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The Rubber Research Institute o f India (RRII), under 
(he Rubber Board (M inistry o f  C om m erce and Industry, 
G overnm ent of India), had its inception in 1955. With 
a very m odest beginning, the RRII is now capable of 
handling m ost o f the problem s associated with natural 
rubber (NR) production technology, prim ary processing 
and product developm ent. T h e steady grow th o f  RRII 
in its scientific w orth and research contributions has 
w on it the recognition as an International C entre 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 m ajor cities in the country 
by rail. There are tw o International A irports, one at 
Thiruvananthapuram , 160 km south and the other at 
Nedum bassery, 95 km north o f RRU.

O rganization

For the efficient discharge of its functions, the RRII has 
e stab lish ed  m ajo r research  d iv is io n s  and research  
supporting sections at its headquarters and regional 
research establishm ents atappropriate locations where 
H evea brasiliensis is com m ercially grow n or is likely to 
be  grown.

Continued on inside back cover
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force on 18 April 1947. This Act was amended 
in 1954,1960,1982 and in 1994. The Act was 
fu r th e r  am en d ed  by  the R u b b er 
(Am endm ent) Act, 2009 w hich cam e into 
force on 22nd January 2010.
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P R E F A C E

At a  time when rubber prices are rather low, scientific innovations assum e 

significance in improving the revenue from rubber cultivation. This can be  best 

achieved through improving productivity and reducing cost of production. 

Rising costs of inputs and labour limit the scope of reducing cost of 

production. Therefore, improving productivity becom es central to better 

returns from rubber cultivation.

The various R & D  programmes taken up by Rubber R esearch  Institute of 

India (RRII) under Rubber Board have a strong bearing on improving 

productivity and reducing costs, even a s  sustainability of rubber cultivation is 

ensured. I congratulate RRII for embarking upon two ambitious new projects 

namely, fertility mapping ot rubber growing soils and d e  n ov o  sequencing of 

whole genom e of H ev ea  brasiliensis . T h ese are two distinctly diverse projects, 

yet having direct applications for sustaining soil health and improving the 

genetic potential o f natural rubber for better yield and tolerance to 

pests/diseases and climate stress. I am pleased to note that RRII has started 

working on mapping natural rubber holdings in Kerala, Tamil Nadu and 

Karnataka using satellite-based remote sensing technology, a  capability that it 

has mastered recently.

I understand that soil fertility data would be m ade available ‘ on-line' which will 

be  highly useful for growers. I am happy to note lhat the “on-line Rubber 

Clinic’ is also visited by large number of growers. Information and 

communication technology tools such a s  these should be  increasingly used in 

agricultural extension T h ese are cost efficient and effective ways of reaching 

out to a larger population cutting geographic barriere

Kochi
16 April. 2015

-O rA . Jayathilak, IAS 
Chairman, Rubber Board



DIRECTOR'S REVIEW

N atural rubber prices continued  its 
declining trend for a third consecutive year 
during 2013-14. Among the three factors that 
determ ine the net incom e from cultivating 
any crop , nam ely  p rod u ctiv ity , co st of 
production and market price of the produce, 
grower has control only on productivity and 
to some extent on cost of production. He has 
p ractica lly  no control on price. Various 
research projects being taken up by Rubber 
Research Institute of India have the objective 
of increasing productivity and reducing cost 
of production.

Agronom y/Soils D ivision  continued 
their research to evolve im proved agro­
m anagem ent techniques for better growth 
and yield of rubber in different agro-climatic 
reg io n s, red u ce  co st of cu ltiv a tion  and 
sustain soil quality. Soil sam ple collection (@ 
on e sam p le  p er 50 ha) for so il fertility  
mapping was com pleted. The fertility data 
will be uploaded in Rubber Board's website 
so that growers can remain informed about 
the so il fe rtility  statu s o f th eir regions. 
Experim en ts on nu trient m anagem ent in 
nu rseries and young and m ature rubber 
h o ld in g s and exp erim en ts on crop ping  
systems/mixed planting with timber trees are 
in p rogress. E xp erim en ts to develop  an 
a g ro n o m ic  p a ck a g e  for red u cin g  the 
g e s ta tio n  p erio d  o f ru b b er w ere also  
continued. The Fertilizer A dvisory Group 
analysed 5752 soil and 1214 leaf sam ples and 
offered  3826 s ite-sp ecific  discrim inatory  
fertilizer recom mendations.

B ree d in g  and c lo n e  ev a lu a tio n  
program m es progressed well both in the 
traditional and non- traditional regions. The

fourth phase o f the 
p artic ip atory  clone
e v a l u a t i o n
programme involving 
gro w ers w ith  23 
pipeline clones was 
in itia ted  in seven 
location s. Breeding 
p rog ram m es for 
ab io tic  and b io tic  
stress tolerance were intensified, especially in 
the area of polycross breeding. Studies on 
response to stimulation in som e promising 
pipeline clones gave encouraging results. 
New inroads were made in the area of plant 
propagation w ith recom m endation of the 
polyhouse technology for rubber nurseries 
and further research on m od ification  in 
terms of the container and potting media in 
root trainer planting technology.

Germplasm Division continued to focus 
on management of the genetic resources of 
Hevea comprising the 1981 IRRDB wild Hevea 
brasiliensis  g erm p la sm  c o lle c tio n ,
d o m estica ted  clo n es d erived  from  the 
original Wickham stock and five other Hevea 
species. Alternative natural rubber yielding 
plants species suitable for marginal lands are 
also being explored.

