tissue, putatively transform ed cell lines could 
be obtained w ithin 30 days o f Agrobacterium

in fec tio n , w h e re a s  in th e  ca se  o f  clon al 
m aterial, it took alm ost 60  days. Further the 
transform ation frequency varied from 63-70%  
depending on the gene construct. H ighest 
transform ation frequency (70% ) w as obtained 
w ith osm otin g en e follow ed b y  68%  with 
M n S O D  an d  6 3 %  fo r  H M G R l  g e n e s . 
T ra n sg e n ic  c e ll lin e s  fro m  a ll th e  g en e  
constructs w ere individually separated and 
p r o life r a te d  in M S  b a sa l m e d iu m  
supplem ented with grow th regulators BA, 
G A ? and K in . T h e  g e n e  in te g r a tio n  w as 
confirm ed in all the random ly selected callus 
lines by PCR analysis. Th e transgenic callus 
lines w ere cultured  for em bryo  induction. 
High frequency em bryo induction (62-65% ) 
w as ach iev e d  w ith  th re e  d if fe r e n t gen e 
c o n s tru c ts . P la n t re g e n e r a tio n  h as been  
achieved  w ith  osm o tin  and  H M G R l gene 
constructs and the frequency varied from  60- 
62 % . P la n ts  h a v e  b e e n  d e v e lo p e d  and  
hardened. C om pared  to exp lants o f clonal 
origin , p lan t reg en era tio n  w as faste r  and 
easier from  this explant. T h e su rvival rate 
during hardening was much higher com pared 
to clonal m aterial.

Fifteen transgenic p lan tlets  in tegrated 
with H M G R l  g en e w ere d evelop ed  using 
polyem bryony derived em bryogen ic callus 
and 10 o f them w ere hardened and transferred 
to big polybags. Fu n ction al analysis o f the 
transgene H M G R l was carried  o u t w ith four 
H M G R l transgenic plants developed through 
th e  a b o v e  p ath w ay . L e a f  s a m p le s  w ere

Spermidine (mg L ')
(gL') 0 0.5

50 32(5.6) 40(6.3)
60 37/6.1) 43(6.5)
70 39(6.2) 49(7.0)
80 31(5.5) 36 (5.9)
90 29(5.4) 31(5.5)

1.0 1.5
55(7.3)

60(7.7)

57(7.5)

60(7.7)

47(6.8)

2.0
67(8.2) 

68 (8.2) 

61(7.8) 

72(8.4) 

63(7.9)

2.5
51(7.1)

59(7.6)

49(7.0)

48(6.9)

28(5.2)

32(5.6)

40(6.3)

28(5.2)

21(4.6)

16(3.9)

The experiment contained 25 callus clwnvs with fnur rmi * - i' - I I ■ ________ _________ ________________________
and the values given in parenthesis are the transformed ndu'e"* * * *  Cam ed01,1 usin% sttuare root transformation



collected from four transgenic plants along 
with non transgenic control plant and the total 
hm grl activity was m easured using ELISA. 
Preliminary results indicated a higher enzyme 
activity in the transgenic plants com pared 
with the control plants.

4. M o le c u la r  stu d ies

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

A ttem pts w ere m ade for the functional 
characterization o f the five (J-l,3-glucanase 
gene isoform s and their prom oters identified

e a r lie r  from  H evea  c lo n e  RR II 105 . Th e 
prom oter: G U S fusion binary vectors were 
used to  tran sfo rm  A g rob acter iu m  stra in  
EH A 105 and these cu ltures w ere used to 
transform tobacco leaf discs and Hevea callus 
by v acu u m  in filtr a tio n  m e th o d . A fter  
vacuum infiltration, the explants were placed 
in the co-cultivation m edium . After 48 hours, 
the explants w ere checked for the transient 
ex p ress ion  o f G U S rep orter gen e. H evea  
callus showed blue colour indicating G US 
activity w hile the tobacco leaf discs showed 
no activity. C lear difference in G U S staining 
in te n s ity  w as o b se rv e d  b e tw e e n  ca lli

Putative cis Function/ response No. of elements found in the promoter containing
element/ 913 bp 847 bp 582 bp 553 bp 198 bp Consensus
consensus sequence
Amy Box 1 Amylase box-responsible 

for gibberellic acid 
induced expression 1 1 1 TAACARA

CAAT Box 9 7 13 6 3 CAAT

DOF core Signal responsive and
or tissue specific gene 
expression 13 16 12 5 1 AAAG

E Box Plant pathogen interaction 6 6 4 4 4 CANNTG

GATA Box Light responsive element 13 13 9 2 1 GATA

GT 1 consensus Cell type specific 17 19 11 4 GRWAAW

I Box core Light regulated & tissue
CATAAGRspecific expression 13 10 7

Myb core Regulatory roles in
developmental processes
and defense responses 
in plants 4 3 2 2 CNGTTR

Myb consensus Regulatory roles defense
responses and dehydration 
stress in plants 2 1 1 YAACKG

Myb ST1 Dehydration stress 4 4 2 1 GGATA

Myc consensus Dehydration induction 6 6 4 4 4 CANNTG

Root Motiff Expression in root 6 7 4 7 2 ATATT

TATA box 9 8 12 5 TATAA

W box (TGACY) Stress / pathogen
associated with 
WRKY

defense
regulated 1 1 3 3 1 TTGAC

(Zn finger) Expression

WRKY Stress / pathogen 
induced expression 2 2 3 4 1 TGAC

Stress regulated
expression_______________



transform ed with different binary vectors 
carrying different prom oter sequences. The 
on e inserted w ith 913 bp prom oter showed 
the m axim um  G U S activity com pared to all 
other prom oter sequences. The transform ed 
tobacco leaf discs w ere regenerated and the 
shoots em erged w ere also checked for G U S 
activ ity  but no noticeable b lue colour was 
observed. PCR am plification o f tine inserts 
from the DiNJA isolated from the transform ed 
tobacco show ed the presence o f insert. Upon 
induction w ith 0.1%  salicy lic acid also  no 
blue colour w as observed. Th is m ay be due 
to the absence o f transcription factors in the 
tobacco plant, corresponding to the m ajor cis- 
e lem ents o f the prom oter region isolated. 
Table Biotech. 7 show s the com parison of 
p u ta t iv e  c rs -a c tin g  e le m e n ts  an d  th e ir  
frequency o f occurrence, w hich was analysed 
with the PLACE softw are for plant prom oter 
analysis.

4.1.1. The tissu e sp ec ific  expression  o f  f i - l ,  3- 
g lu can ase  g en e  iso fo rm  -G in  4 

Earlier a novel form  of 0-1, 3-glucanase 
gene (Gin 4) from  the H evea  clone RRII 105 
has b een  id en tified . T h e b io in fo rm a tics  
analysis and the tissue specific expression 
had been carried out in the reporting year. 
T h e  fu ll le n g th  (fro m  th e  tr a n s la t io n  
in itia tio n  cod on to  stop  co d o n ) g en o m ic  
sequence o f this novel form  is single intronic 
with 1233 nucleotides. T h is form codes for a 
class I b asic g lu canase with 373 am ino acids 
and designated as glu canase 4 (G in 4) w hich 
varies w ith the other reported form s o f H evea 
in having a d ifferent stop  codon, 'o ch re ' in 
com parison to the 'o p a l' codon in the other 
form s o f  (3-1,3-glucanase. To understand the 
expression pattern o f the gene in different 
tissues, RN A  w as isolated from  H evea  leaf, 
latex and callu s. cD N A  w as syn thesized  and 
RT- PCR w as perform ed using the specific 
prim ers for this form  o f (3-1,3- g lu canase. A 
high level g en e expression w as observed in

the latex and  in the callus bu t a low  level 
exp ression  w as observed  in the leaf. The 
results indicate th at this novel isoform  o f [3- 
1,3-glucanase is a  basic g lu can ase localized 
in the vacuole and show s a constitutive high 
level expression in the latex and callu s but 
show ing a low level expression  in the leaf.

In o rder to stu d y  the antifun gal activity 
o f  th e  is o la te d  n o v e l fo r m s  o f  (3-1,3- 
g lucanase, G in 2, G in  3, G in 4, G in 5, G in  6 
and  G in 7  (isolated from  FX clone), attem pts 
w ere m ade to express the protein in the yeast, 
P ichiapastoris . T h e inserts w ere cloned  in the 
n o n - s e c r e to r y  v e c to r  -  p P IC Z  A an d  
transform ed to Pichia. T h e cells w ere grow n 
at 30°C  in a shaking incubator (280 rpm ) until 
th e  c u ltu r e  r e a c h e d  a n  O D  6 0 0  = 4 
(approxim ately  16—18 hours). H arvested the 
c e lls  in  th e  lo g  p h a s e  o f  g r o w th  by 
centrifuging at 3000 X  g  and re-suspended 
the cell pellets in M M  m edium  to g e t an O D  
600 o f 1.0 to in d u ce exp ress ion . M ethanol 
(100% ) w as added to a final concentration  of 
0.5% , every 24  h o u rs to m aintain  induction . 
Transferred 1 m L  o f the ex p ress ion  culture 
to a 1.5 m L m icro-cen trifuge tu be a t  each o f 
the tim e points (hou rs): 0 , 24, 48, 72  and 96 
hrs. C entrifu ged  and the cells collected  was 
w ash ed  w ith  ch ille d  P B S  b u ffe r  and  re­
suspended  in 500 pL  o f ch illed  P B S  buffer. 
300 pL a liquots o f re-su sp en d ed  y east cells 
w ere tran sfe rred  to  1.4 m L  p o ly e th y le n e  
tubes, kept in  ice and subjected  to  son ication  
at an interval o f 30  secon d s at 100%  pow er 
(H "1 2  watts/pin) for 3 tim es. Th e sam ples 
w ere then centrifuged  a t  8 000  rpm  for 15 
m in u tes to p ellet debris. T h e  su p ern atan t 
containing solubilized p roteins w as collected 
fo r  a n a ly s is .  A p p r o x im a te ly  a  4 3  kD a 
purified  en zy m e w as observed  in the gel 
(M olecu lar w eigh t o f the p rotein  p lu s the 
w eight o f his-tag and C -m yc ep itop e). T h e 
presence o f the purified h is tagged protein



w as confirm ed through w estern blot analysis 
w ith anti his tag antibody (M/S KPL, U5A). 
T h e expressed recom binant protein was later 
sub jected  to antifun gal analysis. For this 
antagonistic activity o f each of the protein 
against the fungus Phytophthora meadii has 
been done in PDA plates. A bout 12 pg of the 
protein has been supplied in a filter paper 
disc placed in the actively grow ing fungal 
PD A plates. It w as observed that am ong the 
d iffe re n t fo rm s G in  2 (w ith  the 553 bp 
p ro m o ter  seq u en ce) sh o w ed  m axim um  
in h ib ito ry  activ ity . T h e a c tiv ity  can  be 
represented as Gin 2> G in 5> G in 6> G in 7 > 
G ln3 = G in 4.

4.2. T issu e  sp e c ific  g en e ex p ress ion  and 
characterization o f prom oters

4.2.1. Characterization  o f  cis-prenyltransferase 
gene isoform s and prom oters from  H evea 

C/s-preny I tran sferase  is the enzy m e 
r e s p o n s ib le  fo r  th e  p o ly m e r iz a tio n  o f 
isoprene units during rubber biosynthesis. 
D ifferent isoform s of ris-prenyl transferase 
g ene have been reported from Hevea. In our 
earlier studies a 5 ' U TR intron w as observed 
in  the ris-prenyltransferase 2  gene. Attem pt 
has been m ade to understand the role of 
5 'U T R  in tro n  in g e n e  e x p re s s io n . C is-  
prenyltransferase-2 gene was PCR amplified 
with its prom oter from H evea  clone RRII 105 
w ith prom oter specific forw ard and gene 
sp e c if ic  rev erse  p rim ers. T h e am p lified  
fr a g m e n t w as c lo n e d  an d  se q u e n ce d . 
Seq uen ce data show ed that the am plified 
region upstream  to the ATG codon was 500 
bp  in length. The new ly isolated sequence 
o f c is- p renyltran sferase-2  p rom oter with 
gene is available in NCBI d atabase under the 
accession no. JF926124.

T h e  5 ' fla n k in g  reg io n  o f c is- 
prenyltransferase-2 was analyzed for known 
m o tifs  u sin g  the P lan tcare  and PLA C E

programmes. Two TATA core sequences were 
found at positions -213 to -220 and -390 to -397 
with reference to the translational initiation site 
(ATG, +1), w hich m atches the consensu s 
seq u en ce o f a TATA core  e lem en t, 5 '-  
TATAWAW-3'. Another putative TATA box was 
found b etw een p o sitio n  -138  to 146 
(TATTTAAA). Putative CAAT box motifs were 
also located in ris-prenyltransferase-2 promoter.

F u n c tio n a l a n a ly s is  o f th e  ci$- 
p ren y ltra n sfera se -2  gen e p ro m o ter  w as 
carried out to prove w hether the isolated 
sequence is functionally intact and able to 
drive gene expression. Cis-prenyltransferase 
gene reported here is with o ne intron in the 
5 ' UTR region. To study the role o f introns 
on gene expression, binary vector constructs 
co n ta in in g  prom oter (w ith  and w ithou t 
intron): G U S fusions w ere m ade and tested 
in a heterologous system, Nicotiana tobaccum.

By the m anipulation o f the restriction 
s ite  P v u l, th e  in tro n le ss  v e rs io n  o f c is -  
prenyltransferase promoter was constnicted. 
With one forward prim er designed from the 
u p stre am  reg io n  o f p ro m o ter  and P vu I 
restr ic tio n  site  an ch ored  rev erse  p rim er 
designed from the 5' U TR region, a 200 bp 
fragm ent was am plified from the genom ic 
DNA. A 1.0 kb fragm ent w as am plified from 
th e cD N A  u s in g  P v u l  r e s tr ic t io n  s ite  
anch ored  forw ard  p rim er and  a reverse 
p r im e r  fro m  th e  co d in g  re g io n . B o th  
fragments were digested using the restriction 
en zy m e Pvu  I and a fter  p u rifica tio n , the 
fragm ents w ere ligated using DNA ligase. 
U sin g  restr ic tio n  en zy m e s ite  anch ored  
(EcoR I an d  At>rII) forw ard  and  rev erse  
prim ers, p rom oter region w ithou t intron 
(340 bp) was am plified.

To co n s tru c t c/s-p ren yltran sferase-2  
Prom oter: G U S fusion  b in ary  vector, cis- 
p ren y ltran sferase-2  p rom oters (w ith  and 
without intron), w hich w ere cloned in the



S tra ta c lo n e ™  s e q u e n c in g  v e c to r , w as 
subcloned into the b inary vector pCAM BIA 
13 8 1 -Z  b e tw e e n  E c o R l  an d  A v r ll  s ite s  
upstream  to  the p rom oter less G U S reporter 
gene. Prom oter fragm ents w ere am plified 
using EoiRf site anchored forward prim er 
(P F ) d e s ig n e d  b a se d  o n  th e  p ro m o te r  
fragm ent obtained through inverse PCR and 
A v r ll  s ite  an ch ored  rev erse  p rim er (PR) 
designed based on the nu cleotide sequence 
im m ediately upstream  to the ATG codon in 
the 5 ' untranslated region. C olonies obtained 
w ere screen ed  through co lon y  PCR. The 
is o la te d  p la s m id s  w ere  s u b je c te d  to  
sequencing and the right orientation o f the 
inserted prom oter fragments was confirm ed. 
T h e resu ltan t ch im eric  plasm id  constru ct 
with introns contained a 500 bp fragm ent and 
with out introns contained a 340 bp fragment 
o f ris-prenyl transferase-2 promoter.

T h e  c h im e r ic  p la s m id s  c o n ta in in g  
p ro m o te r : r e p o rte r  g e n e  fu s io n s  w ere

in troduced  in to  com p eten t A grobacterium  
stra in  EH A 105 by freeze thaw  m ethod. To 
e v a lu a t e  th e  f u n c t io n in g  o f  c is -  
p ren y ltran sferase-2  p ro m o ters  (w ith  and 
w ithout in tron), a tran sg en ic app roach  in 
H evea  and  tobacco  p lan ts w as attem p ted  
u sin g  th e  p ro m o ter: G U S  fu s io n  b in ary  
vector. T h is co n stru ct w as in tro d uced  into 
to b a c c o  b y  A g r o b a c t e r iu m  tu m e fa c ie t is  
m ediated  transfo rm ation  o f lea f d iscs and 
tr a n sg e n ic  p la n ts  w e re  d e v e lo p e d . T h e 
exp ression  o f the G U S rep o rter  g en e w as 
d etected  h isto -ch em ically . T h e  tran sg en ic 
to b a c c o  p la n ts  sh o w e d  p o s i t iv e  G U S  
activ ity  and  no G U S activ ity  w as detected  
in n o n -tran sg en ic p lan ts used  as negative 
c o n t r o l .  T h is  s t u d y  s u g g e s ts  th a t  th e  
prom oter fragm en t o f d s-p renyltran sferase-
2  analyzed  here is fu n ction al as d eterm ined  
in term s o f th eir a b ility  to d irect exp ress ion  
o f  th e  G U S  g e n e  in tr a n s g e n ic  to b a cco  
plants.

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

The thrust areas o f research o f Botany 
D iv is io n  th is  y e a r  w ere  e v a lu a t io n  o f 
p ro m is in g  p ip e lin e  c lo n e s  b re e d in g  fo r  
drought tolerance, evolving high yield ing 
clones for the traditional region, propagation 
studies and anatom ical aspects p ertaining to 
yield com ponents and tapping panel dryness.

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

1.1. H ybrid ization  and  clon al se lection

T h e p rom ising W ickh am  x A m azo nian  
h y b rid s (W xA ) w ere crossed  w ith the R R II

4 0 0  s e r ie s  c lo n e s  an d  R R II 105 w ith  the 
o b je c t iv e  o f  in tr o g r e s s io n  o f  d e s ir a b le  
g en es from  th e  w ild  g erm p la sm . O v er 85 
h y b r id  s e e d l in g s  a n d  4 5 0  h a l f  s ib s  
g en erated  from  th ese  p a ren t c lo n e s  w ere 
r a ised  in a se e d lin g  n u rse ry  fo r  fu r th er  
s c r e e n in g . T h e  4 2  p r o m is in g  s e le c tio n s  
from  2 0 0  h y b rid  c lo n e s  re s u lta n t o f  the 
1 9 8 6  h y b r id iz a t i o n  p r o g r a m m e  w e re  
stud ied  for resp o n se  to s tim u la tio n . A ll the 
c lo n es  resp o n d e d  to  s tim u la tio n  resu ltin g  
in  in crea se  in y ie ld , ran g in g  b etw ee n  47 
and 376  % . F o u r o f  th e  h y b r id s  ex h ib ited



Table Rot- 1. Yield components of hybrid clones during summer
SI. No Clone Total latex volume DRC Summer season

(ml) (%) yield (g t 1 f )
1 93/2 71.0 ab 40.6 bcdef 28.3 ab
2 93/5 45.5 bcdef 40.3 bedefg 18.0 bcdef
3 93/7 49.8 bcdef 44.2 abc 22.2 bed
4 93/17 60.3 bed 35.6 fg 22.7 bed
5 93/22 16.6 g 41.6 bed 06.9 f
6 93/27 56.0 bede 4 1 3  bed 22.9 bed
7 93/37 92.0 a 38.3 defg 35.5 a

8 93/39 66.2 abc 4 0 3  bedefg 26.9 abc

9 93/45 54.3 bede 35.1 g 19.1 bede

10 93/48 56.1 bede 483  a 2 7 3  abc

11 93/172 50.8 bcdef 42.8 bed 21.4 bed

12 93/179 37.0 defg 39.0 cdefg 14.7 def

13 93/247 36.8 defg 41.2 bede 15.1 def

14 93/248 38.2 defg 38.4 defg 14.7 def

15 93/250 41.6 cdefg 42.9 bed 17.8 bcdef

16 93/263 39.7 cdefg 43.1 abed 17.2 bcdef

17 AVT73 2 3 3  fg 45.1 ab 09.8 ef

18 PB 252 30.6 efg 35.9 efg 113 def

19 RRIM 600 24.0 fg 40.1 bedefg 09.6 ef

20 RRII 118 44 j  bed efg 41.3 bed 18.3 bcdef

21 RRU 105 39.0 cdefg 41.7 bed 16.4 cdef

CM 46.4 40.8 18.9

cv% 36.4 7.9 36.9

CD (PO.D5) 27 .8 " 5.3** 113**

Values followed by same letter/s are not critically different from each other.

b etter  response to stim u lation  th an  d o n e  
R R II 1 0 5 . O u t o f  th e  37  p r o m is in g  
selection s from  196 hybrid  clones that w ere 
planted  in e ig h t SSTs in the year 1990, 20 
c lo n e s  resp o n d e d  b e tte r  th an  RR II 105 
w hen stim ulated with ethephon.

The perform ance of- W  x  W  and W x A 
hybrids in the sm all scale trials laid out in 
1995 was m onitored. Clones such as 89/27 
(W x  VV hybrid), 90/10 (W  x A hybrid), 90/

271 (W  x A hybrid), 90/193 (W x A hybrid) 
and 90/109 (W  x A h ybrid) continu ed  to 
exhibit superior yield over R RII 105. Source 
bushes o f these clones were established and 
w ere m ultip lied for fu rth er participatory 
evaluations.

O ut o f the 21 clones and their parents 
under evaluation in tw o trials (planted in 
1998), one clone was found superior and 13 
clones w ere found on par w ith RRII 105 in



S). No
ladle dot. 

Clone
z Tieiu components ur iu

Total latex volume 
(ml)

DRC
(%)

Peak season yield
(g t ’ n

1 93/2 169.1 abede 36.1 be 61.0 abedef

2 93/5 120.8 cdef 38.9 ab 46.5 cdefg

3 93/7 183.3 abed 39.2 ab 7 1 3  abede

4 93/17 144.1 bedef 36.3 be 49.8 cdefg

5 93/22 71.6 ef 46.5 a 29.3 fg

6 93/27 146.2 bedef 36.6 be 53.2 cdefg

7 93/37 185.8 abed 32.9 be 62.8 abedef

8 93/39 219.5 abc 36.5 be 77.5 abed

9 93/45 143.7 bedef 39.6 ab 57.1 bedefg

10 93/48 233.3 ab 41.8 ab 94.8 ab

11 93/172 263.3 a 37.6 abc 98.3 a

12 93/179 1123 def 38.0 abc 42.5 defg

13 93/247 186.6 abed 41.5 ab 77.8 abed

14 93/248 50.0 f 41.9 ab 20.9 g

15 93/250 160.0 bede 41.8 ab 67.1 abedef

16 93/263 208.3 abed 40.9 ab 81.9 abc

17 AVT73 125.0 cdef 28.9 c 38.2 efg

18 PB 252 155.0 bede 37.7 abc 60.7 abedef

19 RRIM 600 135.8 bedef 3 5 5  be 48.2 cdefg

20 RRII118 111.2 def 39.7 ab 44.2 cdefg

21 RRO 105 185.8 abed 38.9 ab 70.3 abede

CM 157.7 38.5 59.7

cv% 39.5 15.3 38.6

CD (P<0.05) 102.8" 9.7ns 38 .0 '

Values JoB oaed  by same let ter/$ are not critically different from  each other.

te rm s o f y ie ld  o v er  a p eriod  o f  6 y ears. 
R ecord in g  o f y ield  com p on en ts like latex 
volum e and D RC during the sum m er as well 
as peak yielding season was continued in the 
sixth year o f tapp ing too (Tables Bot. 1 and 
2). Th e data indicated th at v olum e o f latex is 
m ore im portant in determ ining the yield than 
D RC. C lone 93/172 and clon e 93/37 exhibited 
h ig h e s t  p eak  s e a s o n  y ie ld  a n d  h ig h e s t 
sum m er yield respectively.

W hen 17 hybrids and their parents w ere 
e v a lu a te d  in  tr ia l 1999  A , c lo n e  95/124

exhibited highest yield (65.8 g t"1 f 1) followed 
by clon e 95/62 (65.3 g  t'1 t 1) and c lon e 95/ 
575  (64.7 g  f 1 tr') in the 6 th y ear (Table Bot. 3). 
In an o th er trial (1999 B), the hybrid  clon e 95/ 
3 0 6  o f  p a r e n ta g e  R R II 1 0 5  x R R II 118  
exhibited  the h ighest y ield  o f  81.41 (g t ' t ' )  
fo llo w e d  b y  c lo n e  95/ 455 o f  th e  sa m e 
p aren tag e. In S S T  1999 C, c lo n e  94/87 of 
p arentag e RRII 105 x R R IM  703 exhibited 
superior yield (87.6 g f 1 tr1) follow ed b y clone 
95/296 (7 6 .8  g  t 11 ') o f p aren tag e (R R II 105 x 
M il 3/2).



Clone
i«n c  dui. j .  v ium ana 

Parentage/Parent
yieia 01 nyoria clones ir

Girth (cm)
i me o year ot tapping

Clone Yield (g f  t 1)

95/124 RRU 105 x PB 28/59 76.8 a 95/131 65.8 a
95/62 PB 242 x RRII 105 74.4 ab 95/7 65.3 a
95/575 RRII 105 x PB 235 711  abc 95/95 64.7 ab
95/242 RRIM 600 x RRII 203 69.9 abed PB 217 59.6 ab
95/95 RRII 105 x Mil 3/2 66.9 abede 95/242 59.2 ab
95/131 RRII 105 x PB 235 65.1 bede RRII 105 58.7 ab
PB 217 Parent 64.8 bede 95/184 57.7 ab
95/184 RRII 105 x Mil 3/2 64.3 bcdef RRII 203 50.1 abc
95/104 RRII 105 x PB 217 64.0 bcdef 95/62 49.0 abc
95/552 RRIM 600 x RRII 203 64.0 bcdef 95/292 48.4 abc
95/129 RRII 105 x PB 235 63.7 bcdef 95/124 47.4 abc
Mil 3/2 Parent 63.1 cdefg 95/129 46.8 abc
95/118 RRII 105 x PB 28/59 62.8 cdefg 95/579 46.7 abc

95/4 RRII 105 x PB 217 62.7 cdefg 951552 44.2 abc

RRII 203 Parent 62.3 cdefg PB 235 43.2 abc

PB 235 Parent 62.1 cdefgh 95/243 42.6 abc

95/292 RRI1105 xP B  217 60.9 cdefgh 95/104 41.9 abc

RRII 105 Parent 58.9 defgh 95/575 40.9 abc

95/7 RRIM 600 x RRII 203 58.7 defgh PB 28/59 40.0 abc

95/579 RRII 105 x PB 235 58.4 efgh Mil 3/2 39.9 abc

95/243 RRIM 600 x RRU 203 58.2 efgh PB 242 35.0 abc

PB 242 Parent 56.0 efgh 95/4 34.1 abc

95/106 PB 242 x PB 235 53.1 fgh RRIM 600 33.5 abc

RRIM 600 Parent 52.0 gh 95/118 32.0 be

PB 28/59 Parent 51.2 h 95/106 193 c

General mean 62.7 46.6

Values followed by same letter/s are not critically different from each other.

1.2. O rtet selection

O rtets selected  from  Kodum on estate 
were evaluated in sm all scale trials laid out 
d uring 1993 and 1994. Clones O Kn 39 and 
O K n 73 w ere found superior with an yield 
o f 62.7 g t ' f  and 84.9 g t ' t 1 respectively over 
nine years o f tapping. O Kn 49, a potential 
latex tim ber clone continued to perform  well 
with an yield o f 71.0 g t ' t 1 and girth o f 85.7 
cm . In a n o th er  sm all sca le  tria l o f ortet 
s e le c t io n s  fro m  s m a llh o ld in g s , O  73 
(s e le c t io n  fro m  a p r iv a te  e s ta te  at 
Kanjirappally) and O  72 (selection from the 
s e lfe d  p ro g e n y  o f R R II 1 05 ) e x h ib ite d

su p erio r  y ield  (66.4 g t ' t ' 1 and 63 .8  g t lf '  
respectively) and girth (84.0 cm  and 85.1 cm 
respectively) over RRII 105 w hich gave an 
yield o f 50.5 g  t'1 t'1 and a girth o f 68.3 cm). 
D ata indicates that the o rtets O  73 and O  72 
could be selected as prom ising latex timber 
clones (Table Bot. 4).

O rte ts  s e le c te d  fro m  K on n ey , 
M undakkayam  and Cheruvally estates are 
being evaluated under large scale evaluation 
trials at CES, Chethackal. In term s o f growth 
(fou rth  year o f p lan tin g), c lon es su ch  as 
M 0 2 8 , C hv 035 and Chy 048 w ere found 
prom ising.



Table B ot 4. Yjeld and girth of ortet clones during

Yield over Yield Girth
five years (g t’ t 1) (cm)

O  49 (PCK Kodumon) 26.5 48.4 78.1
0 7 7  (Erumeiv -  F.B1) 22.7 42.1 47.7
O  74 (Kanjirappally) 24.8 53.8 84.0
O  73 (Kanjirappally) 66.3 79.9 S4.0
O 75 (Kanjirappally) 17.0 32.8 75.1
O  76 (Kanjirappally 13.2 25.7 61.1
O  21 (Kattappana) 45.0 46.4 64.3
O  72 (Progeny of RRII 105) 63.8 78.9 85.1
O 36 (Kothamangalami 22.4 34.0 79.6
O 81 (CES, Chethackal) 26.8 41.3 98-8
O 79 (CES, Chethackal) 16.3 21.3 72.8
O 80 (CES. Chethackal) 23.9 44.2 66.0
O 78 (CES, Chethackal) 23,3 29.8 63.1
RRII 105 50.4 50.4 68.3
RRIM 600 34.5 32.3 63.5
CD (0.05) 23.4 17.2

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

2.1. Large scale  evaluation

Yield data o f the 21 clones (planted in 
tw o LSTs o f RRII 400 series clon es during 
1993) w as collected at fortnightly  intervals 
( l l *  y ear  o f  tap p in g ). S ig n if ica n t clon al 
variation in annual m ean yield was found 
in both the trials. W hile in Trial 1, RRII 417 
(79 g f 1 t ) and RRII 414 (72 g  t 1 f 1) w ere 
found better in term s o f yield  than R RII 105, 
c lones such as RRII 430  (83 g  f  t 1), PB 330 
(81 g t '11 1) and RRII 422 (75 g t*' t ') perform ed 
better than RRI I 105 (73 g t ' t  >) in Trial 2. In 
the 1989 L ST  o f introduced and indigenou s 
c lones a t C ES, PB  2 80 w as found sup erior in 
term s o f yield (136.5 g t ' t ' in p anel BI-1, (i.e., 
the second year o f renew ed bark) as w ell as 
v igour (Table Bot. 5).

In ano ther large scale trial at RRII farm , 
RRII 5 and RRII 118 w ere found sup erior in 
term s o f y ield over 13 years o f tapping (Table 
Bot. 6). Broad sen se h eritability  (H 2) yield 
w as at 70% .

Clone Yi
Annual
mean

e l d ( g t 't ' )
Summer

Girth (an) 
(22nd year)

PB 235 67.9 43.4 94.6
PB 311 98.3 69.7 96.4
PB 280 136.4 108.0 105.0
PB 314 110.6 79.0 96.2
PB 312 81.2 44.4 91.9
PB 217 106.9 77.8 91.1
PB 260 84.9 55.3 90.4
PB 255 84.8 55.8 82.8
RRII 105 61.9 44.3 80.3

G. Mean 92.5 64.2 92.1
C.D.(0.05) 26.9 24.0

Table Bot. 6. Mean yield of clones

Clone Mean yield (g f  t 1)
13th year Over 13 years

RRII 5 52.1 65.7
RRII 118 57.0 57.1
RRII 208 25.7 43.4
RRII 300 29.0 38.3
RRII 308 43.0 47.6
RRIM 600 32.2 40.0
RRIM 703 26.7 38.0
PCK 1 (PR 255) 40.7 44.8
PCK 2 (PR 261) 29.4 36.9
SCATC 88/13 19.9 41.9
SCATC 93/114 32.3 21.7
Haiken 1 13.3 24.7
RRII 105 53.1 49.7
G. Mean 34.94 42.27
CD 9.00 7.67
H2 0.7

2.2. O n -farm  ev a lu atio n

Post release o n -farm  ev aluation  o f RRU 
4 0 0  s e r ie s  c lo n e s  in  s m a llh o ld in g s  w as 
u n d ertak en  in  N orth , C en tra l and  Sou th  
K era la . R R II 4 0 0  s e r ie s  c lo n e s  ex h ib ite d  
h ig h e r  ta p p a b i l i ty  in a h o ld in g  at 
Kan jirappally, C entral K erala (Table Bot. 7). 
In a n o th e r  s m a llh o ld in g  a t  A yu r, Sou th



Table- Bot. 7. Performance of RRII 400 series clones 
_____________ in the 6 year_______________________
Ctone Mean girth 

(cm)
Tappability

(%)
RRII 414 (n=50) 55.2 86.0
RRII 417 (n=70) 54.3 91.0
RRII 422 (n-25) 53.2 96.0
RRII 429 (n=70) 51.4 65.0
RRII 430 (n=30) 54.8 90.3
RRII 105 (n=55) 47.6 39.3

Kerala, higher yield was recorded in RRII 422 
(81.0 g  tr't'1) follow ed by RRII 429 and RRII 
414 (Table Bot. 8).

Table Bot. 8. Performance of RRII 400 series clones
_____________ in the 10 year_____________________
Clones No. of Girth Mean yield
_________________ trees_______ (cm)_______g t-' t 1
RRII 105 50 55.4 41.2
RRII 414 70 61.4 68.0
RRII 417 50 60.2 67.1
RRn 422 55 58.4 81.0
RRII 429 115 55.4 68.8
RRfl 430 _________ 16________ 567 ________55.9

Y ield  data  o f RRII 400 series clon es 
planted in nine d ifferent locations indicated 
location w ise variation. A t Ponkunnam  and 
Elenji, RRII 4 14 yielded better than RRII 105 
w hile it w as slightly inferior to control clone 
in tw o other locations. At M alayattoor, RRII 
417, RRII 422 and RRII 429 exhibited higher 
yield than the control clone. RRII 430 was 
fo u n d  th e h ig h e s t y ie ld e r  in a tr ia l at 
Oonnukal.

2.3. G en etic  stu d ies and in vestigations on
gen otype x environ m en t in teraction s

The results o f the G  x E interaction study 
across various locations in India indicated 
that RRII 203 and RRII 422 are com parable 
to R RII 105 in Kanyakum ari and RRII 429 as 
a sup erior clone in A gartala and Nagrakatta

in term s o f yield (Table Bot. 9). Recording of 
yield was continued at LMMT Bhubaneswar. 
The clones at RRS, Padiyur reached 5'h year 
of tapping.

Table Bot. 9. Mean yield t ' t > from 3 locations 
_____________ during the 8 year of tapping________

______________ Location_____________
Clone Kanyakumari Agartala Nagrakatta

RR IM 600 54.9 58.8 51.5
RRII 429 46.5 62.2 83.5
RRU203 75.5 46.4 46.5
PB 217 50.5 41.4 48.0
RRI I 51 44.1 45.7 57.9
RRII 414 44.9 415 56.8
RRn 430 56.7 55.4 73.5
RRIC 100 51.2 41.1 73.0
RRII 422 59.3 593 77.6
RRII 105 75.5 46.7 67.2
RRII 417 64.4 61.4 88.0
RRII 176 70.5 45.7 44.4
CD 15.1 10.2

3. P a r t ic ip a t o r y  e v a lu a t i o n  o f
ru b b er clon es

S e v e n  lo c a t io n s  v iz .,  K o z h ik o d e , 
Thrissur, Kum bazha, Cheruvally, Shaliacary 
and Kanyakum ari w ere identified to initiate 
on-farm  trials of phase 3 for w hich twelve 
clones were selected and  polybag nurseries 
w ere established. Th e central researcher trial 
w ill b e  laid out at C ES, Chethackal.

In the 14 fie ld  trials laid out in 2008 
under phase 1 o f the project, am ong the check 
clones, RRII 4 14 was found superior in girth 
in all the locations. Superior grow th was 
recorded for RRII 430 in 11 out o f the 13 trials. 
Pipeline clones v ia P010, P 021, P 026, P 067, 
P 072, and P 074 exhibited good grow th in 
m ost o f the locations. The trials laid out in 
2010 in eight locations under P hase 2  o f the 
pro ject w ith 14 p ipeline clon es and three 
checks w ere m aintained well after casualty 
replacem ents.



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 je c t i v e s

4.1. Breed ing  fo r  d rought toleran ce

R e s u lts  fro m  th e  fo u r  sm a ll sc a le  
evaluations o f drought tolerant ortets and 
h y b rid s  ev o lv ed  from  d ro u g h t to leran t 
p a ren ts  o v er  s ix  y e a rs  o f  ta p p in g  w ere 
collated and the m ost p rom ising clones w ere 
shortlisted for further p articipatory trials. 
Yield com ponents o f these clones w'ere also 
studied seasonally. A m ong the ortets selected 
(based on yield under rainfed cultivation in 
D apchari), c lon e D ap 111, exhibited  high 
volum e of latex (280 ml tr e e 1 tap ') with a 
DRC of 36,18 %. H ybrid clones such as 93/ 
214  (64.42 g t ' t ' ) ,  93/58 (82.10 g t ' t 1). 94/90 
(74.7 g t 't - ')  and 95/353 (66.41 g t ' t 1) w ere 
found su p e rio r  am o n g  th e c lo n es  b e in g

evaluated in various trials. Selected clones 
(27 nos) w ere m ultip lied and  sou rce bush 
n u r s e r ie s  w e r e  e s t a b l is h e d  a t  C E S, 
C hethackal in ord er to gen erate  sufficient 
budw ood for m u ltilocation al trials.

In an o th er set o f tw o SSTs laid out in 
2001 com prising 50  hybrid s (fourth year of 
tapping), clon e 95/98 (86.2 g t ' t 1; parentage 
RRII 105 x RRIC  104) and 95/279 (58 g t 't  
parentag e RR II 105 x PB 260) w ere found 
prom ising.

4.2. P o ly cross p ro g en y  ev alu ation

A total o f 29 prom ising  high yielding 
c lo n e s  w e r e  s e le c te d  fro m  1 5 0  c lo n e s  
co n s istin g  o f h a lf s ib  p ro g e n ie s  from  10 
p arent c lones (evaluated  in tw o field  trials). 
Som e of the selections are listed in Tables Bot. 
10 and 11 below.

Parent Clone Rubber yield Yield Timber Volume Girth at 1 l ,h
( g t ' f ' ) improvement (%) (m3 tree'1) year (cm)

RRII 105 106 57.5 28.2 0.10 64.2
PB 252 132 81.3 81.4 0.13 76.2
PB 5/51 147 55.9 24.6 0.08 60.4
Ch 26 161 80.4 79.3 0.08 63.7
Ch 26 199 53.1 18.4 0.08 64.7
PB 28/83 37 50.4 12.5 0.10 58.9
PB 215 151 55.3 23.2 0.08 61.8
PB 28/83 80 58.7 29.1 0.09 62,5
RRII 305 112 51J 12.2 0.08 69.3

Table Bot. 11. Growth and yield characteristics of latex clones evolved bv Dolvcross breeding
Parent Clone Rubber yield Yield Timber Volume Girth at I l 'h

(g f t - 1) improvement (%) (m-’ tree'1 ) year (cm)
PB 28/83 81 65.9 47.0 0.05 50.7
PB 28/83 191 64.4 43.7 0.06 57.4
PB 215 93 59.4 32.6 0.05 54.2
PB 215 89 50.0 12.5 0.07 58.1
PB 5/51 82 62.8 40.0 0.06 56.8
Ch 26 162 56.5 25.1 0.05 51.1
PB 5/51 38 54.6 14.2 0.04 45.0
PB 28/83 140 55.3 23.1 0.06 60.7
PB 217 180 50.00 12.5 0.06 75.8



5. A n atom ica l in v estig a tio n s

In c o n n e c tio n  w ith  th e  an ato m ica l 
studies on tapping panel dryness in Hevea, 
in order to localize peroxidase activity in the 
bark tissue, both G uaiacol and o-dianisidine 
w ere em ployed using hydrogen peroxide as 
th e  s u b s tr a te .  T a n g e n tia l lo n g itu d in a l 
sections o f bark w hen stained for peroxidase 
show ed variation in its staining pattern w ith 
respect to seasons. Seasonal activity for this 
enzym e was noticed in the phloic rays but 
the activ ity  could be seen throughout the 
year in the sieve tubes. The cell w alls o f sieve 
tubes in the inner soft bark, including those 
differentiated recently from the derivatives 
o f  c a m b iu m , s ta in e d  re d d ish  brow n  
indicating its activity.

To study clonal variation with respect 
to sieve tubes in H eim  brasiliensis, parameters 
su ch  a s  d iam eter, den sity  and groupin g  
pattern o f sieve tubes w ere studied in clones 
viz. RRU 105, RRII 33, RRII 38, RRIM  600, 
RRII 118, RRII 208 and PB 260. Variations for 
these traits w ere observed.

6. S tu d ies  on p rop ag ation

In connection with the experim ent on 
com parison o f grow th and yield o f different

Table Bot. 12. Girth and yield of trees after 7 years of 
____________ growth in the field___________________
Treatments Girth

(on)
Yield 

(g t ' f )
Yield

(volume)
(ml,

Brown budded stomps 56.9 47.4 178.3

Field budded plants 54.2 37.4 147.5

Green budded plants 57.0 51.3 182.5

Brown budded plants 56.9 46.8 156.6

Young budded plants -

stock 42 days old 56.7 48.1 133.3

Young budded plants -

stock 49 days old 56.9 42.2 154.0

Young budded plants -

stock 56 days old 56.4 45.5 116.6

CD (0.05) NS NS NS

SE 1.7 2.9 28.6

CV 5.5 32.6 11.2

forms of planting material though there was 
no significant variation among the treatments, 
the green budded plants perform ed well in 
terms of g irth, dry rubber yield and volume 
o f latex (Table Bot. 12). Results o f another 
study on influence o f different types o f buds 
on field perform ance o f plants raised from 
them showed the superiority o f isolated semi 
green buds (Table Bot. 13).

Treatments Girth (cm) CV 
I’olybags

Girth (cm)
Field plants

CV

Budded plants- Mature brown buds 24.8 13.22 24.9

Budded plants - Prominent semi green 24.4 16.23 26.5

Budded plants -Scale buds 24.6 16.48 22.6

Budded plants -Whorl buds 23.8 15.86

Budded plants -Light green buds 22.0 20.25

CD ( P - 0.05) NS 2.56



G E R M P L A S M  D I V I S I O N

T h e  g e r m p la s m  c o lle c t io n  b e in g  
m aintained at RRII com prises 3 m ain gene 
pools: the dom esticated d on es derived from 
the original W ickham  collection , the 1981 
IRR D B w ild  H epea brasiliensis  germ plasm  
collection , and 5  other H evea  species. The 
c o n s e rv a tio n , a g r o n o m ic  e v a lu a t io n , 
screening for d iseases, abiotic (drought and 
cold) stress resistance and tim ber latex traits, 
and u tilization o f the useful w ild germ plasm  
in  c ro p  im p ro v e m e n t , fo rm  th e  m a jo r  
activ ities o f the D iv ision . Form u lation  of 
D istinctiven ess, U niform ity  and  Stability  
(D U S ) te s tin g  n o rm s  fo r  H ev ea ,  and  
g en era tio n  o f a m ap p in g  p op u la tion  for 
H evea  are also b eing carried out.