The Biotechnology Division attempted 
so m a tic  e m b ry o g e n e sis  and p lan t 
reg en eratio n  from  v iab le  lea f cu ltu res. 
M atu ration and germ in ation  of em bryos 
(70% ) w as ach ie v e d  in th e  e a rl ie r  
standardized m edium containing ABA (0.2 
m g L 1) and se v e ra l p la n ts  co u ld  be 
regenerated in vitro. Attempts were made for 
th e  p ro d u ctio n  o f  h a p lo id s  in Hevea

*



brasiliensis from embryo sac isolated from 
mature female flowers and unfertilized ovule 
of clones RRII 105, 414 and 430. M ultiple 
gene integration in Hevea brasiliensis was 
achieved through Agrobacterium m ediated 
genetic transform ation w ith MnSOD and 
hmgrl gene constructs and a few plantlets 
were developed. Abiotic stress induced over- 
expression of cdpk gene in Hevea brasiliensis 
w as assessed  by in d u cin g  co ld  stres s . 
Temporal expression o f this gene showed 
maximum expression after 24 hours o f cold 
stress.

In the Genom e Analysis laboratory a 
large number of SSR and SN P m arkers were 
developed using the transcriptome resources 
generated recently in rubber. Candidate gene 
based approach for SN P identification in 
rubber biosynthesis genes also revealed the 
presence o f SN P s and th is aided in the 
id en tification  o f h ap lo typ es in p o p u lar 
clones. DNA methylation studies in rubber 
indicate the p o ssib ility  o f a co rre la tion  
between the prom oter methylation of HMG 
C oA  R ed u cta se  and its  e x p re ss io n . 
Construction of genetic linkage map using a 
segregating progeny population derived 
from an interspecific cross between RRII 105 
(H. brasiliensis) X F4542 (H. benthamiana) has 
been continued. In the area of biotic stress 
tolerance, characterization and functional 
validation of differentially regulated NBS- 
LRR transcripts involved in tolerance to 
Corynespora leaf disease were carried out. 
A new project on whole genom e sequencing 
has been initiated using N G S platform s for 
decip hering Hevea genom ic architecture, 
essential for dissecting genetic regulation of 
complex traits w hich will speed up genetic 
improvement research through m olecular 
breeding and m arket assisted selection.

C row n  b u d d in g  e x p e rim e n ts  at 
Malankara estate, Thodupuzha and at CES,

Chethackal recorded significantly high leaf 
retention during ALF season. Observation on 
ALF d isease in the n ew ly  recommended 
clones in the on farm  trials in sm all grower's 
field show ed highest retention in the clone 
R R II 4 3 0  (7 0  to  9 0 % ). A M ist blow er 
attachm ent on m ini-tractor for low volume 
spraying in rubber plantation s w hich can 
deliver the spray fluid to a height of 95 to 
100 feet (fitted w ith A spee m ake atomizer 
an d  m ic ro n a ir  ty p e  a to m iz e r )  was 
recom m ended for use. The total number of 
visits to on-line Rubber C lin ic during the 
period w as 10882.

Evaluation o f six m onths old polybag 
plants of RRII 400 series clones by subjecting 
to w ater deficit stress for 10 days indicated 
that RRU 430 m ay have a better potential for 
drought tolerance am ong them . The average 
canopy level net ecosystem  exchange (NEE) 
o f  C O , in a ru b b e r  p la n ta t io n  at CES, 
C h e th a c k a l, m e a s u re d  u s in g  th e  Eddy 
Covariance system  and w as about 10.2g CO J  
nr/day, w hich is equivalent to 37 M T CO J  
ha/year.

The Latex H arvest Technology Division 
started a new dem onstration program m e on 
lo w  fre q u e n c y  w e e k ly  ta p p in g  in 
sm a llh o ld in g s . V a r io u s  g ra d e s  of 
biodegradable polythene were developed in 
a collaborative program m e w ith a private 
entrep ren eu r. Tw o m ech an ised  and two 
motorised tapping tools were short listed for 
further field evaluation.

Studies on deproteinization of natural 
rubber (DPNR) through com bined gamma 
ray irradiation and enzym atic hydrolysis 
showed that DPNR produced by this method 
had good raw rubber properties as well as 
very  g oo d  m e c h a n ic a l a n d  d y n a m ic 
p ro p e r tie s . T h e m o d ifie d  co a g u la n t 
developed was effective in achieving faster 
coagulation of natural rubber latex.



The Technical C onsultancy D ivision 
continued testing and R& D  activ ities on 
in d u str ia lly  im p o rta n t ru b b er based  
products and testing/certification of rubber 
products. Studies found that small amount 
of nano ZnO will give identical properties 
when com pared w ith  vu canizates m ade 
from micro-dispersions of ZnO. The Division 
gave testing support to 578 clients by testing 
1508 products.

An interim report on rubber nurseries 
b y  E co n o m ic s  D iv is io n  su g g ested  
introduction of an optional control of rubber 
nurseries to ensure good quality of planting 
m ateria ls. A n aly sis o f the ch annel-w ise 
im port of natural rubber found an increase 
in the share of imports through the duty paid 
channel from less than one per cent in 2008- 
09 to 47.3 per cent in 2012-13. A study on 
external trade showed that India has been 
gradually emerging as a net exporter of latex 
concentrates and im porter of latex based 
value added products.