1 . In t r o d u c t io n , c o n s e r v a t io n  an d  
d o cu m en ta tio n

1 .1 . D o m e s t ic a te d  g e n e p o o l (W ick h a m  
co llectio n ) from  secon d ary  centers 

T h e dom esticated gene pool com prises 
183 W ickham  clones conserved in  field gene 
b an ks in 1 c lo n e  m u seu m  a t R R II Farm , 
Kottayam , and 2  germ plasm  g ardens at CES, 
Chethackal.

Annual g irth and m onthly yield  o f the
5 IRCA  c lones in the G erm plasm  G arden IV 
planted in 1992 w ere recorded, and the data 
an a ly sed  s ta tis tica lly . S ig n if ic a n t clon al 
differences w ere recorded for yield and girth. 
IRCA  130 continued to be far sup erior to all 
the other clones in term s o f yield, while IRCA 
111 and [RCA 109 w ere on p ar with R RII 105. 
IRCA 111 and IRCA  130 w ere sup erior to all 
oth ers for g irth (Table Ger. 1).

In the G erm plasm  G arden V, am ong the 
20 clon es, RRII 23, R R IC  100 and  RRIM  609 
continued to be the best clon es in term s of 
y ield  (98 .3 -117 .7  g t ' t 1), w h ile  th e  control 
clone RRII 105 had a yield o f 72.4 g  t'lt'1 (Table 
Ger. 2). T h e three clones also had higher girth 
rangin g  from  96.8 cm  (R R IC  100) to 89 .8  cm

(RRIM  609), w hile the control c lon e R RII 105 
had a girth o f 72.5 cm .

Table Ger. 1. Performance of IRCA clones in the 10 
_____________ year o f tapping______________________
Clone Girth ”  

(cm)
Dry rubber yield ** 

( g f f )
IRCA 130 76.7 93.1

IRCA 109 67.1 52.5
IRCA 111 78.5 64.8
IRCA 18 65.7 39.6
IRCA 230 64.1 54.5
RRn 105 69.0 72.1
CD (P=0.05) 6.97 16.15

** Clonal differences significant at P<0.01

Table Ger. 2. Performance o f 20 Wickham clones in 
the eighth year of tapping

Clone Yield” Girth**

(gft'1) (cm)
PB 255 24.6 95.4
PR 255 41.0 60.8
RRIC 100 105.2 96.8
SCATC 88/13 23.0 77.0
RRIM 609 98.3 89.8
RRn 15 43.6 78.6
Haiken 1 35.8 77.9
RRII 27 51.9 65.1
RRIC 148 69.4 90.1
RRII 108 40.6 77.4
RRI M 618 20.7 56.0
RRn 20 46.2 73.2
RRII 12 16.0 77.8
SCATC 93/114 56.1 68.6
RRII 178 53.4 90.4
RRII 22 34.4 59.5
RRII 23 117.7 94.3
RRIC 102 73.8 78.1
RRIC 36 45.7 74.0
RRII 105 72.4 72.5
CD(P=0.05) 29.29 12.42
"  Clonal differences significant at l’<0.01



1.1.1. F orm u lation  o f  DUS testing  norm s in 
H evea

In order to form ulate D istinctiveness, 
U n ifo rm ity  an d  S ta b ility  (D U S) testin g  
norm s for Hevea, 49  W ickham  clones were 
field planted in a replicated trial at CES, 
C h e th a c k a l ,  R R S , D a p ch a ri an d  R R S, 
A gartala, for a m ultilocation project.

1.2. IR R D B  1981 w ild gene pool

T h e wild germ plasm  com prising 3576 
w ild  a c ce ss io n s  is b e in g  m ain ta in ed  in 
different field conservation-cum -source bush 
n u rseries (SBN s). R eestablish m ent o f the 
conservation nurseries has been carried out. 
T h e first 3 re-established nurseries (SBN s 
2003, 2004 and 2005) com prising o f 550, 975 
and  701 wild accessions respectively, were 
cut back, a fter ensuring proper identity. The 
4 " ' s e t  o f 8 0 6  a c c e s s io n s  p la n te d  in 
c o n s e rv a tio n  n u rse ry  SB N  2 0 0 6  in  an 
a u g m e n te d  R B D  w ith  4 c o n tro ls  w as 
m aintained properly. Th e 2nJ round of test 
tap p in g  in 63  se lected  accessio n s o f this 
nursery, with m ore than 50%  test tap yield 
o f  th a t o f R R II 105, w as d o n e  for 
reconfirm ation o f their yield potential. SBN 
2 0 0 7  c o m p ris in g  5 0 0  a c c e s s io n s  w as 
m onitored for early grow th and 25 potential 
accessions for yield w ere identified on the 
basis o f testtapping. Th e accession AC 4130 
recorded highest girth of 32.8 cm followed 
by RO  2608 (32.0 cm ) and RO 857 (31.6 cm). 
Th e I s1 round o f testtapping carried out in 
201 wild accessions in SBN 2008 identified 
18 w ild accessions with m ore than 50%  of 
the y ield  o f RR II 105, for a confirm atory 
round o f testtapping next year.

1.3. O th e r  H ev ea  species
Six  species o f H evea and their hybrids 

a v a ila b le  a t  R R II (H . b en th a m ia n a , H. 
sp ru eean a, H. n itida, H. cam argoan a  and 2 
accessions o f H. pauciflora, tw o H. brasiliensis 
c lo n e s , 5 n a tu ra l p u ta tiv e  in te rsp e c ific  
hybrids and FX 516, an in terspecific cross 
betw een H. brasiliensis  and H. benthamiana),

are being conserved in an arboretum planted 
at C ES in 2006.

2. C h aracterisation  and p relim in ary
evalu ation

In the preliminary evaluation trial PET 
(Ortets) 99, the best wild accessions were OM 
1116 and OM 1109 with y ield levels of 42-5 and
34.0 g t ’t*1 respectively, w hile the controls 
yielded an average o f 91.8 g t ‘t ! (PB 260), 59.7 
(RRII 105) and 44.0 (RRIM 600). Among the 46 
wild accessions, O M  1105 had the highest girth 
(90.5 cm), followed by OM 1107 (83.8 cm). The 
girth of the controls ranged from 89.8 cm  (PB 
260) to 78.1 cm  (RRIM 600) (Table Ger. 3).

Table Ger. 3. Top wild accessions for yield and girth 
_____________ in Ortet Trial 99______________ ______
Accession Yield (gt 't- ) 

3s1 year of 
tapping

Accessiion Girth (cm) 
13* year 

of growth

PB 260 91.8 OM lia s 90.5

RRU 105 59.7 PB 260 89.8

RRIM 600 44.0 OM 1107 83.8

OM 1116 42.5 RRII 105 79.1

OM 1109 34.0 RRIM 600 78.1

OR 1166 20.9 OR 1149 77.6

OR 1163 19.7 OM 1109 76.9

OM 1118 19.7 OM 1116 56.9

OM 1112 23.1 OR 1166 62.3

OR 1153 17.3

O f the 47  wild accessions in prelim inary 
evaluation trial PET 2000, nine had girth 
ranging from 62.0-80.2 cm , w hile that o f the 
controls RRII 105 and RRIM  600 w ere 61.8 
and 45.5 cm  respectively. T he two accessions 
RO 4599 and M T 478S", continued to show 
promising yield levels com pared to RRII 105:
44.4 and 41.2 g  t ' t 1 respectively.

In PET 2000A at RRS, Padiyoor, monthly 
yield and annual girth w ere recorded in 171 
wild accessions. A ccession AC 2537 recorded 
highest girth followed by A C  3609 and AC 
3075, as com pared to the control d o n e  RRII



105. M onthly yield  and annual girth w ere 
recorded in P E T  2000B at RRS, Padiyoor. 
A m ong 166 wild accessions, accession RO 
2883 recorded the highest girth o f 63.3 cm 
fo llo w ed  by a ccess io n  M T  3 9  (6 0 .0  cm ) 
w hereas the check clones R RII 105, RRII 208
& RRIM  600 were having girth o f 46.5 cm,
46.7 cm and 39.2 cm  respectively. For m ature 
yield, am ong the w ild accessions, the highest 
yield was recorded by accession RO  341 (32.0 
g) which is 85%  of the yield o f RRII 105, w hile 
am ong the 3 check clones RRII 105 recorded 
the highest yield (37.4 g). A ccessions A C 567, 
A C 1964 and A C 8 24 recorded highest g irth 
in PET 2002.

3. F u rth er  ev a lu a tio n  an d  s e le c tio n

3.1. C lon al nu rsery evaluation

A clon al nu rsery  p lanted  last y ear  at 
CES, com prising 15 selected w ild accessions 
from SBN 2004 show ing 50-80%  test tap yield 
o f RRII 105 was m aintained for evaluating 
their yield potential.

3.2. Further e v aluation  tria ls

Annual girth and d r}' rubber yield w ere 
re c o rd e d  an d  a n a ly z e d  in  th e  fu r th e r  
evaluation trial FET 95  at the age o f 17  years 
(8 *  year after tapping). G irth w as m axim um  
for th e  accessio n  M T 1032 (8 0 .2  cm ) and 
m inim um  for M T 188 (41.5 cm ). Th e m ean 
g ir th  o f  R R II 105  w as 5 9 .3  cm . S e v e n  
accessio n s from  M ato G rosso  provenan ce 
show ed superiority for g irth over RRII 105. 
Th e accession AC 166 consistently  show ed 
sup eriority  for d ry rubber yield (64.2 g  f ' t '5) 
am ong the w ild accessions, w hich is on par 
w ith the y ield  o f R R II 105 (64.0 g f ' t 1).

M o n th ly  yield  and an n u al g irth  was 
recorded in the FET 2003 com prising 22  wild 
accessions and th ree controls. In the 9 *  year 
after p lanting, RO  2629 recorded the h ighest 
girth (61.2 cm ) followed by AC 4149 (53.3 cm) 
and A C  626 (51.6 cm ). RO  2629, A C 4149, A C

716 recorded the highest y ie ld s o f 28.8, 26.2 
and 26.1 g  t ' t 1 respectively  in the first year 
o f tapping.

Significant clonal d ifferences w ere seen 
for annual girth in FE T  2005 com p ris in g  22 
wild accessions and 3  contro ls. A m ong the 
w ild accessions, A C 2004, M T 4 78 8  and M T 
2217 had the highest girth in the 7 *  year of 
grow th (48 .1 ,4 1 .0  and  3 6 .7  cm  respectively), 
on par w ith the controls PB 235 (42.6 cm ) and 
RRIM  600 (33.6 cm ). G irth  in crem ent over 
the last five y ears show ed th at A C  2004 had 
the h ighest grow th rate, follow ed b y M T  2217 
and M T 4 788 (Table Ger. 4).

Table Ger. 4. Growth of 22 potential wild accessions 
______________in FET 2005
Accession Girth 2012 

(cm)**
GI 2012-2008 

(cm )**

MT 43 34.6 24.6
MT 185 37.8 24.8
MT 10 77 27.9 19.4
RO 1241 36.9 26.1
RO 1323 33.9 23.0
RO 1462 31.0 18.1
RO 1514 31.7 22.2
RO 1570 32.0 20.0
RO 1755 32,3 20.6
AC 2004 48.1 33.6
MT 2217 36.7 27.7
RO 2255 33.8 20.7
RRII 105 39.8 26.4
RO 3012 34.7 21.7
RO 3247 20.3 12.6
AC 3609 28.1 16.4
AC 3615 30.4 21.5
MT 4788 41.0 27.0
AC 4833 22.2 14.4
RO 4911 32.5 20.3
MT 182 34.6 22.9
MT 192 34.9 23.3
RO 2731 36.9 23.4
PB 235 42.6 26.7
RRIM 600 33.6 21.6
CD(P=0.05) 5.16 4.38



In FET 2008, accessions A C 176, M T 77 
and RO  2846 recorded the highest girth out 
o f the 2 6  w ild accessions. 13 wild accessions 
in F E T  2010A , se le cted  from  SBN  2004 
having m ore than 80%  test tap yield o f RRII 
105 and field planted at CES, Chethackal 
a lon g w ith the check clones RRII 105, RRII 
430 and RRII 414, were m aintained properly.

3.3. O n-farm  trials

O n-farm  trials at 5 locations viz., B.C. 
C h e ru v a lly  e s ta te , Erum ely, M alan kara  
estate, Thodupuzha, M ooply estate, Trissur, 
C a licu t esta te , K o zh ik o d e  and  B eth any  
e s ta te , K an y ak u m ari fo r  ev a lu atin g  the 
perform ance o f the 3 selected IRCA clones 
(IRCA  130, IRCA 111, IRCA 109) and 1 wild 
accessio n  (A C 166) at m ulti locations are 
u nder evaluation.

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

4.2. A b io tic  stress resistance

4.2.1. D rought to leran ce

A  clo n a l n u rse ry  c o m p ris in g  o f 47 
p otential half-sibs o f nine clones is being 
evaluated along with 3 checks viz, RRII 105, 
RRII 430, RRII 414 for their drought tolerance 
p o te n tia l a t R R S, D ap ch ari w h ich  is  a 
drought prone area. G irth o f the plants in 
the second year ranged from  3.5- 8 .3 cm  and 
the highest girth w as recorded by a clone 
raised from  the progeny o f RRII 105. Am ong

the four check clones, the highest girth was 
recorded by RRII 430  (6.5 cm ). 22  clones 
recorded girth higher than RRII 430. Plant 
status on drying after experiencing their 1* 
sum m er (M ay 2011) was also recorded and 
is show n in Table Ger. 5.

Another clonal nursery evaluation trial 
com prising o f 31 potential half-sibs planted 
last year at RRS, Padiyoor to study th eir 
d ro u g h t to le ra n c e  p o te n tia l, is  b e in g  
maintained.

A sm all scale trial com prising  seven 
potential accessions out o f 130 identified  
based on drought related grow th param eters 
and rubber yield from the field screening 
trial 2003 at RRS, Dapchari along w ith check 
clones RRII 105, RRII 414, RRII 430, RRIM  
600 and Tjir 1 was m aintained properly for 
further evaluation o f their drought tolerance 
potential in the drought prone area at RRS, 
Dapchari.

In the further field evaluation of selected 
H ev ea  c lo n e s  a t  R R S, D a p c h a r i in 
co llab o ra tio n  w ith  B o tan y  D iv ision , the 
grow th during the sum m er and peak period 
o f grow th in the 34 selected H evea  clones 
com prising 23 w ild 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. At the end o f 4th year, out o f 34 
clones in this trial, 8 wild accessions and 1 
h y b rid  c lo n e  sh o w ed  g ir th  s u p e rio r  to 
drought tolerant clone RRIM  600. A ccession

Tab]c Ger. 5. DryinS >tatu, of half-sib progenies and check clon e, after experiencing lin t  « m m e r  (May-
2011)

50-58% drying Drying status of check clones

AVT 73- 1 RRII 105- 83.3% (10/12)

Ch 26- 1 RRII 414- 25.0% (3/12)

PB 28/83- 1 RRIM 600-16.7% (2/12)

PB 215- 1 clone PB 242- 1 RRII 430- 8.3% (1/12)

Hybrid progeny-1 clone



M T 4788 continued its superiority for girth 
after 4  years grow th. A m ong the m od em  
clones, RRII 430 showed significant grow th 
d ifference from RRII 414  u n d er D apchari 
conditions (Table Ger. 6.). Based on data on 
v isu a l sc o r in g  o n  le a f  y e llo w in g  and  
chlorophyll content, accessions M T 1627, M T 
1623, R O  2387, RO 2153 and hybrid clone 93/ 
105 w ere id en tified  as top  ran k ers for a 
d e ta ile d  stu d y  o n  d r o u g h t r e la te d  
physiological param eters in polybag plants.

Table Ger. 6. Summer and annual girth of potential

Summer girth 
(cm) 

at S3 cm height 
May 2011

Clone Annual girth 
(cm) 

at 150 cm height 
September 2011

MT 168) 19.8 93/92 18.2
93/225 20.0 MT 43 18.5
MT 5078 2 0 4 MT 5078 19.4
RO 1761 20.6 RO 1761 19.5
MT 40 20.7 MT 1616 19.5
MT 4856 20.8 93/ 105 20.0
MT 1616 20.9 MT 54 20.4
MT 54 21.4 M T 4856 21,2
93/270 21.4 93/ 270 21.4
MT 4788 23.2 MT 4788 21.8
RRII 430 23.0 RRII 430 21.8
RRII 105 19.0 RRII 105 19.1
RRIM 600 20.0 RRIM 600 17.9
RRII 208 18.8 RRII 208 16.8
RRII 414 16.6 RRII 414 15.5
Tjir 1 18.4 Tjir 1 16.7

4.2.2. C o ld  to leran ce

A to ta l o f  64  w ild  a c c e s s io n s  w ere  
evaluated for cold resistance in tw o trials at 
R eg io n al E x p erim en t S ta tio n , N agrakata , 
W est B e n g a l. G ir th  o f  th e  1 2 -y e a r -o ld  
accessions recorded during pre- and p ost­
w inter period, show ed sign ificant variation. 
M onthly yield and canopy/branch characters 
w ere recorded in T rials 1 and 2. A ccessions 
R O  2902, M T 5105 and RO  2387 recorded the 
h ig h est an n u al g irth  as com p ared  to the

check clones SC A TC  93/114 and RRIM  600 
in Trial 1 w here as in Trial 2 , accessio ns M T 
915 , R O  2 7 2 7  an d  M T  9 0 0  reco rd ed  the 
highest girth.

5. S c re e n in g  fo r  t im b e r  ch aracteristics

5.1. F ield  screen in g

Annual g irth , m onth ly  yield  and timber 
volum e w ere estim ated a t the age o f 11 years. 
A m ong the wild accessions, 2 accessions, AC 
650 and M T 941 had  tim ber vo lu m e higher 
than that o f PB 260, RRII 33 , R R II 118, RRII 
105 and  R R IM  600. Tw o o th er  accessio ns 
show ed dry rubber yield  on p ar  w ith RRII 
105 and PB 235.

5 .2 . S c r e e n in g  fo r  t im b e r  q u a lity  tra its
th rou gh lig n in  b io sy n th e s is  stu d ies

C h a ra c ter iz a tio n  o f  lig n in  m o n om er 
units in 1 w ild accessio n  (A C  4830) having 
high lignin co n te n t and  2 p o p u lar  clones 
(R R II  105  &  R R II 4 1 4 )  w a s  d o n e  to 
u n d e rs ta n d  th e  s y r in g y l / g u a ia cy l 
m o n o m e r  u n its  (S/G r a t io )  u s in g  
th io a c id o ly sis  &  g a s  c h ro m a to g ra p h y  in 
co llab o ra tio n  w ith  Sch o o l o f B ioscien ces, 
Sardar Patel U niversity, G u jarat. Th e results 
indicated th at the clon es RRII 105 and AC 
4830 w ere characterized  by relatively  high 
a m o u n t o f  sy r in g y l lig n in  u n its  in th eir 
m o nom eric com p osition  (T ab le G er. 7).

Table Ger. 7. K laso n  lig n in , g u a iacy l <G) and 
syringyl (S) lignin monomer and S/G 
ratio  o f  th re e  c lo n e s  o f  H ev ea  

_________ brasiliensis
Clone Klason Guaiacyl Syringyl S/G
— ------------ lignin (%) lignin unit lignin unit ratio

RRII 105 21.0 431.7 1126.0 2.61

RRII 414 16.0 529.5 649.0 1.22

AC 4830 21.4 526.0_______ 1121.0 2.13

G, S, S+C: Yields o f  the Thioelljylated guaiacyl (C). Syringyl 
(S) and total (S+GJ expressed as pmoles/g o f lignin



6. U tilisa tio n  o f Hevea germ plasm

6.1. H and p ollin ation  program m es

A hand p ollin ation  p rogram m e was 
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 Wickham 
clon es. T h e resultant 75  successful hybrid 
progenies are under nursery evaluation for 
early  grow th at CES, Chethackal. In another 
H P program m e carried out at RRS, Padiyoor 
in 2 0 0 9 ,2 9  progenies derived from 2 crosses 
and 25 O P seedlings o f RRII 105 planted in a 
se e d l in g  n u rse ry  w ere  m a in ta in e d . 
M orphological data was recorded at 2nd year 
o f planting, to assess the grow th and vigour 
o f the progenies. H ybrid progenies from the 
cross RRII 105 X AC 675 recorded mean girth 
higher than the progenies derived from the 
cross RRII 105 X RO  368 but the per cent 
recovery o f sup erior seedlings was m ore in 
the 2nd com bination.

6.2. G en eratio n  o f m ap ping popu lation

T h e  96  seed lin gs gen erated  from  the 
in tersp ecific  cro ss betw een the p opu lar H 
b r a s i l i e n s i s  c lo n e  R R II 105  a n d  H 
ben tham ian a  c lon e F 4542 w ere raised in a 
s e e d l in g  n u r s e r y  a n d  g r o w th  w as 
m o n itored  (Table Ger. 8 ). T h e cro ss was 
r e p e a te d  th is  y e a r  to  a u g m e n t th is  

co llection .

Table Ger. 8 . Growth of interspecific hybrid progeny
and budded controls (parents)

Provenence Number Girth (cm) CV
Averagi2 Min Max (%)

RRII 105 6 8-2 5.0 10.0 19.3

F 4542 8 7,6 5.0 10.0 19.6
Progeny 96 13.9 5.0 22.0 26.6

7. O th er  stu d ies

7.1. Feasib ility  o f ratooning in  H ev ea  

R atoons continu ed  to be sup erior to
th e ir  c o r re s p o n d in g  p o ly b a g  g ro w n  
counterparts in the eleventh year o f grow th 
in terms of girth, recording an average o f 71.4 
and 48 cm respectively. 134 ratoon plants 
(97.9% ) have attained tappability, w hile the 
ta p p ab ility  o f the in terp lan ted  p o ly b ag  
plants w as only 9 3  (47.2%).

7.2. A ssessm ent o f the perform ance o f new  
rubber p lan tations o f IT D A , AP 

T h e collaborative pro ject w ith ITDA,
tak e n  up  in  2 008  a t  R C  V aram , by th e  
In teg ra ted  T rib al D ev e lo p m en t A gen cy  
(ITDA), Govt, o f Andhra Pradesh, with the 
objective o f m onitoring grow th of new large 
scale plantings in the non-traditional area, was 
continued. During the reporting period, the 
grow th of rubber plantations in 12 farmers' 
fields planted was monitored. In the 4 *  year 
of growth, Farm 7 recorded the highest mean 
girth o f 20.1 cm and a mean height o f 245.2 
cm. Farm 12 recorded the low est m ean girth 
o f 5 .7  cm and m ean height o f 101.0 cm.

P L A N T  P A T H O L O G Y  D IV IS IO N

Th e d ivision is m ainly concentrating on 
th e  im p ro v e m e n t o f d is e a s e  and  p est 
m an agem ent s trategies using chem ical and 
biolog ical agents, assessm ent o f yield  loss 
d u e  to d ise a s e s  an d  ev a lu a tio n  o f new

clo n es for d isease  resistan ce . Stu d ies on 
b e n e f i c ia l  m ic r o -o r g a n is m s  fo r  p la n t 
grow th, bee-keeping in rubber-plantations 
and treatm ent o f sheet processin g efflu ent 
w ere continued.



1. L ea f d iseases

1.1. A bnorm al lea f fall d isease (ALF)

T h e  e x p e r im e n t to  im p ro v e  the 
efficiency o f ALF disease m anagem ent in the 
clones R RII 105 and RRIM  600 at C him ony 
estate Thrissur was continued. The spraying 
was u n dertaken  by Turblow  m ist blow er 
during the second fortnight o f M ay and 30 
days thereafter for the second round. Two 
rounds o f spraying & 20 L /ha (1:5) w as found 
to be superior in checking the ALF d isease in 
clone RRII 105 and R R IM  600 (Table Path. 1).

A ttem pts w ere m ade to quantify the 
pathogenesis -  related gen es such as PR 1, 
(3-1,3 g lu ca n a se  and p ero x id ase  d u rin g  
p athogenesis in clones tolerant (R R II 105) 
and susceptible (RRIM  600) to Phytophthora. 
The result indicated that the level o f activity 
o f these genes increased d uring initial hours 
(24*/48'h) o f inoculation in the leaves o f both 
the clones. H ow ever, th eir activ ity  either 
increased or rem ained constant in RR II 105 
and decreased  in R R IM  6 0 0  d u rin g  later 
hours (Figs. Path. 1 ,2  and 3).

The experim ents to assess the im pact o f 
A LF disease in clones RR II 414, RR II 422, 
RR II 429 and PB 260 are in progress. The 
e x p erim en ta l tre e s  w ere  b ro u g h t u n d er 
tap p in g  on  a tta in m e n t o f  reco m m en d ed  
tappable g irth. Th e clone RRII 414  recorded 
m axim um  girth increm ent (7.1 cm ) w ith 86%  
tappability. A m ong the experim ental clones, 
R R II 4 2 2  e x p e r ie n c e d  m o d e ra te  A L F

PR 1 Gene

<*> 24h 72l
Hours

Fig. Path. 2. Expression of p 1, 3 glucanase gene

PEROXIDASE

24)1 48h 72»i
Hours

Fig. Path. 3. Expression o f Peroxidase gene

_ Ja b le  Path. 1. Per cent leaf retention in RR II 105 and RRIM  600

No. o f rounds RaHo Leaf retention (%)

COQIO kg): spray oil (40 L)
C O Q 8 kg) 
COC(4 kg) 
COC(8 kg)

spray oil (48 L) 
spray oil (20 L) 

spray oil (40 L)
Unsprayed (control)
"Second round spraying 30 days after the first.

RRU 105 RRIM 600



incidence and RRII 429 recorded very severe 
incidence of pink disease. Recording o f yield, 
by dividing die area under each clone into two 
tapping blocks, to accomm odate sprayed and 
unsprayed treatm ents, is being continued.

Tw o ex p erim en ts on crow n budded 
plants located at M alankara estate (clone PB 
3 1 1 )  an d  C e n tra l E x p e r im e n t S ta tio n , 
C hethackal (clone PB 260) are in progress. 
T h e  control block (no crow n budding) of PB 
311 reco rd ed  very  sev e re  A LF d isease , 
w hereas crow n-budded trees having crown 
clon es Fx 516 and RRII 33 recorded <25% 
d isease severity. G irth increm ent was higher 
in crow n-budded trees. The experim ent in 
clone PB 260, in w hich feasibility o f crown 
budding a t nursery stage was attempted, was 
brou ght under tapping in the seventh year 
o f planting. Initial yield data indicated no 
s ig n if ic a n t  d iffe r e n c e  b e tw e e n  cro w n - 
budded and control blocks.

1.2. Pow dery m ildew  disease

Th e trial initiated at New Ambadi estate 
K anyakum ari during 2008 to study crop loss 
d ue to p ow dery m ildew  d isease in the clone 
RRII 105 was continued. Two blocks w ere 
dem arcated and pre-treatm ent application of 
su lphur was undertaken at recomm ended 
dose at an interval o f 10 days using micron 
d u s te r  d u r in g  th e  in it ia l y ear . In the 
subsequent years, one plot w as m aintained 
as dusted and other as undusted. The disease 
intensity w as assessed on a 0 -5 scale (very 
light, light, moderate, severe and very severe) 
d uring each dusting. The block yield was 
recorded and the crop loss w as calculated. A 
c ro p  lo ss  o f  1 .3 % , 5 .7  %  and 5 .5%  was 
e s tim a te d  d u rin g  2 009 , 201 0  and  2011, 
respectively.

1.3. C ory nespora lea f d isease
A  survey carried out during 2011 and 

2012 disease season from  January to April

indicated that Corynespora disease was very 
m uch p revalent in N eyassery  v illag e in 
Thodupuzha (75% ) and Pinavoorkudy area 
o f K oth am an galam  reg ion  (up to 90% ). 
D u ring  2012 th e  d ise a s e  w as v ery  less 
com pared to the year 2011. The d isease was 
prom inent in the im m atu re phase o f the 
clone RRII 105. The other clone particularly 
RRII 414 and RRII 430 exhibited the typical 
raised spot sym ptom s.

In v itro  evalu ation  o f variou s new 
g en era tio n  fu n g ic id es for th eir e fficacy  
against the growth and conidial germ ination 
o f the pathogen revealed that the fungicides 
th io p h a n a te  m e th y l an d  ip r id io n e  + 
carben d azim  w ere h igh ly  e ffe c tiv e  and 
c o m p a ra b le  w ith  th e  reco m m e n d e d  
fungicide carbendazim  as they arrested the 
growth of the pathogen completely at 10 ppm. 
H o w ev er, th e  c o n id ia l g e r m in a tio n  is 
co m p le te ly  in h ib ite d  by th e  fu n g ic id e  
ipridione + carbendazim  at 50 ppm followed 
by thiophanate methyl.

Field evaluation o f these fungicides on 
rubber seedlings was carried out at U lickal 
nursery. It w as observed that the fungicides 
pyraclostrobin + m eti ram and thiophanate 
m ethyl w ere effectiv e  w ith 7 .2%  d isease 
severity each. In the unspraved control the 
disease severity w as 28%.

The chitinase gene c loned from  G T 1, a 
clone tolerant to C orynespora leaf disease 
w as effectively expressed in pET32a+ vector 
and recom binant protein w as extracted. The 
andfungal activity o f purified recom binant 
ch itin ase  p rotein  w as confirm ed  by disc 
diffusion method on PDA plates using lOpg 
of recom binant protein. Polyclonal antibody 
was raised with the protein and expression 
o f chitinase in the tolerant clone G T 1 was 
confirm ed b y W estern Blot analysis

Attem pts w ere also m ade to detect the 
c h itin a s e  a c tiv ity  by E L IS A  u s in g  the



polyclonal antibody. The results indicated 
th at the C oryn espora cassiico la  in d u ction  
elevated the chitinase activity in the tolerant 
clone G T I (Table Path. 2)

Table Path. 2. C h itin a se  ac tiv ity  in to leran t and
susceptible clone through ELISA

RRII 105 (Absorbance) 
SI. No. Control Induced

GT 1 (Absorbance) 
Control Induced

1 0.8 1.1 1.1 2.0
2 0.9 1.1 1.1 2.0
3 1.0 1.2 1.1 2.2

1.4. C olletotrichu m  le a f d isease (C LD )

A block trial was laid out at Vengathanam 
estate, M undakkayam to study the efficacy o f 
new generation fungicides against CLD  on 
on e-year-old  RRII 105 p lan ts w ith  eigh t 
tre a tm e n ts . T h e  r e su lts  in d ic a te d  th at 
teb u co n azo le  + tr iflo x y stro b in  w as very 
effective with 8.8%  d isease severity followed 
by tr e a tm e n ts  in v o lv in g  te b u co n a z o le  
(12.13%) and m ancozeb (16.53% ) com pared 
to control (73.87%).

Su rv ey  carried  ou t for a ssessin g  the 
intensity o f C LD  on im m ature p lants o f RRII 
105 at M undakkayam  region show ed that 
youn g p lants (1“ y ear) recorded  very low 
disease intensity (11% ) than the 2nd and 3,d 
year plants (50-93% ).

In order to confirm  the m ajor cau se o f 
C LD  in India, pathogen was isolated from 
diseased specim ens collected from  different 
location s rep resen tin g  trad ition al ru bber 
grow ing regions having d ifferent sym ptom s 
like, typical raised spots, dark brow n or black 
sp o ts and  d ried  m arg in s . T h e em erg in g  
colon ies from  each bits w ere grouped  based 
on the grow th characters and conidial shape. 
C. acutatum  was found to be m ore frequen t 
w ith 69.39%  o f the colonies. Both the species

could be isolated from all types o f sym ptom s. 
Isolates producing perithecia in culture were 
obtained from 31%  o f the sam pling locations 
and o ne representative isolate w as identified 
by CABI as Glom erella  sp. w ith m ore than 90% 
sim ilarity  to C. gloeosporioides.

C h a r a c te r is a t io n  o f  th e  is o la te s  o f 
G lom erella SP. and rep resentative isolates of 
C .g lo e o s p o r io id e s  a n d  C .a c u ta tu m  w as 
attem pted. T h e isolates sh ow ed  variation in 
colony c o lo u r , g row th  rate, conid ial shape 
etc. w ithin and  am o ng grou p s. T h e grow th 
rate o f G lom erella  sp. and C.gloeosporioides  
v a r ie d  fro m  1 .4  to l .7 5 c m  a n d  th a t o f 
C .acu ta tu m  fro m  1 to  1 .2  cm . Fu n g icid e  
sensitivity test showed that Glom erella  sp. and 
G  gloeosporioides w ere sensitive to carbendazim 
(2  fig  m l L) a n d  S A A F  (5 0  p g  m l‘L)  b u t 
C .a c u ta tu m  w as le s s  s e n s i t iv e  to  th e se  
fu n g ic id e s  a t  th e  c o n c e n tr a tio n s  tes ted . 
Sen sitiv ity  to m an cozeb  (100  pg m l L) was 
alm ost sam e for the iso lates th ough slight 
variation  w as observed  am o ng the isolates 
o f the sam e species.

2. S te m  d is ea s e s

2.1. P in k  d isease

N ew  gen eration  fu n gicid es w ere tested 
for th eir e fficacy  again st the grow th  (radial 
grow th and b iom ass) o f the pathogen in trilro. 
T h e  r e su lts  re v e a le d  th a t th e  fu n g ic id e  
te b u co n a z o le  w as h ig h ly  e f fe c t iv e  a s  it 
a r r e s te d  th e  g r o w th  o f  th e  p a th o g e n  
com pletely  a t 10 ppm . T h is w as follow ed by 
the fu n g ic id e  ip r id io n e  + carb en d a z im  
w hich inhibited the grow th com pletely  from 
25  ppm  onw ards.

F ield  ev a lu a tio n  o f n ew  g en era tio n  
fun gicides w as carried  ou t as prop hylactic  
and cu rative treatm ent at C hittad i estate, 
M undakkayam  on 3-year-old  p lan ts o f RRII 
105. In prop hylactic  application , treatm ents



w ere im posed in the last week of May. The 
treatm ents w ere repeated after a gap o f two 
m o n th s in case  o f trad itio n a l Bordeaux 
m ixtu re  sp ray  and  K on dody's Bordeaux 
paste. Th e results indicated that Kondody's 
Bordeaux paste w as m ore effective with 85.9 
per cen t recovery o f the plants followed by 
tra d itio n a l B o rd eau x p aste (81 ,7% ). The 
treatm ent in volving traditional Bordeaux 
m ixture spray w as the least effective (56.7%). 
In curative application, the fungicides were 
mixed thoroughly in rubber kote and applied 
on the infected portion o f the plants. The 
results showed that maxim um  recovery of 
plants (91% ) was from the plot treated with 
Bordeaux paste followed b y trifloxystrobin 
+ tebu conazole w ith 88.3 per cent recovery.

3. D e te rm in a tio n  o f th e  e tio lo g y  of 
T P D  o f ru b b e r

In the studies on transm ission o f TPD 
through budding, plants budded w ith scion 
taken from  TP D  affected trees as w ell as 
healthy trees on assorted root stocks planted 
at C ES Chethackal w ere test-tapped to study 
the appearance o f TPD  sym ptom s. T he trees 
w ere tapped daily and observed for TPD 
every m onth. Yield recording from all the 
tapped trees w as carried out monthly by cup 
lum p w eighing. The results after one and a 
half years o f tapping show ed TPD in both 
groups o f p lants (Table Path. 3). This show s 
th a t s to ck  is a lso  p la y in g  a ro le  in the 
developm ent o f TPD.

4. P ests o f  ru bber

Field trial was laid out for the evaluation
of eco-friendly formulations and insecticides 
against bark feeding caterpillar, Aetherastis 
circulata at PCK, Kodum on in com pletely 
random ized design with five treatm ents. 
O b se rv a t io n s  on th e  m e an  p e rce n ta g e  
reduction in the population at 10 and 20 days 
after the treatments were recorded. Among the 
treatments the combination o f fen valerate and 
carbaryl showed %  per cent mortality after 20 
days of spraying followed by neem oil 0.1 % 
and azadirachtin 0.03 %  (Table Path. 4)

Table Path. 4. Comparative evaluation of ecofriendly 
formulations and insecticides against 

_____________ bark feeding caterpillar, A. circulata
Treatment % reduction i:n population

10 davs 20 davs
Beauveria bassiana
(Mycojaal,10%) 10.1 (13.6) 17.7 (26.8)
Azadirachtin 0.03% 39.5(365) 65.6 (58.3)
Neem oil 0.1% 57.1 (48.1) 79.3(54.0)
Fenvalerate (0.02%)
^carbaryl (0 .1%) 93.8 (83.2) 96.0 (84.1)
Control 7.4 (6.8) 13.5 (143)
CD (P=0.05) 9.39 10.84
Figures in parentheses are arc sine transformed values

Laboratory studies on the bio-efficacy of 
larval parasitoids such as Bracoti brevicom is 
and Coniozus nephantidis showed 8. brevicom is 
as m ore effective in parasitizing A. circulata.

Field experiment was conducted to study 
the effect o f neem-based insecticides on the 
mortality o f both larvae and adults of mooply

Healthy tri 
TPD tree

Table Path. 3. Incidence of TPD in plants budded with different scions__________________
No. of TPD trees_____________________________ _______

June August October December February November January
2010 2010_______2010_______2010________20*1_________ 2011________ 2012



beetle, Luprops curticollis. Adult beetles were 
attracted by putting sem i-dried rubber leaves 
and treatm ents w ere applied. The results 
showed that all treatm ents w ere superior to 
control and at par in effectiveness on the 
m o rta lity  o f larv ae. A zad irach tin  0 .03%  
showed 61.4 per cent control o f adult beetles 
after 14 days followed bv rieem gold (58.14%), 
econeem  (55.05% ) and neem  oil (43.80%).

5. V ector contro l

S u rv e illa n ce  on v e c to r  p o p u la tio n  
dynamics was conducted in rubber plantations 
and coastal areas and evaluated different tools 
for IVM  strategy. Studies were also carried out 
to find out the effect o f rain guard on vector 
populations by collecting adult and larvae from 
rain guarded and non-rainguarded rubber 
plantations. Sim ilarly the influence o f inter 
crops on the population dynam ics was also 
recorded by collecting adults and larvae from 
both in tercropped  and n o n -in tercrop p ed  
im m atu re rubber p lan tation s. T h e larvae 
collected w ere reared to adult m osquitoes and 
were identified in V CRC field station.

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

A field stu d y  w as co n d u cted  o n  the 
effect o f supplementary' o ff-seasonal feeding 
on brood rearing activ ities o f Indian honey 
bee. Apis cerana indica, in rubber p lantations. 
Initial observations on the com b area, brood 
area and popu lation  o f the co lon ies w ere 
record ed  b efo re  g iv in g  v ario u s typ es o f 
feedings. Th e observation s w ere recorded

after 15, 30 and 45  d ays a fter feeding. The 
results show ed s ig n ifican t in crease  in the 
brood rearing and popu lation o f honey bees 
fed  w ith  b o th  s u g a r  s y r u p  a n d  pollen  
com pared to su gar syru p  alon e and  pollen 
alon e fed colon ies (Table Path. 5).

7. M ic r o o rg a n is m s  f o r  im p ro v in g
g ro w th  o f  ru b b e r  an d  co v e r  crop s

T h e  e f fe c t  o f  in o c u la t io n  o f  th e  12 
selected  rhizobacterial iso lates on g row th of 
r u b b e r  s e e d l in g s  w as co m p a re d  w ith  a 
standard PG P R  B acillus  sp. in polybags. The 
g r o w th  w a s g e n e r a l ly  b e t t e r  th a n  the 
u n in o c u la te d  c o n t r o l  p la n ts  a n d  w as 
com p arab le w ith  the p lan ts in oculated  with 
the standard  (Table Path. 6).

Table. Path. 6.Growth of plants (one year) inoculated 
with PGPR isolates

Isolate no. Girth (mm) 
diameter

Height (cm)

Std PGPR 10.7 106.8
Ri 25 12.6 111.4
K 43 12.3 124.4
K 52 12.1 123.7
RB 88 11.3 107.9
K 24 11.6 112.5
A 1 11.3 105.8
RH104 13.2 127.8
RH 34 13.7 121.4
3 pt 11.3 113.7
Ps 20 10.9 102.9
Ri 10 13.5 129.7
F I 13.8 126.9
Control 10.3 103.8
CD(P=0.05) 0.69 06.47

% increase of population% increase of comb area 
rearing after

% increase of brood 
after

Treatment 
(in crrr) after

- — -------------------- 15 daya 30 days 45 days 15 days 30 day* 45 day*
Sugar feeding I i i  159  1 5 3  5 5 "  37 4 ~
Pollen feeding 17.0 17,0 2 5 3  20.2 38 2 .......
Sugar & pollen 29.3 29 .3 4101 26.3 49.78 81 6

15 days 30 days 45 days

CD (P=0.05) 10.6 10.5 9.2 9.15 8.44

33.8 48.0 62.2
31.2 36.7 48.3
35.3 53.9 75.9



The production o f IAA by two selected 
Azospirillum  isolates A zo 5 and Azo 12 from 
rubber plantations was studied and found to 
produce 1.8 pg n r1 and 12.4 pg m L of IAA 
production respectively. Population in soil 
based on IAR studies for four months showed 
the p resence o f the inoculated isolates.

Beneficia l activ ities like phosphatase 
a c t iv i ty  an d  IA A  p ro d u ctio n  o f n in e  
m o rp h o lo g ica lly  d ifferen t phosphofungi 
from  rubber plantation along with a standard 
pho sphofu ngi w ere studied and m any of 
th e m  w ere  fou n d  to  b e  b e tte r  th an  the 
standard (Table Path. 7).

Table Path. 7. IAA production and add phosphatase 
_________activity of phosphofungi____________

Acid phosphatase 
activity 

(|jg PNP m l1 
broth)

IAA 
production 

(Mg m1'1 
broth)

PSF 1 (Aspergillus sp) 0.4 1 7
PSF 2 (Penicillium sp) 0.6 1.5
PSF 3 (Penicillium sp) 0.5 0.6
PSF 4 (Aspergillus sp) 0.5 0.5
PSF 5 0.8 4.0
PSF 6 (Penicillium sp) 1.0 6.8
PSF 7 1.2 1.4
PSF 8 (Penicillium sp) 1.0
PSF 9 (Penicillium sp) 1.7 0.7

PSF (std) 0.4 1.8

The efficiency of the isolates to promote 
plant growth was also studied by com paring 
w ith the standard  iso late, A. aw am ori in 
polybags. The plants inoculated with PSF 5 
had shown higher growth. Except three, all 
the isolates w ere com parable to the standard 
isolate in im proving grow th o f p lants upon 
inoculation (Table Path. 8).

In the b io fa rm in g  tr ia l,  M u cu n a  
seedlings raised in polybags inoculated with 
bacterial isolate N E 4  from North E ast India 
w ere  fie ld -p la n te d . T h e  p la n ts  w ere  
protected from shoot rot and C olletotrichum  
leaf fall disease during  rainy season and 
assessed for various diseases periodically. 
The girth o f plants w as recorded and the 
p lan ts in the in tegrated  trea tm en t w ere 
found better than other treatm ents.

8. W aste m an agem en t in  ru b b e r 
processing

E v alu ation  o f  th e  the p ilo t reactor 
established at Elavamapadam RPS, Palakkad 
was continued. Hybrid reactor in its second 
season of operation could reduce COD by 
94.65%  and BOD  by 94.4% . Th e pH  after 
biom ethanation w as 7.0 -  7.2 . T h e reactor 
could  red u ce to ta l so lid s  by 73 .1%  and 
dissolved solids by 75.3% . H ybrid reactor

Table Path. 8. Effect of phosphofungi inoculation on growth of rubber seedlin g---------------------
Isolate ____________ 6 months______________ _________________One year------------------------

Height (cm) Girth (mm diameter) Height (cm) Girth (mm diameter)

[ ■ S F U ^ p o jit e s p I  4 5 5  5.9 79.J «

PSF 2 (Penicillium sp) 49.6
PSF 3 (Penicillium sp) 66.9
PSF 4 (Aspergillus sp) 70.3
PSF 5 71.7

PSF 6 (Penicillium sp) 68-7

PSF 7 74 0
PSF 8 (Penicillium sp) 70.1
PSF 9(Penicillium sp) 69.4
PSF( A. awamori) 66.9

Control_________ ________________ 64-9
C P  (P=0.05)__________  511 _

93.6 11-3
113.8 12.8
130.5 14.0
116.9 13.1
118.8 13.4
128.3 13.6
121.7 13-4
122.8 13.0
109.4 10.4

8.49



Table Path. 9. Evaluation o f integrated waste water treatment system with reed bed
Parameter Raw Filtered Anaerobic digesteir Reed bed Overall efficiency 

(%)

PH 5.3-5." 53-5.8 6.9-7.1 7.1-7.4
COD 11654.4 11021.5 (5.4) 582.57 (94.7) 159.88 (72.5) 98.6
BOD 5411 5020.66 (7.2) 262 (94.7) 26.43 (89.6) 99.5
TS 14166.7 12728.57 (10.1) 3618.18 (71.5) 2542.86 (29.7) 82.0
DS 12560 11633.33 (7.3) 3180 (72.6) 2300 (27.6) 81.6
All values are in mg L :. except pH. Values in parentheses are percentage reduction

yielded 8  m J biogas per day. T he biogas from 
the reactor was used as fuel for burning in 
the sm oke house for sh eet drying and the 
utilization o f biogas as an alternative fuel has 
reduced the use o f firewood by around 35% .

In view  o f the draw backs o f the previous 
reed bed system, an im proved system  was 
m ade by converting the previous aeration 
tan k  trea ted  w a te r  c o lle c tio n  tan k . T h e  
partially digested effluent from hybrid reactor 
after biom ethanation was fed to the collection 
tank (feed tank) o f the reed bed system . The 
flow w as regulated to p rov ide a u n iform  
retention time. Effluent com ing out after the 
treatm ent w as analysed for the param eters 
like BOD, COD, solids and pH. The tw o major 
pollution param eters viz. C O D  and BO D  of 
the treated w ater is well w ithin the lim it 
stipulated for safe d isposal (Table Path. 9).

Though the new  reed bed system  w as 
p e r fo rm in g  ex ce lle n tly , c lo g g in g  o f  the 
system  hindered its w orking. T h e flow  rate 
o f  the efflu ent through the system  w as also 
very slow. T herefore further m odification o f 
the system  is needed.

9. 'D istance d iagnostic'inform ation
system (rubber clinic)

U p d ated  th e  d atab ase  o f the 'c lin ic ' 
based on the new  d evelopm ents in rubber

re se a rch  a lo n g  w ith  n e w s  o n  sem in ars, 
train ings etc. on asp ects related  to rubber 
d isease control. W eather data  at Kottayam  
w as updated  daily on the site . D isease alerts 
w ere given  th rou gh the s ite  as and w hen the 
chance o f a d isease w as perceived . Th e clinic 
diagnosed 403 (39% ) c ases th rou gh 'assisted 
d iagn osis' and 630  (61% ) cases through 'self 
d ia g n o sis ' a cco u n tin g  fo r  a to ta l o f  1033 
during April 2011 to F ebruary 2012. T h e total 
n u m ber o f v isits to the site  (site  hits) were 
7 ,5 3 2  w ith  an a v era g e  o f  2 0  v isitors/day 
d u r in g  A p ril 1, 2011  - M a r c h  3 1 , 2012  
(Sou rce: G oogle  A nalytics). V isitors from  86 
coun tries utilized the facilities in the clinic 
in w hich 8 1%  o f the v isitors w ere from  India 
o f w hich  53.8%  from  K erala.

10. Farm m echanization

A  highly  e fficien t m ist b low er w ith high 
c a p a c ity  b lo w e r  (12  H P ) w as d esig n ed , 
d eveloped and in trod uced  in collaboration  
w ith A SPEE, M um bai. T h is w as m ounted on 
a m ini tracto r  an d  field  tested  and  found 
to d e liv er  th e  sp ray  flu id  a t  a  h e ig h t above
85 ft. T h ree m o d els o f sin g le m an carrying 
m ist b low ers for the sp ray in g  op eratio ns in 
rubber p lan tations w ere ex p erim ented  and 
introduced . All these n ew  d evelop m ents in 
sp ray in g  tech nology  could  eco n o m ise  the 
sp ray ing  op eratio n  in rubber p lan tations.



PLANT PH YSIO LO G Y D IV ISIO N

The major areas o f research in the Plant 
P h y sio lo g y  D iv ision  are environm ental 
physiology, physiology of growth and yield, 
tapping panel dryness, nu trition physiology, gene 
expression studies, secondary metabolites and 
ecological impact o f natural rubber cultivation.

1. Environm ental physiology
1 .1 . S t r u c t u r e  a n d  fu n c t io n  o f 

p h o to sy n th e tic  ap paratus o f natural 
ru b ber in relatio n  to its adaptation to 
h igh  lig h t and drought stress 

A 23 kDa chloroplast stress protein was 
sh o w n  to  be p ro m in en tly  ex p ressed  in 
d ro u g h t im posed youn g plants o f Hevea. 
M easu rem ent o f Photosystem  II activity (<t> 
PS II.) and analysis o f stress protein expression 
in RRII 400 series clones were carried out. The 
m agnitude o f inhibition of PS II activity was 
less in c lon es RR II 430  and RRIM  600 as 
com p ared  to o th er clon es under drought 
condition. The present experim ent indicated 
th at RR II 414, RRII 417 and RRII 422 are 
relatively drought susceptible. The 23 kDa 
stress protein w as purified and a polyclonal 
antibody against this protein was raised. Over 
expression o f this stress protein in drought

imposed plants was reconfirmed by western 
blot analysis. Further validation o f this protein 
as a physiological m arker is progressing.

1.2. Iden tification  o f m olecu lar b a sis  for 
drought tolerance in H ev ea  

T hree year old field grow n plants of 
clones RRII 105, RRIM  600, RRII 208 and RRII 
430 at Regional Research Station, Dapchari, 
were subjected to drought stress for fifteen 
days during the sum m er period o f 2011. Leaf 
sam ples w ere collected after confirm ing the 
magnitude o f stress effect by m easuring gas 
exchange parameters. This w as followed by 
mRNA isolation, cD NA synthesis and qPCR 
analysis. G ene exp ression  an alyses w ere 
performed using ten stress responsive genes. 
Glyceraldehyde 3-phosphate dehydrogenase 
(G A PD H ) gene was used as endogenou s 
control for norm alization.

The relative gene expression analysis 
was perform ed using control plants o f each 
clone as calibrator and the results are given 
in Table Phy. 1. A m ong the genes studied, 
the expression  o f peroxid ase and W RK Y 
tr a n s c r ip t io n  fa c to r  (W R K Y tf)  w as 
sign ificantly  h igher than th eir respective

Table Phy. 1. Relative quanlifi.atroi. of ten genes expressed under droughl conditions in Hrvta will, reference 
---------»™i oiante of respective clone as calibrator --------------

RRII 430 D

* Significant at 5% level



controls in all the drought tolerant clones 
(RRIM  600, RRII 208 and RRII 430) w hile 
W R K Y tf show ed dow n regu lation  in the 
susceptib le clone RRII 105 under drought 
conditions. Expression o f LEA 5  protein and 
H b20H Pshow ed significant up-regulation in 
two o f the drought tolerant clones (RRIM  600 
and RRII 430). T h e ex p ression  o f  tfM BF, 
g lu tath ione peroxid ase and ATP b inding 
cassette transport protein (A BCT) did not 
show  any  sign ifican t chan ges am o ng the 
drought im posed plants o f d ifferent clones. 
The present study reveals the existence o f 
s t ro n g  a s s o c ia tio n  o f  g e n e s  su ch  a s  
peroxidase, W RK Ytf and LEA 5 protein with 
drought tolerance in Hevea.

1.3. M olecu lar stu d ies on cold stress

Polybag p lants o f clone RRII 105 and 
RRIM  600 w ere exposed to low  tem perature 
in  th e  g row th cham ber. C old  stress  w as 
assessed by m easuring the p hoto-inhibition 
with gas exchange param eters. Q uantitative 
PCR w as perform ed for stress associated  
g en es su ch  as D na] p ro tein , p ero xid ase , 
ET R 1, ETR2, A C 0 2 , H b H P 20( H b H P 22, 
cysteine protease, chitinase, annexin, SU M O  
activating protein, H bDRTSb, H bTPD 24 and 
HbDRT50. W hen control o f each clon e was 
used as calibrator, ou t o f the fourteen genes 
a n a ly z e d , p e r o x id a s e , H b D R T S b  and 
H bTPD 24 w ere highly up-regulated in both 
the R R II 105 and  R R IM  600  c lo n e s . T h e 
e x p re s s io n  o f  H b D R T 5 b  and H b T P D 24  
(N A C  transcrip tion factors) w ere relatively 
higher in the tolerant clone R RIM  600. W hen 
RR II 105 was used as calibrator, the level of 
peroxidase in RRIM  600 w as m uch higher. 
Levels o f N A C  transcrip tion factors (both 
H bD RTSb and HbTPD24) w ere found higher 
in R R IM  600. The level o f H bD R T 50 and 
A C 0 2  w as relatively higher in RRII 105 and 
RRIM  600, respectively.

1.3.1. D e v e lo p in g  a  m ic r o a r r a y  o f  s t r e s s  
r e s p o n s iv e  g e n e s  f r o m  H ev ea  
b ras ilien s is  

O ne set o f H evea  p lan ts (clone RRIM  600) 
grow n in p olybags at the nu rsery o f RRU was 
exposed  to d rought stress by w ithholding 
irrigation for fifteen d ays w hile another set 
o f p lants w as m aintained  w ith irrigation at 
field  capacity. Leaf sam p les w ere collected 
on S *  and 10"’ day o f d rou gh t im position. 
S im ilarly  an o th er set o f p lan ts (clone RRIM 
600) g row n in p o ly b ag s w as exposed  to low 
tem p era tu re  c o n d itio n s  (m in im u m  night 
te m p e r a tu r e  a t  8 °C  a n d  m a x im u m  day 
tem p era tu re  at 2 0  °C ) w ith  8 0 0  p E  light 
d u r in g  d a y  t im e . L e a f  s a m p le s  w ere  
co lle cted  on I s' and  4 ,h d ay  o f treatm ent. 
Iso lation o f m R N A  w as carried  ou t from  the 
le a f  sa m p le s  an d  se n t fo r  tran scrip to m e 
s e q u e n c in g  u s in g  I l lu m in a  R N A -S e q  
tech nology and the resu lts a re  aw aited.

1.3.2. In v es t ig a t io n s  on  m icroR N A s in H evea  
b r a s i l ie n s is :  R o le  in g e n e  reg u la t io n  
d uring  a b io t ic  s tr e s s e s  

Hei>ea plants (clone RRIM  600 which is 
relati vely drought tolerant) grow n in poly bags 
w ere exposed to drought in the nursery o f RRII, 
K ottayam . O n e s e t  o f  p la n ts  (n= 10) was 
su b jected  to w ater s tre ss  b y  w ith h o ld in g  
irrigation for 14 days and the other set o f plants 
(n= 10) w as w atered  on a lte rn a te  d ay s  to 
m aintain field capacity. L eaf sam ples were 
harvested after assessing the drought status of 
th e  p la n ts  b y  m e a su r in g  th e  n e t CO., 
assimilation rate (A) and stom atal conductance 
(gs). m iRN A  w as isolated from  frozen  leaf 
sam ples and about 2  jig  o f sm all RNA w ith an 
equal volum e gel loading buffer w ere loaded 
on a 12% denaturing (7M  urea) polyacrylamide 
gel. The eluted m iRN A  fragm ents (21-25 bp) 
w ere ligated with a 3 ' and a 5 ' linker using 
m iRCat cloning kit in tw o separate reactions 
fo llo w ed  by cD N A  sy n th es is . T h e  results



indicated the presence of miRN A bands in the 
range o f 20-24 nucleotide (nt) size. The PCR 
a m p lifie d  p ro d u cts  w hen visu alized  on 
agarose gel indicated the presence of amplicons 
in the range of 62 bp size. These amplicons were 
further purified to proceed with cloning and 
sequencing.

1.4. M easu rem ent o f C 0 2 and w ater vapour 
flu x  in  ru bber

Ecosystem  level carbon dioxide (Fc) and 
w a te r  flu x  (L E ) w ere m easu red  du ring  
sum m er m onths o f 2011 and 2012 by using 
the eddy covariance system  installed inside 
a six year old im m ature rubber plantation. 
T h e m ean N EE during sum m er season was 
16g C O ,m 2'' day '. The evapotranspiration 
(ET) rate w as calculated from the latent heat 
o f v apourization (LE) and it was 4  m m  d ay ' 
in th is plantation.

1.5. S tu d ie s  on  ad ap tive  m echanism s in 
H ev ea  fo r  d rought and cold stresses 

U nd er the current fluctuating clim atic
conditions, an understanding o f the common 
m echanism  of stress tolerance is very much 
essen tia l to  know- the response o f young 
p la n ts  o f  H ev ea  u n d er d iffe r e n t 
e n v iro n m e n ta l  c o n d itio n s . A p o ly b ag  
nursery o f H evea  clones (RRII 105, 208, 414, 
429 & 430, RRIM  600, RRIC 100 and SCATC 
88/13) w as establish ed  at RRJI. D rought 
in d u c e d  r e d u ctio n  in d a rk  Fv/Fm w as 
observed in plants com pared to saturation 
level irrig ated  plan ts. Th e effective PS 11 
quantum  yield  ( 0  PS II.) showed significant 
reduction upon exposure to drought. Leaf 
w a te r  p o te n tia l sh o w ed  a d e c re a se  in 
d rou gh t in duced  plants. The antioxidant 
enzy m es like  sup er oxide d ism utase and 
ascorbate  peroxid ase w ere found high in 
drought im posed plants com pared to control 
in  all the c lones studied. Cold treatm ent was 
given to RRU 430 and RRII 429. Observations

w ere ta k e n  a s  in th e  ca se  o f d ro u g h t 
imposition and noticed a sim ilar trend.

1.6. Evaluation o f m odern H ev ea  c lones for 
drought tolerance

1.6.1. P h y s io log ica l ev a lu a t ion  o f  RRU 400 
series c lones f o r  drought to leran ce  

Photosynthetic param eters in one year 
old plants in the field (CES, Chethackal) were 
better in clones RRII 430, RRU 414 and RRIM 
600 com pared to other 400 series clones. N o 
variation was found in chlorophyll content 
and m axim um  and effective quantum  yields 
of PS II in these clones under field condition 
during stress free season.

G as ex ch an g e m easu rem en ts in the 
p o ly b a g  p la n ts  r e v e a le d  a d e c lin e  in 
photosynthetic activity in all the clones upon 
water stress. The 400 series clones showed 
better photosynthesis rate than the check 
clones (RRU 105 and RRIM 600) at 5,h and 
10th days o f m oisture stress. C lones RRU 422, 
R R II 4 2 9  m a in ta in e d  b e tte r  s to m a ta l 
co n d u ctan ce  a fter  10 d ay s  w ate r  stress  
co m p ared  to  o th e r  c lo n e s . W h ile  the 
maxim um  potential quantum  yield o f PS II 
did not vary am ong the clon es, the ligh t 
adapted effective quantum  yield  show ed a 
slight decline in som e clones.

O b se rv a t io n s  fro m  R R S, D a p ch a r i 
sh ow ed  th at th ere  w as m o re  th an  75%  
re d u ctio n  in  p h o to s y n th e s is , s to m a ta l 
cond u ctance and tran sp iration  in all the 
clones after 5 days o f water stress and the 
gas exchange param eters w ere reduced to 
minim al levels a t 10,h days o f stress. In terms 
o f p h o to sy n th e tic  ra te  R R II 4 3 0  b e tte r  
adapted to m oisture stress com pared to all 
other clones in the North Konkan conditions. 
T h e re  w as n o  s ig n if ic a n t  d e c lin e  in 
m axim um  quantum  yield am ong the clones 
but effective quantum  yield declined in all 
the clones a fter m oisture stress.



1.7. R apid  screenin g o f H ev ea  germ plasm  
lin e s  for in trin sic  d rought to leran ce  
traits

1.7.1. L a b o r a to r y  s c r een in g  o f  g e rm p la sm  
a c c e s s i o n s  f o r  in t r in s ic  d r o u g h t  
to leran ce

T h e  37  to p  an d  10 b o tto m  ra n k in g  
accessions from  SBN  2004 and 14 top and 
10 bottom  ranking accessions from SBN  2005 
w ere selected by field scoring and further 
subjected to laboratory screening for intrinsic 
drought tolerance traits at C ES, Chethackal. 
The lea f discs punched from  m iddle leaflets 
w ere incubated in 60%  PEG solu tion  and 
exposed to light (350 pm ol n r V )  fo r  four 
hours. Control lea f d iscs w ere incubated in 
water. The effective quantum  yield o f PS 11 
(O PS II.) o f treated and untreated sam ples 
w ere m easu red . O n the b a sis  o f p ercen t 
red u ctio n  in  P S  II  q u a n tu m  y ie ld , th e  
a c c e s s io n s  w e re  ra n k e d  fo r  in t r in s ic  
tolerance. The percentage reduction varied 
from  5%  in accessio n  M T  1619 to  85%  in 
accession RO  291. T h e accessions M T  1619, 
A C 2009, M T 196, R O  322, A C  1886, A C  494, 
AC 612, RO  2360, R O  855 and R O  2524 w ere 
ranked  top  in the lis t for in trin sic  w ater 
deficit tolerance from  SBN  2004. Sim ilarly  
R O  2634, M T 2210, A C  173, R O  1406, RO 
3184, M T 2210, R O  1425, M T 3702, RO  1421 
and R O  2299 em erged as top  rankin g from 
SBN  2005.

1,7.2. F ield  scorin g  o f  R R II 400 s e r ies  c lon es  
f o r  in trin sic  d rou g h t to leran ce  tr a its  a t  
CES, C h eth a c k a l

M od em  clones o f RR II 400  series, viz. 
414, 417, 422, 429 and 430  p lanted  at CES, 
C hethackal w ere assessed  for ch loroph yll 
reduction in sum m er d u e to  d rought and 
h igh-ligh t stress. Total chlorophyll content 
was estim ated in the sam e plant during stress 
free period of O ctober (2011) and stressfu l

p eriod  o f M arch  (20 1 2 ). T h e  ch lorop h yll 
content in non-stressed period varied from 2.9 
to 3.2 m g g '1 fw  and it varied from  2.1 to 2.8 
m g g ’ fw d uring stress period. T h e reduction 
in chlorophyll content w as estim ated and it 
ranged from 12.3%  for clone RRII 430 to 30.2% 
for RRII 105. C lones w ere sorted  and ranked 
for in trinsic tolerance based on chlorophyll 
reduction in sum m er. A ltogether the clones 
w ere ranked in the order o f R R II 430 >RRIM 
600 >RRII 4 22 >RRU 429 >RRII 4 1 7  >RRII 414 
>RRII 105 for re la tiv e  to leran ce  based  on 
chlorophyll p igm ent stability  under drought 
and high light stresses.

1 .8 . E x p e r im e n t a l  c u l t iv a t io n  o f  h ig h  
y ie ld in g  c lo n e s  o f  r u b b e r  p lan ts  for 
e s ta b lish m e n t in  h ig h e r  e lev a tio n  in 
K era la

Though the overall g row th  perform ance 
o f all the c lon es in  a tria l started  during  2006 
at a h ig h  a lt itu d e  lo ca tio n  - E lap p ara  in 
Idu kki d istric t o f K erala  w as poor, PB 260 
show ed better g irth  (19 .6  cm ) follow ed by 
RRIM  6 00 (18.3 cm ) w hereas PR 261 (13.5 cm) 
recorded the least. In a trial started  during 
2007, c lon e R R IM  600 (15.4 cm ) and  RR II 208 
p erform ed better in g irth  th an  clon es RRII 
105 and  R R II 4 1 4  (7  cm ). T h e  p olyclon al 
seed lings planted  in tea p lan tation  show ed 
the m axim um  girth  (22.5 cm ).

1 .9 . E v a lu a t io n  o f  e n v iro n m e n ta l  s tre ss  
to l e r a n c e  a n d  p h y s io lo g i c a l  
a d a p ta t io n s  o f  c o ld  a n d  d r o u g h t  
to le r a n t  o r te t  u n d e r  v a r y in g  ag ro - 
c lim a tic  co n d itio n s  

A total o f six teen  b est perform in g  ortets 
fro m  drought/cold  s tre ss  p ro n e  lo ca lities  
sp read  a cro ss five d iffe re n t ag ro -c lim atic  
a rea  w ere  se le c te d  an d  g r o w n  in th ree  
different locations. O rtets from  drought/cold 
prone localities in clu d e N G K  1, 47, 69; GH



1, 3, 9, R RST 24, 37, 39, D A P 1, 34, 35, 36, 
RRSA 98 ,31 5 ,5 8 5  and clones from traditional 
belt include RRII 417, 414 ,422 , 4 29 ,430 ,105  
and R R IM  600. Th e budded stum ps were 
p lan ted  in  p o ly b ag s during Septem ber - 
O ctober 2011 at CES, Chethackal. Percentage 
sprouting was found better in RRII clones 
co m p ared  to o rtets  from  non-traditional 
areas. Field p lan tin g  w ill b e  carried out 
during  the present season at three different 
locations for com parative evaluation.

1.10. D rou ght survey

D rou ght survey was conducted during 
s u m m e r  2 0 1 2  in o n e  y e a r  o ld  you n g  
p lan ta tio n s in C entral and South Kerala. 
In fo rm a tio n  fro m  e a ch  p la n ta tio n  w as 
collected using a  standard questionnaire by 
v isiting the p lo t and visual scoring o f tine 
d r o u g h t in ju ry  p aram eters. N early  two 
hundred holdings were surveyed in random 
from  both these regions. The m ajor finding 
revealed  th at nearly  18%  o f the holdings 
resort to irrigating the young rubber plants 
in C e n tra l K era la  w h ile  on ly  abou t 5%  
h old ings irrigated their young plants in the 
Sou thern  region (Table Phy. 2).

1.11. Physiological and proteom e studies of 
cold stress in H ev ea  b ra s il ien s is  

M axim u m  p o te n tia l ch lo ro p h y ll 
fluorescence and effective P S  II quantum  
yield (Table Phy. 3) w ere recorded in field 
grown polybag plants at RES, Nagrakatta 
d u rin g  w in ter  se a so n , Ja n u a ry  2 012 . 
Maximum Fv/Fm w as found in RRIM  600 
followed by Haiken 1, SCATC 88/13 and RRII 
105. O n the o th er hand, m axim um  PS II 
efficiency (O PS II.) was found in Haiken 1 
followed by SCATC 88/13. Leaf sam ple from 
sam e clones w ere collected for proteom e 
studies. The protocol for 2-D  electrophoresis 
for proteom e was standardized.

1 .12 . S tu d ie s  on p r o te o m e  o f  H e v e a  
b ra s ilien s is  under drought stress 

Seven clones of H evea viz., RRII 105,414, 
417, 422, 429 , 430 and R R IM  600  w ere 
exposed to different levels of d rought stress 
for 5 ,1 0  and 15 days under field conditions 
in polybags. B etter w 'ater p oten tia l was 
maintained in RRII 105 followed by RRII 429 
on 1 0 th d ay  o f d ro u g h t. T h ere  w'ere no 
significant differences in chlorophyll content 
o f th e  c lo n e s  in re la tio n  to  d ro u g h t 
im position. N et photosynthesis w as found

Table Phv. 2. Extent of irrigation in young rubber plantations in central and south Kerala------- ---
£ e  j u n __________________ ______________  No of holdings surveyed_______ Plots irrigated (%)

Central Kerala (Palakkad, Matmarknd) 100
South Kerala (Nedumangad, Piinalnr, Kotlarakkara)________  _________ 122—  ------------  --------------------------------—

Tabk' 3 rhlnm phvll f lu o r e c .n , ,<1,1,of [ i .g H ^ . d o n e s . T ^ d  t .  . . l d t o ^ ^ . 1  M S . N»S,‘ la |1‘

7TZ— ------  SSJ ______
-------conirol C o l d e W d  Control___________Cold <.-»po«ed

0.817 ± 0.008’ 0.355 ± 0.016 0.611 ± 0.014 0.279 1 0.020

0.821 ± 0.006 0.432 1 0.046 0 594  ± 0.014 0.350 ±0.059

0.839 ± 0.006 0.452 ± 0.047 0573 ±  0.020 0.256 ± 0.092

SCATC 88/13 0.840 ± 0.006 0.413 ± 0.020 0571 i  0.026

■ Indicates SE



m axim um  in R RII 4 30 follow ed bv RRII 417 
on 10“' day o f d rought im position. Sam ples 
w ere co lle cted  and  p ro teo m e stu d ies  o f 
drought stressed plants are in progress.

2. P h y s io lo g y  o f grow th  and yield

2.1. Stu d ies on y ield  and y ield  com ponen ts

Twelve clones planted in 1982 at CES, 
C h e th a c k a l w e re  e v a lu a te d  fo r  c lo n a l 
variation in b iom ass and yield . T h e trees 
w ere tapped for 18 years and the untapped 
trees w ere left w ithout tapping throughout 
the study period. Before felling o f trees all 
th e  ta p p ed  an d  u n ta p p e d  tr e e s  w ere  
subjected to slaughter tapping d uring 2011- 
12 and considerable high yield w as observed 
in untapped trees. The hitherto  untapped 
tre e s  o f  c lo n e  R R II 105 r e co rd e d  2 96%  
in crea se  in y ie ld  o v er  th e  tap p ed  tre e s  
followed b y clone PB 235 (220% ). It was very 
low  in clon e T jir  1 (56% ). Howrever, the 
untapped trees exhibited low  D RC  content 
in latex (Table Phy. 4).

Table Phy. 4. Clonal variation in yield of tapped and 
untapped trees subjected to slaughter_____Upping___

d ° ne ________  Mean yield (g r ' f )

Tapped trees Untapped % increase 
trees in untapped 

----------------------------- -------------- ---------------------trees
RRII 300 71.3 ±4.9 167.8 ±28.7 135
PB 235 57.8 ±7.5 184.6 ±26.9 220
RRII 105 58.6 ±10.8 232.1 ±49.3 296
RRIM 600 63.5 ±8.1 143.4 ±13.7 126
GT 1 108.7 ±17.2 183.6 ±32.5 69
PR 107 44.6 ±7.2 94.8 ±13.6 113
G1I 57.7 ±15.3 169.8 ±20.5 194
RRIM 501 36.1 ±3.3 78.1 ±11.2 116
RRII 118 94.4 ±13.8 164.3 ±31.0 74
RRIM 703 78.2 ±10.3 146.3 ±29.6 87
OiH 56.1 ±9.1 87.6 ±6.8 56
RRLM 612 60.1 ±10.5 160.5 ±33.0 167
± indicates SE

2.2. In tercropp ing w ith tree crops in  rubber

An exp erim ent w as in itia ted  at CES 
C hethackal to ev aluate the grow th of rubber 
p lants in tercropped  w ith  tree sp ecie s viz. 
m ahogany and p ath im u g am  betw een the 
row s o f  ru b b e r  (c lo n e  R R II 1 05) in two 
replications. M ahogany w as p lanted  both as 
s in g le  a s  w e ll a s  th re e  ro w s  w h e re a s, 
p ath im u g am  w as p la n te d  in  s in g le  row 
betw een rubber. A fter 11 years o f planting 
m ahogany and path im u gam  attained  39 cm 
and 19.9 cm  girth , resp ectively  w hereas, the 
clone RRII 105 attained 5 7  cm  girth . The yield 
o f rubber trees w ill b e m o nitored  in term s of 
in fluence o f tree intercrop.

2.3. In v e stig a tio n s  o n  th e  m e ch a n ism  of
tap p in g  in d u ced  lo ss  o f  b io m ass

The study continu ed  d u rin g  the year 
and sim ilar trend as that o f previous year was 
observed. PB clones record ed  better shoot 
b iom ass In crem ent than R R II clones upon 
tapping.

2.4. O n  farm  tria l fo r  th e se le c tio n  o f  Latex-
T im b e r  c lon es

For id entifying L atex-T im ber c lones for 
the traditional rubber grow ing  region, four 
clones w ere selected in M alan kara estate to 
find o u t the ex isten ce  o f any relationship  
betw een yield and annual g irth  increm ent. 
The c lones w ere u nd er tap p ing o n  S/2 d3 6d/
7  system s. T h e annual g irth  in crem ent and 
annual b lock  yield  d uring  2011-2012  were 
recorded. D uring the reporting  period PB 
235 w as show n to be the h ig hest yielding 
clone follow ed b y  R R II 105 (Table Phy. 5).

Table Phy. 5. A nnu al shoot b iom ass (kg  t r e e 1) 
increment and rubber yield (kg h a ') in 
four clones under d3 tapping system in 
Malankara estate

Clones Shoot biomass Annual
increment block yield

2011-12 2011-12
RRII 105 14 ±3.2 1885 ± 91
PB 235 22.4 ±3.5 1922 ± 81
PB 260 19.8 ±4 1403 ± 48
PB 217 15.5 ±0.4 1869 ± 72



T h e ann ual sh oot b iom ass increm ent was 
also the h ighest in PB 235.

2.5. R ela tio n sh ip  o f latex ATP status, lutoid 
m e m b ra n e  com p osition  and ATPase 
activ ity  w ith  ru bber y ield

In c o n tin u a tio n  o f  th e  s tu d ie s  on 
relationship o f latex ATP with rubber yield, 
the latex ATP data o f young plants of different 
c lon es o v er five years w as analyzed and 
correlated w ith the yield data o f mature trees 
o f these clones. A positive correlation was 
existing between young plant ATP and mature 
tree yield and was stable w hen the plants are 
g e t t in g  m a tu re d . A b o u t 300  asso rted  
seedlings w ere screened for latex ATP content 
and found som e of them  have very high latex 
ATP. Further studies are in progress.

2 .6 . S tu d ie s  on r u b b e r  b io sy n th e s is  in  
H ev ea  c lon es
P r e n y l tr a n s fe r a s e  (R u T ) en zy m e 

activ ity  in the w hole latex was m easured in 
m ature and im m ature plants o f ten Hevea 
c lon es o f varying yield potential using 'Re­
lab elled  IPP as the substrate. The clones 
selected  w ere five high yielding clones (RRII 
105, RRIM  600, PB 217, PB 235, PB 260), three 
m edium  y ield ing (G T 1, Tjir 1, PB 5/51) and 
tw o low  y ield ing clones (RRII 33, RRII j8 ) .  
Th e results indicated that rubber transferase 
activ ity  in m ature trees under tapping for 12 
years and im m ature plants o f the same clones 
w ere positively correlated with rubber yield. 
A m o ng the clones studied, PB 217, PB 260, 
R R IM  600  and  R R II 105 show ed higher 
prenyl transferase activity.

2.7. C lo n in g  and  production o f H M G -CoA 
p ro te in  o f  H e v e a  fo r  Im m u noassay  

an a ly sis
T h e  e n z y m e  3-h y d r o x y - 3 -m e th y l 

g lu ta ry l-C o A  red u ctase  (H M G R), w hich 
cata ly ses the synthesis o f mevalonate from 
FIM G -CoA  is a key regulatory enzym e in the 
rubber b iosyn thetic pathway. Cloning and

expression of hrngrl was performed in order 
to obtain the HM GR1 p rotein . F o r  this 
purpose, mRNA w as isolated from latex of 
H evea  (c lo n e  RR II 1 0 5 ). cD N A  w as 
synthesized and PCR amplification o f coding 
region of hm grl w as perform ed using hm grl 
specific primers. The PCR amplified product 
(-1 .8  kb) was cloned in to an expression 
vector (pRSET-A) and transform ed in to E. 
coli (BL21DE3) cells. Protein expression in 
transformed cells w hen m onitored by SD S- 
PAGE analysis indicated the presence of 
HMGR1 protein (61.6 kDa).

2.8. M olecular and b io ch em ica l b a sis  o f 
ethylene induced latex production in 
H ev ea  b ra s ilien s is  (ethylene receptors 
and signal transduction m echanism )

Hevea trees o f clone RRII 105 of uniform  
girth and yield under S/2 d3 6d/7 tapping 
system s were selected and latex sam ples 
were collected before and after stim ulating 
the trees with eth ephon. Total RN A  was 
isolated from control and stim ulated trees 
o f b o th  c lo n e s . cD N A  s y n th e s is  and  
quantitative expression analysis o f ethylene 
receptors (ETR1 and ETR2) are in progress.

3. T a p p in g  p a n e l  d r y n e s s

3.1. Location specific stim ulant application 
on ethylene induced stress responses 
Ln the tapping panel o f H ev ea  trees 

An experim ent was carried out at CES, 
Chethackal in clone RRII 105 under S/2 d3 
6d/7 tapping system  w ith an ob jective o f 
reducing ethylene mediated stress responses 
in the tapping panel by applying the ethylene 
com pounds aw ay from  the tap p ing  area 
without com prom ising latex yield. In the 
present experim ent bark application o f 5% 
ethephon was m ade 1 " w ide around the tree 
trun k  in  th e  fo llo w in g  re g io n s : (a ) 5%  
Ethephon at 150 cm  above the bud union (1 
wide ring); (b) 5%  Ethephon just above the



bud union (1" w ide h a lf sp ira l) ; (c) 5%  
Ethephon at both above and below positions 
aw ay from the tapping panel (1" wide ring); 
(d) 2.5%  Ethephon above and below aw ay 
from the tapping panel. Trees w ith panel 
a p p lic a t io n  o f  2 .5 %  e th e p h o n  an d  
unstim ulated tTees w ere selected as controls. 
Biochemical param eters such as ATP, sucrose 
and thiols in latex and stress indicators like 
phenol, proline, M D A and H ,0 ,  in the bark 
w ere analysed. Significantly high ATP and 
very lo w  su cro se  w as observed  in trees 
applied with 5%  ethephon above and below 
regions awav from the tapping panel.

3.2. M olecu lar basis o f  T P D

3 .2 .1 . I n v e s t ig a t io n s  on  th e  m o l e c u la r  
p h y s io lo g y  o f  tap p in g  p a n e l  d ry n ess  
syn drom e (TPD) in  H evea brasilien sis : 
c lon in g  an d  c h a ra c te r iz a t io n  o f  TPD  
respon siv e genes  

Validation o f TPD  sp ecific  transcripts 
was continued with a new  set o f 11 genes 
viz. A nn exin , SU M O  a c tiv a tin g  p ro tein , 
ETR1, ETR2, A C 0 2 , 20 HP, 22 HP, 33 HP, 
Cystein protease, C hitinase, D RT 5b and TPD
24  by q u an tita tive  PC R  (qP C R ) m ethod . 
cD NA obtained for m RNA  o f b ark sam ples 
from  d ifferen t trees from  h ealth y , late 
dripping and trees w ith 10, 25, 50, 75 and 
100%  TPD  w ere used as tem plate /or the 
qPCR analysis. A m ong the 1] gen es tested 
by qPCR, expression o f D RT 5b and TP D  24 
was found higher at the stage o f late dripping 
a n d  in a d v a n c e d  s ta g e s  o f  T P D . T h e  
hypothetical protein (33 HP) displayed an 
increasing level o f expression from  the onset 
o f late dripping to 100%  TP D  stage.

3.2.2. In v o lv em en t o f  eth y len e  in H ev ea  ru b ber  
b io sy n th esis  an d  tapp in g  p a n e l dryness  

A new  set o f prim ers w ere used to PCR 
am plify the coding region o f (5-cyanoalanine 
sy n th ase  an d  A C C  o x id ase  and  the PC R

am p lico n s w ere c lo n ed  in to  th e  clon ing  
v e c to r . F u r th e r  th e  A C C  o x id a s e  w as 
sequenced and w as cloned  into an expression 
vector for protein production. T h e protein 
w as v isu a lise d  o n  S D S  P A G E  g e l. The 
proteins would be used for raising antiserum 
w hich w ould be n ecessary  for the im m une- 
analysis for its expression  in d ifferent clones.

4. G e n e  e x p re s s io n  s tu d ie s
4.1. C o n stru c tio n  o f  an e x p re ss io n  vector 

fo r  o v e r -e x p r e s s io n  o f  c h i t in a s e  in 
en d o p h y te s  o f  H e v e a  b r a s i l i e n s is  

C hitinase cod in g  region w as c loned into 
a m odified ex p ression  vector (p H T 43 vector 
devoid o f LacI rep ressor) a fte r  restriction 
d ig e s t io n  w ith  a p p r o p r ia te  r e s tr ic tio n  
enzym es. T h is vector after transform ing into 
E.coli w as m u ltip lied  and w as sequenced  to 
confirm  its o rien tation  and  identity. This 
vector p lus ch itin ase  co n stru ct w as used to 
tran sfo rm  W B 800N , a m u ta te d  stra in  of 
Bacillus subtilis, and 8LK  s tra in  isolated  from 
H evea. T h e e ffic ien cy  o f th e  recom bin ant 
vector (w ith chitinase) for over-expression of 
protein and  its secretio n  w as confirm ed  by 
tr a n sc r ip t e x p re ss io n  a n a ly s is , ch itin a se  
a c tiv ity  and  by S D S  P A G E . T h e  resu lts  
confirm ed the presen ce  o f ch itin ase  protein 
in the m e d iu m  (a s  e x tra c e llu la r  p rotein ) 
d u r in g  th e  lo g  p h a s e  (w it h o u t  IP T G  
in d u c tio n ). B u t th is  v e c to r  w as h ig h ly  
u n stab le  w h en  tran sfo rm ed  in to  th e  8LK 
cells, the endophytic Bacillus  species o f Hevea.

5. S e c o n d a ry  m e ta b o lite s
5.1. Q u a n tif ic a tio n  an d  id e n tif ic a t io n  o f

in o s ito ls  in H ev ea

A fter getting a p atent on L-quebrachitol 
production, fu rth er step s w ere in itiated  for 
licen sin g the tech nology and  scalin g  up the 
p roduction  o f L -qu ebrachito l from  th e  latex 
s eru m . It re q u ire s  few  re fin e m e n ts  and



further contacts are being established with 
som e leading R& D com panies in this regard.

5.2. W ater re la tio n s o f latex w ith reference 
to th e  con ten ts o f in osito ls  and sugars 
in  th e  la tex du ring  drought

O sm otic  concentration was worked out

for the biochemical com ponents estim ated 
from the latex. This was used to calculate the 
osm otic potential and to see the effect of 
these solutes in water relation of latex. It was 
found that the contribution of carbohydrates 
and free amino acid to osm otic potential of 
latex was on par.

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

D u ring  the reporting year, the activities 
o f  th e  D iv isio n  w ere focused  m ainly on 
evolv in g im proved techniques in primary 
p r o c e s s in g , la t e x - f i l l e r  m a s te r  b a tch , 
reinforcem ent o f N R using polym eric fillers, 
scorch control o f peroxide vulcanisation and 
rubber nanosilver com posites. In addition, 
re fin em en t o f rubber recycling process is 
taken u p as a  new  thrust area.

1. P rim ary  p ro cessin g

1.1. S k im  latex processin g

Trials w ere conducted to use the effluent 
obtained during the processing o f skim latex 
to  g en era te  b io  gas. From  the laboratory 
s tu d y  it w as fou n d  th at at a p articu lar 
concentration  o f coagulant, rubber and its 
serum  g ot separated  into tw o layers. The 
la y e r  c o n ta in in g  sk im  la te x  co u ld  be 
sep ara ted  and  used for recovery o f skim

rubber. T h e e ff lu e n t w as s u i ta b le  for 
generation o f b io gas.

2. Latex technology
2 .1 . Radiation vulcanised natural ru bber

latex (RVNRL)

A method was standardised to im prove 
the quality of RVNRL films using creamed 
latex. It was observed that exposure o f fresh 
NR latex to low doses o f gam m a radiation 
caused  ch em ical ch an ges th at favou red  
vulcanisation. The chemical changes included 
micro gel formation and partial removal of 
proteins to an extend w hich do not adversely 
affect the strength o f the vulcanized films. 
Unlike centrifugal process, the num ber of 
sm aller rubber particles in latex after creaming 
is higher in creamed fraction. All these factors 
w ere expected to contribu te to enhanced 
mechanical properties o f RVNRL as shown 
in Table Chem . 1

T.H ,  r w  1. Mechanical p n .p .rtte j r f g J i .l io .,  n ,b b „  U.e»
------------------- — ------------  Creamed preserved Pre-irradiated

field latex (PFL) creamed PFL

Gum strength (MPa)
1.5 3.0

1.1
Modulus 300% (MPa) 1.6
Modulus 500% (MPa) 25.3
Tensile strength (MPa) 1283
Elongation at break (%) 170
Solvent swelling (%) (after 24 hours)
Tension set after 1 hour at 300% elongation (%)---------------------

10 6



3. R u b b e r  T ech n ology

3 . 1. R ein forcem ent

3.1.1. NRI p o ly m er ic  f i l le r  system

To im prove the abrasion resistance 
o f  N R / P F -sy stem , sm all p r o p o r tio n  o f 
polybutadiene rubber (BR) w as incorporated 
in the system . Addition o f BR im proved the 
a b ra s io n  r e s is ta n c e  w ith o u t a d v e rs e ly  
affecting other vulcanisate properties. The 
m e c h a n ic a l p r o p e r tie s  b a se d  on the 
fo rm u lation  g iv en  in T able C hem . 2 are 
show n in T able Chem . 3.