D u rin g  th is y e a r  a n ew  resea rc h  
discipline, Clim ate Change and Ecosystems 
S tu d ies  w as started . S tu d ies  related  to 
id e n tific a tio n  o f su ita b le  a g ro -clim atic  
reg io n s fo r  ru bber cu ltiv a tio n  through 
satellite-based rem ote sensing techniques, 
c lim a te  risk  a n a ly sis , c lim a te  res ilien t 
agricultural techniques, integrating remote

sensing and geographic information system 
technologies for ecosystem  management, 
clim ate change, carbon sequestration by 
rubber plantations, water balance of rubber 
holdings, biodiversity conservation etc. come 
under this new Division. Mapping of rubber 
holdings in the traditional areas using latest 
satellite images is in progress.

T h e C en tra l E x p erim en t S ta tio n  
Chethackal continued to serve the research 
req u ire m e n ts  o f v ario u s d is c ip lin es . 
Evaluation of location-specific clones and 
agro management techniques were the prime 
activities of the Regional Research Stations. 
T he various Regional R esearch Station s 
continued their research activities in their 
resp ective p riority  areas to cater to the 
requ irem en ts of the region. The library, 
th ro u g h  its  in fo rm a tio n  se rv ic e s  and 
publications, continued to serve as a major 
source of scientific and technical information 
on natural rubber.

Tw o issu es of Rubber Science w ere 
brought out during the year under review. 
R R II p u b lish ed  57  sc ie n tific  ar tic le s  in 
addition to participation and presentation of 
p a p e rs  in  n a tio n a l and in te rn a tio n a l 
con feren ces. The Institute continued its 
a cad em ic association  w ith n ational and 
in te rn a tio n a l res e a rc h  in s titu te s  and 
universities.



AGRONOMY AND SOILS DIVISION

The various research program m es of 
the Division are aimed at developm ent and 
periodic refinem ent of agrom anagem ent 
practices to im prove growth and yield of 
rubber in different agroclim atic regions, 
reduce cost of cultivation and sustain soil 
q u ality . So il sam p le  c o lle c tio n  for so il 
fertility m apping of rubber growing areas 
in South India w as com pleted and analysis 
of soil sam ples is in progress. Experim ents 
on n u tr ie n t m an ag em en t in n u rseries, 
young and mature rubber were continued. 
Various experim ents on cropping systems 
and mixed planting with timber trees were 
also in progress. Experim ents on planting 
techniques and ground cover management 
and stress m anagem ent were in progress. 
E x p e rim en ts  to d evelo p  an ag ron om ic 
package for reducing the gestation period of 
rubber were continued. The Division also 
functions as a centre for dissem ination of 
k n o w le d g e  on v a rio u s so il and crop  
m a n a g em en t tech n iq u e s, u n d erta k e s 
feasibility studies on cultivation of rubber 
and in tercro p s in v ario u s a g ro clim a tic  
reg io n s and in v e stig a te s  sp e c ific  field  
problems.

1. Nutrient management
Experim ents initiated during 2011, to 

s tu d y  the e f fe c t  o f s u p p le m e n tin g  
secondary and m icronutrients in areas low 
in th eir sta tu s, on g ro w th  and yield of 
rubber w ere continued at four locations. 
A p p lic a tio n  o f th e  se c o n d a ry  and 
m icronutrients during first year of planting 
show ed residual effect and m aintained the 
soil status in sufficiency level during the 
third year also in all the locations. There 
w as no significant difference between the

treatm ents on girth of plants in the four 
locations.

The field experiment at CES, Chethackal 
to  stu d y  the effec t o f long  term  use of 
in o rg a n ic  and o rg an ic m an u res on the 
grow th and yield of rubber and on the 
p hysico-chem ical p roperties of soil w as 
c o n tin u ed . The trea tm en t, 25 p er cent 
recom mended dose of chemical fertilizers 
w ith 75 per cen t FYM  co ntinu ed  to be 
su p e rio r  in g ro w th  o v er  all o th er  
trea tm en ts. W ith  resp ect to y ie ld , this 
treatm ent and 50 per cent recom m ended 
dose of chem ical fertilizers with 50 per cent 
FYM w ere com parable and significantly

Table A g. 1 .Effect o f integrated nutrient management 
____________ on yield of rubber_______________________
Treatments Yield (g t ' r ' )

T ,- No fertilizer/no m anure (Control) 24.1

T ,- Farm yard m anure (FYM ) alone 24.1

T ,- Fertilizers (recom m endation) 2 5 .6

T4~ 25% Fertilizers + 75%  FYM 3 0 .4

Ts- 50% Fertilizers + 50% FYM 2 9 .9

T - 75%  Fertilizers + 25% FYM 2 6 .6

S E 1.4

C D  (P=0.05) 4 .2

h ig h er than  the recom m end ed  p ractice 
w ith 100 per cent chem ical fertilizers (Table 
A g .l).

Field experim ent on use of coir pith 
organic manure (CPOM) as soil amendment 
in m arginal so ils , a t T han neerm u kkom , 
C herthala show ed that CPO M  and FYM 
were com parable in prom oting growth of 
rubber plants.

A study was initiated on rhizosphere 
chem istry and grow th of natural rubber



under varying pH and base statu s. Soil 
s a m p le s  w ere  co lle c te d  from  v a r io u s 
locations and analysis is in progress.

In the polybag experim ent to study the 
effect of different soil pH on growth of rubber 
plants, it was observed that the girth and 
other growth param eters at pH 7.34 and 
5.40 w ere significantly  su p erior to  that at 
pH 4.34.

2. Soil and water conservation
T h e fie ld  e x p erim en t to a ssess  the 

effectiveness of different vegetative hedges 
for soil conservation in rubber plantation 
w as co n tin u e d . T h e  e s ta b lis h m e n t o f 
vegetative hedges viz. vetiver, guinea grass,

Table A g. 2 .E f fe c t  o f  v e g e ta t iv e  h e d g e s  o n  s o il 
_____________erosion  (2013)
Treatm ents Quantity' o f soil eroded 

(t h a 1)
1. Rubber + Vetiver 1.0
2. Rubber + Guinea grass 1 .2
3. Rubber + Pineapple 1.4
4. Rubber + Strobilanthes sp. 1.8
5. Rubber alone 2 .3
S E
C D  (P=0.05)

0 .1 2
0 .3 8

pineapple and Strobilanthes sp. significantly 
reduced the rate of soil erosion (Table Ag. 2) 
and am ong the vegetative hedges, vetiver 
and guinea grass w ere superior.

3. Intercropping and cropping
systems
The experim ent initiated to develop a 

m u lti s p e c ie s  ru b b e r  b a sed  cro p p in g  
sy stem  fo r T am il N adu reg io n  w as in 
progress. The establishm ent o f intercrops 
Morinda citrifolia (N oni), Anona muricata, 
Dracaena messangeana, H elicon ia sp..

cinnam on and cocoa did not influence the 
grow th of rubber up to four years.

T h e  e x p e r im e n ts  to  e v a lu a te  the 
feasibility o f grow ing perennial intercrops 
and tim b er tre e s  w ith  ru b b er w ere in 
progress.

An observational trial w as initiated to 
study the feasibility  of cultivating diverse 
tuber crops and m edicinal plants in mature 
rubber. F ive v a rie ties  o f  sh a d e  tolerant 
m edicinal p lants viz., Trichopus zeylanica 
(Aarogyapacha), Alpenia galanga (Kolinchi), 
Coleus zeylanicus (Iruveli), Kurkuma aromatica 
(K a stu r im a n ja l) and Kaem pferia galanga 
(Kacholam ) and coleus w ere established in 
m ature ru bber p lan ta tion . A ll the crops 
e s ta b lis h e d  w ell in m a tu re  ru bber 
plantation.

4. Ground cover management
The field experim ent on the effect of 

legume covers and natural flora on growth of 
rubber, soil physico-chemical and biological 
properties, biom ass and nutrient turnover, 
laid out during 2010 at the Central Experiment 
Station of Rubber Research Institute of India, 
w as continued. G row th o f  the p lants, 18 
m onths a fter  p lan tin g  w as sig n ifican tly  
affected by the presence o f w eeds and the 
growth reduction w as 20 per cent.

T h e o b se rv a tio n a l tria l in itia ted  at 
M alankara estate, Thodupuzha during 2009 
to exp lore the feasib ility  o f estab lish in g  
Mucuna under partial shade w as continued. 
Soil moisture in this field w as found to be 
higher than that in the adjacent field without 
Mucuna during sum m er season. A field trial 
w as initiated  at CES, C hethackal for the 
evalu ation  o f Calopogonium caeruleum. It 
established well in the field and survived 
during dry season and the rate of growth 
w as found to be less compared to that of 
Mucuna.



Studies on the effect of ground covers 
on soil acidity showed that Mucuna lowered 
soil pH, Pueraria did not change and natural 
cover increased soil pH in young rubber 
p lantations in 4 years. In m ature rubber 
plantations, Mucuna reduced soil pH and 
in c re a se d  so il o rg a n ic  ca rb o n  s ta tu s 
s ig n if ic a n tly  co m p ared  to p la n ta tio n s  
w ithout Mucuna and w ith regular weed 
control.

The project on com parison of rubber 
plantation s w ith and w ith ou t control of 
weed flora w as continued at the two new 
lo cation s, Paika n ear P alai and 
T h u m p p assery  e s ta te , P u n alu r. It w as 
observed that OC, total N, available forms 
o f P, K, Ca and M g were significantly higher 
in no-w eeded field s com pared to clean- 
w eed ed  fie ld s  in bo th  lo ca tio n s. In  an 
experim ent to study the effect of different 
weed control m easures on soil properties, 
it  w as o b se rv e d  th a t so il resp ira tio n  
declined in glyphosate and 2,4-D applied 
treatm ents while an increase noted in weed 
cutter treatm ent (Fig. Ag. 1).

5. Planting techniques
The experim ent initiated to assess the 

effect of mechanized land preparation on 
soil erosion and physico-chemical properties 
o f rubber grow ing so ils w as continued. 
Different land preparation methods did not 
show  any significant effect on grow th of 
ru bber p lan ts. The rate of so il erosion  
continued to follow the same trend as that of 
last year. In the experiment for evaluating 
different planting design, twin and triangular 
systems of planting continued to be superior.