Table Chem. 3. T ech n o lo g ica l p ro p e rties  o f the
vuicanisates

Table Chem. 2. Form u lation  of th e m ixes NR/
________________polymeric filler system________

Ingredients Control A l A4

PB

P F

Zinc oxide 

Stearic acid 

HSL* quinolin 
lSAFblck (N220) 

HAF black (N330) 
M O R "

Sulphur

•2,2,4-trimethyl -  1.2 -  dihydroqumoline 
”  2-(4-Morpholinothio) benzothiazole

Properties Control Al A4
Tensile strength (MPa) 23.3 2 6 5 24.21
Elongation at break (%) 549 610 586
Modulus, 100 % (MPa) 3.1 5.3 5.1
Modulus, 200 % (MPa) 6.9 9.1 9.1
Modulus, 300 % (MPa) 11.5 12.3 11.7
Tear strength (N/mm) 82 75 74
Hardness (Shore A) 62 62 62
Heat build up (DT °C) 27 9 9
DIN abrasion loss (mm3) 76 96 73

3.1.2. L a tex  - f i l l e r  m a s te r  b a tch

L atex m aster b atches con tain in g  mixed 
filler system s (carbon black/silica/clay) w ere 
also prepared. It w as observed th at there was 
a lm ost n o  filler loss d u rin g  th e  processing. 
H ig h e r  m o d u lu s  a lo n g  w ith  b e tte r  tear 
s tren gth  w as observed  for the m ixed  filler 
m aster batches as com pared  w ith  m ill mixed 
com pounds.

3.1.3. S ilica  re in fo rcem en t o f  ru bbers

Silica re in forcem en t o f  natural rubber 
and ep oxid ised  natural ru b be r o f varying 
epoxy content viz. 1 0 ,2 0 , 25  and 50  m o le %, 
w ere co m p a red  w ith  and  w ith o u t silan e 
coupling agen t and with th at o f carbon black 
filled  natu ra l ru bber. F o rm u la tio n  o f  the 
m ixes is g iven  in Table C hem . 4. Im portant

C hen. 4. f .m m U tio n  of the mJ ,e s  for silica n fa fo rc .m .n t .|„H„ 
1 2 i   ̂ ~ :------ -----------------

NR (1SNR5) 100 loo 35 ~  -------------------------------------------------------------
ENR 10 - - 1" ^  85 85 100
ENR 25 . .  3
ENR 50 '  - 15 15 .

Silica (VN3) 50 50 50 50  15 15
Silane (Si69) - 4 . 50 50
ISAF .  4 - 4

M r______________'A . ^  1,5 ^  L5

dimethyl b u Z )  ^ l m Z ] T s M ^ r T ! UD P G l S ) nC ^  ^  *  <N' W



Table Chem. 5. Technological properties
Parameter 1 2 3 4 5 6 7 8 9
Modulus 300 % (MPa) 7.1 15 11 17.7 11.7 18.2 11.2 14.9 14.1

Tensile strength (MPa) 26.4 25.1 24.7 21.3 24.6 19,5 22.7 24.5 24.0
Tear strength (N/mm) 105 91 106 53 98 54 98 89 109
Hardness (Shore A) 60 62 62 67 63 68 68 64 60
Abrasion loss (mm3) 174 109 143 96 149 105 157 114 106
Heat build up (A'PC) 15 8 15 9 16 11 19 12 19

technological properties are given in Table 
C hem . 5.

I t  w a s  fo u n d  th a t p r o p e rtie s  like 
m o d u lu s  an d  h ard n ess  in creased  w hile 
a b ra s io n  lo ss  d ecrea sed  w ith  level o f 
e p o x id a tio n  o f EN R . A ll the com posites 
c o n ta in in g  s i la n e  sh o w ed  im proved  
properties over the unm odified ones.

3.2. R ecy cled  rubber

A n ew  r a d ica l sca v e n g e r  h as been 
identified for devulcanisation in a mechano- 
chem ical process. In addition, a new concept 
o f  " s im u l ta n e o u s  d e v u lca n isa tio n - 
revulcanisation process" is under study to 
address the twin problem  o f low scorch and 
lo w e r  v u lc a n is a te  p r o p e r tie s  o f the 
devulcanised rubber w hen it is revulcamsed.

3.3. N an ocom p osites

3.3.1. N an os ilv er  b a sed  n an ocom posites

S ta b ilised  nan osilver d ispersion was

prepared using polyvinyl pyrolidinone as 
s tab iliser  at 10 ppb (p arts p er b illio n ). 
N an o silv er  w as fou n d  to  im p a rt an ti 
microbial property. Attempts w ere m ade to 
prepare nanosilver doped nanosilica for use 
in rubber.

3.4. Peroxide vulcanisation

Reconfirm ed the cap ab ility  o f DCP/ 
TEMPO/N, N '-m - dim aleim ide cure system  
to achieve sulphur/accelerator like scorch 
control in p eroxid e v u lca n isa tio n . T h is  
system suffered from a m ajor draw  back of 
very poor mould release after vulcanisation. 
Therefore, a new peroxide cure system , di 
(t-butyi peroxy isopropyl) benzene/TEMPO/ 
tim eth y l p ro p a n e  tr im e th a c r y la te  
(TM PTM A) has been developed. Th e new 
cure system could achieve excellent scorch 
control (Table Chem . 6) w ith  very good 
mould release property.

Table C hen, 6 . Effect pf co-gen, on o n .  b* » ™ '  m M P °  '
timethyl propane trimethacrylate /TEMPO at l" a  C ------------------ ----------------------------------- -

TEMPO
TMPTMA
Minimum torque((ML)dN.m 

Maximum torque((MH) dN.m

M„-Mt
Time for one unit rise in torque, ts,,min 
Tim e for two unit rise in torque, tsjnin 

Optimum cure time (min)______________

31.8
122.5

90.7

20.3
117.0
96.7

16.4

111.0
94.6



4. C o lla b o ra tiv e  p ro jec t

4.1. D evelop m ent o f H urth C ou p lin g  for 
ra il locom otive

In connection with the developm ent of 
H urth C oupling M em brane for C hithranjan 
Locom otive W orks (CLW ), West Bengal, 10 
m o re  sa m p le s  w e re  d e sp a tc h e d  fo r  
evaluation this year. D evelopm ent o f Spheri 
block Ls being attem pted.

4.2. D e v e lo p m e n t o f  fo o tw e a r  s o le  fo r  
physically  handicapped, for Sch efflien  
L ep ro sy  R e se a rch  and  T ra in in g  
Centre (SL R & T C ), K arigiri

P r o to ty p e s  o f  h ard  an d  s o ft  
m icro ce llu la r  so le s  su ita b le  fo r  lep ro sy

patients w ere p repared at RRII laboratory in 
th e  p re se n c e  o f te c h n ic a l p e r s o n s  from  
S L R & T C , a n d  tr a in e d  h im  fo r  the 
m an u factu re  and  tes tin g  o f  m icrocellu lar 
rubber soles.

5 . D e v e lop m en t/ ad v iso ry  w o rk

5.1. T ested  an d  rep o rt w as g iv e n  fo r  the 
dam age o f  5 n o s o f  tyres re ferred  from 
v ariou s C o n su m er D isp u tes  R edressal 
Forum s

5.2. T ested  and  rep o rt w as g iv en  fo r  31 no 
o f  p o ly t h e n e  s a m p le s  f o r  th e  RP 
D ep artm en t and  tested  1 n o  o f  logo 
m ateria l fo r  its  su ita b ility  as s t ick e r  in 
ru b b e r  b a le s  fo r  m a rk e tin g  d ivision .

TEC H N IC A L C O N SU LTA N C Y D IV IS IO N

The m ain ac tiv ity  o f  th e  D iv isio n  is 
te c h n ic a l c o n s u lta n c y  s e r v ic e s  fo r  th e  
prom otion o f Indian Rubber Industry. The 
D iv is io n  c a te r s  to  th e  n e e d s  o f  n ew  
en trep ren eu rs as well as ex is tin g  ru b ber 
goods m anufacturers. T he ranges o f services 
offered to various rubber in dustries include 
product developm ent, qu ality  control and 
ce r tifica tio n , tech n ica l p ro b lem  so lv in g , 
training, etc.

1. Product developm ent

41 products w ere developed as per the 
requests from  the clients and the know -how  
was transferred to the c lients.

2. Q uality control

T e ch n ica l su p p o rt w as ren d e re d  to 
v ariou s ru b ber in d u str ies, m ain ly  to the

s m a ll s c a le  s e c t o r ,  b y  te s t in g  r u b b e r  
com pounds, rubber prod u cts and  evaluation 
o f raw  m aterials.

• Products/sam ples w ere received from 
711 firm s and  tested  8364 param eters 
and  co lle c te d  R s.787894/ - tow ards 
testing/developm ent charges.

3 . A d v is o ry  se rv ic e s

M atters relatin g  to  various asp ects like 
s e le c t io n  o f  ra w  m a t e r ia l ,  d o s a g e  o f  a 
p articu lar in gredient, tem perature/pressure 
for vulcan izatio n  etc . w ere a lw ay s a subject 
o f  c o n c e r n  fo r  s m a ll  s c a le  p r o d u c t 
m anufacturers.

• Q u e r ie s  o n  te ch n ica l m a tters  from  
1337 u n its w ere ad d ressed  d u rin g  the 
rep orting  period.



ECONOM ICS D IVISIO N

T h e  D iv isio n  continu ed  its research 
activ ities confin in g to the five thrust areas 
v iz . ( i)  fa rm  m a n a g em e n t; (ii) p rim ary 
processing and m arketing o f NR; (iii) rubber 
p r o d u c ts  m a n u fa c tu r in g  in d u stry  and 
fo r e ig n  tr a d e ;  (iv )  in te rcro p s  and b y ­
p r o d u c ts ; an d  (v ) in te r -d iv is io n a l 
collaborative projects. D uring the reporting 
period , five p ro jects, all pertaining to the 
farm  m an ag em e n t, w ere com pleted  and 
reported. T h e sum m aries o f the results of the 
com pleted projects are given in the following 
sections.

1. E v o lu tio n  o f R u b b e r  Propagation 
P o lic y  in  In d ia  (1949-86)

T h is  d o c u m e n ta tio n  is  an ea rn est

attem pt to explore and analyse the m ajor 
milestones in the evolutionary dynam ics of 
the rubber prop agatio n  p olicy  in In d ia  
during the 38 year period (1949-86) in the 
context of the m ultidisciplinary study on 
rubber nurseries.

Unlike in the case o f other m ajor NR 
producing countries evolu tion o f India 's 
propagation policy had been unique with 
four distinct phases, viz., the experim ental 
phase, (1902-48), the in terventionist phase 
(1949-60), the phase o f partia l d econ tro l 
(1961-86) and decontrol (1986 onw ards). 
Although India had to confront relatively 
less favourable agro-clim atic conditions, its 
well conceived policy in itiatives w ith the 
active support o f an enlightened planting

Table Eco. I. Major colonial policy measures on rubber (1942-47)

Policy measure 

The Indian Rubber Control Order, 
March, 1942

The Indian Rubber Control and 
Production Order, November, 1942

Im position of protective im port 
tariffs ranging from 30-60 per cent 
on value added rubber products 
(1942-46)

Introd uction  of the bill on the 
Ru bber (Prod uction  and 
M ark etin g ) Act 1947 in the 
L eg islativ e  A ssem bly of the 
G overnm ent of India on 4'n 
N ovem ber, 1946, by Dr. John 
M athai (M em ber in Charge of 
In d u stries  and Supplies in 
Viceroy's Executive Council)

Objectives 

To revamp the existing control 
systems, prohibit NR exports and 
co-ordinate measures in the 
backdrop of the second world war.

To promote NR production and to 
strengthen the monopoly purchase 
scheme of NR, operational since 
27"' May, 1942

To protect the domestic rubber 
products manufacturing sector 
from external competition

To set up a statutory organization 
to look after the interest of rubber 
growers in India consequent to the 
expiry of Rubber Control and 
Production Order (1942) on 30/09/
1946

Outcomes 

The Indian Rubber C ontrol 
Committee was constituted and 
started functioning from April, 
1942

The Indian Rubber Production 
Board was constituted under the 
C hairm anship o f S ir  C.P. 
Ramaswami Iyer. It also marked 
the beginning of a protected price 
policy regime

It laid down the foundation for a 
protective policy regim e and 
sustained inward oriented growth 
of the industry

The bill set out a comprehensive 
agenda for the development of the 
rubber sector in the country. The 
Act came into force from 19,b April,
1947



co m m u n ity  p ro v id e d  th e  p la tfo rm  for 
sustained grow th im pulses from  the very 
beginning. The regulatory regim es on the 
p ro d u ctio n  and d istrib u tio n  o f p lan tin g  
m aterials ensured the m axim um  utilization 
o f  a v a ila b le  reso u rces  and  accu m u la ted  
w isdom . T he statu to n ' provisions related to 
ru b be r p la n tin g  and  p la n tin g  m a te ria ls  
legitim ized through the Rubber A ct had been 
th e  b a c k b o n e  o f  th e  in te r v e n tio n is t  
approaches and the desired outcom es. Table 
E co . 1 su m m a r is e s  th e  m a jo r  p o lic y  
initiatives during pre-independent phase.

A n o th e r  im p o rta n t f e a tu r e  o f  th e  
propagation policy has been the strategies 
adopted for the dissem ination o f scientific 
know ledge through publications and open 
discussion forums. In effect, India achieved 
not only the h ighest adoption o f m odern  
high yielding planting m aterials but also the 
h ig h e s t re p o rte d  n a t io n a l p ro d u c tiv ity  
am ong the m ajor N R producing countries. 
However, since 1961-62 onw ards controls on 
the propagation segm ent had been gradually 
diluted culm inating to  the full decontrol in 
1986. This policy sh ift ushered in a new  era 
o f rubber propagation system  in the country 
dom inated by the private nurseries.

2. T a p p in g  la b o u r  s h o rta g e  in  th e  
r u b b e r  s m a l lh o ld e r  s e c to r  in  
K erala

T h e study highlighted the pivotal role 
o f  c ro p  h a r v e s tin g  o p e r a t io n s  in  th e  
perennial crop dom inated agricultural sector 
o f K erala w ith its reg ion-sp ecific  featu res 
se g m e n tin g  th e  cro p  h a r v e s tin g  la b o u r 
m arket. A m ong the crop harvesting labour 
en g ag ed  in th e  p eren n ia l cro p  se c to r  o f 
K erala, the tappers em ployed in the rubber 
s m a llh o ld e r  se c to r  a r e  u n iq u e  fo r  th e  
o r g a n iz a t io n a l  a r r a n g e m e n ts ,  s o c io ­
e c o n o m ic  b a c k g ro u n d , g e n d e r  and

dem ographic d im ensions as w ell as the piece 
r a te  b a se d  w a g e  p a y m e n t sy s te m . The 
ta p p in g  la b o u r  s h o r t a g e  is  p r im a r ily  
perceived as a sup p ly  sid e issu e in relation 
to the popular alternate d aily tapping system 
w ith its organizational a rrang em en ts rooted 
in  th e  s in g le  g r o w e r  d e p e n d e n c e . 
A ccordingly, the estim ated  annual tapping 
la b o u r  r e q u ir e m e n t  o f  K e r a la 's  ru b be r 
sm allholder sector is m ore than 48  million 
m an days during  the y ear  2011. Technically, 
the labour sh ortage is affixed  to a prefixed 
system  o f tap p in g  w ith o u t ex p lo r in g  the 
underly ing factors su sta in in g  the alternate 
d a ily  ta p p in g  s y s te m  a n d  a h ig h ly  
seg m en ted  n a tu re  o f  th e  ta p p in g  labour 
m arket. T h e dem ographic, g en d er and social 
d im ensio ns o f the labou r are  characterized 
by a h ig h ly  sk ew ed  d istrib u tio n  o f hired 
m ale labou r in the h ig h er  age-grou p  with 
m inim al particip ation  o f fem ale and fam ily 
labour. Th e cu m u lative im p act o f grow th in 
a re a  u n d e r  th e  c r o p , s u b -d iv is io n  and 
fragm en tation  o f the h o ld in gs, the grow ing 
u n certainty  o f N R prices and em ploym ent 
red u cing  strateg ies in th e  co n text o f price 
uncertainty led to a d eclin e in the w age share 
from  24 .18%  during  th e  pre-reform s phase 
to  18 .11%  in  th e  p o st-re fo rm s p hase. The 
estim a ted  a n n u al a v e ra g e  in co m e  o f the 
ta p p e r  w a s  a ls o  lo w e r  th a n  w a g e s  o f 
la b o u r e r s  in  a l t e r n a t iv e  s o u r c e s  o f 
em p loym en t (Table Eco. 2).

T h e  u n c e rta in ty  e n v e lo p in g  th e  NR 
m a r k e t d u r in g  th e  p o s t -r e fo r m s  p h a se  
s ig n a le d  an  o v e r h a u l o f  th e  e r s tw h ile  
a rrangem en ts in the labou r m arket. T h e four 
r e s u lt a n t  c h a n g e s  a r e :  ( i )  p r o m in e n c e  
attained by m ultip le grow er dependence; (ii) 
d ecoup ling o f tapp ing and  sh eet processing 
operations; (iii) w eaken ing lin kages o f credit 
and labou r m arkets; and  (iv) declin ing  wage 
sh are d esp ite  a stead y  g row th in the wage



rates. Th e subseq uen t policy initiatives to 
attract migTant labour from N-E states and 
the responses o f both grow ers and tappers 
a re  y e t  to  p r o v id e  c le a r  s ig n a ls  for a 
c o n s e n su a l b re a k th ro u g h  in the labour 
m arket conu ndrum .

A tw o-pronged  strategy of institutional 
in terventions is suggested in the backdrop 
o f the lim ited  scope o f the existing schemes 
to retain the labour a s w ell as to attract new 
sou rces o f labour. T h e two com ponents of 
th e  in te rv e n tio n s  co n s ist o f institutional 
interventions to popularise LFTS through the 
R P S  n e tw o r k  b y  e n c o u ra g in g  group 
processin g and labour pool mechanism to 
speed up  the sh ift tow ards multiple grower 
dependence. T h e adoption of LFTS has to be 
m ade m andatory for availing die production 
linked su bsid ies o f the Rubber Board. It is 
also  n ecessary  to  m ake concerted attempts 
to m obilize fem ale labour through theSHGs. 
In o rd er to  im prove the w age incom e and to 
p r e v e n t e r o s io n  in  w ag e sh are  flex ib le 
schem es o f p rod u ctk  n incentive and annual 
com pensatory allow ance are suggested. The 
b enefits from  these tw o schem es are closely 
related  to  trends in y ield and the prices. The 
p rop osa ls have to b e  subjected to critical 
d ebate at various stages before refinement 
and fin al im plem entation.

3 .  Trends in  wage sh are  in  the 
context of labour shortage: The 
case of tapping wage share in 
rubber sm allholdings sector in 
Kerala

The study was undertaken to analyse the 
trends in wages and wage share during pre 
and post-reform s phases, to evaluate the 
growth rate and instability of wage share; and 
to understand the comparative influence of 
farm income and wages on wage share. The 
database consists of documented field level 
time series data on wages of sm allholdings 
from primary sources and published official 
data on productivity and price during the 30 
year period from 1980-81 to 2009-10. Th e 
study period is divided into two phases viz. 
pre (1980-81 to 1990-91) and post- reform s 
(1991-92 to 2009-10) phases in order to assess 
the com p arative in flu en ce  o f eco n o m ic  
reforms on the selected variables. Th e trends 
in the rate  o f tap p in g  w ages in  ru b ber 
smallholdings sector were considered for the 
analysis of wages. The tapping wage share is 
defined as the share o f annual tapping wages 
in annual farm income of the sm allholdings. 
In order to remove the inherent am biguities 
of prices and wages and to contain the effect 
of inflation, the real values of price and w ages
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w ere es t im a te d  by u s in g  a p p r o p r ia te  
deflators.

Th e lo n g -term  trends in the selected  
variables w ere analysed by estim ating the 
grow th rate by fitting exponential trend o f 
the type

Y=ab' (G ulati, e ta l .,  1994)

The stability  o f the d ifferent variables 
w as m easured by using In stab ility  Index 
(Cuddy-D ella Valle index) w hich is used as 
a suitable m easure o f variability in tim e series 
data characterised by long-term  trends. The 
d egree o f  relationship betw een farm  incom e, 
w ages and w age sh are  was estim ated  by 
em p lo y in g  K arl P earson 's  C o e ffic ie n t o f  
Correlation.

The results o f the analysis show ed that 
the average tapping wage share was 19.6%, 
The tapping wage share was com paratively 
higher during the p re-reform s phase (24.2% ) 
com pared to the post-reform s phase (18.1 %). 
The trends in com parative grow th rates and 
instability indices o f real values o f the selected 
variables over the tw o phases are given in 
Table Eco. 3. D uring the pre-reform s phase 
except the price (-2.0% ) and w age share (-
0.5 /o), other variables show'ed positive growth 
rates. But during the post-reforms phase while 
price recorded a positive grow th rate (2 .3  %), 
wage share grew  a t a negative grow th rate of 
( - )  0.2%  even with a com paratively higher 
grow th rate in w ages (4.7%).

D u rin g  th e  3 0  y e a r  p e r io d  a ls o  the 
grow th rate o f  w age share show ed a negative 
trend (-1 .3 % ) d espite the p ositive grow th 
rate  in real w ag e (2 .3 % ). T h e in stab ility  
in d ices e stim ated  for d iffe r e n t v ariables 
show ed that during the pre-reform s phase 
w age sh are  (9 .0 )  w as th e  m o st u n stable 
variable. D uring p ost-reform s p hase though 
w ages w ere com paratively  stable (7.5) wage 
sh are w as h ighly  u n stab le  (30.9). Th e results 
o f the correlation a nalysis show ed a negative 
and significant coefficient o f correlation (-0.7) 
betw een farm  incom e and w age share during 
the 30  year period and post-reform s phase. 
T h e results o f the stu d y  revealed  th at the 
ta p p in g  w a g e  s h a re  in K e r a la 's  r u b b e r  
sm allhold ing  sector n o t on ly  lagged  behind 
the significant strides m ade in the real values 
o f farm  incom e and w ages bu t a lso  grew  a t a 
n eg ativ e  g ro w th  ra te  d u r in g  the 3 0  year 
period.

4. T r e n d s  in  t h e  a d o p t i o n  o f  
p la n t i n g  m a t e r ia l s  u n d e r  th e  
sm a llh o ld e r  se c to r  in  tra d itio n a l 
ru b b e r  g ro w in g  re g io n s  in  In d ia

T h e study analysed  th e  trend s in the 
ad o p tio n  o f  p lan tin g  m a teria ls  an d  their 
d en s ity  a c ro ss  d iffe r e n t s iz e -c la sse s  and 
reg io n s . It is b a se d  on th e  in fo rm a tio n  
r e g a r d in g  a re a  u n d e r  N e w  P lan tin g /  
R eplantin g, typ e o f clon es plan ted , year o f 
p la n t in g , d e n s ity  (s ta n d  h a  *), ty p e  o f

Price
Productivity 
Farm income 
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in tercrop  p lanted  etc ., gathered from the 
R u b b e r  P la n ta tio n  D ev e lo p m en t (RPD ) 
sch e m e files  av a ilab le  from  26 Regional 
O ffices o f the Rubber Board located in the 
trad ition al rubber grow ing regions. The 
d atabase o f the study consisted of 130658 
perm its covering 59742 ha for the seven year 
period from  2004 to 2010.

The average holding size o f permit area 
(both new  planting and replanting) in the 
traditional rubber grow ing regions is 0.5 ha 
du ring  the year 2010. It is three percentage 
p o in ts  h ig h er  th an  the size in 2004. The 
low est average p erm it size was witnessed in 
sou thern region (0.4 ha). Among the regions, 
th e  n o rth -cen tra l region has the h ighest 
p erm it size (0.6 ha), rh e  average sizes in 
Tam il N adu, central, and northern regions 
are 0 .4 ,0 .5 , and 0 .5 ha respectively. After two 
decades o f prom otional cam paign the small 
grow ers are show ing positive response to 
m u lti-clonal planting, especially since the 
official release o f RRII 400 series clones in

2005 for com mercial cultivation. As a result, 
the area under the popular high yielding 
clone of RRII 105 had declined drastically. 
Trends in the adoption planting m aterial are 
evident from Table Eco. 4.

Adoption o f multi-clones has increased 
substantially in 2010 as com pared to 2004 in 
all the regions o f the traditional belt except 
Tamil Nadu. The monoclonal status o f RRII 
105 was clearly  challenged  by in creased  
ad op tion  o f m u lti-clo n es and new  h igh  
yielding RRII 400 series clones.

W hile RRII 430  is m o re  p o p u lar  in 
central region, RRII 4 14 is the popular clone 
in all other regions. These clones are more 
popular in central region and relatively less 
in north central region. M ulti-clonal planting 
is positively correlated to size o f holdings. 
All th e  s iz e  c la s s e s  re v e a l u n ifo rm  
preferences to new clones across the regions.

In the case o f density, only 19%  of the 
total area under the sm allholders is planted

Table Eco. 4. Clone-wise adoption across regions (% share>_
Traditional

Clone Tamil Nadu South Kerala Central Kerala Central Kerala 

?niM ?01ft 2004 2010 2004 2010

North Kerala 

2004 2010

region average 

2004 2010

RRII 105 21.3 53.2 96.7 51.0 913
0.1

41.3
19.6

99.4 77.4 98.4
0.0

6s.l
12.9 0.1 17.1

RRII 414 0.0 12.5 0.4 0.8 0.9
RRII 417 0.0 0.0

0.0
0.0
5.8
1.3

0.0 0.0 0.0 0.1
RRn 422 0.0 0.0

4.3 3.3 0.2 4.5 0.2 10.0
RRII 430 0.0 0.0 16.8 2.6 15.3
Multiclone 40.8 10.2

0.5 0.4 0.6 0.1 0.8 0.3 0.3 1.3 0.9

Total 100.0 100.0 100.0

11 100.0
1796.9

100.0
1763.4

100.0
1070.4 672.5 3337.1 1679.2 7756.8 5193.1

relatively popular hi Tamil Nadu region.

<420
420-500
500-600
>600

46.1
48.9

67.8
11.9

0.0
5.2

49.5
45.3

19.0
61.2
19.7



as per the recom m endation o f the Rubber 
Board. Table Eco. 5 prov id es th e  d ensity  
p a ttern  a cro ss  d e n s itv -s iz e -c la s s e s  and 
regions.

It is eviden t th at a d ensity  o f m ore than 
50 0  p lan ts p er h ectare  is adopted  in m ore 
than 80  p er cen t o f the area u n d er study. 
A m o n g  th e  f iv e  re g io n s , S o u th  K era la  
r e g is te r e d  th e  le a s t  a d o p t io n  o f  th e  
r e c o m m e n d e d  d e n s i ty  (5.0?/o). In  th e  
region , 48.9%  o f the area had  a den sity  o f 
m o re  th an  6 0 0  p la n ts  p er  h e c ta re . Th e 
density  class o f 500-600  p la n t p er h ectare  
w as th e  c h o ic e s t  c a te g o r y  a m o n g  th e  
sm allho ld ings.

5. A v a i la b i l i t y  o f  a n d  a c c e s s  to  
in fra s tr u c tu r a l fa c i l i t i e s  to  th e  
ru b b e r  sm a ll g ro w ers in  T rip u ra

Th e data on in frastru ctu res from  161 
households under nine b lock plan tin g un its 
(B P U s) and tw o g ro u p  p ro ce ssin g  un its  
(G PU s) w ere collected. Village level data on 
in fra s t ru c tu r e  w e re  c o lle c te d  fro m  th e 
respective v illage offices o f a ll the 11 units. 
Broad sector o f in frastructures considered 
for the study are (i) transp ort facilities (ii) 
e le c t r ic i ty  ( i i i )  d r in k in g  w a te r  (iv ) 
e d u ca tio n a l fa c ility  (v ) co m m u n ic a tio n  
facility (vi) m edical facility, and (vii) credit 
fa c ility . T h e  a n a ly s is  fo llo w e d  th e  
m e th o d o lo g y  ad op ted  by th e  C en tre  for 
M onitoring o f Indian Econom y (CM IE) and 
D e p a rtm e n t o f  N o rth  E a s te rn  R e g io n  
(D O N E R ) fo r  in fra s tru c tu r e  ra n k in g  o f 
d iffe re n t d is tr ic ts  o f  In d ia  (C M IE , 2 000  
D O N ER, 2009).

D istrict-w ise in frastructure in d exin g  o f 
Tripura by (D O N ER) show ed that am ong the 
four districts, West Tripura perform ed better 
th an  N orth  T rip u ra , S o u th  T rip u ra  and 
D halai districts.

Th e index for villages covered under the 
s tu d y  r e v e a le d  th a t B a r a b h a iy a  (S o u th  
T rip u ra), D ak sh in  R an i (So u th ’ T rip u ra) 
M a d h a p u r  N o rth  (W e s t  T r ip u r a )  an d  
K am alasagar (W est Tripura) are the toppers. 
H ow ever, in fra s tru c tu re  in d ex  o f a ll the 
v illages are m u ch below  th e  d istrict-w ise 
in frastru ctu re  in dex o f D O N E R . T h is w ide 
d ifferen ce  is in d ica tiv e  o f the g a p s  in  in tra- 
r e g io n a l a v a i la b i l i ty  o f  in fr a s t r u c tu r a l  
facilities and  the p ersisten t b ackw ard  status 
o f ru b ber g ro w in g  reg io n s u n d er the BPU s 
and G PU s. T able E co. 6 p ro v id es the village 
w ise  in d ex  o f in frastru ctu res.

-----Table Eco 6. Village-wise infrastructure ranking
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24

37

P. Radhamohanpur 
Am tali

Bhagwan Ch. P 

Bagma

Laxmandepha 

Devipur 

Kaliram 

Sipai Para 

Madhapur S 

Kamalasagar 

Madhapur N 

Dakshin Rani 

Barabhaiya

39

44

77

77

78 

100 
103 

116

T h e BPU /G PU -w ise in dex sh ow ed  that 
a m o n g  th e  n in e  B P U s  a n d  tw o  C P U s , 
R a ja r s h i G P U  (S o u th  T r ip u r a )  w as th e  
top per follow ed b y D ariabagm a B PU  (South 
T ripura), P S  Para B PU  (W est Trip u ra) and 
K h am ber Bari B PU  (W est Trip u ra) (Table 
Eco. 7). T h ou gh  n o rm ally  b en efic ia rie s o f a 
BPU/GPU is  fa llin g  u n d er th e  ju risd iction  
o f  o n e  V illa g e  o f f ic e ,  b e n e f i c ia r ie s  o f 
K h am b er Bari BPU  and P S  Para BPU  are 
f ro m  tw o  v il la g e s  e a c h . A n im p o rta n t



BPU/GPU Score
Rambnbu Para BPU 53
Kariyamura ii BPU 77
Laxmandepha BPU 78
Janmabhumi GPU 87

Rani BPU 88
RS Para BPU 94

Kamaiasagar BPU 94

PS Para BPU 95

Khamberbari BPU 95

Dariabagma BPU 98

Rajarshi GPU 108

o b se rv a tio n  is th e  b e tte r  in fra stru ctu re  
accessib ility  index o f BPU/GPUs than the 
in fra s tru c tu r e  a v a ila b ili ty  in d ex  o f the 
v illages (Table Eco. 6  & 7), except Rajarshi 
G PU  (Bharabhaiya V illage) and Rani BPU 
(D a k s h in  R a n i V il la g e ) .  Im p lic it ly , it

underlines the privileged status o f the BPU/ 
G PU  h o u seh o ld s w ith in  th e  in d iv id u al 
villages.

Table Eco. 8 show s the indicator-wise 
d e sc r ip tiv e  s ta t is t ic s  o f in fra s tru c tu r e  
availability in the villages and the BPU/GPU 
h o u se h o ld s . T h e ta b le  u n d e r lin e s  the 
privileged status o f BPU/GPU households 
w ith  m arked  v a ria tio n s  am o n g  th e  ten 
indicators selected.

Com pared to the district infrastructure 
index o f D ONER perform ance of the villages 
and the BPUs/GPUs are poor. At the village 
level, rubber farm ers in BPUs/GPUs have 
better accessibility in infrastructures except 
Rajarshi G PU  and Rani BPU, irrespective of 
the location. However, the results highlight 
th e  n ee d  fo r  p r o a c tiv e  in s t itu t io n a l  
in te r v e n tio n s  to b u ild  up  n e c e ssa ry  
infrastructures to capitalize the potential 
linkage effects from a regional perspective.

Table Eco. 8 . Descriptive statistics on Village and BPU/C.PU infrastructures ------------------- --
Village mean Indicators BPU/GPU Correlation

Surfaced road as % of total road length 17.3 Surfaced road as % of total

road length 80.4 0.63*

Percentage of villages electrified 66.9 Percentage of villages electrified 82.0 0.82”

Percentage of households having Percentage of households having
NS

safe drinking water 54.4 safe drinking water 89.4

Schools (nos) 3.0 Schools (nos) 3.6 0.98“

Informal educational facility(nos) 1.8 Informal educational facility (nos) 2.0 098**

No. of doctors available in the locality 3.2 Doctor availabilty (%) 91.3 NS

Telephone (Land)% 3.9 Telephone (Land)% 5.0 0 .8 3 "

Telephone (Mobile) % 93.9 Telephone (Mobile) % 142.2 NS

Bank (nos) 0.2 Bank usage (%) 72.1

Non-Bank (nos) 10.3 Non Bank (nos) 2.2
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L A T E X  H A R V E S T  T E C H N O L O G Y  D I V I S I O N

The D ivision continued research and 
advisory services on various aspects o f Latex 
H a rv e s t T ech n o lo g y . T h e co lla b o r a tiv e  
program m e on popularising Low  Frequency, 
d3, tapping am ong sm allholdings initiated 
under all the R egional O ffices o f the R ubber 
Board during 2009-10 and 10-11, continued 
successfully. The new com prehensive trial on 
Low  Freq u e n cy  T apping  (L FT ) in itia ted  
during N ovem ber 2010 at Koney estate (in
8  ha. area) to  dem onstrate perform ance o f 
d2 to d7  frequency w as a lso  continued. The 
D iv is io n  in itia ted  p ilo t s tu d ie s  o n  no n - 
conventional harvesting  m ethod s such as 
v ertica l and  m icro -X  tap p in g . T h e C U T  
d em on stration  tr ia ls  in itia ted  in v ario u s 
regional stations continued successfu lly  in 
the third year also.

1. Low  fre q u e n c y  tap p in g

S in ce  Low Freq u e n cy  T apping  is the 
need o f the hour and the m ajor th ru st area, 
the Division continued various experim ents, 
on farm  trials and ad v isory  tr ia ls  on L F T  
under different agro-clim atic conditions. The 
c o m p re h e n s iv e  s tu d y  in it ia te d  d u r in g  
Novem ber 2010 at Koney E state o f H arrisons 
M a la y a la m  L im ite d  to  u n d e rs ta n d  th e  
perform ance o f clone RR II 105 u n d er d2 to 
d 7 f r e q u e n c y  c o u p le d  w ith  v a r io u s  
harvesting practices continu ed  successfully. 
T h e p ro g ram m e a lso  co v e re d  to le ra n c e  
assessm ent o f the lactiferou s system  under 
d if fe r e n t  ta p p in g  f r e q u e n c ie s  an d  
stim ulation based on biochem ical indicators. 
Since, there w as theft o f field  coagulam  and 
late drip  o f  latex during Ju n e  and July, data 
a n a ly sis  w as carried  o u t ex clu d in g  th ese 
m onths. U nder d7 frequency, it w as essential 
to g ive fortn igh tly  yield  stim u la tio n  w ith 
2 .5 %  e th e p h o n . Y ie ld  u n d e r  d i f fe r e n t

frequen cies w ere com p arab le  for the period 
from  N ovem ber 2010 to M arch, 2012. Lowest 
in cid en ce o f  T ap p in g  Panel D ry n ess was 
observed u n d er d 7  frequ en cy  w ith  h ighest 
rounds o f yield stim u lad on i.e. 24/y (Table 
L H T . 1). T h e  b io c h e m ic a l  s t u d ie s  a lso  
in dicated  health y  statu s o f the trees.

Table LHT. 1. Dry Rubber Yield (kg 400 trees ’) and 
o th e r  a ttr ib u te s  u n d er d2 to d7

2010-March 2012)
Tapping system Tapping

day*f
Yield TPD

S/2 (RG) d2 6d/7 189 2386 2.9
S/2 (RG) d3 6d/7 128 1983 3.2
S/2 (RG) d3 7d/7 ET 2/y* 148 2330 3.1
S/2 (RG) d3 6d/7 ET 3/y* 129 2248 2.3
S/2 (RG) d4 7d/7 ET 4/y* 111 2290 1.4
S/2 (RG) d4 6d/7 ET 6/y* 97 2054 1.9
S/2 (RG) d6 7d/7 ET 20/y* 74 2198 2.7
S/2 (RG) d7 6d/7 ET 24/y (2w) 65 2170 0.3

Fhe particip atory  L F T  program m e w ith 
R e h a b ilita t io n  P la n ta t io n s  L td , P u n a lu r  
continued to give very good and com parable 
yield  under d3 and d4 frequen cies in the 5 th 
year also w ith com parab le in cidence o f  TPD  
(6-7% ). D ry rubber yield  o f 4 00  trees under 
d3 and d4 frequ en cy  a t  K u lath upuzh a estate 
w as 2052 kg and 2136 kg, w hereas it w as 2432 
kg an d  2 5 6 8  kg a t  A y ira n a llu r  e s ta te . In 
a n o th e r  tr ia l o n  L FT  d 3  a t M an n ark k ad , 
average y ield  o f 4 0 0  trees d u rin g  2006-07  to 
2011-12  w as 2308 kg.

Exp erim ent on Low  F requency Tapping 
(LFT) w ith v arious levels o f yield stim ulation 
in c lo n e  R R II 105  w as co n tin u e d  a t the 
E xp erim ental Farm  U nit (E FU ) o f  Rubber 
R esearch Institute o f India a t Pam pady. Yield 
u nder d2 frequency tapping w as com parable



to d3, d4 and d6 frequencies o f tapping. 
U n d er w eekly  tapp ing, tapping panel is 
closer to bud union. Renewed panel yield 
under d2, d3 and d4 frequencies o f tapping 
also  com parable to that o f d6 frequency of 
tapping (Table LHT. 2),

T h e dem onstration plot under weekly 
tapping with m onthly stimulation at Central 
E x p e rim e n t S ta tio n  (C E S), C hethackkal 
continued to give promising yield. W ith nine 
rounds o f y ield stim ulation and 36 tapping 
days, the cum ulative yield w as 5.5 kg tr e e ' 
and 59.6 kg (m ean per tap yield) during July 
2011 -  M arch  2012. In cidence o f tapping 
panel d ryness was 5.6%  and mean dry rubber 
content w as 37.8% .

In the exploratory trial on L FT (dlO) 
in clon e RRn 105, high yield o f 2000 kg 400 
trees'1 in nine m onths (July 2011 -  M arch 
2012), w as obtained during I 51 year o f BI-1 
panel. C om pared to previous year, yield was 
very high due to the panel change. TPD  
percentage is very low (1.9% ) and annual 
average d rc w as 39.8%.

2. C ollaborative program m e o f R R II 
and R egion al O ffic e s  o f R u b b er 
B oard  in  p o p u la r iz in g  L F T  d3 
tap p in g  w ith  stim u la tion

The program m e initiated during 2009- 
10 (p h a se  I)  and  e x te n d e d  in 20 1 0 -1 1 , 
continued successfully. Very good yield w as 
obtained by the participants and there was 
no report o f increase in TPD  d ue to L FT and 
stimulation. Majority o f the participants are 
u t ilis in g  h ire d  la b o u r  an d  fo llo w  d3 
frequency without weekly one day regular 
rest, leading to higher num ber o f tapping 
days per year. Hence stim ulation rounds per 
year for them w ere modified, i.e., reduced 
from 3 to 2 rounds p er year. D uring the 
annual review m eetings w ith grow ers, they 
w ere m ade aw are  o f the p ra c ices  to  be 
followed under LFT.

3. C on trolled  U pw ard T ap p in g

Th e survey condu cted  by Econom ics 
division indicated an alarm ing (above 40% )

7 , 1, 1., 1 HT ? Yield performance of LFT with stimulation in done RRII 105-------------------------
------------------------------Yield”  Tapping Panel

(.kg h a )  _________________ days _____________
1193 b  147 B 1-2(3)

Tapping system

S/2 (RG) d2 6d/7 (control)
S/2 (RG) d3 6d/7. ET2.5% Pal (1.5) 3/y* 

S/2 (RG) d3 6d/7. ET2.5% Pal (1.5) 4/y* 

S/2 (RG) d3 6d/7- ET2.5% Pal (1.5) 5/y* 

S/2 (RG) d4 6d/7. ET2.5% Pal (1,5) 5/y* 

S/2 (RG) d4 6d/7. ET2.5% Pal (1.5) 7/y* 

S/2 (RG) d4 6d 17. ET2.5% Pal (1.5) 9/y* 

S/2 (RG) d6 6d/7. ET2.5% Pal (1-5) 10/y* 

S/2 (RG) d6 6d/7. ET2.5% Pal (15) 12/y

1594 ab 103 BI-1(5)

1622 ab 102 BI-1(5)
1856 a 103 BI-1.(5)

1881 a 76 BI-1 (3)

1497 ab 78 Bl-10.)

Rtt (R O  d6 6d/7. ET2.5% Pal (1.5) 16/v

1608 ab 76 BI-1(3)

1415 ab 52 60-2(8)

1441 ab 51 BO-2(8)

1140 b 32__________ BO-2(h')

483.0
LSD ( 0 .0 5 ) _______ _________________ _____________ ____________ ____

• • M ta J W ta m l bn m m «»' » » • *- * r



sh are o f old and sen ile p lan tation  in our 
country' w ith low  prod uctivity . T h e past 
m any years experience in traditional region 
and from  the all India coordinated project 
on C ontrolled Upward Tapping (CU T), it is 
c lear  th at C U T  is a su re  sh ot to en h an ce 
production and productivity o f NR from  old 
and senile trees.

4. L o w  F r e q u e n c y  C o n tr o l le d  
U pw ard T ap p in g  (L FC U T )

T here are m any plantations w ho have 
adopted various LFT system s during the past 
several years. O nce these plantations are due 
for renewed panel tapping, in troduction o f 
C o n tro lle d  U p w ard  T a p p in g  w ith o u t 
changing the existing frequency is essential. 
K e e p in g  th is  in  v iew , th e  d iv is io n  is 
conducting various LFC U T experim ents for 
the p ast several years to iden tify  stim ulation 
schedule for LFCUT.

L ow  F re q u e n cy  C o n tro lle d  U pw ard 
Tapping (LFC U T) w ith d ifferent harvesting 
p ractices w as co n tin u ed  a t  E xp erim ental 
Farm  U nit (EFU ). D u ring  the seventh year, 
y ield  u n d er ann ual period ic panel change 
u n d er d 3  fre q u e n c y  an d  b ie n n ia l panel 
change o f high panel under d4 frequency was 
com p arab le . Y ield  o f b asa l panel tapping 
un d er d 6 frequ en cy  a lso  w as com parab le to 
p e r io d ic  p a n e l ch a n g e  o f  d3 , d4 and  d6 
frequen cies o f  tap p in g  (Table LH T. 3).