6. Development of agromanagement 
technique for reducing the 
gestation period
T h e fie ld  e x p e rim e n t la id  o u t at 

Malankara Estate, Thodupuzha during 2005 
fo r evo lv in g  an ag ron om ic p ack ag e  to 
reduce the im m aturity period of rubber 
was continued. The growth of rubber under 
the integrated managem ent continued to be 
s ig n if ic a n tly  su p e rio r  fo llo w e d  by 
irrigation + enhanced nutrient application,

Fig. Ag. 1. Changes in  so il respiration (pm ols m ’ s ' )  30 days after w eeding treatm ents



irrigation and conservation oriented tillage 
which were comparable. Prelim inary yield 
did not indicate any significant difference 
among treatm ents. The field experim ent 
initiated at CES, Chethackal during 2008 to 
reduce the im m aturity period o f rubber 
was also in progress. Direct-seeded green 
b u d d ed  p la n ts  u n d er in te g ra ted  
management was significantly superior to 
all others and 67 per cent o f the plants 
reached tappable girth in five y ears and 
nine m ondis as against 17 per cent in the 
control (budded-stum ps raised in polvbags 
under the current recom mended practices).

The field experim ent investigating the 
com p arative field  p erform an ce  o f one- 
w h orl, tw o -w h orl and th re e -w h o rl 
polybag and root tra in er ru bber p lan ts 
initiated at CES, Chethackal during 2008 
was continued. The superiority of three- 
w h orl p o ly b ag  p la n ts  o v e r  a ll o th e r  
planting materials continued.

The fie ld  e x p e r im e n t in it ia te d  to 
evaluate the perform ance of rubber plants 
budded on stock plants of different age was 
a lso  in  p ro g re s s  and no s ig n if ic a n t  
difference in grow th w as observed among 
the different treatments.

7. Rubber growing soils
The project on m anagem ent of active 

and microbial carbon pools at Pottam kulam 
Estate, Yendayar w as continued. Girth of 
the plants w as not significantly d ifferent 
among the treatments.

Soil C 0 2 flu x  in ru b b er p lan tation s 
u n d er d iffe re n t  a g ro -c lim a tic  z o n e s , 
A gratalaand Dapchari w as quantified. The 
average soil C O , flux during w inter period 
in Agartala was 0.97 |imols m '2 s ' while in 
Dapchari it was 0.67 nm ols m 2 s'1.

The study on characterization o f soil 
organic m atter in rubber p lantation w as 
continued. Spectroscopic studies indicated

m ore h u m ification  in m ature plantation 
than in im m atu re plantation . A m ong the 
v a r io u s  im m a tu re  s y s te m s , ru b b er -  
Pueraria sy stem  sh ow ed  m o re  a lip h atic 
nature than rubber- banana and rubber -  
p ineapp le system s. A n incu bation  study 
w as conducted to estim ate the soil carbon 
m in eralization  in d ifferen t ru bber based 
system s. The rate of carbon m ineralization 
was in the order, im m ature rubber + Pueraria 
> im m ature rubber + banana = im m ature 
rubber + pineapple > m ature rubber.

A g la s s  h o u se  e x p e r im e n t  w as 
conducted to study the effect of higher levels 
o f soil copper on grow th o f polybag plants 
o f Hevea. Graded levels of copper (50, 100, 
150, 200, 400 and 800 ppm ) w ere applied to 
soil as copper sulphate and used for filling 
polybags. D iam eter o f plants recorded two 
m onths after planting w as com parable for 
control, 50, 100 and 150 ppm  Cu levels, 
w h ile  it w as sig n ifican tly  low er for Cu 
levels >150 ppm . A fter four m onths, the 
plant grow th w as com parable for control 
and 50 ppm Cu level, w h ile significantly 
low er for Cu levels >50 ppm.

Analysis of locally available sam ples of 
organic m anures, P  fertilizers and fertilizer 
m ixtures w as carried out for heavy metal 
contents (Pb, Cd, Cr, Zn, Cu, Fe and Mn). 
C adm iu m  con ten t in sam p les o f rajphos 
were within the perm issible limit o f 5 ppm, 
w hile it exceeded this lim it in several other 
phosphatic fertilizers. A nalysis o f organic 
m a n u re s  sh ow ed  th a t C d , C u  and Zn 
contents were w ithin the perm issible limit 
in urban com post. Very high C r contents 
(>1000 to 3000 ppm) were observed in about 
40 per cent of the organic m anure samples 
tested, while the perm issible lim it of Cr is 
50 ppm.

8 . D ro u gh t m an ag em en t

Two field experim ents, one with RRII 
105 (Experim ent 1), a drought susceptible



c lo n e  and the o th e r  w ith  R R II 43 0  
(Experim ent II), a drought tolerant clone 
initiated at Chim oni Estate, Puthukkadu 
during 2012 to study the effect of different 
types of agricultural mulch m aterials viz. 
coco tree mat, polypropylene woven fabric, 
coir pith and dry leaf mulch on growth of 
rubber, soil m oisture conservation  and 
weed control were continued. H igher soil 
m o istu re  co n te n t w as o b serv ed  u n d er 
polypropylene w oven fabric com pared to

Table Ag. 3. Effect o f different mulches on weed count 
_____________and D M P (E xperim ent!)_______________
Treatm ent Weed count W eed DM P 

(N o. n r 3)  (g n r 2)
Dry leaf 3 9 .8 2 6 .0
C oco  tree m at 2 0 .3 8.9
Po lypropylene w oven fabric 14 .7 7 .6
C oir pith 4 0 .8 2 2 .7
S E 3 .7 3 .5
CD  (P = 0.05) 11.1 10 .4

dry mulch. Weed regeneration was also less 
u n d er p o ly p ro p y le n e  w oven fa b ric  
(Table Ag. 3). Coco tree mat remained in the 
field for one year only.

9. Soil fertility mapping and soil 
health monitoring of traditional 
rubber growing regions of 
Kerala, Tamil Nadu and Karnataka 
(Collaborative project of RRII 
with NBSS & LUP, ICAR)
Soil sam ple collection was completed 

for soil fertility mapping of rubber growing 
soils o f South India and analyses of soil 
sam ples are in progress. Determ ination of 
g ra v e l co n te n t and d ig itiz a tio n  of 
qu estion n aires are in progress. For soil 
health m onitoring, profile sam ples w ere 
taken from 100 m onitoring sites in different 
agroclim atic regions for analysis of soil 
physico-chem ical properties.

FERTLIZER ADVISORY GROUP

T h e  g ro u p  p rov id es site -sp e c ific  
fertilizer recommendation on the basis of soil 
and leaf analysis for optimization of fertilizer 
use in rubber plantations for both large estates 
and smallholdings. Dry rubber content of latex 
samples are also determined at the regional 
laboratories. The facility is provided through 
the laboratory at RRII and the nine regional 
laboratories . Tw o m obile  soil testing  
laboratories are also functioning for the benefit 
of the small growers. The details on sample 
output are provided in the Table FAG. 1.

• Offered fertilizer recom mendation to 
24 large estates covering 1200 fields 
by analyzing 500 soil sam ples and 
750 leaf sam ples.

• A n alyzed  5 252  so il sa m p les  and 
offered 2626 discrim inatory fertilizer 
recom mendation to sm allholdings.

• A n aly zed  4 64  le a f sam p les from  
sm allholdings and offered fertilizer 
recom  m end a t ions

• 57072 latex sam ples were tested for 
DRC

Table FAG. 1. D etails on so il, leaf and latex analysis

Parameter Number

S o il 575 2

Leaf 1214

M ST program 50

DRC of latex sam ples 5 7 0 7 2



CLIMATE CHANGE AND ECOSYSTEM STUDIES

The Rubber Research Institute of India 
has established a new research discipline, 
"Clim ate Change and Ecosystem s Studies", 
on 6th January, 2014 for conducting research 
on clim ate change and its variability, its 
impact on rubber cultivation, environm ent 
impact assessm ent, ecosystem  services etc. 
Thrust areas of research include identifying 
suitable agro-clim atic regions for rubber 
cu ltiv a tio n  th rou gh  sa te llite -b a sed  
techniques, clim ate risk analysis, clim ate 
resilient techniques, integrating RS & GIS 
technologies in suitable land and ecosystem  
management and climate change mitigation 
policies. It also undertakes studies on carbon 
sequestration by rubber plantations, water

balan ce o f ru bber hold ings, biodiversity  
co n serv atio n , s im u la tio n  m o d elin g  and 
natural resource m anagem ent.

1. Development of rubber based 
information system using Remote 
Sensing and GIS
Estim ation o f natural rubber growing 

areas o f M aharashtra and G oa w ere carried 
out u sing  R eso u rc esa t-II  L -3 im ag es for 
the y ear 2 013  h a v in g  sp a tia l resolu tion  
o f 23.5 x 23.5m . Satellite based NR area of 
M aharashtra w as estim ated to be 1133 ha 
com pared  to ground su rv ey  sta tistics of
2098.0 ha indicating 965 ha low er than the 
ground statistics.



Tabic CCES 1. D istrict-w ise N R  area statistics for K erala and Tam il Nadu (2012-2013)
District G round survey 

statistics (ha)
Satellite based 

rubber area 
2012-2013  (ha)

Variation compared 
to ground survey 
statistics in ha (%)

Date of 
acquisition of 
satellite data

Thiruvananthapuram 3 1 5 8 5 27 6 5 7 -3928 (-12.4) 25°' Feb 2012
Kollam 36 9 6 0 38 9 9 8 2038 (5.5) 2 5 *  Feb 2012
Pathanamthitta 50 7 0 0 53 7 1 8 3018 (6.0) 3,rf M ar 2013
Alapuzha 4 4 5 5 679 2 2337  (52.5) 3rd M ar 2013
Kottayam 1 1 4 1 0 5 110724 -3381 (-3.0) 3rd M ar 2013
Idukki 40 2 7 0 40 2 7 4 4  (0.01) 3rd M ar 2013
Emakulam 59 5 5 5 63 6 2 3 4068  (6.83) 1“ Feb 2011
Thrissur 15 4 1 0 15734 324 (2.1) 20,h Feb 2012
Palakkad 37 3 3 0 32 1 1 9 -5211 (-13.96) 20,b Feb 2012
Malappuram 42 1 2 0 38 8 3 5 -3285 (-7.80) 20"’ Feb 2012
K ozhikk od e 21 6 3 0 20 8 9 5 -735. (-3.4) 20,h Feb.2012
Wayanad 10610 7 5 6 7 -3043 (-28.7) 2 0 *  F eb .2012
Kannur 47 1 7 0 54 2 9 2 7122 (15.1) 5 *  Mar. 2013
Kasargod 33 1 3 0 25 4 2 4 -7706 (-23.3) 5 *  Mar. 2013
Kanyakumari 20 7 7 0 21 9 4 8 1178 (5 .7) 2 5 *  Mar. 2012
Total 5 6 5 8 0 0 5 5 8 6 0 0 7200 (-1.3)