A nother L FC U T  trial w ith  rainguarding 
w as laid ou t at C ES, in c lon e R R II 105 during 
2004. T h e trees w ere p lan ted  during  1975. 
T h e  s t a t is t ic a l  d e s ig n  w a s  c o m p le te ly  
random ized  sin gle tree sin gle p lo t consisting 
o f 2 8  trees in e a ch  trea tm en t. T h ere  w ere 
e ig h t tr e a tm e n ts  c o m p ris in g  S/4 an d  S/3 
sp ira l cu ts u n d er d3, d4 and  d6 frequencies 
o f tap p ing  in  com bin atio n  w ith  stim ulation . 
In the first y ear  o f tapp ing, treatm ents T2,

i " *  ^ 3 S l f f iS n”  low h T “ ' la|,|,il'8 wil>’ ™" c',u’1 •nam* p x * *  in
Tapping system ~ 7 ~ ----------- ---------------------------

Yield No. of taps
■■— -----------------------------------------------------------------------------------------------------------------------— --------- ---------------------------  -------------------------- (kg 400 trees1)

S/2d3 ET2.5% 2/y; S/4U d3 ET5.0% 6/y 

S/2d4 ET2.5% 4/y; S/4U d4 ET5.0%9/y 
S/41M4 ET5.0% (3W)

S/4U d4 ET5.0% 18/y with annual panel change 

S/4U d4 ET5.0% 18/y with biannual panel change 

S/2 d6 ET2.5% 6/y; S/4U d6 ET5.0% 12/y (2w)
S/4U d6 ET5.0% (2W)

S/4U d6 ET5.0% 24/y (2w) - with annual panel change 

S/4U d6 ET5.0% 24/y (2w)- with biannual panel change 

S/2 d6 ET2.5% 6/y; S/3U d6 ET5.0% 9/y (3w)

S/3U d6 ET5.0% 18/y (3w)

S/2d6 ET2.5% 18/y (3w)

S/2 d6 ET2.5% 12/y (m)
LSD (0.05) “  ---------------------------

• W m f i r n m l  ky m m  U n  ».■ m l c m ,a l ly  d ,fk r„ a  from o r i

3010 a 93
2088 c 71
2184 be 71
2512 abc 73
2941 a 73
1958 c 49
2741 ab 51
2224 be 51
2712 ab 51
2062 c 51
2452 abc 51
2482 abc 51
2168 be 51
520



Table LHT. 4 Treatment details of LFCUT with ra 
_____________ RRII 105________________________

Treatment details

T1 -  S/4U d3 ET 5% 10/y (5 years); 

T2 -  S/4U d3 ET 5% 12/y (4 years) 

T3 -  S/4U d4 ET 5% 18/y (5 years) 

T4 -  S/4U d4 ET 5% 24/y (5 years) 

T5 -  S/4U d4 ET 5% 24/y (4 years) 

T6 -  S/3U d6 ET 5% 18/y (5 years) 

T7 -  S/3U d6 ET 5% 24/y (4 years) 

T8 -  S/3U d6 ET 5% 24/y (5 years)

S/2 d3 E l 2.5% 3/y (2 years) 

5/2 d3 ET 2.5% 3/y (3 years) 

S/2 d4 ET 25%  6/y (2 years) 

S/2 d4 ET 15%  6/y (2 years) 

S/2 d4 ET 25%  6/y (3 years) 

S/2 d6 ET 2.5% 12/y (2 years) 

S/2 d6 ET 2-5% 12/y (3 years) 

S/2 d4 ET 2.5% 12/y (2 years)

T5 and T 7  were rainguarded with tapping 
shade and others with polythene skirt. From 
third year onw ards all the treatm ents were 
rainguarded w ith polythene skirt. Difficulty 
in lifting  o f w ide polythene (90 cm ) during 
tapping w as overcom e by placing cup hanger 
on  the right side o f the panel arid supporting 
the rainguard on it.

D u ring  the first year, trees in all the 
treatm ents w ere tapped on the high panel, 
th ereafter panel position and stim ulation 
frequency varied according to treatm ents. 
Treatm ent details were given in Table LHT.
4. Trees w ere tapped w ith one day (Sunday) 
rest. All the data collected from 2004 to 2011 
w as com piled and statistically analysed.

T1-03 T2-43 TyM Tfrd6 T7-06 TM8

from  each other.

Pig. LHT. 1. Mean yield (kg « > • ” £ > < “ C 0T 
with rain guard m  clone RRH 105

Mean yield of seven years tapping w ere 
given in Fig. LHT. 1. S/4 d3 (T2) and S/4 d4 
(T5) showed significantly higher yield than 
other treatments. Performance o f CU T under 
annual panel change policy is better than 

biennial.
Am ong the w eekly frequencies (T6, T7 

& T8), S/3 d6 with annual panel change (T7) 
recorded highest yield. S/4 spiral cut under 
lower frequencies of tapping with appropriate 
stimulation is ideal for obtaining sustainable 
yield for more years. Tapping Panel D ryness 
(TPD) affected trees in the basal panel also 
gave good yield in the high panel.

In another experim ent in clone RRII 118 
planted during 1980 (the basal panel w as not 
suitable for harvesting), continuous C U T for 
all the 12 m onths was adopted. T here were 
five treatm ents com prising S/4 and S/3 spiral 
cuts under d3, d4 and d6 frequ en cies of 
tapping w ith varying levels o f stim ulation. 
D uring 2005-2010, stim u lation  frequency 
w as once in 6 w eeks under S/4 d3 frequency 
o f tapp ing. D u ring  2010-11, stim ulation  
frequen cy w as chan ged  to on ce  in three 
weeks under S/4 d4 and S/3 d4 stim ulation 
frequency was once in 3 w eeks and 6 weeks 
respectively. Under w eekly tapping (S/3 d6) 
stim u lation  frequen cy w as on ce  in three 
weeks and m onthly respectively. All the trees



Tablt-1..HT. -  Yield (kg 400 trees ') response of LFCUT with rain guard in clone RRII 118

Tapping system 2005-06 2006-07 2007-08 2008-09 2009-10 2010-11
S/4U d3 M /7 4342 b 5028 a 4353 b 2285 b 2308 b 2480 be 3466
S/4Ud4 6d/7 4558 b 5322 a 5960 a 3506 a 3113 a 2605 be 4144
S/3U d4 6d/7 4888 b 5733 a 6111 a 3394 a 2633 ab 2395 c 4192
S/3U Ab 6d/7 6054 a 5162 a 6547 a 3626 a 2579 ab 3565 a
S/3L' d6 6d/7 4429 b 4023 b 5304 ab 2810 ab 2411 b 3139 ab 3686
Values followed by same fctterts are not critically different from  each oilier. 
'NS

w ere ra inguarded  w ith  90  cm  p o ly th en e 
(skirt type). Ethepon 5%  was applied on the 
lace (d 3  &  d4 frequency o f tap p in g ) and 
groove method for d6. D ata collected from 
2005 to 2011 was analyzed statistically  and 
p re se n te d  in  T a b le  LH T. 5. U n d e r  d6 
freq u en cy  o f  ta p p in g , H O -2 p a n e l w as 
tapped continuously for three years. M ean 
yield o f six years under S/4 d3 frequen cy o f 
tapping was com parable to S/4 d4, S/3 d4 and 
S/3 d6 frequencies o f tapping. H igh panel 
tapping under C U T gives good yield even 
fro m  tr e e s  o f  u n s u ita b le  b a s a l  p a n e l. 
Perform ance o f d o n e  RR II 118 on high panel 
(CU T) is very good.

5. O th e r  E x p erim en ts

5.1. Evaluation o f  m in i and  reduced  sp ira l
cut tapp ing

In die exp erim en t a t EFU, RIT, S/4 d3 
continued to g ive good y ield  in the 13,h year 
also. O ne farm er near P iravom  had initiated 
S/4 d3 with yield  stim ulation  o n  1260 trees 
from Janu ary 2011. A ll the trees o f 45cm  and 
above w ere opened. Yield stim ulation  was 
with eth ephon ® 2.5%  concentration  applied 
on pane l a t  45  d ay s  in terv a l (e x clu d in g  
February, M arch & April). Dr)- rubber y ield 
o f first year w as 3.41 kg tree ' y e a r ' and has

rep o rted  th a t th e re  is r e d u ctio n  in tim e 
required for tap p in g . A com m ercia l trial of 
reduced spiral tap p ing  is p roposed  to start 
a t  B C  C h eru vally  e sta te  d u rin g  2012-13.

In ano ther location  a t C alicu t, tw enty 
trees o f 46cm  g irth  w ere d ivided  in to  two 
groups. O ne set w as tapped and the other was 
left untapped. A t the end  o f one y ear  yield of 
m ore than 2kg tree'1 was obtained. The girth 
o f S/4 tapped trees w as 53.7cm  and untapped 
se t w as 5 4  cm , the d ifference w as o n ly  3mm .

5.2 . L ong  term  eva lu ation  o f raingu ard : 
p ro b le m  o f  p ro d u ctio n  lo sse s  in  
th e  a b s e n c e  o f  ra in  g u a rd  an d  
recov ery  th ro u g h  stim u la tio n

Sign ifican t yield  variation w as observed 
am o n g  th e  tre a tm e n ts  d u r in g  2011-12 . 
H ig h e s t  y ie ld  w a s o b s e r v e d  u n d e r  d2 
frequency o f tapp ing w hich w as a t  par with 
d3 frequency o f tapp ing w ith rain guarding. 
Though non rain-guard ed  trees in  general 
showed higher per tap yield, annual yield was 
low. Crop loss could be partially com pensated 
by higher levels o f y ield  stim ulation in non- 
ra in g u ard ed  trees (T ab le  LH T. 6). Total 
rainfall was 2955 m m  and there w ere 131 rainy 
days during the y ear 2011-12. Tapping days 
w ere less during the year and has affected the



Table LHT. 6. Effect of stimulation on recovery of yield loss under d2 and d3 frequencies of tapping in clone

Treatments
kg 400 trees-1

Yield 
kg tap: 

400 trees ‘
kg tree1 g t-: e

DRC
(%)

Tapping

S/2(RG) d2 6d/7 2488 ab 18.4 5.5 45.9 38.8 a 136

S/2 d2 6d/7 2615 ab 265 6.1 66.2 390  a 99

S/2 d2 6d/7 ET2.5% Pa. 3/y 2779a 25.5 5.8 63.7 37.4 b 99

S/2 d2 6d/7 ET2.5% Pa. 5/y 2213 ab 22.7 5,2 56.8 375  b 97

S/2(RG) d3 6d/7 ET2.5% Pa.3/y 2058 ab 23.9 4.7 59.7 35.8 c

S/2 d3 6d/7 ET 2.5% Pa (3/v) 1471 ab 25.3 3 3 63.4 37.4 b

S/2 d3 6d/7 ET 2.5% Pa (5/y) 1386 b 23.6 3.3 59:0 37.4 b

S/2 d3 6d/7 ET 2.5% Pa (7/y) 1609 ab 27.4 3.7 68.5 36.5 c

LSD (0.05) 1362 NS NS NS 0.8978
'

cro p  p erfo rm an ce  p articu larly  u n d er d3 
frequency o f tapping.

5.3. E v a lu a tio n  o f  "M o rte x "  as an yield
stim u lan t in  rubber

In the experim ent to evaluate "M ortex" 
in com parison w ith  ethephon, stimulation 
treatm ents as per the schedule were imposed 
and d ata  on dry rubber yield  and other 
param eters w ere com piled. No significant 
d iffe re n ce  on y ield  or D RC  % cou ld  be 
observed between various treatments during 
the year 2011-12. W ith higher levels of Mortex 
application higher yield could not be obtained.

At E xp erim ental farm  U nit, RIT  also  no 
sig n ifica n t d ifferen ce  in y ie ld  co u ld  be 
observed  betw een  e th ep h o n  (3/Y) and 
"M ortex" (6/Y).

5.4. E v a lu a t io n  o f n o n -  c o n v e n tio n a l  
ta p p in g  m e th o d s  : E v a lu a t io n  o f  
vertical tapping
In a prelim inary observation on vertical 

tapping cut (22 cm ) w ith  s tim u lation  on 
renewed panel (BI-1) indicated an average 
yield o f 30 g f t ' 1 as against 34 g t ' t 1 in normal 
dow n w ard  tap p ed  tre e s  (S 2 ) u n d er d3 
frequency o f tapping.

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

Th e research interests in the Genom e 
A nalysis laboratory encom pass the following 
th re e  a r e a s : (i)  th e  d e v e lo p m e n t,
o p tim izatio n  and validation o f m olecular 
tools for the assessm ent of genetic d ivers.ty 
in rubber, clonal identification and genome 
m apping (ii) developm ent of genetic markers 
for b io tic  and abiotic stress tolerance and 
u n d e rs ta n d in g  th e  s t re s s  a d a p ta t io n  
p rocesses through transcriptom e analysts

and (iii) c lon in g  and ch aracteriza tio n  of 
agronom ically im portant genes.

1. D e v e lo p m e n t ,  o p t im iz a t io n  a n d  
v a lid a t io n  o f  m o le c u la r  to o ls  fo r  
th e  a s s e s s m e n t  o f  g e n e t ic  d iv e r s ity  
in  r u b b e r ,  c lo n a l  i d e n t i f i c a t i o n  
a n d  g e n o m e  m a p p in g  

D if fe re n t m o le c u la r  m a rk e r  
te c h n o lo g ie s  h a v e  b e e n  a d o p te d  an d



successfully used in the characterization o f 
rubber genom e d uring last year.

L I .  D e v e lo p m e n t  o f  m ic r o s a t e l l i t e  
m a rk ers  an d  it s  a p p lic a tio n  in  th e  
ch aracterization  o f  H ev ea  germ plasm

1.1.1. M arker  d ev elop m en t through G en B an k  
d a ta  m ining  

M in ing o f rubber EST seq u en ces for 
sim ple sequence repeats (SSR) resulted in 
identification o f 31 novel repeat m otifs (di, 
tri, tetra & penta) from 1556 EST sequences 
subm itted in public dom ain during  02/05/ 
200/ to 27/09/2011 and 29 SSR prim ers were 
designed for m arker developm ent.

R e c e n tly  a v a ila b le  n e x t g e n e ra t io n  
transcrip tom e seq u encing  data  se t (NCB1 
database - Acc. N o. G SE26514) was analysed 
fo r  la r g e -sc a le  SS R  m in in g . T h e  re p e a t 
num ber threshold w as designated as m ore 
th a n  f iv e  fo r  d in u c le o t id e ,  fo u r  fo r  
trinucleotide and three for tetranucleotide 
r e p e a t m o tifs . C o n s e q u e n tly , 6 9 8  
d in u c le o t id e , 8 6 7  tr in u c le o tid e  an d  72 
te tra n u c le o t id e  r e p e a t s e q u e n c e s  w ere  
identified from  48,768 u n igenes. F lan king  
p rim ers w ere d esig n ed  fo r  sy n th e s is  to 
develop SSR  m arkers.

1.1.2. G enotyping  o f  w ild  H ev ea  a c ce s s io n s  

G en o ty p in g  o f 60  w ild  access io n s  o f 
H evea brasiliensis and five oth er wild H evea  
species viz., H. bentham iana, H. spruceana, H. 
pauciflora, H. cam argoatm  and H. n itida  was 
perform ed w ith 10 m icrosate llite  m arkers 
generated in the lab. A ll these m icrosateliite  
p r im e r -p a ir s  sh o w e d  c r o s s - s p e c ie s  
a m p lif ic a t io n  w ith  f iv e  H ev ea  s p e c ie s ,  
in dicatin g their transferability. Several new  
alle les, m o stly  in h o m ozygou s s ta te  w ere 
observed  in wild species.

1.2. S in g le  n u c le o t id e  p o ly m o rp h ism s  
(SN P s) and  h ap lo ty p e  stru ctu rin g  in 
th e  la tex b io sy n th e sis  g en es o f  H ev ea  
b r a s i l ie n s is

1.2.1. SN Ps in  f a m e s y I  d ip h o s p h a t e  sy n th ase  
(FDPS) g en e

SN P  identification in entire 4 .9  K b FDPS  
gen om ic region o f the clon es RRII 105 RRU 
118, R R IM  600 , R R IC  5 2  an d  G T  1 w as 
com pleted  by seq u en cin g  the PC R product 
as w ell as the cloned  fragm ents. In total 61 
SN Ps, 7 in d els ran g in g  from  on e to 64 bases 
and p olym orphic C T  rep eats (C T8, C T9 and 
C T 13) w ere  id e n tifie d  a m o n g  th ese  five 
H evea  clones. M ost o f the sequence variations 
w ere identified  w ith RR II 118. T h ere  w as no 
base su bstitu tion  in th e  5 ' 1379 bp o f FDPS  
gen e in RR II 105, R R IM  600, R R IC  52  and 
G T  1. B u t w ith  th e  c lo n e  R R II 118 , tw o 
d istinct a lle les w ere observed  based on two 
m ajor in sertion s and d eletio n s in the first 
intron a lon g w ith 35  base substitu tions. From 
rest o f the gen om ic region, a total o f  25  SN Ps 
w ere identified . RR II 105 w as found to be 
com pletely hom ozygous for this region. RRIM 
600 show ed h eterozygosity  a t  3 positions, 
w hereas RRII 118, RRIC  5 2  and G T  1 were 
fo u n d  to  b e  h ig h ly  h e te r o z y g o u s .  
N onsy nonym ous SN P s w ere n o t detected  in 
the entire g en e seq u ence. Seven haplotypes 
w ere id en tified  in th is region o f  RR II 105, 
RRII 118, RRIM  600, R R IC  52  and  G T 1 using 
the softw are D naSPv.5.

T h e  s o f t w a r e  a ls o  d e te c te d  on e 
recom bin ation  sp o t b etw een the sites 1380 
and 1585 (betw een the l y and 2 nd S N P  in the 
h ap lotyp es given  above). Th e rem ain ing 24 
SN P s form ed a s in g le  hap lotyp e block.

Indels identified in FD PS  w ere converted 
to STS marker and assessed in 40 popular clones. 
Four alleles w ere identified from the 40  clones.



O u t o f the 40 clones, 30 were homozygous. 
Homozygosity for allele-1 and allele-3 couldn't 
be observed among these 40 clones.

Sixty w ild accessions (24 Acre, 18 Mato 
g rosso  and 18 R on donia) and five H evea  
sp ecie s  (H. bentham iana, H. spruceana, H. 
pauciflora, H. nitida and H. camargoana) were 
also  genotyped using the sam e STS marker. 
A part from  the four alleles discovered in 
p opu lar clones, new alleles w ere observed 
in  th e  a n a ly z e d  sa m p le s . T h irty -th r e e  
a c c e s s io n s  w e re  fo u n d  h o m o zy g o u s 
including five H evea species w hile the rest 
show ed h eterozygous status.

1.2.2. SN P s in h ydroxym ethy lg lu tary l-C oA  
sy n th ase  (HMGS) gene

Sequencing o f the 5.3 kb genomic region 
o f H M G S  w as continued. Sequencing of this 
gene from all the 5 genotypes was completed 
except the 1800 bp  region in the 5 '-end o f ail 
th e  c lo n e s  e x c e p t R R II 118 . T h e en tire  
gen om ic region o f H M GS  was cloned from 
RR1I-118 and sequenced. C om plete genomic 
sequence o f HM GS  has been reported for the 
first tim e in H evea brasiliensis. Intron-exon 
ju n c tio n s  w ere p red icted  u sin g  sp ecific  
so ftw ares and  identified  12 exons and 11 

introns.

1.2.3. R u b ber e lon ga  tion  fa c t o r  (REF) getie

F u ll- le n g th  R E F  g en e  (1 .7  kb) w as
su ccessfu lly  am plified using three sets of 
p r im e r s  an d  th e  p ro d u cts  a re  b ein g  
processed for sequencing.

1.3. G en etic  lin kage map in  rubber
In  lin kage m ap construction , m arker 

se g r e g a tio n  d a ta  is b e in g  co n tin u o u sly  
integrated into the m apping data to saturate 
the linkage m ap o f rubber. A total o f 244 
m arkers com prising o f 100 RAPD markers,
86 A FLP m arkers, 52 SSR m arkers and five 
SN P  based  and  on e RG A  m arkers w ere

finally utilized  for the con stru ction  o f a 
genetic linkage map. The m arkers generated 
were analyzed using both the linkage map 
construction softw are M apM aker/EXP 3.0 
and JoinM ap 3.0. Th e d om inan t and co­
dom inant m arkers following a segregation 
ratio o f 1:1 were analyzed initially using the 
lin k a g e  m ap c o n s tr u c tio n  so ftw a re  
MapMaker/EXP 3.0. M arker groups were 
determ ined by using a maxim um  likelihood 
distance of 40 and a m inim um  LOD score of
2.0. Linkage groups were detected for each 
p arent separately . In H. b ras ilien s is , the 
number o f linkage groups for a saturated 
linkage map should be equal to the haploid 
chrom osom e num ber of 18. In this study, 23 
linkage groups were formed both for RRII 
105 and RRII 118, which could be d ue to the 
insufficient num ber o f m arkers. All the 23 
lin k a g e  g ro u p s in  R R II 105  sh o w ed  a 
cum ulative genetic d istance o f 1384.7 cM, 
w hereas RRU 118 had 768.5 cM  from  23 
linkage groups. Tw enty-six m arkers were 
unlinked in RRII 105 out o f 115 loci analyzed 
and 33 markers rem ained unlinked out of 99 
m arkers analyzed in RRII 118.

Segregation analysis o f all the m arkers 
developed was repeated using the softw are 
JoinM ap 3.0 w hich could handle all types o f 
se g re g a tio n  d ata . M ark er  g ro u p s w ere 
determ ined using a  m inim um  LOD  score of 
3.0 and a recom bination frequency’ o f 0.4. 
Segregation distortion was noticed in  4.8%  
of m arkers in RRII 105 and 4%  o f m arkers in 
RRII 118, having a high chi-square value, and 
su bseq u en tly  d eleted  from  the an alysis . 
Twenty-four linkage groups w ere identified 
both for RRII 105 and RRII 118. The total 
genetic distance covered was 762 cM  in RRII 
105 and 634 cM  in RR II 118. S ix ty -o n e 
m arkers were unlinked in RRU 105 out o f 164 
loci analyzed  and 62  m arkers rem ain ed  
unlinked out o f 145 m arkers analyzed in RRII 
118. The distance calculated by JoinM ap was



le ss  co m p a re d  to  th a t c a lc u la te d  b y  S ix te e n  s e q u e n c e s  sh o w e d  s ig n if ic a n t
M ap M ak er d u e to the d ifferen ces in th e  hom ology w ith the know n seq u ences from
com putational procedures. the G enBan k and the rest w ere un iqu e or

Two latex b iosynthesis genes: fam esyl having m atch w ith h yp othetical proteins.

d ip h o s p h a te  s y n th a s e  (F D P S )  an d  A n e ffo rt w as m ad e to  c lo n e  full-length
mevaJonate k inase (M K) w ere m apped using g e n e  e n c o d in g  a n t h o c y a n id in  3 - 0 -
a co-dom inant ST S m arker for FD PS  and a g lu co sy ltra n sfe ra se  fro m  G T  1. T h e fu 11-
SIMP (F197C/T) m arker for M K  respectively.

2. D ev e lo p m en t o f  g e n e tic  m arkers 
f 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 leran ce  and u n d ersta n d in g  the 
stress ad ap tation  p rocess th rou gh  
tran scrip to m e a n a ly sis

2.1. D ev elop m en t o f  m o lecu lar m arker(s) 
l in k e d  to  th e  lo c u s  c o n fe r r in g  
resistan ce  to fu n gal d iseases in H ev ea

2 .1.1. R e s is t a n c e  g en e  a n a lo g u e  (R G A ) in  
rubber

A fu ll - le n g th  R  g e n e , b a se d  o n  a 
fu n c tio n a l r e s is ta n c e  g e n e  a n a lo g u e  
(RTRGA13) in rubber w as c loned from  G T  1 
and characterized for the first tim e. Length 
o f the R gene w as 3284 bp and the coding 
s e q u e n c e s  w as 2 5 4 7  b p . C o n c e p tu a l 
translation o f the coding seq uences revealed 
a p ro te in  o f  849  am in o acid s , w hich  had 
characteristic N B -A R C  dom ain and leucin- 
rich repeat (LLR) m otif present in m ost o f 
the R gene from other species and m axim um  
hom ology w as found with nbs-lrr resistance 
protein o f Populus tpicocarpa (E-value 0.0).

2.1.2. G en es  in v o lv e d  in  h o s t  to le r a n c e  to  
C oryn espora  l e a f  d is ea s e  

N ucleotide seq uences o f d ifferentially  
e x p re s s e d  t r a n s c r ip ts  d e r iv e d  from  
C orynespora  challenged  lea f sam p les w ere 
analyzed to get an idea a bout genes involved 
du ring  d isease establishm ent in RR II 105. 

Ar S eth e r  135 u P -reg “ lated  transcrip ts/  
cD N A s w ere cloned and sequenced . These 
seq u en ces  w ere grou p ed  in to  13 co n tig s 
com prising 30 sequences and 105 singletons.

length cD N  A sequence (150 bp) encod ing 470 
am in o  a c id s  w as s u b m itte d  to  G enB an k 
(JQ 0 3 7 8 4 3 ) and  ex p ress io n  a n a ly sis  is in 
p r o g r e s s .  H o w e v e r , w ith  th e  G R A S  
t r a n s c r ip t io n  fa c to r  (s p a n n in g  o v er 
approxim ately  2 100 bp  e n co d in g  688 am ino 
acids in R icitm s com m unis), a p ortion  o f the 
gen e is y e t to  be seq u enced  to ob tain  full- 
length seq u ence inform ation .

2.2. C h a r a c te r iz a tio n  o f  s t re s s -to le r a n t 
clon es o f H. b r a s ilie n s is  u sin g  m olecular 
m a rk e rs  an d  g e n e  re g u la t io n  u n d er 
abiotic stresses: C old toleran ce in  rubber

T r a n s c r ip t  p r o f i l in g  in  tw o  s tre ss  
tolerant H evea  c lon es: PR 261 and  RRII 208 
in  re latio n  to cold  stress  w ere  continu ed . 
L arge n u m b er o f d iffe re n tia lly  expressed  
tran scrip ts ( -8 0 0 )  w as gen era ted  through 
D D -R T  P C R  fo r  c h a r a c te r iz a t io n .  We 
characterized  160 transcrip ts/clones. Earlier 
characterized  110 transcrip ts w ere annotated 
for subm ission  to G enbank .

G lu tath io ne p eroxid ase  gen e involved 
in  s t r e s s  r e g u la t io n ,  sh o w e d  c le a r  
d iscrim in ation  am o n g  the w ild  accessions 
b a s e d  o n  S N P  h a p lo ty p e s  fro m  th re e  
d ifferent p rov inces in Brazil. T h is g en e was 
a lso  id e n tifie d  in co ld  r e sp o n s iv e  ESTs. 
Th erefore, transcrip t a b u n d an ce o f the gene 
was assessed  in d ifferen t tissu es including 
leaf, b ark (both youn g stem  and m ature tree), 
latex and root. E xp ression  w as found m ore 
in lea f follow ed by root, latex and bark.

3. R u b b e r  E S T  p ro je c t

3.1. E S T  g en era tio n  - th rou gh seq u en cin g

O ne h u ndred  and tw enty clon es from  a



b a rk  cD N A  lib r a ry  o f R R II 118 w ere 
annotated and subm itted toG enBank.

To generate cold responsive ESTs, 120 
c lon es from  leaf cD N A  library o f PB 260 
g ro w n  in M u n nar, w ere  ann otated  and 
processed  for subm ission to GenBank.

3.2. In  s i l i c o  a n a ly s is  o f  r u b b e r  E S T
d atabase for gene m inin g

T h e E ST  d atabase of the NCBI holds 
12385 H evea sequences as o f 24/08/2011. ESTs 
c o n ta in  m o stly  p artia l cod in g  and U TR 
reg io n s associated  w ith functional genes 
w h ic h  h o ld  lo ts  o f u se fu l g e n e tic  
in fo rm a tio n . A n a tte m p t w as m ad e to 
analyze the entire 12385 sequences together 
to find such hidden inform ation on Hroea 
gen om e. A ll th e  ex istin g  sequences were 
d o w n lo a d e d  and co n tig  a n a ly sis  w as 
perform ed using the SeqM an module of the 
D N A STA R softw are. A total o f 1490 contigs 
and 2237 singletons w ere obtained from the 
a n a ly se d  se q u e n c e s . T h e co n tig s  w ere 
a r ra n g e d  b a se d  on  th e ir  s iz e  and the 
co n sen su s seq u en ce for each contig  w'as 
used for gene annotation.

4 . M e th y la t io n  d y n a m ics  o f  Hevea
brasiliensis

4.1. M eth ylation  sp ecific  PCR (M S-PCR)

M S-PC R w as carried out with bisulfite 
tre a te d  g en o m ic  D N A  o f th ree popular 
clones, RRII 105, RRIM  600 and P B 2 6 0 before 
an d  a fter  in ducing cold stress in grow th 
cham ber. Both methylation sensitive (M) and 
in-sensitive (U) prim ers designed for a single 
locus w ere used in PCR am plification along 
w ith  a r e v e rse  p rir? ..r . Tw o s ite s  w ere 
s c re e n e d  fo r  th e  p :^ e*.co / ab sen ce  ol 
methylation in promoter seu^-no? of HMCR. 
Amplification result usin^ M sH M G l-M  & L 
prim er showed that the site was mostly un- 
m ethvlated, since strong amplification w as

obtained only with the methylation insensitive 
(U) primer. MS-PCR using M sHM G2-M  &  U 
primer gave better amplification and dearly 
d istin gu ish ed  th e  m eth ylated  and un- 
methylated status of the clones.

4.2. B isu lfite  sequencing o f gene prom oters

Bisulfite sequencing of a 229 bp region of 
the HMGS gene promoter region from poly­
bag plants of the dories RRII 105, RRIM 600 & 
PB 260 before and after induction o f cold stress 
was carried out. A 183 bp region o f the FDPS  
gene promoter was also successfully amplified 
cloned and sequenced. The sequences were 
analyzed using the softw are CyM A TE for 
identifying the methylation variations among 
the dones as well as within the sam e clone 
before and after cold stress.

In HM GS  promoter, only C lass II (CHG) 
and Class 111 (CHH) m ethylation patterns 
were observed. A ctual C H G  m ethylation  
a cco u n te d  fo r  4 .1 7 %  o f  th e  m ax im u m  
probable m ethylation sites w hereas CHH 
type added up to 3.49%. An interesting CHH 
type methylation pattern w as observed at 
position 41 w here RRII 105 plants appeared 
to be dem ethylated  a fter cold treatm ent 
w hereas PB 260 plants showed reverse trend 
of methylation, post treatm ent. In RRIM  600, 
o n e p la n t sh o w ed  m e th y la tio n  a fte r  
tre a tm e n t w h ile  o th e r  re m a in e d  u n - 
m ethylated w ithout any change. Putative 
stress induced  class III m eth y la tion  was 
observed at C AAT box and in close vicinity' 
to TATA box o f RRII 105  plants. A clone 
specific methylation pattern w as observed at 
position 150 in RRIM  600 plants.

In FDPS  prom oter region all the three 
classes of methylation were observed. Actual 
CGN  m ethylation accounted for 20.59%  of 
the m axim um  probable m ethylation sites 
whereas CH G  w as 0.93%  and CH H  1.80 n. 
Putative stress induced D NAde-m ethvlation



at a  CGN  site at position 3 w as observed in 
all the plants except one R R IM  600 plant. On 
the contrary, a reverse p attern  o f  s tress- 
induced m ethylation  was observed  at an 
A TC T-m otif (ligh t responsive e lem en t) in 
RRIT105. Random m ethvlations at other sites 
w ere a lso  observed.

5. C lo n in g  an d  c h a ra c te r iz a tio n  o f  
ag ro n o m ica lly  im p o rta n t g en es

5.1. C lon in g  and ch aracterization  o f  lign in  
b io sy n th e sis  gen e(s) in  H ev ea

5 .1 .1 . C a f f e i c  a c i d  O - m e t h y l t r a n s fe r a s e  
(COMT) gene

G e n e s  e n c o d in g  c a f fe ic  ac id  O - 
m e th y ltra n s fe r a s e  in v o lv e d  in  lig n in  
b io sy n th e s is  w ere id e n tif ie d  in ru b ber. 
Southern analysis o f the genom ic D NA using 
a partial fragment o f CO M T as probe revealed 
the presence o f multiple form s o f the gene and 
consecutively two C O M T  genes, designated 
as HCOM T1 and HCOM.T2 w ere identified. 
Full-length cloning o f H C O M T2  w as done 
from  the bark tissue o f RRII 118 and fully 
characterized. Full-length H CO M T2  cD N A  
w as 1347 bp in cludin g U TRs. C onceptual 
tran sla tion  o f the g en e  com p rised  o f  368 
am ino adds. The sequence w as subm itted to 
G enBan k (Acc. No. JQ 037840).

5.2. C lo n in g  and  characterization  o f  s tress 
resp on sive  gen es

5.2.1. F u n c t io n a l  c h a r a c t e r i z a t i o n  o f  
m eta  I lo th  ion ein  (MT) iso fo rm s  

T h e  fu ll - le n g t h  p u ta t iv e  H ev ea  
m etallothionein gene (leaf isoform ) obtained 
from  the subtraction library was analyzed 
u s in g  re a l tim e  P C R  to  c h a r a c te r iz e  its  
expression  p attern s in d ifferent tissues (leaf, 
bark and root). H evea  actin  g ene w as used as 
th e  e n d o g e n o u s  c o n tro l . R e la t iv e

quantification results show ed high expression 
levels o f this isoform  in leaf tissue com pared 
to bark and root. Expression rate w as minimal 
in both bark and root w ith little  difference 
betw een the two. T h e results are in agreem ent 
w ith  th e  id en tified  iso fo rm  M T -3a, a leaf 
abundant form  based on its high sim ilarity  to 
other leaf m etallothionein orthologs.

In  o r d e r  to  s tu d y  th e  h e a v y  m etal 
sequestration  and  deto xification  properties 
o f H evea  m eta llo th io n ein  g en e  (H evM T-3a  
is o fo rm ), a r e c o m b in a n t  E. c o l i  s tra in , 
eng ineered in o u r lab  to exp ress the H ev MT- 
3a  g en e w as tested for its co p p er tolerance 
p r o p e r ty . T h e  r e c o m b in a n t  b a c te r ia  
containing M T-3a  g en e and  a control E.coli 
cell h arb o rin g  o n ly  the e x p ress io n  vector 
w ere  g ro w n  in  L B  b ro th  w ith  d iffe re n t 
concentrations o f C u S 0 4. S im ilar grow th was 
observed  for both  control and  recom binant 
stra in  up  to 6  m M  C u S 0 4 concentration s. A t 
h ig h e r  c o n c e n tra tio n  o f  C u S 0 4 (10  m M ) 
colon y grow th w as observed  on ly  w ith the 
recom bin an t clon e bearin g  m etallothionein 
gen e. T h is result is an  in d ication  o f the m etal 
to leran ce property  o f the recom b in an t clone 
conferred b y  the H evea  m etalloth ion ein  gene 
it harbors.

5.2.2. D rou ght r esp on s iv e  g en es

Full-length clon ing  and characterization 
o f tw o m ore stress responsive genes: M yo­
inositol-1 p ho sp hate sy n th ase  (M IP S)  and 
aq u ap o rin  PIP ] (A Q P 1)  from  ru b ber was 
carried  out. Th e fu ll-length  cD M A o f M IPS  
w as 195 0  b p  e n c o d in g  u a m in o  acid s, 
w h e r e a s ,  A Q P l  w a s  fo u n d  to  be 
co m p a ra t iv e ly  s m a lle r  in  s iz e  (12 5 4  bp) 
e n c o d in g  2 8 7  a m in o  a c id s .  B o th  th e se  
seq uences w ere subm itted  I -nBank (Acc. 
N os. JQ 037841 and JQ 037842 respectively). 
Functional ch aracterization  is in  progress.



C E N T R A L  E X P E R IM E N T  ST A T IO N , C H E T H A C K A L , K E R A L A

T h e  C e n tra l E x p e rim e n t S ta tio n  
C hethackal, located near Ranni at a  distance 
o f  a b o u t  5 6  km  fro m  K o ttay am , was 
established  in 1966 to cater research needs 
of the different D ivisions of RRII. The Station 
has a total land area of 254.8 ha which is 
planted for d ifferent research projects.

T h e  S ta tio n  m eets the n eed s o f the 
sc ie n tis ts  o f v ariou s d iscip lin es o f Crop 
Im p ro v e m en t, C ro p  M an agem en t, Crop 
P ro te ct io n , C ro p  P h y sio lo g y  and Latex 
H arv est Technology. T h e station had two 
D ivisions - A and B - o f alm ost equal area. 
A p a rt fro m  c lo n e  tr ia ls  and bud wood 
n u rsery  o f p ip e lin e  clon es, trials on low 
fr e q u e n c y  ta p p in g , C U T , G erm p lasm  
a c c e s s io n s ,  d is e a s e  m a n a g em e n t and 
fe r t i l iz e r  d o sa g e s  m ak e up  bu lk  o f the

experimental areas. Specialized trials like gas 
based tapping (G-Flex), intercropping and 
immaturity reduction etc. also m ake part of 
the experim ental area. A three p art tree 
crown budded area with canopy from FX 516 
is laid  to  s tu d y  d ise a s e  re s is ta n c e  
m echanism s. An Eddy- covariance tow er 
gives m icro-environm ental data.

During the reporting period, the total 
crop realized was 210742 kg PFL, and 66267 
kg scrap and 9171 kg coagulum . A  total of 
221 tapping days was possible in the year and 
41 tap p ers (p er d ay) w ere  e n g a g ed  for 
tapping. The C ES D ispensary attends to the 
medical needs o f the w orkers and the total 
number of visits o f patients during the period 
under report was 3100.

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 ro p  im p ro v em en t

1.1. Large scale  tria l for selection o f location 
sp e c ific  c lon es
F ifteen  prom ising clones o f Hevea viz. 

RRII 414, RRII 417, RRII 422, RRII 429, RRU 
430, RRIM  600, RRII 203, RRU 208, SCATC 
88/13, IRCA 109, IRCA 111, IRCA 130, PB 280, 
PB 312  and PB 314 w ere planted in 2010 in 
R B D  a t R R T C  H ah ara  for ev alu ation  of 
lo c a t io n  s p e c if ic  h ig h  y ie ld in g  c lo n es. 
Vacancy filling and planting of Piieraria cover 

crop was com pleted.

1.2. Evalu ation  o f p otential prim ary clones 
in  clon al nursery
A n u rs e r y  tr ia l  o f e ig h t p o te n tia l 

p r im a ry  c lo n e s  o f H ev ea  ob tain ed  from

Table Chy. 1. Juvenile girth and yield of potential 
primary c lones o f  H ere a  in clonal

Primary
clones

Mean girth 
after 4 years of 

planting 
(cm)

Mean of juvenile yield 
Yield Rank based 

(g r 1 10 on yield 
taps') potential

GH 1 16.3 38.8 3

GH 3 15.6 23.2 7

GH 4 213 32.9 5

GH 5 18.1 25.6 5

GH 6 21.8 33.5 4

GH 8 22.6 47.7 2

GH 9 25.6 88.1 1

GH 10 12.9 13.5 8

RRIM 600 16.5 22.4 Check clone

RRU 429 16.6 32.8 Check done

CD (P -  0.05) NS 44.1



S a r u ta r i  R e s e a r c h  F arm  u n d e r  R R S, 
G uw ahati w as started in 2008 (Table Ghv. 1) 
along with check clones, RRIM  600 and RRII
429. G irth was found highest in G H  9 and 
least in G H  10 after four years o f planting in 
clonal nursery. Average o f juvenile yield  (g 
t 10 taps ') over tw o years w as m axim um  in 
GH  9 (88.1 g) and least in G H  10 (13.5 g) 
after fou r years o f p lan tin g. O u t o f  eigh t 
prim ary clones, GH 9  show ed significantly  
higher yield than the check clones.

1.3. L arg e s c a le  tr ia l fo r  e v a lu a t io n  o f 
potentia l primary’ clon es

10 potential prim ary c lones (viz. G H  
1, G H  2, G H  3, G H  4, G H  5, G F16, G H  7, GH 
8, GH 9 and GH  10) o f Sarutari Research 
Farm  w ere planted in L ST  alon g w ith two 
control clones (RRIM  600 and SCA TC 88/13).

1.4. O n - farm  evaluation  o f se lected  c lon es 
o f H ev ea  in  Assam

Pre-w inter girth o f all c lones at 30  cm 
height w as recorded from  the on-farm  trial 
a t U m siang . A m o ng th e  R R II 4 0 0  series  
clones, the girth o f RRII 430 w as significantly 
higher than the control (RRIM  600) at the end 
o f third year o f planting follow ed by RRII 
417  and RRII 429 (Table Ghy. 2).

Table Ghy. 2. Mean girth of RRII 400 series clones at 
Umsiang

Clone Mean girlh at 3 *  year 
of planting (cm)

RRII 417 17.2
RRII 422 16.1
RRII 429 17.0
RRII 430 18.7
SCATC 88/13 16.0
RRIM 600 15.8
CD (P » 0.05) 1.8

2. C ro p  m a n a g e m e n t

2.1. D ev elop m en t o f an In tegrated  N utrient
M an ag em en t system  fo r  y ou n g  ru b ber

E x p e r im e n t fo r  d e v e lo p m e n t  o f  an 
In teg ra ted  N u tr ie n t M a n a g e m e n t (IN M ) 
system  for you n g  rubber w ith cover crop was 
in itiated  a tR R T C , H ahara in clon e R RIM  600 
w ith  se v e n  tr e a tm e n ts , w ith  R B D . T h e 
treatm ents involved com bination  o f different 
d o s e s  o f  in o r g a n ic  fe r t i l iz e r s  w ith  and  
w ithout biofertilisers and a b iofertiliser alone 
treatm en t. T h e b io fertilisers  ap p lied  w ere 
Azotobactor, Pseudom onas, P hosphobacteria  and 
AM F. G ir th  o f  r u b b e r  p la n ts  w e re  not 
sign ificantly  d ifferen t am o ng the treatm ents 
(Table Ghy. 3).

Treatment

Control
Standard practice 
25% N & P  + B F*
50% N&P + BF *
75% N&P +BF • 
Standard practice +BF 
BF alone
SE~ " ~
CD(P = 0.05)

J a b le  Ghy. 3. Girth of plants in different treatments
Diameter1 (mm)

Dec. 08 June 09 Dec. 09
17.0 20.6 7 3
16.8 20.0 7.7
16.9 20.2 7.4
173 21.4 8.1
17.1 20.3 7.7
16.3 19.9 7.7
17.5 21.8 8.0
0.8 1.0 0.3
NS NS NS

___________ Gir tli 2(cm)__________
June 10 Dec. 10 Jan. 12

N.B  ♦ Full dose o f  K: 1. Diameter at 25 cm height; 2. Girth at 750 cm height

10.5
11.5 
10.2 
12.3 
11.0 
12.0 
11.7

0.5
NS

17.7 
20.9
19.0 
24.3
20.0 
21.0
20.8

2.7
8.0



2 .2 . E v a lu a t io n  o f d if fe r e n t b io lo g ica l 
b u n d s for soil and water conservation 
in  rubber

T h e experim ent for conservation of soil 
u s in g  v eg eta tiv e  bu n d s w as in itiated  at 
RRTC, H ahara, RRS, Guwahati. The clone 
w as RRIM  600 w ith 7 treatm ents laid out in 
random ized b lock design. The treatments 
w ere  ru b b e r  w ith  vettiver, lem on grass, 
p alm arosa, guinea grass, rice bean, cover 
cro p  and  n atu ra l cover. T h e qu antity  of 
eroded  soil collected in trench was found to 
be non-significant and the study was being 
continued.

2.3. E f fe c t  o f  cro p  in te n s if ic a tio n  w ith  
in te r c r o p s  o n  e s t a b l is h m e n t  and 
g row th o f r u b be r in  rubber plantation

A n on-farm  intercropping experiment 
was initiated at M orugdala, Kamrup district, 
A ssam  in a  field w ith clone RRIM  600 with a 
spacing o f 2 2 'x l T .  The interspaces between 
rubbers w ere occupied by different crops 
w ith  a v ie w  to  fin d  th e  p o ss ib ility  o f 
gen erating incom e during the non yielding 
im m atu re phase o f rubber and also satisfy 
the food needs o f the grower.

2.4. C om p arative study of zero tillage and 
no rm al p lan tin g  tech niq u e for rubber

A project w as taken up at the RRTC, 
H ahara farm, RRS, G uwahati during 2011 to 
find the possibility o f reducing the pit size 
to reduce soil erosion and labour cost. The 
survival percentage for polybag plants (88%) 
u n d er n o rm al p lan tin g  w as found to be 
higher.

2.5. D e v e lo p m e n t o f lo ca lly  v ia b le  and 
a d o p ta b le  ro o t tr a in e r  d ev ices  fo r  
p rop agatio n  o f  rubber
The project was taken up at RRTC Hahara 

d u r in g  th e  y ear  2011 to com p are  the 
conventional plastic root trainer containers 
w ith locally produced bamboo and earthen

root trainers. The sprouting percentage was 
found to be higher in bamboo containers (93%).

3. Crop protection

3.1. Survey on pests and d iseases o f rubber

Survey on pests and diseases of rubber 
w as carried  out in 37  s ite s  co v erin g  29 
locations in Assam, M eghalaya and northern 
part o f West Bengal (Table Ghy. 4). Pow dery 
mildew (PM) disease was noticed in all the 
locations and the severity o f the disease (PDI) 
was in the range o f 25 to 65%. Incidence o f 
Periconia leaf blight disease was noticed on 
tender leaves in nursery during December/ 
January and was ranging between 20-65% . 
Brown root disease (0.5 to 8.9% ) caused by 
Phellittns noxius was noticed on three/four 
y ear  old  ru b ber p lan t in so m e p riv a te  
plantation in A ssam and M eghalaya. M inor 
incidence of pink disease (0.5 to 1.8% ) was 
observed in RRII 429  b lock p lan tation  at 
RRTC, H ahara in Assam  and also  in two 
locations o f private rubber p lan tation  at 
S a h ip a ra  in A ssam  a n d  R a n g so l in 
Meghalaya.

Incidence o f thread b light disease (35%) 
was observed in budw ood nursery as well 
as in 25-year-old rubber plantation at Umling 
in Meghalaya. Incidence o f C olletotrichum  
lea f sp o t d isease  (5% ) w as o b serv ed  in 
nursery at Sarutari Research Farm and RRTC, 
H ahara during D ecem ber/January. H igh 
infestation o f white grubs (60% ) w ith drying 
o f p lan ts w as observed  o n  on e y ear  old  
rubber p lan ts in a private p lan ta tio n  at 
Kashipur under Udalguri district o f Assam  
for th e  firs t tim e in  N o rth  E ast reg ion . 
Infestation o f scale insect (5 to 30% ) was 
noticed in m ost of the locations during the 

study period.
The reaction o f three short-listed wild 

accessions of H ava  germplasm RO 1737, AC 587



(able Ghy. i Incidencc of various pests and diseases of rubber in different locations
State/Location Altitude Latitude/Longitude PM Incidence of Pests and Diseases (%)

(m) (PDI) BR Pink PLB TB SI WG
Assam ------------
Sarutari" 74 2 6 *0 3 'N; 91® 53' E 20.0 30.0
RRTC,Hahara* 172 26® 09’ N; 92" 01' E 20.0 0.9 0.8 20.0 20
Rangdoloi* 50.0 O.S 10.0
Longha m, Bidiitore 456 26* 02’ N; 92° 25' E 20.0 8.9 10,0
Padampur 70 26° 32' N; 90® 28' E 50.0 0.5 5.0
Kaiajhar 187 26® 51’ N; 92® 05' E 30.0 2.3
Khosurabari* 154 26s 48' N; 92® 07' E 40.0 1.5
Kashipur 145 26® 50' N; 92® 07” E . 10.0 60.0
Kadampara 60.0 25° 54' N; 91® 07' E 30.0 1.6 10.0
Sahipara 55.0 25® 54' 91® 10’ E 30.0 0.6 0.5 10.0
Momai 40.0 26s 05' N: 90® 45' E 40.0 0.7
Rangphar 123.0 26° 03' N; 91® 56' E 40.0 0.5 10.0
Hatigaon 61,0 25® 59" N; 90® 30' E 40.0 3 5
Rewamahaswar 156 26s 09' N; 92® 03' E 35.0 1.3
Boko 44 25® 58' N; 91® 12' E - 65.0
Manupara 35 25° 59" X ; 90® 50' E 40.0 0.7 - 70.0 10.0
Neli* 68 26® 05' N; 92® 17" E 50.0 - 30.0 20.0
Barodoba 6S 25*54' N; 91s 07' E 30.0 10.0
Meghalaya
Bajengdoba* 129.0 25® 59' N; 90® 30' E 50.0 0.9
Rangsol* 170.0 25° 5 4 'N; 90° 3 3 'E 50.0 2.5 1.8 10.0
Umling* 255 25s 5 7 'N; 91® 4 9 'E 65.0 30.0 35.0 20.0Umsiang* 211 26® 03' N; 92® 09' E 60.0 - 50.0 20.0Northern part of
West Bengal
RES,\'agrakata’ 194 26® 05' N; 88® 57' E 20.0 0 5 20.0Jiti* 363 26® 57' N; 88s 56' E 32.5 10.0Birubari 62 26® 26' N; 88v 40" E 25.0

' ' y  .in ,it uix.ust., i ivi - 1 ow aery  iniiuew  d isease; t>K -  Bro
P en com a le a f  b light; TB  = Thread blight; SI  = Scale insect a n d  W G  = W hite grubs.

and AC 5302 to powdery mildew disease was 
studied in field condition by artificially dusting 
the spores at Sarutari Farm in Assam. High level 
o f tolerance to powdery m ildew disease was 
observed in AC 587 as com pared to other two 
accessions (R O  1737 and A C  5302).

A n e x p e r im e n t w as s ta rte d  in 2011 
fo r  m a n a g em e n t o f p u rp le  ro o t d ise a s e  
on 6-year-old rubber plants o f RRIM  600 and 
RRII 105 at R R TC , H ahara in A ssam  with 
th ree rep lications (p lot size: 7 p lants p lo t ■).

G irth  w as recorded  in  treated  and untreated 
blocks. T reatm ents w ith  tilt (5 m L L 1), calixin 
(6 .2 5  m L  L 1) and  co n ta f  (6  m L  L 1) w ere 
im p o s e d  in s o il a t  th e  tr e e  b a s e  o f  all 
experim ental plants.

O bservation  on treated and untreated 
b lock  sh ow ed  th a t the ro o t sy stem  o f all 
affected  p lan ts is healthy. H ow ever, fruiting 
b o d y  o f  th e  p a th o g e n  H e lic o b a s id iu n i  
com pactum  w as not d eveloped  so  far in the 
treated block.



Th e rate o f decom position o f four types 
o f forest litters (viz. rubber, sal, teak, bamboo) 
was studied  by litter bag m ethod under two 
ecosystem s, viz. forest and rubber plantation. 
Th e rate o f w eight loss o f bam boo leaf litter 
w as faster follow ed by rubber, teak and sal 
lit te r s  in  b o th  th e  eco sy s tem s . Rate of 
decom position was rapid under the forest 
system  covers as com pared to mature rubber 
plantation.

T h e  to ta l m ic ro b ia l p o p u la tio n  
associated  w ith the decom posed litters was 
also higher which m ight have contributed for 
the rapid rate o f decom position. Populations 
o f fun gi, bacteria and actinom ycetes were 
high in bam boo and rubber leaf litters as 
com pared  to teak and  sal litters.

In the experim ent for developm ent of 
an in tegrated nu trient m anagem ent system 
for rubber, d ifferent doses of inorganic as 
w ell as b io fertlizers w ere applied singly and 
a lso  in  co m b in a tio n  at th e  rh izosp h ere  
reg ions o f  youn g rubber plants. The total 
m icrobial build  up in the soil and also the 
grow th o f rubber w as assessed. A n increase 
in th e  to ta l m icro b ia l p o p u la tio n s  w as 
observed after three m onths of application 
o f  f e r t i l iz e r s .  T h e  n u m b er  o f b a cteria l 
p op u la tion  w as m ore and the num ber of

populations of Pseudomonas, Azotobacter, 
actinomycetes and PSM were on par with 
control {Table Ghy. 5).

To study the d ynam ics o f m icrobial 
status of rubber, tea, forest and barren soils 
in A ssam and N. Bengal region soil sam ples 
were collected from forest, barren land, tea 
and rubber growing areas on seasonal basis 
and microbial analysis was carried ou t to 
understand the ecological im pact o f above 
ground vegetation as well as the chem icals 
used in the p la n ta tio n s . M ax im u m  
population was found harbouring on forest 
soils followed by rubber, tea and barren soil. 
Bacteria show ed the h igh est p op u lation  
fo llow ed by a c tin o m y ce tes  and  fu n gal 
population.

In o rd e r  to  e x p lo it  th e  n a tu r a lly  
o ccu rrin g  a n ta g o n is tic  a g e n ts  a g a in s t 
d iseases o f rubber, so il m icro flo ra  w as 
isolated  from  the rh izosp h ere  reg io n  o f 
rubber. The antagonistic effect of few fungal 
species like Penicillium  spp., Aspergillus spp., 
Trichodertna sp., Fusartum  spp., Cladosporium  
spp. and a few bacterial species w as assessed 
by dual culture technique. Penicillium  spp., 
Aspergillus spp. and Trichodertna spp. showed 
antagonistic property tow ards the fungal 
pathogens.

Table Chy. 5. slive d is W b .t ta  of M j *  “  lh'  S° “ S » “ •
plants (after 3 months of treatment)---------------- ------------------------------------------------------- — -------



4.1. E ffect o f  application o f y ield  stim ulant 
aw ay from  tapping cut

In ord er to understand  the effect of 
stimulation on different areas o f bark away 

taPPing  cut, seven different treatments 
were considered along with unsdmulated trees 
as control. The experiment was undertaken in 
clone RRIM  600 trees which were under S/2 
d3 system of tapping. The first year yield data 
show ed that yield  in A, B, C and G were 
significantly higher (Table Ghy. 6) than that of 
the unstimulated (H) trees. The % of plants 
stow m gabove 75% TPD in A, B. D and C  were 
j .A  5.9 and 7.7 respectively.

4 .2 . E x p e rim e n t o n  sh a llo w  ta p p in e  at 
G uw ahati

During low winter temperature period 
the crop yield in rubber is not economic as the

plants cannot ooze out suffiden t latex. To avoid 
low winter tem perature stress, tapping rest 
during this period is m andatory for North 
Eastern India. However, this long rest caters 
to loss o f around 4 0 4 5  tapping days every year. 
It would be worth experim enting w hether 
shallow tapping (tapping up to ha If o f the bark 
thickness of normal tapping) during rest period 
can compensate the yield loss. T he drv rubber 
yield, D RC and TPD  in RRIM  600 clone at 
Sarutan Research Farm in Assam w as recorded 
under different tapping systems. There was no 
significant difference between the yield and 
DRC in different tapping system s. 6%  plants 
had shown above 75% TPD. U nder norm al 
tapping with winter rest and continuous S/2 

taPP*ng without winter rest, the plants did 
not show TPD (103 tapping days) com pared 
to sh allow  and co n tin u o u s tap p in g  (146 
tapping days) (Table Ghy. 7).

Treatments
~ able  Cl" -  6- Effect of stimulation on „f „ u . . .

C- Bark S S T  5  5% p S ”  * 1̂  P-nd
D. Bark m j t a t o ,,, »  S "  ”

E  of 5% E * , p h *  a L e  »  “  °  * * * "
J p S c t o  b,)m„ ,30 „  125

-  Yleld % Of plants
(g f f  ) (kg f  year1) showing above

—  ______  75% TPD

54.1
53.4
47.6



REGIONAL RESEARCH STATION, AGARTALA, TRIPURA

R E G IO N A L  R E S E A R C H  ST A T IO N , A G A R T A L A , T R IP U R A

T h e  s ta tio n  carried  ou t its research 
a c t iv i t ie s  o n  c ro p p in g  sy stem  m odels, 
n u tritio n a l req u irem en t o f rubber, clone 
evaluation, rem ote sensing study and latex 
harvest technology, etc. T he other aspects of 
investigations w ere m arketing o f rubber and 
ad visory services to rubber growers.

1. C ro p  im p ro v em en t

1.1. D ev e lo p m en t o f  c lones

Evaluation o f 1262 hybrid progenies is 
in p rogress in four seedling nursery trials 
from w hich  25  hybrids have been selected 
for fu rth er evaluation. In the year 2011,6962 
hand p ollination  attem pts w ere m ade out of 
w hich 825 seedlings w ere obtained. Nineteen 
selected  hybrid s are being evaluated in two 
clon al nu rsery  trials along with check clone 
R R IM  6 0 0  (2 0 0 8  &  2 009). In the clon al 
n u rs e r y  e v a lu a t io n  o f se le c ted  hybrids 
(2009), H P 122 (12 cm ) and 98/38 (12 cm) 
recorded h igher girth than the check clone 
R R IM  6 0 0  (1 1 .5  cm ). O n e th ousand two 
h u n d red  and fo rty  tw o half-sib  progeny 
seed lin gs w ere evaluated in three seedling 
nurseries.

In the Sm all Scale Trial (2000) of ortets, 
the o rtet 114 (46.5 g  t t ) exhibited highest 
m ean yield  over three years followed by ortet 
98  (37 .7  g  t ’ t i w hich w ere higher than 
RRIM  6 00  (37.4 g t ’ t ) .  A m ong the 13 ortets 
from  fo u r R egio nal S tation s in the \ orth  
Eastern region  th at a re  evaluated in clonal 
nursery (2008) a lon g w ith three check done?. 
R R SG  248  (21 cm ) recorded highest girth 
follow ed by the check clon e RRII 208 (20-S 
cm ). Tw elve o rtets  from  the traditionai area 
and tw o  RRII 400  series clones (RRU 403 and 
RR II 4 07 ) a lon g  w ith the check clones, are 
b ein g  ev a lu ated  in clon al nu rsery (2009).

Clone RRII 407 recorded highest girth (14 
cm) and was found on par with check clone 
RRIM 600 (13 cm). Among the ortets, KO 27 
recorded highest girth (13 cm).

1.2. Evaluation o f clones

In the Large Scale Trial (LST) planted 
in 1995 with ten clones, m ean yield  over 
seven years showed that PB 311 (48.9 g t 1 L1) 
was the highest yielder followed by RRII 105 
(48.1 g f  f '). In the LST planted in 1996 (GxE 
trial), consisting o f 13 clones, clone RRIM 600 
(58.11 g t '1 t !) w as found s ig n if ic a n t ly  
superior than all other clones tested.

Potential clones are being evaluated in 
four on-farm  tria ls . In K illam u ra  b lo ck  
plantation, clones such as PB 235 (1136 kg 
ha 1 y e a r1) and RRIM 600 (1054 kg ha : y e a r 1) 
w ere found h ig h  y ie ld e rs . A t T F D P C  
plantation, Bagafa, South Tripura (2000), 
mean yield over five years from clone RRLM 
600 was 1 9 3 g f , tH.

On farm  tr ia l a t T R P C  p la n ta tio n , 
Pathalia (2005), consisting o f RRII 400 series 
clones in the im m ature stage, d o n e  RRII 429 
exhibited maximum girth. At H irapur Block 
plantation (2009), d one RRII 429 (8.6 cm ) had 
the highest girth followed by PB 260 (8J !  cm ), 
while RRII 422 (6.5 cm ) recorded the lowest 
girth in the second y ear after planting.

In fo u r c lo n a l n u rse ry  e v a lu a t io n s  
involving 57 pipeline clones from traditional 
area, 11 popular clones and 19 potential don e ; 
are in progress. Clones BPM  24 and PB 311 
recorded significantly higher girth compared 
to RRLM 600 in the clonal nursery trials.

Field trial involving 49  clones for the 
identification o f reliable juvenile and m ature 
characteristics for d o n e  identification with 
the objective o f standardising D U S testing 
norm s is also in progress.



2. C rop  m an ag em en t

In te g r a te d  n u tr ie n t m a n a g e m e n t 
e x p e r im e n t w ith  d o n e  R R IM  600  w ith  
graded  doses o f in organ ic fertilizers with 
and w ithout bio-inoculum  was continued. 
Th e highest girth (19.2 cm ) was observed on 
co m bin ed  a p p lica tio n  o f 50%  in org an ic 
fertilizer with bio-inoculum  in the third year. 
In another experim ent, the grow th of RRIM 
600 (34.5 cm ) plants during the fourth year 
w as sup erior w hen 20 kg FYM  along with 
50%  o f the recom m ended dose o f fertilizer 
w as applied.

In the experim ent on evaluation o f a 
cropping system  model, four intercrops were 
te s te d . T h e  y ie ld  w as 65  kg h a '1 fo r  
A m orp h op h a llu s  for b o th  m o d els  and  98  
kg h a  ! and 75 k g ha’1 for Colocasia in model 
I an d  II resp ectiv e ly . A m o n g th e  sh o rt 
duration crops, banana yielded 220 kg ha 1 
and 270 kg ha ' and pineapple yielded 1088 
kg ha 1 and 1625 kg ha 1 respectively in Model 
I and II. I t  w as also found that the mean girth 
o f rubber was higher in intercropped area in 
both the m odels.

In  the Rubber-Tea intercropping trial, 
during  the m ature stage o f rubber, mean 
a n n u a l p ro d u ctio n  o f g reen  tea le a f  as 
in tercrop w as 192 kg h a 1 and 2160 kg ha 1 as 
m onocrop. Tea intercrop yield was declining 
due to  shading o f rubber trees over the years. 
M ean rubber yield was 1319 kg h a 1.

In the experim ent on potting media for 
root trainers, young budding was done to 
one month old seedling in the root trainer 
with the selected potting media (top soil with 
cow  dung in the ratio  o f 8:2) and it was 
observed that budding success rate was 55%.

In another experim ent, th ere was no 
d ifference in grow th o f rubber after one year 
betw een the zero tillage and pit planting 
practices.

Five fodder crops w ere tested o v er a 
period o f tw o years in the exp erim en t on 
'Y ie ld  and  qu ality  ev a lu atio n  o f  fo rag es 
under im m ature rubber'. It has been  found 
that m ean yield was highest for guinea grass 
(10.8 t ha ", followed by Stylo S ign al grass 
(8.8 t h a 1), fodder cow pea (7.5 t h a 1), M aize 
(6.3 t h a 1) and N apier Para grass (3 .6  t ha ').

2.1. Rem ote sen sing

In the rem ote sen sing p ro ject, spatial 
m apping o f ex istin g  ru bber p lan tation  o f 
Tripura state has been accom plished using 
IRS-P6 LISS 3  and LISS IV  satellite  im ages. 
Three tem poral im ages o f L ISS 3 w ere used 
to  id e n tify  th e  c u r re n t e x te n t  o f  N R  
plantation based on the tem poral variation 
o f N orm alized D ifference Vegetation Index 
(N DVI). Based on th is estim ation the total 
area under N R in Tripura state w as found to 
be 45252 ha. D ue to the usage o f  coarse  
resolution satellite im ageries N R plantations 
o f below  3 years o f age could n ot b e  detected. 
T h e re fo r e , th e  s p a t ia l  e x te n t  o f  N R  
plantations estim ated based on th is study 
was as on 2008. W aste land m ap ping  w as 
also attem pted and w aste land su itab le for 
fu rth er ex p an sio n  o f NR cu ltiv a tio n  was 
prelim inarily estim ated to be around 18500 
ha. Ground truth observations w ere taken 
to en su re  the accu ra cy  le v e ls  o f  sp a tia l 
m apping o f N R plantations and w aste lands.

3- C r o p  p h y s io lo g y

3.1. Latex harvest tech nology

In the experim ent on d ifferent system s 
o f tapping, the clone PB 235 continued to give 
the highest yield in S/2 d3 system  of tapping 
com pared to S/2 d4 and S/2 d6 system s o f 
tap p in g . In a n o th e r  e x p e rim e n t, S/2 d3 
system  of tapping show ed h ighest y ield  in 
clone RRIM  600 com pared to S/2 d2 and S/2 
d4 system s o f tapping.



In an o th er experim ent, d one RRIM 600 
show ed h igher yield under S/2 d2 system of 
tapp ing com pared  to shallow  tapping in the 
sam e sy stem . In the C ontrolled  Upward 
T apping  (CU T) o f the high panel (HO-1) the 
sh ort cu t (S/4 U d2 6d7) w ith stim ulation 
ET  5%  La 12 Y  in clone RRIM  600 continued 
to g ive the highest yield com pared to S/2 d2 
system  in BI panel.

4. C ro p  p ro tectio n

C ross in fectiv ity test o f Phytophthora sp 
isolated from  lea f rot o f betel vine was tested 
in m atu re  le a f o f RRIM  600 d o n e  under 
laboratory condition  (at 22 ±1°C). The betel 
vine isolate w as able to infect rubber leaf and 
p ro d u ce  b la c k  bro w n  lesion . Th e m ean 
diam eter o f lesions at 72 h of inoculation was 
22 .8  m m  in betel vine leaf while it was only 
14 m m  in rubber leaf. H owever it was only 
m o d erately  v irulent to rubber leaf.

G row th o f Phellinus noxius, the brown 
root d isease causing pathogen was studied 
a t 30, 34 and 3 8  °C. T h e fungus grows well at 
30-34  °C. H ow ever, no grow th o f the fungus 
w as observed  at 38° C  even after 7 days of 
incubation . Th e grow th o f the fungus was 
n ot observed  to resum e when it was again 

k ep t at room  tem perature.

5. P ro c e ss in g  tech n o lo gy

Latex coagulation during w inter season 
w as studied . T h e study showed that when 
am bient tem perature w as around 10°C in the 
w in ter season, an average o f 270 ml of .» 
fo r m ic  a c id  is  r e q u ire d  fo r  co m p le te  
coagulation w here the norm al recommended
d ose is  300  ml o f 0.5%  form ic acid for four 

liters o f latex w ith 12.5%  DRC.
E x p e r im e n ts  w ere  c o n d u cte d  for 

d e v e lo p in g  sm ok e filte rs  fo r  im provm g

colour o f the sm oke dried sheets. It was 
observed from different smoke fil ters that the 
filter with wire mesh could give the better 
colour for the sheets. However, the filter was 
found to be blocked and if the filter is fitted 
with GI pipes, it was found to give good 
colour to the sheets without any blockage to 
the filter.

Experim ent to enh ance the d u rability  
o f m ud w all w as c o n d u c te d  a n d  th e  
resu lts show ed th at the stren g th  o f the 
wall increased w hen latex w as ap p lied  to 
it. H igh strength o f the w all w as observed  
w hen it was m ade w ith  la tex  m ixed  w ith  
clay. H ow ever th e  w all coated  w ith  p re ­
v u lcan ized  la tex  g av e b e tte r  f in ish in g  
and least p eeling  o ff p ro p erties  fo r  the 

coating.

A survey was conducted to  study the 
present status of biogas plants installed in 
different RPSs in Tripura state. The rubber 
pro cessin g  u n it e ff lu e n ts  o n  a n a e ro b ic  
treatm ent produces the com bu stib le gas, 
m ethane due to the a d iv ity  o f m ethano- 
b a c te r ia  an d  o th e r  m ic ro -o r g a n is m s . 
Preliminary results showed that the sam e gas 
can  a lso  b e  g e n e ra te d  d u r in g  low  
tem perature period in w inter season. O ne 
third o f the fire wood could be saved by 
su p p lem en tin g  b io g a s  for ru b be r sh eet 
drving in addition to better colou r o f the 
sheets. It was observed that RPSs generally 
sell latex to the local heat resistan t latex 
rubber th read  m a n u fa ctu rin g  com p any 
available in this state. This practice generates 
in sufficien t efflu ent, w hich  is one o f the 
reasons for the non-production o f B iogas in 
som e plants. Lack o f repair and m aintenance 
of plant w ere oth er reasons. M ost o f the 
Biogas plants seem  to be under utilized in 

this place.



6. E co n o m ics

A p r o je c t  e n t it le d  "A n  e c o n o m ic  
a n a ly s is  o f  p r im a r y  p r o c e s s in g  and  
m arketing  o f N atural R ubber in Tripura” 
w as undertaken covering 13 B lock Planting 
U nits, 15 R P S and 116 individual grow ers. 
A ltogether, 305 sm all rubber g row ers w ere 
covered . It w as found th at processin g  o f 
sh eet ru b ber takes p lace only am ong the 
individual grow ers. Th e low er transaction 
c o s t s  o f  m a r k e t in g  an d  q u ic k e r  p r ic e  
r e a liz a t io n  w ere  th e  m a in  r e a so n s  fo r  
p ro cessin g  sh eet rubber. T h e in d iv idual 
farm ers w ere m ostly  selling their produce 
as u n sm oked  sh eets  to v illag e  trad ers / 
subagents o f dealers. The average deduction 
fo r  s e l l in g  u n sm o k e d  s h e e ts  to  the 
su b a g e n ts  w as 2 7 .2 0  kg ' from  term in al 
m arket p rice o f R SS 4 K ottayam  prices. T he 
9 3 %  o f  B P U s  an d  8 0 %  o f  R P S s w ere

p ro cessin g / m ark etin g  th e ir  p ro d u ce  as 
preserved field latex (PFL). Th e chan nel o f 
m arketing o f PFL has been dom inated  by 
the trading com pany (100%  in BPU and 90%  
in RPS). T h e RPS/BPU p rocess sh eet rubber 
m ainly during m onsoon and peak season 
(at th at tim e local h e a t r e s is ta n c e  la tex  
thread m an ufactu rin g com pany m ay not 
buy the entire quantity). T he farm  g ate price 
realized by the beneficiaries/ m em bers for 
one kg o f dry rubber w as Rs. 14.15 less than 
RSS 4 Kottayam  prices.

7. A d visory  w ork

Discriminatory fertilizer recommendation 
based on soil and leaf analysis was offered to 
244 rubber growers o f this region. A  total o f 
1356 number o f latex sam ples were analysed 
for DRC and other latex parameters. Total 4010 
m of bud wood of high yielding clones were 
supplied to growers.

R E G IO 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

Th e Regional R esearch Station , Tura 
c o n tin u e d  its  r e s e a rc h  a c t iv i t ie s  on 
evaluation o f clones,-polyclonal population 
la te x  h a r v e s t  te c h n o lo g y  an d  cro p  
m anagem ent.

1. C rop  im p rovem en t

1.1. Poly-cross progeny evaluation

T h e  p op u lation  attained  an average 
girth o f 8 .7 cm  ranging between 3 .4an d  ]3  5 
cm. Average test lap yield o f 230 populations 
w as 4.02 g  t '1 0  trees ' with a range o f 1.2- 
1.2.7 g  t-'JO trees '. On the basis o f the test-tap 
yield and girth o f the progenies, top 20%  o f

th e  p o p u la tio n  w as se le c ted  fo r  fu r th e r  
evaluation in clonal nursery trials. Selected 
seedlings w ere cut back  to g en era te  bud- 
w oods. In 2011, a new  nursery o f 8 00 p oly­
cross progenies was se tu p  a tC a n o lg re  farm.

1.2. C lonal nursery ev aluation

A  clonal nursery w as set up  with three 
se lect,on s from  Tura and fou r each  from  
Agartala and G uw ahati w ith RRIM  600 as 

The e xpen m en t is in RBD  design 
with 12 clones and three replications w ith a 
plot size o f 6. A gartala selection RR SA  461 
showed significantly higher height (2.48 m), 
girth (9.2 cm ) and num bers o f leaves (61.8)



Tabic Tura 1. Growth parameters of clonal nursery evaluation trials at Ganolgre farm
Location Selections Height (m) Girth (cm) No. of 

leaves whorls
Guwahati XI 1.9±0.3 7.1±0.1 41.4±5.5 4.1±03

X2 2.2±0.2 7.7±0.7 51.2±6.8 4.9±1..8
X3 2.1±0.4 6.7±2,9 48.5±7.3 4.8±0.3
X9 2.1±0,3 7.9±1.8 43.8±2.0 3.7±03

Tura RRST 24 2.0±03 55±1.0 45.3±l-3 4.0±1.0
RRST 27 2.3±0.4 8.2+1.3 49.7±5.2 4.0±0.0
RRST 39 1.3±0.2 5.0±1.0 36.0+3.0 3.0±0.6

Agartala RRSA 121 2.0±0.1 7,6±0.6 59.6±1.0 4.3±1.0
RRSA 315 2.4*0.1 8.6±1.0 43.0±1.0 43±0.3
RRSA 461 25±0.1 9.2±1.0 61.8±1.0 4.4±1.0
RRSA 585 2.1±0.1 7.7±0J 53.0±3.0 4.3±0.3

Check RRIM 600 Z0±0.1 6.7±0.8 47.5±0-5 4.3±0.3

LSDTcO.OS 0.45 0.73 6.6 1.4

CV (%) 12.9 17.2 8.1 9 3

Table Tura 2. Growth parameters of different clones in the on-farm trial at Mendipathar, East Garo h ills of 
____________ M eghalaya__________________

Height (m) Girth (cm)
Mean Mamin Rabha Mean Momin Rabha Mean

PB 235 
RRII 417 
RRII 429 
RRII 422 
RRII 203 
RRIM 600

LSD*P<0.05
C V(% )

w hen com pared to other selections, while Tura 
selection R RST 39 showed the lowest value tor 
the above param eters (Table Tura 1).

1.3. E v alu ation  o f clon es (LST)
E stablishm ent o f LST with 18 clones is 

u nder progress (RRII 105, RRII 203, RRII 208 
RRII 414, RRII 417, RRII 422, RRII 429, RRII
430 , IR C A  111, IRCA 130, REYAN 88/13, 
H A IK EN  1, RRIM  703, PB 235, PB 312, PB 
314, PB 28/59 and R RIM  600 as check clone). 
Bud-w ood nu rsery o f the clones has been 
established  at G anolgre farm.

1.4. O n -farm  ev aluation  o f selected clones 

T h ree  on-farm  trials have been set up
in the E ast &  W est G aro H ills of Meghalaya.

15.6 
12.2
14.7
10.7
14.2
15.2

10.3
23.4 17.4

10.5

600 plants each of six clones viz. RRII 417, 
RRII 422, RRU 429, PB 235, RRII 203 and 
RRIM 600 were planted in two locations in 
the East Garo H ills and 400 plants each o f 
four clones viz. RRII 417, RRU 422, RRII 429 
and RRIM 600 w ere planted in the W est Garo 
H ills o f M eghalaya. In E ast G aro  H ills, 
highest girth and height w as found in PB 235 
(15.6 cm and 4.3 m ) followed by RRIM  600 
(15.2 cm  and 4.1 m). M axim um  num ber of 
branches were obtained in RRII 203 (17.4) 
follow ed by PB 235 (11.8) and RRIM  600 
(10.5) (Table Tura 2). In W est G aro H ills, 
RRIM 600 was found fallen (2.31 m) but RRII 
417 excelled in term s o f m ean girth (cm ), 
number of leaves and num ber o f w horls.



1.5. H alf-sib  p rogeny evaluation

O n the basis o f test tapping, yield  and 
girth o f the progenies selected in year 2008, 
20%  o f top ranking p opulation was selected 
for further evaluation in clonaJ nurserv trials. 
In another experim ent (2009), com prising o f 
seven progeny clones (PB 86, Gl 1, G T 1, RRII 
2 0 3 , R R IM  600 , R R II 105 and  PB 260), 
p ro g en y  p op u lation  o f RR II 203 show ed 
significantly higher height (3.25 m), girth (8.4 
m ) a n d  n u m b e r  o f  w h o r ls  (4 .9 )  w hen 
co m p ared  to  o th er  p rogen ies. RRII 105 
progenies w ere better in term s of test tap 
yield (2.18 g  t 'lO  trees '). From this trial also, 
20%  o f  th e  top  ran k in g  p ro g en ies w ere 
se le cted  fo r  fu rth er  ev alu ation  in clonal 
nursery' trials.

1.6. D e v e lo p m e n t  o f  p o ly -c lo n a l seed  
garden

Eight hundred and fifty nine poly-bag 
plants belonging to 9 d ones (RRII 118, RRn 
203. RR II 208, R R n  422, RRII 429, Haiken 1 
SCA TC 88/13, PB 280 and RRIM  600) were 
planted in the field at Hahara, Guwahati.

1.7 . E v a lu atio n  o f  p o ly -c ro ss  p ro g en ies  
from  fou r station s o f NE  region

Polyclonal seeds (360 progenies) were 
co lle c te d  from  fou r location s in the NE 
re g io n  an d  p la n te d  (in  RBD  w ith  5 
replications). Guwahati polyclonal progenies

showed the m axim um  height (3.01 m ), girth 
(8.2 cm), number o f leaves (43.8) and num ber 
o f w horls (5 .4) w hen com p ared  to  o th er 
s e le c tio n s  b u t s t a t is t ic a lly  s ig n if ic a n t  
variation  was n o t observed  b etw ee n  the 
locations (Table Tura 3).

2. C ro p  p h y s io lo g y  a n d  la te x  
harvest tech n o lo gy  (L H T )

L ow  te m p e r a tu r e  (b e lo w  10  °C ) 
during w in ter p eriod  is on e o f the m ain  
factor for depression o f yield and d r)' rubber 
content in H evea  u n d er the ag ro -c lim atic  
co n d itio n  o f  G aro  H ill.  Y ie ld  and  y ie ld  
com ponents w ere recorded and the results 
indicated that average total volum e o f latex 
was 186.1 ml t 111 y ield  58.4 g  t'11'1 and DRC 
was 33.8%. C om plete defoliation occurred in 
3rd week o f February and low est soil m oistu re 
w as record ed  in th e  m o n th  o f  Janu ary/  
February.

A m o ng the trea tm en ts , S/4 u p w ard  
tapping system  w ith on ce in th ree w eeks 
stim ulation in the upward cuts and  periodic 
panel change o f d/2 system  show ed highest 
yield com pared to all other treatm ents (Table 
Tura 4).

Table Tura .1 Growth paranreters of poly cross 
P ^ . f ^ ^ f o o r  stations

Locations Height
(m)

Girth
(an)

U , v « Whorls

Tura
NagrakaHa
Guwahati

2 .fe0^
2.540.4
2.7±0.2
3.0x03

7 .2*04  
“-2+J.0 
8.040.5 
8.2412

36.745.7
37.5±7.3
39.6±7.3
43.8*8.8

If 111

CV(%) 0.0
1.1
0.2

9 3
03.

0.7
0.4

Table Tura 4. Annual yield (g t 1 t ‘) under controlled

2011-12 ,a PP inS  SyS,emS d u r in 8
Treatment ~  ~  . .--------------

Yield TPD
 ----------------  ------  ----------------------------(g f  t ■) (%)
T1 S/2d2 6d/?ET15%Pa<2/ y), ^  TT7

S/4Lf d2 6d/7 ET 5%. La (3w)

T2 S/2 d2 M /7  ET 2.5% Pa (j/y)
S/4U ,J2W /7in-5% .La(m)'

T3 S/2 d2 6d/7 FT 2.5% Pa n/y)
S/4U d2 6d/7 ET 5%. La (m) *

T4 S/2 d2 M/7 ET 23%  Pa
- ^ J Z W E T S t  ,
CD (0.(15) -------- — ------------------ ---------------------
------------ ------- ------------- ----------------------5.31 NS

91.0 19.5

17.6



Sh allow  tapping -  an option to stress 
a lle v ia tio n  in H ev ea  p lan ta tio n s during 
w in ter season in NE region, monthly yield 
and D RC  (% ) w ere recorded and presented 
in T a b le  T u ra . 5 an d  r e su lts  in d icated  
m axim um  total volum e of latex in normal 
tapping system  than shallow tapping system. 
D RC  recorded in norm al continuous tapping 
system  w as 1 .2%  low er than shallow tapping 
system . N orm al continuous tapping system 
sh o w e d  h ig h e r  T P D  th an  the shallow/ 
con tin u ou s tapping system and minimum 
w as in norm al tapping system.

A n  e x p e rim e n t on location  specific 
stim u lant application on ethylene induced

stress responses in the tapping panel of the 
Hroea trees was initiated w ith the aim  to 
reduce the ethylene mediated stress responses 
in tissues in the tapping panel by applying 
the ethylene com pounds aw ay from  the 
tapping area without com prom ising the latex 
yield under the agro clim atic conditions of 
Garo Hills. RRIM GOO clone was selected for 
the stu d y  w ith  8 trea tm en ts  an d  w ith  
application of 5% Ethephon (Three tim es per 
year). H igher volume of latex (232.5 m l t'1t'1) 
with lower DRC (34.12%) was recorded in 
treatm ent with bark  ap p lica tio n  o f 5 % 
Ethephon above 125 cm from the bud union 
and near the bud union w hile low er volum e

Months Total volume of latex (ml t-11"1) DRC (%)

Normal
tapping

Shallow/normal
tapping

Normal
continuous

tapping

Normal
tapping

Shallow/normal
tapping

Normal
continuous

tapping

February ** 113.3* 164.4 " 26.4* 25.4

March 93.1’ 121.8 " 31.6* 29.5

April 88.5* 110.0 ** 33.7* 32.1

May 90.0 70.0 95.0 33.3 34.7

June 106.3 95.0 108.3 34.5 35.3 34.0

July 165.0 15S.3 166.6 37.6 38.5

August 92.3 88.3 93.3 37.5 37.9

September 138.0

162.0

135.0
150.0 1 

1 37.8
35.9 37.0 35.9

207.0 195.0 205.0 33.9

199.6 188.3 196.6 31.9

January 165.3 152.5
132.1

158.3

143.3

27.9

34.5 35.3 34.1

LSD*P<0.05 10.56 0.05

50.9 46.6 48.9

Projected yield***
2120 2225

TPD (%) 11.2 14.5 19.5 --------



of latex (96.1 ml t ' t !) and higher DRC (35.37 
% ) was observed in un-stim ulated trees.

3. C ro p  m a n a g e m e n t

3.1. N utritional stu d ies (O n-farm  trial at
Borgang, Assam )

T re a tm e n t-w ise  so il sa m p le s  w ere 
co lle c te d  an d  an a ly z ed  fo r  a v a ila b le  
nutrients. M onthly cup lump yield (g t 1 f 1), 
DRC (%) and total latex volum e (ml t 11 ') 
w ere recorded . G irth  o f the p lan ts w ere 
recorded at different tim e intervals. Results 
in d icated  h ig h est g irth  (90 .5  cm ), g irth  
increm ent (2.98 cm), yield (56.4 f  t'1), DRC 
(34.3 % ) and latex volum e (168.0 ml t'11'1) for 
the treatm ent N'^P^K^ kg h a ' and minimum

for N0P0K0 (Table Tura. 6). A pplication of 
NPK fertilizers had significantly  im proved 
available P and K contents in soil in the sam e 
treatm ent com pared to the control.

3.2. S o il m oistu re reten tion  characteristics 
u n d e r  th e  r u b b e r  g r o w in g  area  o f 
M eghalaya

Soil sam ples w ere collected a t 0-15 cm , 
15-30 cm and 30-60 cm  soil depths and soil 
m oisture d eterm ined. It was found that soil 
m oisture content show ed increasing trends 
w ith  in crea sin g  d ep th  o f so il in  all th e  
months. M axim um  soil m oisture content was 
recorded during July-Septem ber period and 
minim um  was in Janu ary-February period 
(Table Tura 7).

Table Tura 6. Effect of N, P, and K combinations on yield, DRC, girth and total volume of latex under the 
_____________ Central Brahmaputra valley zone (CBVZ) o f Assam during mature phase_________
Treatment 
combination 
(N:P:K) kg ha '

Girth
(an)

Girth
increment

(cm)

Yield
( g f t f )

DRC
%

Total volume 
of latex 

(ml t 1 r ‘)
T1 (OHM)) 70.6 0.9 21.4 31.4 70.5
T2 (0:0:15) 71.9 1.1 722 31.7 74.2
13 (0:15:0) 66.8 1 3 24.4 31.8 79.2
T4 (15:0#) 73.1 1.4 27.3 32.1 87.5
T5 (ffc0:30) 72.5 1.7 29.4 32.2 94.5
T6 (030:0) 75.7 1.6 31.2 32.5 99.2
T7 (3tWH3) 77.8 2.0 333 32.7 104.7
T8 (15:15:15) 76.7 2.1 34.8 32.9 112.16
T9 (30:15-30) 81.3 2.1 38.2 33.1 119.0
T10 (3030-30) 81.7 2 3 4 1 2 33.2 127.2
T il  (45:1530) 84.1 2.4 44.3 33.4 135.5
T12 (4530:45) 83.9 2.5 56.9 33.6 142.8
T13 (60:1530) 84.5 2.8 49.8 33.8 146.7T14 (6030:30) 85.5 2,9 53.0 34.1 159.3
T15 (6030:45) 90.5 3.0 56,4 3 4 3 168.0



Table Tura 7. S o il m oisture content (%) under 
_____________ different depth at RRS, Canolgre farm
Months Soil moisture content ( % 1

0-15 cm 15-30 cm 30-60 cm
depth depth depth

April 20.5 21.5 22.9
May 22.7 23.9 24.5
June 23.7 24.9 25.7
July 25.7 26.4 272
August 27.0 27.9 28.1
September 27.3 28.1 28.7
October 23.4 24.5 25.0
November 21.0 213 21.9
December 20-5 21.4 21.9
January 19.2 19.5 20.1
February 18.2 18.9 19.3
March 18.3 19.2 19.4
Mean 22.7 23.5 24.1
5D 3.1 375 3.2
CV (%) 13.6 13.5 13.1

3.3. A n aly tica l/  A d v iso ry  w o rk  fo r
fertilizer recom m endation

Fifty eight soil sam ples w ere collected 
from the rubber g row ing areas and m ade 
soil fertility assessm ent. R esu lts indicated 
that in the top soil (0-30 cm ) O C  co n ten t 
w as in  the m e d iu m  ra n g e  (1 .2 -1 .5 % ), 
available phosphorus was in the low  range 
(0.14-0.38 m g lOOg ')  and availab le  K  was 
in the m edium  range (7 .1-8 .2  m g 100 g ') .  
T h e  so il is a c id ic  in n a tu r e  w ith  pH  
r a n g in g  fro m  4 .5  to  5 .6 .  F e r t i l i z e r  
r e c o m m e n d a tio n  w a s o f fe r e d  to  th e  
growers.