It is difficult to m ap im m ature rubber 
areas less than 3 years due to poor spectral 
sig n atu re  from  the p lan ta tion s. D uring 
ground truth survey, lot of new upcom ing 
N R  p la n tin g s  w ere  o b se rv e d  in  the 
Sindhudurg district o f M aharashtra, which 
will be possible to map after 2 to 3  years. 
However, satellite based NR area statistics 
of M aharashtra w as com parable with that 
of Rubber Board, after addition of the new 
planting area (2256 ha). Spatial distribution 
of rubber areas in Maharashtra is given in 
figure CCES. 1. Similarly, satellite based NR 
area statistics o f G oa w as 424 ha, w hich

show ed a variation of 289 ha with that of 
ground survey statistics.

L atest sa te llite  data (1RS-RI & RII, 
L IS S -III  o f 2012 & 2013) procured from 
National Rem ote Sensing Centre (NRSC) 
w as used for updating NR area statistics of 
K e ra la  and T am il N ad u . R u b b er area 
d is tr ib u tio n  m ap s an d  s ta t is t ic s  w ere  
generated  for K erala and K anyakum ari 
d is tr ic ts  o f T am il N adu. D is tr ic t-w ise  
ru b b e r  area  s ta t is t ic s  o f  K era la  and 
Kanykum ari is given in Table CCES 1. NR 
area spatial distribution m ap of Kerala and

Table C C E S. 2. Sate llite  based NR area statistics o f  Kerala, Kanyakum ari and Karnataka for the year 2012- 
201 3

State Satellite based NR area (ha) 
2 0 12 -2013

Rubber Board 
Ground survey statistics (ha)

Variation
(ha)

Kerala 5 3 6 6 5 2 5 4 5 0 3 0 -8378

Kanyakum ari (TN) 21 9 4 8 2 0 7 7 0 1178

Karnataka 31 2 3 2 4 4 9 0 0 -13668



Fig. C C E S 2.N R  area  d is tr ib u tio n  o f  K era la  an d  
K anyakum ari d istrict (2012-2013)

Tamil Nadu is shown in Fig. CCES 2. Area 
un d er ru bber w as h ig h est in K ottayam  
district followed by Ernakulam and Kannur.

2. NR area variability in high
resolution and medium resolution
LISS-IV MX merged C artosat (2.5 m) 

and Resourcesat L-3 (23.5 m) satellite data 
were considered for NR area estim ation of 
fou r P a n ch a y a ts  in A la th u r  ta lu k  of 
Palakkad district and given. Generally the 
sp a tia l res o lu tio n  o f s a te llite  d ata  is

d ifferent for high (1 :10, 000) and medium 
resolu tion  (1 :50 ,000) sa te llite  data. High 
(<5.8 m ) and m ediu m  sp atia l resolution 
satellite data w ere used for site specific and 
reg io n a l d e v e lo p m e n ta l p lan n in g  
respectively.

3. Remote Sensing consultancy 
service to ATMA
Satellite  based  m apping w as carried 

out in NR grow ing areas o f the states of 
Kerala, Tam il Nadu (K anyakum ari district) 
and Karnataka during 2013 using the latest 
s a te l l i t e  d a ta  (2 0 1 2  &  2 0 1 3 ). N R  area 
statistics and spatial d istribution m ap were 
generated respectively for the three states. 
T h e  N R  a rea  d is tr ib u t io n  m ap s for 
Karnataka is g iven in Fig. C C ES 3. A large 
deviation in the area o f K arnataka (-13668 
h a ) (T a b le  C C E S  2 ) w a s a t tr ib u te d  to 
in c re a s in g  a re a s  o f  y o u n g  p la n ta tio n s



com prisin g ages o f less than 3 years in 
U dupi, Shim oga and D akshin K annada 
districts in Karnataka.

4. Outlook of weather in traditional 
and non-traditional NR growing 
regions in India
T he m ajor rubber grow ing areas of 

Kerala experienced above normal monthly 
tem p eratu re  in all m on th s ex cep t Ju n e 
(F ig . C C E S 4 ), In K o ttay am , an n u al 
maximum temperature (Tmax) showed an 
in c rea se  o f 1 .1  °C a b o v e  th e  n o rm a l 
te m p e ra tu re  (32.3 °C) in 2013. .H ighest 
anom aly w as observed during November 
(2 .3  °C) fo llow ed  by A p ril (1 .7  °C ). An 
increase of 0.4  °C in minimum temperature 
(T m in ) w as o b served  d u rin g  th is year. 
A nnual ra in fall recorded w as 3229 mm 
against the normal of 3097 mm. Though the 
pre-m onsoon and post-m onsoon period 
observed a decline in the am ount of rainfall, 
it w as well com pensated during the South 
west monsoon. A negative anomaly of 126 mm 
o f m o n th ly  ra in fa ll  d u r in g  M ay w as

followed by a positive anom aly of 346 mm 
ra in fa ll d u r in g  Ju n e  co m p ared  to  the 
norm al.