R E G IO N A L  E X P E R IM E N T  ST A T IO N  
N A G R A K A T T A , W E S T  B E N G A L

1. C ro p  im p ro v em en t
1.1. E v alu ation  o f clones

Exp erim ents on m ultidisciplinary clone 
evaluation  w as initiated in 1990, 1991 and 
1 993 in  th e  n o n -trad itio n a l area of Sub- 
H im alayan W est Bengal with the objective 
o f screening promising clones suitable for the 
area  in  term s o f grow th , yield and other 
attributes. T h e grow th over twenty one years 
a fter planting, indicated (Table Nag. 1) that 
in trial I and II girth was highest in clone 
RRIM  612 (86.7 cm ) followed by SCATC 88/ 
13, RRII 118, H aiken 1 and RRIM 605. Here, 
girth o f eight clones was superior to jheeheck 
c lo n e  RR II 105. In trial III SCATC 93/114 
sh ow ed  sig n ifica n t h igher girth than the 
check  clone RRIM  600 and in trial IV none ot 
the clones w ere superior to the check clone 

R R IM  600.

The mean yield (Table Nag. 2) o f SCATC 
88/13, RRII 300,’ PB 311, RRIM  703, RRIM  605, 
RRII 208, SCATC 93/114 and PB 235 w ere 
superior to the check clone RRII 105 in trial I 
and 11. Yield of check clone RRIM 600 was 
appreciable in trial III, i.e., none of the clones 
performed better than it. However, in trial 
IV the mean yield o f PB 280 and Haiken 1 
was higher than the check clone RRIM  600.

1.2. Evaluation o f germ plasm
Evaluation o f germ plasm  in hot-spot 

areas like N agrakatta, W est B eng al was 
initiated in 1998 w ith 21 germ plasm s along 
with RRU 105 as check  clon e. A m ong the 
w ild  access io n s  m ax im u m  g ir th  (T ab le 
Nag. 3) was found in RO  3 172 fo llow ed by 
RO 2890, R O  5348 and RO  2635. G irth  of 
eight clon es w ere found su p erio r  to  the



Table Nag. 1. Pattern of girth (cm) in different clone trials

Trial I and U Girth (cm) Trial 111 Girth (cm) Trial IV Girth (cm)

G11 64.6 RRIM 612 71 8 PB 280 69.2 *

GT I 70.4 RRII 208 64.1 RRII 308 60.6

Haiken 1 77.2** PR 107 66.8 RRII 208 64.1

PB 235 72.4* PB 310 66.2 PR 261 64.5

PB 311 68.3 SCATC 93/114 75.2* RRIC 104 60.0

PB 5/51 66.7 PB 260 63.0 SCATC 93/114 70.6 *

PB 86 703 RRIC 102 69.8 RRII 300 63.7

PR 107 70,1 PB 86 66.7 PB 235 65.6

RRU 118 78.9** Haiken 1 70.0 Haiken 1 68.1 *

RRII 203 67.3 PB 235 67.3 RRII 105 62.1

RRII 208 70.9 RRIM 600 (check) 67.7 RRIM 600 (check) 66.7

RRU 300 71.9* Collective mean 68.0 Collective mean 65.3

RRIM 605 75.9** CD (P = 0.05) 6.0 CD (P = 0.05) NS

RRIM 612 86.7**
RRIM 703 71.9*
SCATC 88/13 70-9
SCATC 93/114 79.5**
RRIi 105 (check) 64.0
Collective mean 68.4
CD (P = 0.05) 7.1

Table Nag. 2. Pattern of yield in different done trials
Trial 1 and II Yield (g t 'r ') Trial III Yield (g f t 1) Trial IV Yield (g t- 't1)
Gl 1 273 RRIM 612 23.2 PB 280 40.7
GT 1 39.7 RRU 208 34.9 RRII 308 29.9
Haiken 1 3 0 3 PR 107 27.0 RRU 208 42.0
PB 235 40.9* PB 310 34.2 PR 261 32.2
PB 311 4 3 3  ** SCATC 93/114 28.8 RRIC 104 27.2
PB 5/51 32.7 PB 260 27.7 SCATC 93/114 26.7
PB 86 343 RRIC 102 29.1 RRU 300 36.3
PR 107 38.3 PB 86 29.4 PB 235 36.9
RRII 118 39.4 Haiken 1 35.6 Haiken 1 41.8
RRII 203 32.2 PB 235 35.0 RRU 105 30.5
RRU 208 42.2* RRIM 600 36.1 RRIM 600 37.8
RRII 300 4 3 .8 " Collective mean 31.0 Collective mean 35.2
RRIM 605 42.5 * CD (P = 0.05) NS CD (P -  0.05) NS
RRI M 612 393
RRIM 703 4 3 3  **
SCATC 88/13 47.7 **
SCATC 93/114 41.2 *
RRII 105 33.7
Collective mean 34.7
CD (P » 0.05) 6.8



Table Nag. 3. Growth and yield in different ag • ion . •>!//... a
Accessions Girth (cm) Yield(g f f ) Accessions Girth (cm) Yield(g f f )

AC 1950 61.1 24.2 RO 2629 65.2 14.3
AC 607 36.8 20.0 RO 2635 70.1 ** 5.1
AC 619 62.7 8.9 RO 2890 74.9** 14,4
AC 623 46.3 2.7 RO 3172 760  ** 12.2

AC 68 61.6 7 3 BO 5329 57.2 16.7

AC 763 53.4 30.2 RO 5348 7 2 J ” 20-3

MT 196 64.1 25.6 RO 5363 63.3 49.0

MT 2229 67.4 “ 20.9 RO 5408 57 j! 12-5

MT 2594 52.9 15.0 RO 5430 66.2* 22.4

MT 44 663 ' 14.4 RO 5557 69 2** 17 3

RRn 105 60.1 47.2 RO 6130 5 3 * n . i

CD ( P °  0-05) 5.32 (girth) NS (yield)

ch eck  c lo n e  RRII 105. In term s o f yield, RO 
536 3  w as fou n d  com parab le to that o f the 
c h e c k  c lo n e  R R II 105 . In g e n e ra l, the 
p erfo rm an ce o f R on d onia w as better than 
A cre and  M ato  G rosso  accessions.

1.3. P erform an ce o f polyclonal seedlings

P o ly cro ss seed s collected  from  seed 
gard en  in Kanyakum ari, Tam ilnadu were 
grow n in the natural clim atic conditions of 
N orth Bengal since 1990 with 240 trees in 
C RD  (single tree single plot) with a 5x5 m 
distance. M ean g irth of the population after 
21 years o f planting was 66.0 cm. The average 
b lock  yield  o f the population was 39.2 g  r r  
during  the reporting period. Seven per cent

plants showed above 80  g  r  t : yield. Selected 
ortets were m aintained at the n u rsery  fo r  
further evaluation.

2. C r o p  m a n a g e m e n t

2.1. N utritional trial

For optim izing the fertilizer dose in the 
area  o f S u b-H im alayan  W est B eng al, an 
experim ent on N PK in three factorial d esign 
w as laid o u t  T he girth data d uring this year 
(Table N ag. 4) did no t show  any  regular 
pattern in different d o s e s  d  fertilizer applied 
Yield  in N P^IC w as sign ifican tly  h igher 
(Table Nag. 5) than \  P JC  comfeanatson.

Table Nag. 4. Girth (cm) of rubber clones in response to

N Level 

(kg ha'1)

CD (P -  0.05)

K» K* ** * * K-

70S

65.2

69.9

68.9

69.3

69.5

65.9

75.2”

70.1

70.7

71.6

7X4

74 3 *

66.2

70.8
688

m i
7 4 7 **

712
72.8

7 0 *

ms
74L5*

71-9

69-4

73 .7 '

74.4*

7L I

(AA
m j

7L*
7U0
70.0

NP

2.99

NPK

2.70

* Significant at 0.05% level;
»* Significant at 0.01^ ieetf
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Table Nag. 5 Yield (g t V )  distribution of rubber in response lo NPK___________________

N Level ____________P __________  _____________ P ,__________  _____________ 1^,___________
__________ K, K ,  Km K, K ,, K  K , K„,

N0 38.2 30,9 37.9 43.7* 31.6 40.1 31.3 32.2 32.1

Nlf. 26.0 32.8 35.1 32.6 33.0 30.1 31.2 31.1 31.3

N * 31.3 3 4 3  27.9 32.4 28.0 25.3 37.9 28.3 33.4

_____________ 28.6 35.8 33.1 30.1 32.5 38.9 37.9 32.3 32.8

NP NK PK NPK 

CD (P »0.05)_______________8.23 8.61 9.SS 4 . 6 4 __________________________________________

2.2 In ter-p lanting trial

An inter-planting trial on rubber in tea was 
continuedin the Dewars area o f West Bengal. 
Four different planting combinations o f tea- 
rubber along with m onoculture o f tea and 
rubber as control were the treatments.

G reen tea lea f yield in in ter-p lanted  
plots (Table N ag. 6) was significantly lower 
than that o f the pure plot due to heavy shade 
imposed by the m ature rubber trees and also 
due to severe pest attack in inter-planted 
plots.

3. C rop p h y sio lo gy

3.1. P e r fo rm a n ce  o f  p o ly c r o s s  p ro g e n y  
raised from  seed s o f lo ca lly  adapted 
m ature ru b ber p lan tation

Rubber seeds procured from  different 
regions o f N orth East India (N orth Bengal, 
Assam , M eghalaya) and South India (H BSS, 
Kanyakum ari) were cultivated in the Sub- 
Him alayan W est Bengal in 2008 in ord er to 
understand w hether there is any  d ifference 
in perform ance o f the plants w hile grow ing 
aw ay from  th e ir  n a t iv e  p la ce . T h e  d ata

Table Nag. 6. Growth and yield of rubber and tea
Treatments Spacing Tea yield 

(kg h a ')
Rubber girth 

(cm)
Rubber yield

Pure Rubber Rubber - 5 x 5  m - 61.4 1448 (100%)
Rubber + Tea Rubber - 10 x 2.5 m 

Tea - 1 0  x (1.0 x 0.6) m
1187 (70%) 56.8 873 (72%)

Rubber + Tea Rubber - 12 x 2 5  m 
Tea -  12x (1.0 x 0.6) m

1187(70%) 56.8 873 (72%)

Rubber *  Tea
(paired row) Rubber -  18 x (3 x 3) m; 2rows 

Tea -  18 x (1.0 x 0.6) m
1758 (72%) 62.3 813 (68%)

Rubber + Tea

Pu re Tea 
CD (P »  0.05)

Rubber -  10 x 5 .0  m 
Tea -  10 x (1.0 x 0.6) m 

Tea-1 .0  x 0.6 m

2203 (70%)

11174(100%)
8161.77

64.6 354 (35%)

Data in parentheses denote plant stand p er treatment



d u rin g  th is  y e a r  sh ow ed  no sig n ifican t 
d ifference betw een the girth o f plants from 
different sou rce o f seeds.

3.2. P h y s io lo g ic a l ev a lu atio n  o f ru b ber 
c lon es in abandoned tea grow ing areas 
o f D ooars belt o f North Bengal

A ttem pt w as m ade to introduce rubber 
in ab an d o n ed  tea grow in g  areas of sub- 
H im alayan W est Bengal w here the soil is 
e ith e r  so d ic  o r stony. Prelim inary result 
show ed th at rubber can grow well in the 
a lk a lin e  p H  o f  8 .3 . F o r  p h y sio lo g ica l 
evaluation o f different clones grown in high 
pH soil, another experim ent was initiated in 
soil pH  of 7.3. E igh t m onths old polybag 
plants of six clones viz. RRII 208, RRII 429, 
RRII 417, RRII 422, RRIM  605 and RRIM 600 
w ere cultivated in blocks o f 75 plants each in 
high pH soil along with control plants of same 
clone grow ing in soil pH of 5.5 at the research 
farm of RES, Nagrakatta. T he success rate of 
the plants grow ing in high pH soil is 100 %. 
A lm ost all the plants showed cold injury in 
tine form  o f leaf-tip drying and leaf fall. After 
tw o m onths o f planting the girth of plants

under high pH soil was better than that of 
normal soil in RRU 422 and RRLM 605. Among 
the clones growing in high pH soil, the girth 
of RRII 208 was significantly higher than that 
of RRIM 600.

3.3. Evalu ation  o f en v iro n m en ta l stress  
to le ra n c e  an d  p h y s io lo g ic a l  
a d a p ta t io n s  o f co ld  an d  d ro u g h t 
tolerant ortet selection s under varying 
agro-clim ates in  India 

F ield  p erfo rm an ce  o f cold  to le ra n t 
clones when exposed to drought stress w ere 
studied by planting them  in drought prone 
area and vice-versa, budgrafted plants o f ortet 
selections from N agrakatta, Tura, Agartala, 
Guwahati (cold) and D aphchari (drought) 
w ere ra ised  a t  R E S, N a g ra k a tta  (Su b - 
Him alayan West Bengal) and m aintained. 
The growth data o f the polybag plants inside 
the polyhouse was collected. In general, the 
survival rate o f Tura m aterial w as low er 
com pared to that of the others.

3.4. E ffect o f application  o f y ield  s tim ulant 
away from  tapp ing cut 

In order to understand the effect of yield 
stim ulation on different areas o f b ark away

Table Nag- 7. Effect of stimulation on yield of rubber

System oi stimulation application

A. At 125 cm from the bud union

B. Below the tapping pane

C. On the bud union
D. At both A and C positions

E. Bark between 150 cm up to 125 cm
F. Bark application of diluents oil at botl 

A and C positions
G. Panel application of 2.5% Ethephon

H. Unstimulated t r e e s ______________
CD (P °  0.05)

A to F : Bark application o f  5% ethephon

Yield
(g t lt ;) (kg tree 'year1)

% of plants 
showing above 

70% TPD

69.1 47.4 3.4

169.6 52.7 3.8 15

68.4 50.0 3 5 3
67.8 52.5 3.7 8

68.9 45.0 3.2 10

68.34 41.2 2.9 13

70.75 54.4 3.9 23

70.2 43.4 3.1
0.56

5



from tapping cut, seven different treatments 
were considered along with unstim ulated 
tre e s  as co n tro l . T h e e x p e rim e n t w as 
undertaken in BO-2 panel (4lh year) o f clone 
RRIM  600 under S/2 d3 system o f tapping in 
blocks of 40 plants each.

P lants o f all the treatm en ts w ere ol 
u n iform  g irth . Th e first y ear  y ie ld  data 
(g f 1 f 1) showed that yield in treatm ents B, 
C, D and G were significantly higher and that 
on kg tree''year ‘ basis (Table Nag. 7) B, D 
and G  was significantly higher than that of 
the unstim ulated (H) trees. The % o f plants 
show ing above 70% TPD  in B, C, D, w ere 15, 
5 and 8 respectively w hereas it was 23 in G 
and in unstim ulated block it w as only 5%.

3.5. E xp erim ents in  sh allow  tap p in g  at
R E S Nagrakatta

Tapping rest is mandatory in North East 
region to avoid low  w in ter tem perature 
s tre s s . U p o n  ta p p in g  re s t, th e  c ro p  
productivity  o f the rubber plantations in 
North East is affected with an approxim ate 
loss o f 30-40 tapping days in every year. To 
overcom e the yield loss an alternate method 
is being tested by adopting shallow tapping 
w ithou t g iv in g  tap p in g  rest d u rin g  the

w inter m onths. Study w as also in itiated to 
u n d e rsta n d  th e  m a g n itu d e  o f  s t re s s  
in d u ctio n  in th e  ta p p in g  p a n e l d u e  to 
sh allow  tap p ing  com p ared  w ith  no rm al 
tapping. Trees o f uniform  girth o f clon e RRII 
105 with S/2 d2 tapping frequency in BI-1 
panel (2nd year) were selected. S im ilar system  
was followed in RRIM  6 00 w here trees w ere 
tapped in BI-1 panel (4,b year). Th e tapping 
d ays ob tain ed  in sh a llo w  o r  co n tin u o u s 
tapping system  w as 140 w here in norm al 
tapping system  it w as 103. T h e d ata show ed 
that yield in shallow  tapping w as on par with 
the norm al tapping system . T h e percentage 
of plants show ing above 80%  TP D  w as m ore 
in shallow/continuous tapping com pared  to 
norm al tapping w ith rest (Table N ag. 8).

Table Nag. 8. Y ield  pattern  in d iffe re n t tapping  
_____________ systems______________________________
Clone Yield (kg h a 1)

Normal Shallow Continuous
tapping tapping tapping
with rest during winter without rest

RRII 105 1259 (0) 1268 (4) 1234 (3)
RRIM 600 1300 (1) 1292 (2) 1253 (4)

Figures in parentheses is % o f  plants showing >80% TPD

R E G IO N A L  R E S E A R C H  S T A T IO N  
D A P C H A R I, M A H A R A S H T R A

Th e m an dates o f th is Station  are to 
develop suitable clones and location specific 
agro-technology for drought condition. The 
ex p e rim e n ts  o n  c ro p  im p ro v e m e n t 
(sc r e e n in g  o f w ild  H ev ea  a c c e s s io n s , 
evaluation o f clones, polyclone, pipeline 
c lo n e s , se le cted  o r te ts  and  w ild  H evea

accessions for grow th and yield perform ance 
u n d e r  N o rth  K o n k a n  c o n d it io n ) ,  
e n v iro n m e n ta l p h y s io lo g y  ( ir r ig a t io n  
r e q u ire m e n t an d  ir r ig a t io n  m e th o d s , 
d rou gh t stu d ies) and  c ro p  m a n a g em e n t 
(practices to m itigate the d rought like soil 
m oisture conservation) are being carried out.



1. E n v iro n m en ta l physio logy

1.1. D rip  and basin  m ethod o f irrigation

For the identification o f suitable clones 
h a v in g  p h y sio lo g ica l to leran ce  to water 
s t r e s s  an d  h ig h  te m p e ra tu re , two 
experim ents based on irrigation scheduling 
and m ethods o f irrigation being conducted 
in this station.

T h e irrigation experim ent was started 
d uring 1987 w ith an objective to evaluate the 
a d v a n ta g e  o f d rip  irrig a tio n  over basin 
irrigation in term s of w ater saving and total 
econ om y tow ards the cost of irrigation. The 
treatm ent com prises o f 1.00, 0.75 and 0.50 
ETc in basin  and 0.75, 0.50 and 0.25 ETc in 
d rip  m ethods o f irrigation. From February 
2000 onw ards, the 0 .75 ETc in the basin and 
0.50  E Tcin the drip w ere reduced to 0.25 ETc 
in  o r d e r  to  fin d  o u t w h eth er irrig ation  
req u irem en t can be further reduced. The 
resp on se o f d ifferen t irrigation levels by 
these m ethods w as observed Ln terms of girth 
increm ent in clon e RRII 105. A significantly 
higher girth was registered in basin irrigation 
at 1.0 ETc (77.4 cm ) but it is on par for 0.25 
(reduced irrigation from 0.75 ETc) and 0.50 
ETc (7 4 .7 5 , 7 4 .74  cm  resp ectively ) basin 
irrigation . It w as found that the trees under 
d ifferent levels o f basin irrigation (1.0, 0.25,

0.50 ETc) showed higher girth (77.4,74.8,74.2 
cm) as compared to drip system and control 
(65.7 cm). The drip irrigation scheduling 
(0.75,0.25*, 0.28 ETc) resulted in higher yield 
(36.3 g t'11"') as com pared to basin irrigation 
(33 .1 ,36 .3 ,32 .2  g f  r ') .  (Table D ap. 1).

1.2. Cost evaluation trial
The cost evaluation trial w as started 

during 1987 to find out the expenses incurred 
towards various inputs, farm practices and 
irrigation. The treatm ent contains irrigated 
and unirrigated trees of RRIM  600 and the 
irrigated trees were divided into two parts 
according to soil depth. Am ong them, one 
being maintained under reduced irrigation 
of 0.2 ETc (deep soil) and another under 1.0 
ETc (shallow soil) level o f irrigation . The 
block yield, total latex volum e and D RC 
percentage were recorded. The reduced level 
of irrigation was further reduced from l/4,h 
to a minimum level o f l/5!h with an aim  to 
find out the optimum irrigation requirem ent 
for mature trees in good soil depth area. The

Table Dap. 1  Effect of different depth of s 
different summer irrigation sc

Table Dap. 1. Effect of different irrigation methods 
and irrigation scheduling on girth and 
vield of rubber -----

Yield (g ft- ') Girth (cm)

Control 34.9

1.00 ETc 28.2

0.25 ETc* 28.7

0.50 ETc 33.5 74.2

Drip 0.75 ETc 
0.25 ETc’ '

33.1
36.3

73-5
71.9

0.25 ETc 32.2

SE+ 3.8

CD NS 3.6/

ETc to 0.25 ETc

on yield of rubber tg t t )
Drv rubber yield 2011 ■

(R f ’f )
■ 2012

A B C
Months Control 1/5 ETc 1.0 ETc

April 29.5 28.8
20.5

June 25.3 24.6
27.6 28.3 26.5

August 26.0 30.5

September 28.8 202

October 30.0
49.2 27.6

57.6 38.2

January 64.4 32.7
30.6

Mean 35.4 29.3 21.1

SE+ 4.4 1.4

SD 14.6 4.5 2.8



re su lts  (Table D ap. 2) show ed a b e tter  
sum m er as well as annual yield under the 
reduced level o f irrigation (1/5* ETc) in deep 
soil area (31.5, 29.3 g f t 1) than the higher 
level o f irrigation (1.0 ETc) (20.0,21.1 g t ' t  ’) 
in shallow  soil area.

2 . L a te x  h a r v e s t  te c h n o lo g y  (L H T )

In o r d e r  to s tu d y  th e  o p tim u m  
stim ulation schedule for m axim um  latex 
harvest from low yielding regenerated bark, 
one dem onstration trial on C U T (controlled 
upward tapping) was initiated. The study 
w as in itiated  during  2009 in BI-1 panel 
(regenerated bark) o f RRII 105 planted in 
1983 w ith random ized block design . The 
objective is to identify the best C U T practice 
s u i ta b le  to th is  re g io n . T re a tm e n ts  
com prised of S/4 and S/3 upw ard tapping 
cuts w ith periodic panel change o f S/2 basal 
panel tapping (during m onsoon m onths) 
under d3 frequency of tapping and different 
levels o f stim ulation. Yield recording o f all 
tapping days, m onthly D RC%  (one week 
b efo re  stim u lation ), an n u al TP D  % and 
record in g  o f g irth  in crem en t w ere also  
carried out.

Results show that S/3U d3 6d/7 system 
w ith  p e r io d ic  p an e l ch a n g e  reco rd ed  
significantly highest yield both under upper

and basal panels over all oth er treatm ents 
(Table Dap. 3).

3. C rop im p ro v em en t

T h e thrust a reas o f the S ta tio n  w ere 
d evelop m ent o f d ro u g h t to leran t clon es, 
screening o f wild Hevea  accessions and RRII 
400 series clones for drought tolerance, ortet 
selection and selection from  half sib progeny 
o f prepotent clones. Th e clone evaluation 
trial started in 1985 to evaluate grow th and 
yield perform ance o f 15 m odern clones got 
com pleted.

3.1. O rtet selection

The results o f the large scale evaluation 
o f 14 ortets started in 2008 indicate O S 135 
as the tallest and O S 36 as having higher girth 
am ong the o rtets  s tu d ied . T h e  d eta iled  
grow th characteristics are furnished  in the 
Table (Dap. 5).

3.2. G erm plasm  screen in g

Th e exp erim en t on screen in g  o f wild 
Hevea accessions for drought tolerance under 
D apchari cond ition s w as con tin u ed . T h e 
M ata G rosso accessions w ere found superior 
in g ro w th  c h a r a c te r s  th a n  th o s e  fro m  
Randonia and A cre provinces. Based on their 
field  p erform ance o v er fou r y ears, a b o u t 
tw enty five accessions have been identified 
to have d rought tolerance.

TabfcDa£ ^ V i eW ,« p o„ 5 e o lcloneR K II105loU p .«J rfT »p r ln,  ...................... ............................... ..
CUT Normal Tapping

Treatments g f f kg tree' kg tree1
Tl- S/2 d3 6d/7, S/4U d3 6d/7 ET 5% La (3w ) 58.1 3.9 1557 44.1

T2- S/2 d3 6d/7, S/3U d3 6d/7 ET 5% La (3 w) 66.6 4.5 1792 44.1
T3 - S/2 d3 6d/7, S/4U d3 6d/7 ET 5% La (m) 53.6 3.6 1436 39.1
T4- S/2 d3 6d/7, S/3U d3 6d/7 ET 5% La (m) 55.1 3.7 147 7 38.8

CD (P“0.05)
7.04
NS

4.62
NS



Table Dap. 5. Growth performance of different ortets 
w ith control clones under Dapchari 
condion______________

Treatments Girth Height % yellowing
(cm) (cm) February

2011-2012 20T1-2012 2012
OS1 12.5 436.8 4.6
OS 8 10.9 390.4 8.5
OS 34 14.2 484.4 5.5
OS 35 15.1 500.0 8.2
OS 36 15.8 485.4 13.8
OS 37 14.6 498.0 63
OS 42 13.8 419.4 10.1

OS 111 15.3 493.7 6.1

OS 135 14.6 480.7 4.1

OS 136 12.9 419.5 9.7

OS 173 15.3 483.0 3.9

OS 2016 15.0 487.7 3 3

OS 236 15.1 475.8 9.4

OS 317 14.7 469.7 5.3

RRII 105 1 1 3 304.8 9.0

RRU 208 15.2 448.7 4 3

RRII 430 13.7 475.3 9.0

RRIM 600 15.5 497.4 7.0

SE+ 1.0 18.7 2.9

CD 2.1 53.7 NS

3 .3 . E v a lu a t io n  o f s e le c te d  w ild  H ev ea  

accessions

T h ree experim ents com prising of 25,47 
and 11 selections are being evaluated. The

25 selections planted for the evaluation trial 
that was started in 2007 displayed w ide 
variability for all the characters studied. The 
other two trials were started in 2010 w ith 47 
and 11 wild accessions. Recording of growth 
parameters is being continued.

3.4. Clonal nursery evaluation

Four clonal nursery evaluation trials are 
in the in itial stag e to  ev alu ate  h alf sib  
progeny, polycross and half sib progeny of 
p rep oten t c lo n e s o f p ip e lin e  c lo n e s . 
Experim ent on id en tification  of reliab le  
juvenile and mature characteristics for clone 
identification in  Hevea (50 divergent clones) 
is being continu ed . S tan d ard ization  of 
d istinctiveness, un iform ity and stability  
(DUS) testing norm s for evolving specific 
guidelines is being continued.

4. Crop M anagem ent

The experiment to find out the effect of 
vertical mulching and Kaoline 6%  spray on 
growth and yield of clone RRII 105 with 
rainfed as control was in progress. The 
results of the experiment did not indicate any 
significant difference am ong the treatm ents 
in terms o f growth.

r e g i o n a l  r e s e a r c h  s t a t i o n  
D H E N K A N A L , O R IS S A

T h e  Sta tio n  in D henkanal d istrict of 
O disha, represents dry sub humid climate. 
T h e S tation  continued its research activities 
w ith the particular objective of identifying 
clones suited  to drought prone conditions.

1. C ro p  im p ro v em en t

Five clone evaluation trials, including

ev alu ation  o f c lo n e s and o f p o ly c lo n a l 
population are in progress. The trials were 
laid out to identify m ost adapted and highly 
yielding clones under the dry sub hum id 

climate.

1.1. Clone evaluation
In the 1987 experiment RRIM 600 (74.4 cm) 

recorded significantly higher mean girth over



RRII 105 and G T 1. The elite done RRIM 600 
also recorded highest mean yield (373  g t  t ' ) 
w hile G T 1 recorded the low est yield (30.6 g 
t t ). Th e c lo n e  RRIM  600  w as found 
superior in terms o f both adaptability and 
yield.

In another clone trial (1990), clones such 
as SCATC 93/14 (842  cm), SCATC 88/13 (80.7 
cm) and RRU 208 (78.5 cm) showed superior 
g irth . RR II 208 show ed overall sup erior 
performance especially in terms o f yield (68.2 
g t - ' f 1) followed by SCATC 88./113 (67.6 g t -» f )  
and RRIM 600 (55.7 g t : f ), while SCATC 93/ 
114 (33.6 g  t 11■*) and RRII 300 (44.9 g t t !) 
recorded poor yield.

Table Ori. 1. Mean girth and yield of elite clones
Girth Yield

Clone (cm) ( g t - ' f )
RRII 105 69.5 34.6
RRIM 600 74.4 37.3
GT 1 76.5 30.6
Mean 73.4 34.0
CD(P=0.05) 9.61 5.58

In another experim ent trial (1991), the 
perform ance o f Hevea clones with polyclonal 
seedlings w ere com pared. C lones G T 1(89.1 
cm) and R RII 208 (85.1 cm ) showed superior 
growth. However,, polyclonal seedlings with 
a m ean girth o f 101.1 cm exhibited better 
grow th and adaptability. RRU 208 recorded 
higher mean yield (81.4 g f  t>) followed by 
PR 255 (635  g t 1 f ') and RRIC 102 (61.4 g  f  t '). 
In this trial also, RRII 208 exhibited higher 
grow th, yield and adaptability in the region. 
G T 1 show ed low est yield o f 44.3 g f 1 t 1 
am ong the d ones (Table Ori. 2).

In m odem  d ones trial (1999-00), h igher 
m ean girth was recorded in RRII 300 (58.4 
cm), while the IRCA 109 (32.7 cm ) recorded 
the lowest. Highest initial m ean annual yield

was observed  in RRU 351 (27 .4  g  t t ') 
followed by R RIM  600 (22.3 g  t f )  and RRII
300 (22.2 g t ' f 1) (Table O ri. 3).

Table Ori. 2. Performance of various clones

Clone Girth Mean yield
(cm) ( g f f )

RRII 5 80.6 48.3
RRII 105 78.9 57.5
RRI I 208 85.1 81.4
RRII 300 83.7 47.1
RRIC 102 82.2 61.4
RRIM 600 76.0 53.8
GT 1 89.1 44.3
PR 255 83.2 63.5
PR 261 78.1 45.2
Polyclonal 101.1 55.8
Mean 83.8 55.9
CD(P=0.05) 8.66 16.28

Table Ori. 3. Performance of various modem clones
d o n e Girth Mean yield

(cm) ( g f f )
RRII 5 34.6 10.5
RRII 105 35.4 15.0
RRII 208 41.0 16.3
RRU 300 58.4 22.2
RRU 351 48.2 16.8
RRU 352 50.0 27.4
RRU 357 48.1 19.2
RRU 28/59 49.9 18.5
RRIM 600 52.8 22.3
IRCA 109 32.7 13.4
IRCA 111 42.0 18.1
Mean 44.9 18.2
CD (P=0.05) 7.12 4.10

1.2. Polyclonal trial

To e v a lu a te  th e  g r o w th  a n d  y ie ld  
perform ance and adaptability  o f polyclonal 
seedlings in Orissa conditions, a trial w as laid 
out in 1989. H ighest annual m ean yield  was 
recorded in 0 4 ( 1 3 4 .6  g  t 1 f ')  follow ed by 
O  6 (112.7 g  t 11 '). Ten e lite  p olyclonal trees



w ere selected  w hich w ere multiplied for 
further field evaluation and recommendation. 
P o ly clo n a l pop u lation  show ed promising 
perform ance in the region.

1.3. O rte ts  ev aluation

Ten ortets w ith few m odem clones were 
field p lanted  for further evaluation during 
2008. O rtets such as OR 4  (23.4 cm), OR 8 
(22.8 cm ) and  the clone SCATC 93/14 (20.5 
cm ) sh o w e d  co m p a ra t iv e ly  b e tter  
p relim inary grow th.

2. L a tex  h a rv e st tech n ology  (LH T)

2.1. C o n tro lled  upw ard tapping trial

P r e lim in a r y  o b s e r v a tio n s  in  clon e

RRIM 600 indicated th at S/3 d2 upw ard 
tapping system with m onthly stim ulation 
of 5% and periodic panel change o f basal 
panel with 2 rounds of stim ulation p er year 
show ed m axim um  m ean an n u al y ie ld  
(Table Ori. 4)

Ori. 4. Yield performance under controlled upward
tapping__________________ ____________ _____

Mean
Treatment _________________ yield (g t 'r ')

1. S/2 d/2 ET 25%, S/4 d/2U ET 5% (3 w) 60 0
2. S/2 d/2 ET 2.5 % 2/y, S/4 d/2U ET 5% (m) 65.1
3. S/2 d/2 ET 2.5 % 2/y, S/3 d/2U ET 5% ( m) 82.3
4. S/2 d/2 ET 2-5% 2/y, S/4 d/2U ET 5% (6w) 79.5

R E G IO N A L  R E SE A R C H  ST A T IO N  
P A D IY O O R , K ER A LA

T h e  S ta tio n  con tin u ed  the research 
program s for identification o f clones suited 
to  th e  re g io n  and  ev a lu a tio n  o f clonal 
to lerance to drought and disease incidence. 
Field  tria ls on  agro-m anagem ent practices 
fo r re d u ctio n  o f th e gesta tion  period in 

rubber are also  in progress.

1. Crop m a n a g e m e n t

1.1. W ater requirem ent studies

T h e  e x p e rim e n t on  ir rig a tio n  in 
im m ature rubber w ith irrigation levels at 1W / 
C P E  r a tio  o f  0 .3 , 0 .6 , 0 .9 . 1.2 and  an 
unirrigated control was continued into the 
m ature phase. N o significant increases m 
g ir th  a n d  g ir th  in c re m e n t b etw ee n  the 
Treatm ents w ere observed. O bservations 
record ed  during the first year of tapping

show ed no s ig n ifica n t d iffe re n c e  w ith  
respect to sum mer yield.

1.2. Response to applied fertilizers in high 
yielding clones
The exp erim ent laid out w ith three 

clones (RRII 105, RR11414, RRII 429) and four 
fertilizer levels (30:30:20, 60:30:20, 90:60:40 
and 120:60:40 kg ha'1 of N, P.O . and K20 )  
indicated no significant response in growth 
of rubber(Table Pad. 1).

Table Pad. 1. Effect of fertilizer on growth of rubber

Treatments Girth (cm)

30:30:20
60-30:20
90:60:40
120:60:40
CD (P-=0.05)

RRII 105 RRII 429

51.3 44.1 52.4

46.1 48.7 53.8

44.9 43.6 52.6

50.0 45.8 54.1



1.3. Water consumption by rubber nurseries 

Water consumption was observed to be 
higher for root trainer plants com pared to 
polybag plants grown in polyhouses. Root 
trainer plants consum ed 41.3 L per plant 
from seeding to two-whorl stage for a  total 
duration o f 282 days while the w ater use for 
a polybag plant was 32.3 L per plant for a 
total duration o f 285 days. Polybag plants 
raised under open conditions consumed 35.9 
L per plant through irrigation alone for total 
growth duration o f 317 days.

2. Crop im p rovem ent

2.1. Large scale evaluation o f c lones
In the clone evaluation trial planted in 

1996, PB 330  and IRCA  130 was found

Table Pad. 2. Growth performance of modem Hevea  
_____________clones

Girth (an) 
15* yr 16“ yr

Mean annual 

(4* year
g t V )

Summer 
yield 

(5* year
g t 't ’1)

RRH105 61.9 633 56.4 46.9
PB 314 62.5 63.9 45.1 37.5
IRCA 130 66.6 69.3 74.3 65.6
PB 28/59 61.7 63.3 50.2 43.2
IRCA 109 59.6 60.9 36.4 36.0
PB 330 68.0 69.8 49.7 37.8
IRCA 18 66.4 68.1 42.9 32.6
RRIM 703 55.3 56.9 37.7 30,8
IRCA 111 59.9 61.5 36,8 35.3
PB 255 62 5 63.5 635 52.5
IRCA 230 62.9 64.3 42.9 35.5
CD (P *‘ 0.05) 4.79 4.72 12.3 14.2

s ig n ifica n tly  su p e rio r  to  R R II 105 w ith 
respect to girth (Table Pad. 2). M ean annual 
yield and sum m er yield o f IRCA 130  was 
significantly higher than that o f RRII 105.

2.2. Evaluation o f ru b ber c lones/selections
at h igh a ltitu d e situ ation s

In the 1996 field trial started u n d er high 
altitude conditions (974 m  M SL), significant 
superiority with respect to g irth w as show n 
by clones RRII 203 and RRIC  100 and the 
selections P  270, P  213 and Iritty over clone 
RRII 105. (Table Pad. 3). Yield o f RR II 203 
was found to be on p ar with that o f PB 86, 
RRIC 100, and P 270 and w as sign ificantly  
superior to RRII 105.

Table Pad. 3. Growth and yield in high altitude area

Clone Girth (cm) Yield ( g f t 1)

P 296 57.0 24.3
RRU 105 47.5 33.1
RRU 203 66.4 57.7
P90 51.9 20.1
P 270 64.0 41.2
P 280 54.7 13.0
P 2 50.3 18.7
RRIC 102 47.2 15.2
PB 86 51.0 46.6
RRIC 100 64.1 41.5
P 121 48.8 16.6
P 213 60.2 32.0
P I 57.0 23.4
P 155 46.6 18.4
Iritty 59.8 31.2
CD ( P -  0.05) _________ 12.7 23.1



H E V E A  B R E E D IN G  SU B -ST A T IO N  
K A D A B A , K A RN A TA K A

T h e m ajor th ru st areas of research in 
the S ta tio n  are  to  ev aluate clones under 
d i f f e r e n t  b io t i c  an d  a b io tic  s tre ss  
co n d itio n s  and  to iden tify  clones suitable 
for co m m ercia l cu ltivation . Brief account 
o f the p rogress o f research projects is given 
b elow .

1 . S m a ll sc a le  tria ls  o f selected  ortet 
c lo n e s  (1988A , 1988B and 1988C)

T h ree trials are in progress. All the trials 
w ere p lanted  a lon g with popular clones as 
controls in 1988 with the objective to evaluate 

selected  ortet clones.

In trial 1988A , 15 ortet clones and three 
co n tro l c lo n e s  are  under evaluation. The 
o rte ts  are: T  2, C  1/2, C  4 2 ,0 17, C 7 0 ,0 15, 
O  4 1 , O  3 4 , O  47 , O  44, O  46, C  7/2,0  5 0 ,0  
45  an d  O  19 an d  the control clones are: GT
1, R R IM  600  and RRII 105. Regular data 
co lle ctio n  on  g row th and other secondary 
c h a r a c te r is t ic s  w as continu ed . Tapping 
w as s tarte d  in  2002. M ean yield data over 
n in e  y e a r s  o f  ta p p in g  T a b le  K ad . 1 
in d ica ted  T 2  to  b e  the h ighest yielder (74.0 
g f  f )  c lo se ly  follow ed by the ortets viz. 
O  1 7  (68 .0  g  t 1 f )  and O  15 (63.8 g t'1 t l). 

Y ie ld  o f co n tro l clon es G T 1, RRII 105 
R R IM  600  w ere 64 .6 , 47 .6  and 46.4 g t 1 t 
'resp ectiv ely . W ith regard to grow th, ortet
O  4 7  r e co rd e d  h ig h e st g irth  (142 .2  cm 
fo llo w ed  by T 2 (112.9 cm ), 0 17 (U M  cm) 
an d  O  15 (102 .9  cm ). T h ou gh O 47 had 
h ig h est g ir th  (142 .2  cm ), its y ield  w as only

54 .4  g t ' t 1.
A m o n g the 16 ortet clones and three 

control c lon es nam ely RRII 105, RRIM 600

Table Kad. 1. Growth and

(1988A) ov 
(2002-2011)

the
yield perform ance of 
small scale ortet trial 
nine years of lapping

Clone Girth (cm) Mean yield over nine
(24 years) years oftapping (gIt'It')

T 2 112.9 74.0

0 1 7 110.6 68.0

GT 1 82.7 64.6

0 1 5 102.9 63.8

C l/2 90.3 57.8

C42 102.7 57.7

0 4 1 89.8 57.0

C 70 91.4 55.0

0 4 7 142.2 54.4

0 3 4 87.7 51.5

RRII 105 77.3 47.6

RRIM 600 743 46.4

0 4 4 78.1 37.4

C7/2 79.1 35.6

0 5 0 68.1 32.0

0 4 6 87.4 303

0 4 5 82.6 27.1

0 1 9 72.1 24.2

CV(%) 11.6 16.4

SE<±) 6.1 4.6

CD (P = 0.05) 17.5 13.3

and G T 1 under 1988B evaluation trial clones
such as T1 (72.4 g t 11 ') and G T 1 (69.5 g  t ' 1

') were high yielders (nine years data).

The 1988C trial consisting of 14 ortet 
clones and three control clones viz,, RRII 105, 
RRIM 600 and G T1, G T 1 recorded maximum 
vield (84.0g r 11 1) followed by o r te t0 5 5 (7 5 .6  
„ r 'r ' )  and C 140 (75.5 g  f  C ). C ontrol clones 
RRII 105 and RRIM 600 yielded 63.9 and 31.8 
g  f r '  respectively. Other ortets w ith notable 
yield are O 49 (69.6 g  f  f ) ,  O  26 (65.0 g tr‘ tr') 

and O  11 (63.8 g f 1 f 1)-



2. Large scale clo n e trial 1989

This trial started in 1989 with 14 clones 
for evaluation. M aximum yield was found 
in clone RRII 203 (67.2 g t 1t ') followed bv 
KRS 25 (56.2 g  t ' ( :). Check clones RRII 105 
and RRRIM 600 yielded 46.3 and 32.7 g  t ‘ t 
respectively.

3. Large scale clo n e tria l 1990A

In this experim ent started in 1990 with 
15 clones, maxim um yield was recorded in 
d on e PB 260 (65.2 g t ! t ’) followed by PB 235 
(62.3 g f 1 t 1) and H P 372 (59.6 g t 1 f ) .  Tjir 1 
was the lowest yielder (21.2 g t 1t 1) (Table 
Kad. 2).

Table Kad. 2. Growth and yield performance of clones
in the large scale clone trial (1990A)

Clone Girth (cm) Mean yield over eight
22 vears years o f  tapping (g f ’t')

PB 260 8S .6 65.2

PB 235 92.5 62.3

HP 372 98.3 59.6
PB 311 81.9 55.9
HP 223 94.4 55.4
PB 217 81.8 55.4
RRII 105 75.6 50.9
GT 1 81.9 48.9
HP 185 81.3 32.9
MU 3/2 84.3 32.8
G il 702 29.6
HP 187 78.1 27.8
Hil 28 76.7 26.3
HP 204 713 23.7
T jir l 71.6 21.2
CV{%) 4.1 9.9
SE (±) 1.9 2.5
CD (P0.05) 5.5 7.2

4. Estimation of genetic parameters
(1990B)

T h is  tr ia l  w as s t a r te d  in  1 9 9 0  to  
evaluate the parents and th eir p ro g en ies 
for estim ating  g en etic  p aram eters th at are 
e s s e n tia l fo r  p la n n in g  p la n t b re e d in g  
a c t iv i t ie s .  T w e lv e  c lo n e s  a n d  th e ir  
p ro g en ies are u n d er e v a lu a t io n . U p on 
c o m p le tio n  o f  e ig h t y e a r s  o f  ta p p in g , 
paren t clon es PB 235, RR II 203  and  RRII 
105 w ere found high y ie ld in g  w ith an y ield 
o f 79.2, 55 .7  and 50.1 g t '1 1 1 respectively . 
A m ong the progenies, half-sibs o f RR II 203, 
G T 1 and PB 235 record ed  45 .6 , 4 3 .7  and
43.5  g  t 1 t 1 respectively . P ro g en ies  o f  PB 
86 , PB  2 1 3  an d  T jir  1 w e re  fo u n d  lo w  
y ie ld e r s  (2 9 .9 ,  2 6 .9  a n d  2 3 .6  g  t ’1 t 
’respectively).

5. Sm all scale clone trials of popular 
clones (1991A, 1991B  and 1991C )

A to ta l o f 54  tr ia l c lo n e s  an d  th ree  
control c lones are under ev aluation  in three 
tr ia ls  to co m p a re  th e  g ro w th  an d  y ie ld  
perform ance o f trial c lon es v is-a -v is  c ontrol 
clones viz., RRII 105, G T 1 and R R JM  600. 
Th e tria ls  h av e com pleted  e ig h t y e a rs  o f 
tapping.

In the trial 1991A con tain in g  3 6  o f  both 
in d igen ou s and ex o tic  c lon es m axim u m  
yield w as found in clon es, PB 235 (77 .6  g t '1 
f ) ,  PB 280 (76.8 g  f  t 1), PB  314  (76 .7  g t 1 t 
'), PB 312  (72.6 g t 1 1 ‘) and PB 311 (66.5 g t 
11-'). C lones, clones such a s A V RO S 352 (17.9 
g t ' t ') and CH 4  (13.8 g t ' t'1) w ere  found 
low  yielders.

Thirteen c lones are under evaluation in 
trial 1991B. In th is trial C lon e RR II 5  gave 
m axim um  yield  (69.5 g t '  t 1)  fo llo w ed  by 
RRII 3 (60.5 g  t 1 1■').



Table Kad. 3. G row th and yield perform ance of 
clones in the large scale clone trial 
(2000)__________________

Clone Girth (cm) Mean yield over three years
12 years of tapping (g t-’r 1)

RRII 414 72.2 71.1

RRII 430 70.6 63.5
RRII 422 48.3 59.2

RRII 429 62.4 56.6

RRII 403 54.8 45.7

RRII 105 58.8 39.4

RRU 407 60.3 36.8

RRIC 100 66.4 33.5

C V(% ) 16.3

SE(±) 4.8

CD (P 0 .05 ) 145

In the third trial (1991C) containing 13 
clones such as HP 83/224 (67.4 g tr' t ') and 
PB 28/59 (56.6 g t '1 f ' j  w ere found high 
yield ing during the first seven  years of 
tapping.

6. Large scale clone trial 2000

Among the 8 clones under evaluation, 
in this trial, maximum yield was found in 
clones such as RRII 414 (71.8 g  t 1 tr'), RRII 
430 (65.6 g tr1 f 1) and RRII 422 (59.7 g t 1 t ')- 
Parent clones RRII 105 and RRIC 100 yielded 
41.3 g f ‘ t :. Mean yield over three years of 
tapping is given in Table Kad. 3.

H E V E A  B R E E D IN G  SU B -ST A T IO N  
T H A D IK A R A N K O N A M , T A M IL  N A D U

C r o p  im p ro v e m e n t a c t iv i t ie s  lik e  
e v a lu a t io n  o f  m o d e rn  p o p u la r  c lon es 
u n d e r  a g r o - c l im a t ic  c o n d itio n s  o f 
K a n y a k u m a ri, h y b rid iza tio n  and  clonal 
se le c tio n , g en era tio n  o f new  cultivars by 
p o ly -cro ss approach  and evaluation of new 
p ip e lin e  c lo n e s  u n d er the m ega project 
P a r t ic ip a to r y  C lo n e  E v a lu a tio n ' w ere 

g iv en  th ru st at the S tation . Im provem ent 
o f  p lan t p ro p ag atio n  techniques in H m a  
w as a ls o  p u rsu e d  a c tiv e ly  d u rin g  th is 

period .

1. C ro p  im p ro v em en t

1.1. C lo n e  evalu ation
Perform ance of 30 high yielding popular 

clon es is b ein g  evaluated under nine large 
scale  clon e evaluation experim ents. In tn 
la r g e -s c a le  c lo n e  ev a lu atio n  ex p en m en

initiated at Keeriparai (1994), the pooled data 
for 11 years of tapping is furnished in Table 

Par. 1.

Table Par. 1. Mean yield of large-scale clone trial al 
Keeriparai (1994) _______________ _

Clone Vietd (6 1 ' r ' )---------------------
2010-11 2011-12 Mean over

1 years

PB 314 
IRCA 130 
PB 28/59 
IRCA 109 
PB 330 
IRCA 18 
RR.1M 703 
IRCA 111 
PB 255 
IRCA 230 
RRII 105 
G. mean 
CD (PS 0.05)

94.3
79.6
63.8

77.4 
47.1
81.4 
90.3
70.0
62.0

94.2
135.1
78.8
99.4
92.7
82.7

121.7
110.5
131.6
110.8 
103.9
105.6

73.7
59.7
78.8
61.9 
64.8 
67.0

64.2 
62.1
70.3 
19.8



Evaluation of 11 clones (10 introduced 
from Malaysia and Cote d ' I voire from 1963 
to 1991) showed that PB 255 (86.2 g t 1 f )  
continued to exhibit sign ificantly  higher 
yield than the control clone RRII 105 (62.1 g 
t'  f 1). Among the five clones introduced from 
Cote d' Ivoire in 1991, three clones viz., IRCA 
109 (78.8 g f  f ) ,  IRCA 111 (77.5 g  f  t 1) and 
IRCA 130 (73.7 g  t" t ’) exhibited promising 
yield up to the eleventh year o f tapping. The 
consistently high yield trend exhibited by PB 
314 (77,4 g t r ' t 1) was masked by the high 
incidence o f TPD (52.0% ). The m ean yield 
fo r  11 y e a rs  o f ta p p in g  on th e  b lo ck  
evaluation experim ent (1994) is presented in 
Table Par. 2.

Table Par. 2. Mean yield of block trial (1994)
Qone Yield (g f t !;)

2010-11 2011-12 Over 11 years
RRII 5 59.2 67.3 46.9
RRII 50 55.1 69.3 47.4
RRU 51 60.1 80.5 42.5
RRII 105 118.9 105.3 69.1
RRU 176 59.1 64 3 45.9
RRIC 102 63.9 93.5 55.6
PB 217 56.6 71.6 50.4
PB 235 51.2 76.6 56.1
PB 260 72.3 91.7 54.8
PB 311 64.3 71.4 60.0
PB 28/59 71.7 95.1 62.5
PR 255 74.7 80.7 53.7
PR 261 64.8 ’ 63.8 50.1
Mean 67.05 79,32 53.44
SE 3.71 3.86 4.04

Out of the 13 modem popular clones being 
evaluated in this trial, RRII 105 (69.1 g f ‘) 
continued to occupy the first position with 
respect to yield  and the gap between RRII 
1 0 5  and  rest o f th e  c lo n e s  a p p a re n tly  
w idened as the age o f tapping progressed. 
The regional popularity enjoyed by PB 28/ 
59 (62.45 g f  f  ) was fully justified by the 
h igh  yield  p erform ance o f th is clon e in

comparison with som e of the R RII clones like 
RRII 51 (42.5 g f  tr1), RRII 176 (45.8 g t ' t ' ) ,  
RRII 5 (46.9 g f  t ’) and RRII 50 (47.4 g  f  t ').

In the observation al trial in itia ted  at 
Vaikundam Estate (2000), all hybrid clones, 
except RRII 414 and RRII 4 2 7 exhibited better 
yield than RRII 105 (Table Par. 3).

Table Par. 3. Mean yield o f observational trial at 
Vaikundam (2000)____________________

51. Clone Yield (g f  f ; 1
No. 2010-11 2011-12 M canover

1 RRII 422 95.8 69.1 62.5
2 RRII 414 67.4 53.6 52.5
3 RRII 105 89.1 75.4 56.2

4 RRU 417 96.1 65.5 60.1
5 RRU 430 85.1 54.9 57.7
6 RRII 429 67.2 61.7 53.0
7 RRU 427 63.6 65.7 49.5

Mean 80.59 63.71 55.92

In the trial entitled 'GxE In teraction  o f  
selected Hevea clones' initiated at N ew  Am badi 
Estate (1996), R RII 105 exhibited better yield  
than the hybrid c lones (Table Par. 4). A m ong

Table Par. 4. Mean yield of GxE interaction trial (1996)
Clone ________Yield (g t 1t ')

2010-11 2011-12 Mean over 
10 years

RRU 414 59.9 34.5 46.1
RRD 417 73.5 37.2 50.3
RRU 422 75.9 43.3 51.2
RRU 429 57.2 44.6 41.9
RRU 430 75.0 37.6 53.0
RRU 51 59.5 26.7 37.5
RRU 176 75.2 62.1 45.6
RRU 203 88.2 54.8 59.5
RRIC 100 61.1 36.9 44.7
PB 217 65.8 48.8 39.4
RRIM 600 75.3 43.1 44.5
RRII 105 78.9 55.3 58.1
Mean 70.44 43.74 47.63
CD NS NS NS



the hybrid clones, belonging to the 400 series, 
RR II 430 exhibited prom ising yield both at 
A m b a d i an d  V aik u n d am . T h e  yield 
perform ance o f RRII 414 was found not to 
c o m m e n s u r a te  w ith  its p erfo rm an ce 
reported from other traditional belt.

Y ie ld  p erfo rm an ce o f hybrid clones 
b e lo n g in g  to  4 0 0  se r ie s  ex h ib ited  w ide 
v a ria tio n s  in  tw o ad jacen t estates in the 
K an yakum ari region. So, in order to have an 
d epth  stu d y  on the perform ance o f these 
c lo n es , five on -farm  trials were initiated 
representing five d ifferent micro-climates in 
th is region. O ne b lock trial each initiated at 
V elim alai Estate (2002) and New Ambadi 
E s ta te  (2 0 0 3 )  w ere  op en ed  for regu lar 
tapp ing during  2011.

1.2, H y b rid iza tio n  and clonal selection

T h e breed ing  orchard at Paraliar was 
m a in ta in e d  b y  p e r io d ica l prunin g  and 
p o lla r d in g  o f b ra n c h e s . Th e hybrid s 
developed from  hand pollination attempts 
(2011) w ere subjected to test tapping. Another 
batch o f 14 prom ising selections from earlier 
e x p e r im e n ts  w as f ie ld  p lan ted  at 
Vellam bim alai during the reporting period.

2. N ew  g e n e ra tio n  p o lyclon al seed
g a rd en

A  polyclonal seed garden consisting of 
nine m odem  clones as parents was established 
in an area o f 9 ha. o f land during 2000 at New 
A m b ad i E sta te , M an ian ku zh y was well 
m aintained and the polycross seeds collected 
d uring 2011 were raised at HBSS, Paraliar for 
prelim inary evaluation. The plants raised at 
Paraliar (2010) w ere test tapped during 2011 
and the p otential high yielders were cut back 
for further evaluation. The polycross plants 
transp lanted  at N agam alai (Isfield Estate)

were monitored for high yield and promising 
secondary characters.

3. P artic ip a to ry  c lo n e  e v a lu a tio n  
experim ent

Observations on juvenile grow th w ere 
recorded from the "O n farm trial of pipeline 
clones" (2008) initiated at Tharuvaiyar and 
Vithura. Vacancy filling was carried out in 
two new OFTs at Bethany Estate during 2010. 
Planting materials were raised at Paraliar to 
initiate another O FT under the sam e project 
at Bethany Estate for planting during 2012.

4. R oot trainer p lan tin g  tech n iq u e

In the field trial initiated at Churulacode 
(2002), root tra iner p lan ts con tin u ed  to 
exhibit relatively better yield (54.1 g t 1 t-1) 
than polvbag plants (48.7 g t'1 f 1). Root 
tra in e r  p lan ts at K a n jira p p a lly  (20 0 5 ) 
exhibited significantly better grow th than 
polybag plants and the trial w as opened for 
reg u lar  tap p in g  in Ja n u a ry  2 0 1 2 . In 
co n n ectio n  w ith  fie ld  e x p e rim e n t 
"C o m p arativ e  e v a lu a tio n  o f ad v an ced  
planting m aterials produced by different 
propagation techniques” started a t Bethany 
E state d u rin g  2010, a d v an ced  p lan tin g  
materials were raised in root trainers in six 
reg io n a l n u rseries o f R u b b er B oard  on 
experimental basis. Action has been initiated 
to establish three dem onstration plots o f root 
trainer plants in all the three zones in the 
traditional belt during 2012.

Training was im parted on root trainer 
p lan tin g  tech n iq u e to  th e  o ff ic ia ls  and 
workers of six regional nurseries of Rubber 
Board, three estates in the private sector, five 
batches of small growers and nursery owners 
and one batch o f delegates from M yanm ar 
during the current reporting period.



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

During the year, 112 books were added to 
the stock of the library. The library subscribed 45 
foreign journals and 74 Indian journals. About 
39 other journals were also received as gift/ 
exchange. Literature searches from databases of 
Books and Journals were carried out.

Four pu blication s viz., R ubber B oard  
Publication s: A Catalogue; Contributions o f  RRII 
on Rubber Diseases: An Annotated Bibliography; 
T h eses  an d  D is s e r ta t io n s  on  R u b b er : A 
Catalogue; and Rubber Standards in RRII Library 
were brought out. Compiled and distributed 
the List o f  C urrent P eriod ica ls  2011, N ew  
A d d it io n s  L is t 2011  an d  tw o is s u e s  o f

Documentation List. D atabases w ere updated 
by adding b ibliographic d etails o f 90  books 
and 403 journal articles. D uring the period 
library had arranged the d istribution o f 717 
n u m b ers  o f P re ss  C lip p in g s  a n d  1 6 4 6  
num bers o f other SD I bulletins.

Distribution o f 428 copies o f the RRII 
jou rnal N atu ra l R u bber  R esearch  and  574  
num bers o f RRII Annual Reports w ere also 
m ade b y the library a lon g w ith the sa le  and 
d is tr ib u tio n  o f  4 6 2  n u m b e r s  o f  R R II 
publications. Ph otocop ies o f a b o u t 52747  
nu m b ers o f  in fo rm a tio n  m a te ria ls  w ere  
provided during th is period.

A G R O M E T E O R O L O G Y

1. C lim a te  resou rce  ch a ra cteristics
o f ru b b er grow in g  tracts

Tem poral and spatial variability in the 
long term precipitation series was studied 
using representative data from north to south 
o f  K e ra la  fro m  1 9 0 1 -1 9 9 6 . T h e  s tu d y  
indicated consisten cy in the pattern and 
am o u n t o f ra in fall received  in no rth ern  
d is tr ic ts , sh ift in the ra in fa ll p e a k s  in 
sou th ern  p arts, in crease  in the sum m er 
rainfall across the State and decrease in the 
O ctober rainfall in southern districts.

Initial (W) and conditional (W/VV, W/D) 
probabilities of weekly rainfall o f >10 mm, >20 
mm , >30 mm, >40 mm and >50 mm at RRII 
for a period of 54 years (1957-2010) have been 
calculated using Markov Chain Model. Initial 
probability o f getting >10 mm rainfall during 
6rh -standard week (Feb 5-11) was only 11%. 
But if 6th week was wet the probability of

becom ing 7"  week (Feb 12-18) also w et w as 
67% . L ik ew ise  the in itia l p r o b a b ility  o f 
receiving >10m m  rainfall during 9th week (26th 
- 4 *  M arch) w as 19 %. B u t if the 9 th w eek was 
w et, th e  p r o b a b ility  o f  1 0 lh w e e k  a lso  
b e co m in g  w et w as 6 0  % . In it ia l  an d  
conditional probabilities for m ore than 10mm 
rainfall per week w as found to be m ore than 
50%  from 13th w eek (26 -1 A pril) and m ore 
than 75%  from 16th w eek (April 16-22) to 22nd 
standard week (28-3 June). From 23rd standard 
week to 32nd w eek, W  and W/W lies betw een 
75 to 100 %  for w eekly rainfall o f 10 m m  to 50 
mm . Mid season break in the rainfall series 
was observed from 36“' w eek, up to 40th week. 
Thereafter the probability increases from  40th 
week to 45u' week and further declines.

To find out the change in the reference 
cro p  e v a p o tra n s p ira tio n  (ETo) w ith  the 
established rise in tem perature (Tm.™) o f 2° C
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during  the recent years, weekly ETo at RRII 
fro m  1977-2010  "has b een  calcu lated  by
m o d ified  Penm an-M onteith equation. The 
s tu d y  in d ica te d  evap oration  paradox tn 
hu m id  region . A nnual ETo declined from 
1500 m m  to 1350 m m  at R RII and the rate ot 
d e c lin e  w as 5 m m  y r 1- Pan evaporation 
d eclin ed  a t  a rate o f 9 mm y r 'o v e r  the years.

2. C lim a te  ch a n g e  stu d ies

T h e  m in im u m  tem p eratu re  K g i jg i  
d u rin e  w inter (D ecem b er- February) at RKU 
S  p erio d  1960-90 and 1991-2010 was 
analysed . T im e series data of mean winter 
tem p era tu re  d u rin g  the base Irne penod 

(1960-90) show ed an upward trend a 
o f 0  02" C  A d ow nw ard trend was observe 
d u rin g  th e  later half w hich clearly indicated 

a sh ift in  w inter.

3 . C lim a te  resou rce  ch ar“ ' S S o nrubber growing tra c ts -N E  g

T h e Potential Evapotranspiratior, (

in  m m  d a y  ')  w as c a lc u la te d  by

M od ified  Pen m an m eth od  (F r e re  and  
Pop ov, 1979) o n  a m o n th ly  b a s is  b y  
utilizing the clim atic v ariables recorded in 
RRII, Kottayam  and RRS, A garta la . Th e 
mean annual and m onthly flu ctu ations in 
PET values (Fig. A grom et. 2a and 2b) w ere 
h igher in A g arta la  th a n  K o tta y a m . In 
Agartala, it was below  3 .0 m m  day 1 during 
the cold period o f D ecem ber and January. 
In Kottavam the m ean m onthly PET values 
w ere 4.0 mm d a y 1 during  the m onsoon 
season w hile it w as above 4 .0 m m  d a y 1 for 

Agartala.
S ig n if ic a n t n e g a tiv e  tr e n d s  w ere  

observed during the pre-m onsoon, ear y 
monsoon m onths and in N ovem ber for both 
Agartala and Kottayam  (Table Agromet. ). 
An annual decreasing rate o f 19 and 11 mm 
dav-1 in 100 years w ere noted in A gartala 
and Kottavam respectively. No significant 
ch an ges w ere  n o ted  d u rin g  th e  w in ter  
period o f Janu ary and February for both 

locations.
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Fig. Agrom et. 2b. Annual variatio n s in  PET -  
Kottayam, Kerala

4. Forew arn in g  o f p ests and d iseases 
(trad ition al reg ion )

4.1. W eather and A bnorm al Leaf Fall (ALF)

A nalysis of the leaf fall data in Padiyoor, 
Kannur was carried out for the period 2009- 
11 for four clones RR II 105, RRIM  600, PB 
235 and PB 5/51.' D uring the infestation of 
A LF, it  w as o b serv ed  th a t p re v io u s  
c o n s e c u tiv e  5 -d a y  m ean  m ax im u m  
te m p e ra tu re , m in im u m  te m p e ra tu re ,

Table Agromet. 1. Slope and R of Ihe PET trends in 
Agartala and Kottayam__________

Agartala Kottayam

Slope R3 Slope RJ

|an -0.033 0.01 Jan 0.002 0.01

Feb -0.026 0.01 Feb 0.007 0.08
Mar -0.039 0.08 Mar 0.009 0.08

Apr -0.014 0.08 Apr -0.026 0.41**

Mav -0.014 0.40” May -0.043 0.65**
Jun -0.013 0 .6 5 " Jun -0.046 0.47**

lul -0.008 0.47** Jul -0.011 0.10
Aug -0.014 0.10 Aug 0.014 0.14

Sep -0.011 0.14 Sep 0.006 0.02
Oct -0.027 0.02 Oct -0.015 0.20*
Nov -0.013 0.20* Nov -0.025 0.41**
Dec -0.017 0.41” Dec 0.000 0.00
Annual -0.019 0.37** Annu;»1 -0.011 0.47**

‘  Significant at 5% level; **Significant at 1% level

sunshine hours and rainfall w ere consistently 
related to the sudden o n set o f lea f fall for all 
the clones.

T h e  5 -d a y  m e an  m e te o r o lo g ic a l  
param eters for three in d iv idual years are 
show n in Table A grom et. 2. T hese prevailing 
conditions over five days coincided w ith the 
trigger o f leaf fall on the six th  day in all the 
three years. W hen the favourable conditions 
rem ained for a longer duration , the leaf fall 
a ls o  w a s h ig h  th ro u g h o u t th e  p e r io d . 
H owever, the relationship w ith antecedent 
w eather conditions as g iven in Jayaretnam  et 
al„ (1987) with a lead of 9-15 days could not 
be clearly  established  in Pad iyoor for the 
different clones.

2' »f meteorological parameters eo„d„dve t„ abnormal leaf
__________ rail tor each year from 2009 to 2011

2009________ 2010 ______20||
Mean Range Mean Range

Maximum temperature (°C) 
Minimum temperature (°C) 
Rainfall (mm)
Bright sunshine hours

28.7

23.4
213.6

0.1

27.6-32.0 
22.8-24.0 

7.0-77.0 
0.0-0.3

28.4
23.0

223.2
0.7

27.0-30.0 
22.2-24.0 

7.0-91.0 
0.0-1.9

29.7
23.0

210.2
0.6

29.5-30.5
21.8-24.0
18.0-80.0

0.0-1.5



A N N U A L E X PEN D IT U RE 

Exp en d itu re  at a g lance (2011-12)

H ead of A ccount Expenditure (? in lakhs)

N on -P lan *

N on-Plan RRII 517.29

Projects (CES) 378.87

Total 896.16

Plan

Research Schem e 2399.00

N ERD S Research Component 438.20

Total 2837.20

G rand Total 3733.36

*N on-plan expense includes non-plan projects (CES)



S C IE 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  (2011-2012)

R ain g u ard  com pound "R u b ber s t ick " su p p lied  by M/s. U nity  
Engineering, ID/71, Kandanad, Thiruvamkulam (via), Ernakulam , for 
rainguarding rubber trees.

New procedure for DRC determination through partial drying using 
m icrow ave oven.

M odified  stan d ard s o f planting p its for young rubber p lan ts viz.,

(a) In soils w ith a depth of 1 m or more, rubber can be planted in pits 
ju st sufficient to accommodate the poly bag plants.

(b) In hard soils, larger pits will be beneficial.

Chain saw models viz. Oleo Mac G S 650 C and Oleo Mac G S 44 supplied 
by M/s. Ratnagiri Impex Pvt. Ltd., Bengaluru, for tree felling/cutting 

operations in rubber plantations.

'V itex ' supplied by M/s. Mars Agencies Pvt. Lid. Bengaluru as yield 
stim ulant in rubber plantations.
Integrated Waste Water Treatment System for the effective treatm ent 
for pollution abatem ent o f RSS processing waste water.

Three brush cutter models (i) Red Lands Model -  RBC-35 (ifl O leo 
M ac Model -  746 T  and (iii) Stihl Model -  FS 120, supplied by M/s. 
Red Lands Ashlvn Motors, Pic, Thrissur, M/s. R atn ag.n lm pex Pvt. 
Ltd., Bengaluru and M/s. Andreas Stihl Pvt. Ltd., Pune, respect,vely 
for use as weed cutters in rubber plantations.
tw o m odels o f m ist blower viz. ASPEE AMB/85-H and ST1HL-SR 420 

supplied by M/s. Joseph Mathew Thomas & Co. Koch, for spraym g 
nM based COC for abnormal leaf fall and Corynespora leaf d ,seases ,n 
in iinature^r m ature rubber having a heigh, up to 56 feet and 53 feet, 

respectively.
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methyltransferase (COMT) mRNA. complete cds. 

Saha, T., Thomas, K.U. and Ravindran, M. (2012). 
JQ 037841: H evea b rasilien sis  m yo-inositol-1 
phosphate synthase (MIPS) mRN A, complete cds. 

Saha, T., Thomas, K.U. and Ravindran, M. (2012). 
JQ 037842: Hevea brasiliensis aquaporin Pi PI 
(AQPT) mRNA, complete cds.



PATENTS
Alex, R.. Sasidharan, K.K., and Jacob, J. (2011). Filed 

patent application for provisional specification 
titled "A novel process for the preparation of 
carbon black/silica/nanoday master batch from 
fresh natural rubber latex" under application No 
2564/CH E/2011 (G602B) on 26/7/201 lv through 
Ms Mohan Associates, Chennai.

Alex, R., George, K.M., George, B. and Jacob,]. (2011). 
Filed provisional specification titled "A new 
method for recovering skim rubber from skim 
latex" under application No 2565/CHE/2011 
(G 602A ) on 26/7/2011 through Ms Mohan 
Associates, Chennai.

AWARDS
Kala, R.G„ Abraham. V., Sobha, S., Suni, A.M. and 

Thulaseedharan, A. (2012). Influence of silver 
n itrate  on som atic em bryogenesis and 
Agrobacterium mediated genetic transformation in 
H evea brasiliensis : Second best poster award, 
International Conference on Advances in Biological 
Sciences. 15-17 March, 2012, Kannur University, 
Kannur.

Kala, R.G., Anju, V„ Sobha, S., Jayasree, P.K. Suni, A.M. 
and Thulaseedharan, A. (2012). Genetic 
transformation in Hevea brasiliensis: Effect of 
Agrobacterium strain, surfactant and antioxidants. 
Best poster award National Seminar ori Genomics and 
Genetic Engineering Strategies. 27-28 February 2012, 
Periyar University, Salem.

Saha, T., Roy, C.B., Ravindran, M., Bini, K. and Thomas. 
K.U. (2011). Towards development of molecular 
markers for Phytophthora tolerance in rubber. Bes/ 
Poster Award,'Phytophthora lO U -M ernatw nal 
Workshop, Seminar and Exhibition on Phytophthora

Diseases o f Plantation Crops and their Management 
during 12-17 September, 2011, Rubber Research 
Institute of India, Kottayam.

Sasidharan, K.K., Alex, R., Jacob, J , Kurian, T. and 
Chandra, A.K. (2012). Carbon black/silica master 
batch from fresh natural rubber latex: Best paper 
presentation award. IRMRA 21 Rubber 
Conference on Emerging Trends in Developing 
Eco friendly and Energy Efficient Electrometric 
Material and Processing Technology, 20 -21, 
January, 2012, Mumbai.

TRAINING IMPARTED / RECEIVED
Das, G: Attended Summer School, 23 August - 12 

September 2011, Department of Crop Physiology, 
Agriculture University, Jorhat, Assam.

Deka, H.K: Attended Workshop, Seminar an Exhibition 
on Phytophthora 2011. 12-17, September 2011, 
Kottayam

Mondal, G C : Attended HRD training Ethics and Values 
in Science held at Indian School of Mines (ISM), 
12 -  16, December 2011, Dhanbad, Jharkhand

Raj, A.N. Attended Training on Project Planning, Research 
Methodology and Data Analysis at RTI, Rubber 
Board, Kottayam from 2-4, November 2011.

Raj, A.N.: Attended Training Programm e on 
Commercialization Technological Innovations, 13-17 
February. 2012, Indian Institute of Plantation 
Management, Bangalore.

OTHERS
Varghese, S. Visited IRMRA laboratory and Tyre testing 

centre at Pune.
Varghese, S: Assisted JD (RT) for the preparation of 

curriculum Rubber Technology, m , Tripura.
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Botany Division
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V.C. Mercykutty, M.Sc., Ph.D.
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M. Susamma Joseph, M S c

Scientist C 
Scientist C 
Scientist C 

Scientist S3 
Scientist B ^

Senior Scientist 
Scientist A

Joint Director 
Deputy Director 
Senior Scientist 
Senior Scientist 

Entomologist 
Scientist C 

Agrometeorologist (Scientist Q  
Scientist C 
Scientist B 
Scientist B 

Farm Officer 
Farm Officer

Joint Director 
Deputy Director 
Senior Scientist 
Senior Scientist 
Senior Scientist 

Scientist C 
Scientist C 
Scientist B 
Scientist A

Scientific Officer (upto 28.02.2012) 
Farm Officer 
Farm Officer

Joint Director 
Senior Scientist 

Scientist C 
Farm Officer 
Farm Officer

Joint Director 
Deputy Director 
Senior Scientist 
Senior Scientist 

Scientist C (upto 31.1B.2011) 
Scientist C 

Scientist C (upto 31.01.2012) 
Scientist A 

Assistant Scientific Officer 
Junior Scientific Officer 
Junior Scientific Officer



M.L. Geethakumariamma. M-Sc-, Ph.D.
C. Madheswaran, B.A

Technical Consultancy Division
Siby Varghese, M.Sc.. Ph.D.
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REGIONAL RESEARCH STATIONS

Central Experiment Station 
Rubber Board 
Chethackal, Thompikandom P.O 
Ranni- 689 676, Kerala 
Phone: 91 4735 261500, 261176

Regional Research Station 
Rubber Board, Padiyoor. P.O 
Kannur- 670 703, Kerala 
Phone: 91 4982 273003

Regional Research Station 
Rubber Board
Dapchari- 401 610, Thane, Maharashtra 
Phone: 91 2528 202042

Regional Research Station 
Rubber Board, PWD Road 
Near District Employment Exchange 
Dhenkanal- 759 001, Orissa 
Phone: 91 6762 224946

Hevea Breeding Sub-Station 
Rubber Board, Subrahmanya Road 
Kadaba, Puttur Taluk- 574 221
D.K.Dt., Karnataka 
Phone: 91 8251 262336

Regional Research Station 
Rubber Board, Grassmore 
Nagrakatta Jalpaiguri- 735 225, West Bengal 
Phone: 91 3565 270016 8

Research Complex (N.E. Region)
Rubber Board
Bfiltola -  iBasista Road, Housefed Complex 
Dispur, Guwahati-781 006, Assam 
Phone: 91 3612 228220

Regional Research Station 
Rubber Board, Baluakiattila 
Kunjaban- 799 006, Agartala, Tripura 
Phone: 91 381 2355143

Regional Research Station 
Rubber Board, Near AIR Quarters 
Dakobgre, PB No. 26, Tura- 794 001 
West Garo Hills, Meghalaya 
Phone: 91 3651 232413

Hevea Breeding Sub-Station 
Rubber Board, Thadikarankonam. P.O 
Kanyakumari-629 851. Tamil Nadu 
Phone: 91 4652 289119

REGIONAL SOIL TESTING LABORATORIES IN KERALA

Regional Laboratory 
Rubber Board Regional Office 
Taliparamba-670 141

Regional Laboratory 
Rubber Board 
East Nadakkavu 
Kozhikode-673 011

Regional Laboratory 
Rubber Board 
Peramangalam. P.O. 
Thrissur- 680 545

Regional Laboratory 
Mary M atha Square 
Arakuzha Road 
M uvattupuzha- 686 661

Regional Laboratory 
Rubber Board. T.B. Road 
Pala- 686 575

Regional Laboratory 
Rubber Board, Geo Towers 
Cathedral Junction 
Kanjirappally- 686 507

Regional Laboratory
Rubber Board, Parvathy Mandiram
K.P. Road, Adoor-691 523

Regional Laboratory 
Rubber Board 
Ramachandra Square 
Near Surya Cine House 
Nedumangadu- 695 541
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Research divisions and functions 

The major research divisions are Agronomy/ Soils, 
Biotechnology, Botany, Germplasm, Planl Pathology, 
Plant Physiology, Latex Harvest Technology, Rubber 
Techn ology and E con om ics. S tud ies on C lone 
Evaluation, Genome Analysis and DR1S Fertilisation 
are dealt separately.

The thrust areas of research of Agronomy/Soils Division 
are investigations on the nutritional requirements of 
rubber, irrigation , in tercro p p in g , cover crop 
management, weed control and the study of the rubber 
growing soils. Development of tissue culture and anther 
culture systems for propagation and crop improvement 
of H evea  are th e im portant areas in w hich the 
Biotechnology Division is engaged. The im portant 
fields of research of the Botany Division are breeding, 
evaluation and selection of new clones, propagation 
techniques, planting methods, anatomical studies and 
cytogenetic investigations. The Germplasm Division is 
concentrating on the introduction, conservation and 
evaluation of Hevea germplasm. The Plant Pathology 
Division is engaged in investigations on the diseases 
and pests of rubber and associated cover crops and their 
control. The Plant Physiology Division conducts studies 
on both fundamental and applied aspects of Hn<ea tree 
physiology. The Latex Harvest Technology Division is 
concentrating on all applied aspects o f crop harvesting 
in rubber. The Rubber Technology D ivision 
concentrates on improvement in primary processing of 
rubber, its chem ical m odification, rubber product 
manufacture and quality control of processed rubber. 
The Technical C on su ltan cy  D iv isio n  provid es 
consultancy services for the promotion of the rubber 
industry. The Economics Division undertakes studies 
on economic aspects related to rubber plantations.

The research supporting sections includes Library and 
Documentation, Instrumentation, Statistics, Computer 
and M ain tenan ce W ing. T h ere is a lso  a sm all 
experimental farm of 33 ha. at the headquarters of RRII.

Central Experiment Station

The 255 ha. Central Experiment Station at Chethackal 
(Ranni), 50 km away from Kottayam, was started in 
1966. Field trials laid out by the research divisions cover 
almost the entire area.

Regional Research Stations

RRII has estab lish ed  a N orth-E astern  Research  
C om plex w ith head q u arters at A gartala having

regional research stations at Agartala in Tripura, 
Guwahati in Assam and Tura in Meghalaya. The RRII 
has also set up regional research establishments at 
D apchari (M aharashtra), Dhenkanal (O rissa), 
Nagrakatta (West Bengal), Thadikarankonam (Tamil 
Nadu), Kadaba (Karnataka) and Padiyoor (Kerala). 

Regional soil testing laboratories have been established 
at Taliparamba, Kozhikode, Thrissur, Muvattupuzha, 
Pala, Kanjirappally, Adoor and Nedumangad. Mobile 
units for so il and leaf analysis are available at 
K ozhikode laboratory, apart from that at the 
headquarters.

National/International collaboration 

RRII is a member of the International Rubber Research 
and Development Board (IRRDB), an association of 
national org anizations devoted to research and 
development on natural rubber. Rubber Board is a 
m em ber of th e A ssociation  of N atural Rubber 
Producing C ountries (ANRPC) and International 
Rubber Study Group (IRSG).

The RRII has research/ academic linkages with the 
Banaras H indu U niversity (V aranasi), Kerala 
Agricultural University (Thrissur), Kerala University 
(Thiruvananthapuram). Mahatma Gandhi University 
(K ottayam ), C ochin U niversity of Scien ce and 
Technology (Kochi), Indian Agricultural Research 
Institute (New Delhi), Indian Institute of Sciences 
(B ang alo re). Indian In stitu te o f Technology 
(Kharagpur), National Chemical Laboratory (Pune), 
Sree Chitra Tirunal Institute of Medical Sciences and 
Technology (Thiruvananthapuram ), Tamil Nadu 
Agricultural University (Coimbatore), University of 
Agricultural Sciences (Bangalore) and University of 
Goa (Goa).

Correspondence

The Director of Research 
Rubber Research Institute of India 
Kottayam - 686 009, Kerala, India 
Phone 91 481 2353311-20 

91 481 2352770-71 
91 481 2352773-79 (20 lines)
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3. R u b b e r  T ech n ology

3 . 1. R ein forcem ent

3.1.1. NRI p o ly m er ic  f i l le r  system

To im prove the abrasion resistance 
o f  N R / P F -sy stem , sm all p r o p o r tio n  o f 
polybutadiene rubber (BR) w as incorporated 
in the system . Addition o f BR im proved the 
a b ra s io n  r e s is ta n c e  w ith o u t a d v e rs e ly  
affecting other vulcanisate properties. The 
m e c h a n ic a l p r o p e r tie s  b a se d  on the 
fo rm u lation  g iv en  in T able C hem . 2 are 
show n in T able Chem . 3.

Table Chem. 3. T ech n o lo g ica l p ro p e rties  o f the
vulcanisates

Table Chem. 2. Form u lation  of th e m ixes NR/
________________polymeric filler system________

Ingredients Control A1 A4

PB

PF

Zinc oxide 

Stearic add 

HSL* quinolin 
lSAFblck (N220) 

HAF black (N330) 
M O R "

Sulphur

•2,2,4-trimethyl -  1.2 -  dihydroqumoline 
”  2-(4-Morpholinothio) benzothiazole

Properties Control A1 A4
Tensile strength (MPa) 23.3 26.5 24.21
Elongation at break (%) 549 610 586
Modulus, 100 % (MPa) 3.1 5.3 5.1
Modulus, 200 % (MPa) 6.9 9.1 9.1
Modulus, 300 % (MPa) 11.5 12.3 11.7
Tear strength (N/mrn) 82 75 74
Hardness (Shore A) 62 62 62
Heat build up (DT °C) 27 9 9
DIN abrasion loss (mm3) 76 96 73

3.1.2. L a tex  - f i l l e r  m a s te r  b a tch

L atex m aster b atches con tain in g  mixed 
filler system s (carbon black/silica/clay) w ere 
also prepared. It w as observed th at there was 
a lm ost n o  filler loss d u rin g  th e  processing. 
H ig h e r  m o d u lu s  a lo n g  w ith  b e tte r  tear 
s tren gth  w as observed  for the m ixed  filler 
m aster batches as com pared  w ith  m ill mixed 
com pounds.

3.1.3. S ilica  re in fo rcem en t o f  ru bbers

Silica re in forcem en t o f  natural rubber 
and ep oxid ised  natural ru b be r o f varying 
epoxy content viz. 1 0 ,2 0 , 25  and 50  m o le %, 
w ere co m p a red  w ith  and  w ith o u t silan e 
coupling agen t and with th at o f carbon black 
filled  natu ra l ru bber. F o rm u la tio n  o f  the 
m ixes is g iven  in Table C hem . 4. Im portant

C hen. 4. f .m m U tio n  of the mJ ,e s  for silica n fa fo rc .m .n t >|„H„ 
1 2 i   ̂ ~ :------ -----------------

NR (ISNR 5) 100 loo 35 ~  -------------------------------------------------------------
E NR10 - - 1"  ^  85 85 100
ENR25 . .  3
ENR 50 '  - 15 15 .

Silica (VN3) 50 50 50 50  15 15
Silane (Si69) - 4 . 50 50
ISAF .  4 - 4

M r _______ _______ ' A .  ^  1.5 1 5  L5

dimethyl b u Z )  ^ l m Z ] T s M ^ r T ! UD P G l S ) nC ^  ^



Table Chem. 5. Technological properties
Parameter 1 2 3 4 5 6 7 8 9
Modulus 300 % (MPa) 7.1 15 11 17.7 11.7 18.2 112 14.9 14.1

Tensile strength (MPa) 26.4 25.1 24.7 21.3 24.6 19,5 22.7 24.5 24.0
Tear strength (N/mm) 105 91 106 53 98 54 98 89 109
Hardness (Shore A) 60 62 62 67 63 68 68 64 60
Abrasion loss (mm3) 174 109 143 96 149 105 157 114 106
Heat build up (A'PC) 15 8 15 9 16 11 19 12 19

technological properties are given in Table 
C hem . 5.

I t  w a s  fo u n d  th a t p r o p e rtie s  like 
m o d u lu s  an d  h ard n ess  in creased  w hile 
a b ra s io n  lo ss  d ecrea sed  w ith  level o f 
e p o x id a tio n  o f EN R . A ll the com posites 
c o n ta in in g  s i la n e  sh o w ed  im proved  
properties over the unm odified ones.

3.2. R ecy cled  rubber

A n ew  r a d ica l sca v e n g e r  h as been 
identified for devulcanisation in a mechano- 
chem ical process. In addition, a new concept 
o f  " s im u l ta n e o u s  d e v u lca n isa tio n - 
revulcanisation process" is under study to 
address the twin problem  o f low scorch and 
lo w e r  v u lc a n is a te  p r o p e r tie s  o f the 
devulcanised rubber w hen it is revulcamsed.

3.3. N an ocom p osites

3.3.1. N an os ilv er  b a sed  n an ocom posites

S ta b ilised  nan osilver d ispersion was

prepared using polyvinyl pyrolidinone as 
s tab iliser  at 10 ppb (p arts p er b illio n ). 
N an o silv er  w as fou n d  to  im p a rt an ti 
microbial property. Attempts w ere m ade to 
prepare nanosilver doped nanosilica for use 
in rubber.

3.4. Peroxide vulcanisation

Reconfirm ed the cap ab ility  o f DCP/ 
TEMPO/N, N '-m - dim aleim ide cure system  
to achieve sulphur/accelerator like scorch 
control in p eroxid e v u lca n isa tio n . T h is  
system suffered from a m ajor draw  back of 
very poor mould release after vulcanisation. 
Therefore, a new peroxide cure system , di 
(t-butyi peroxy isopropyl) benzene/TEMPO/ 
tim eth y l p ro p a n e  tr im e th a c r y la te  
(TM PTM A) has been developed. Th e new 
cure system could achieve excellent scorch 
control (Table Chem . 6) w ith  very good 
mould release property.

Table C h ™ . 6. E « « t  of co-geo, on P“ “ » '
timethyl propane trimethacrylate /TEMPO at 17j  C ------------------ ----------------------------------- -

TEMPO
TMPTMA
Minimum torque((ML)dN.m 

Maximum torque((MH) dN.m 

Mh-M l

Time for one unit rise in torque, ts,,min 

Tim e for two unit rise in torque, tsjnin 

Optimum cure time (min)______________

31.8
122.5

90.7

20.3
117.0
96.7

16.4

111.0
94.6