Annual Tmax of 32.8 °C (normal 32.7°C) 
was recorded at Parliar. During the month 
o f June and July, a decline in the mean 
monthly T min of 1.9 and 1.1 °C respectively 
was observed. This might be the effect of 
the unusual m onsoon observed  during 
these m onths in the State. In general, a 
decline of 1.0 °C was observed for the annual 
Tmin. A decline in the monthly Tm in was 
observed for all months with the highest of
2.1 °C d u rin g  Jan u ary . A nnual ra in fa ll 
recorded was 1782 mm against the normal 
of 1915 mm. The months of June and July 
registered an increase in rainfall of 131 per 
cent and 23 per cen t resp ectively . Peak 
rainfall months of Septem ber (159 mm) and 
October (184 mm) suffered a setback during 
the year with less am ount of rain against 
the n o rm al o f 2 29  m m  and 3 73  mm 
respectively.

A n n u al m ean  T m ax  sh ow ed  an 
increase of 0.5 °C at Padiyoor during this

Jan  Feb M ar Apr M ay Jun Jul Aug Sep O ct Nov Dec

• 2 0 1 3 -Kottayam —  ■ ■■■ Normal-Kottayam
• 2013-ParBar ■ ■ Normal-Parliar
• 2013-Padiyoor —  Normal-Padiyoor

Fig. C C E S 4 .M onthly mean Tm ax for three rubber grow ing stations in  the traditional 
region during 2013



year. A rise In monthly Tmax of 1.6 °C was 
observed during May and a decline of 0.2 °C 
was observed in March, the hottest month 
of the year. Annual mean Tmin show ed an 
increase of 0.1 °C during the year. An annual 
rainfall o f 4076 mm w as observed against 
the normal of 3494 mm. Rainfall received in 
Ju n e  and Ju ly  w as 1322 an d  1332 m m  
respectively against the norm al of 789 and 
915 mm.

In Dapchari, the mean annual Tm ax 
recorded was 32 .7°C against the norm al of 
33.1 °C. A decline in Tm ax of 2.0 and 1.8 °C 
was observed in June and Ju ly respectively. 
Annual m ean Tm in observed during this 
year w as on par w ith that o f the norm al 
(20.6 °C). Tm in showed a decline o f 0.2 to 
1.7 °C during the peak w inter m onths of 
Decem ber and January. Annual rainfall was 
3518 mm against the norm al o f 2591 mm.

In N ettana, the annu al m ean Tm ax 
showed an increase of 0.8 °C and the rise in 
Tm in recorded w as 0.4 °C. Nettana recorded 
the highest rainfall o f 5173 mm against the 
norm al of 4681 mm. Ju ne and Ju ly recorded 
a rainfall o f 1129 and 1873 m m  respectively 
and the rainfall recorded during Ju ly alone 
a m o u n ts  to  th e  to ta l r a in fa ll  o f 
Kanyakum ari region.

4 .1 . W eath er co n d it io n s  in  the ru b b e r
grow ing regions Of NE India

In Agartala the total rainfall received 
w as 1932 mm  w ith  89 d ays o f ra in fa ll, 
receiving 50 per cent of the total am ount 
being contributed by the m onsoon season 
within 57 per cent of the total rainy days. 
H ighest m onthly  ra in fa ll w as observed  
d u rin g  M ay (582  m m ) w h ich  w as 170 
per cent above norm al. About 99 per cent 
of the annual norm al rainfall w as received 
d u rin g  th is year. M ean m on th ly  Tm ax 
fluctuated from 26.6°C during Decem ber to

33.6°C during Ju ne 2013. The m onthly Tmin 
fluctuated from 7.7 to 25.6 °C. H ighest daily 
tem perature observed w as 36 .9  °C during 
12th Ju ne and 23rd Ju ly  w hile the low est of 
3.0°C  w as observed during 10,h January. In 
this year a total nu m ber o f 15 extrem ely 
hot days (> 3 5 °C) w ere experienced with 34 
days experiencing less than 10°C during the 
w inter period. The m onth o f M arch showed 
m axim um  m onthly m ean su nshine hours 
o f 7.4 per day.

W ith  an averag e  e lev atio n  of 350 m 
above M SL , T u ra (M e g h a la y a ) received  
75 per cent (2104 mm ) o f the norm al rainfall 
in 2013 totaling 92 rainy days. The highest 
rainfall recorded w as in the m onth of May 
(582 m m ) w hich w as 170 per cen t above 
norm al. M ean m on th ly  T m ax fluctuated 
from  23.2 (January) to 31 .7  °C (April) while 
the Tm in recorded a low  o f 6.4  (January) to
2 3 .4  °C ( J u ly ) .  T h e  a f te rn o o n  re la tiv e  
hum idity  recorded as low  as 47  per cent 
d u r in g  th e  w in te r  p e r io d . T h e  10 th of 
January  recorded the low est tem perature of
0.5 °C and the highest w as noted on April 14 
(35.4 °Q . N um ber of cold days below  10 °C 
am ounted to 55 days.

In G uw hati the m onth o f M ay received 
190 per cent o f the norm al rainfall with a 
total annual rainfall o f 1485 m m . Seasonal 
Tm ax recorded w as 34.1 °C during monsoon 
an d  th e  s e a s o n a l lo w e s t  te m p e ra tu re  
recorded w as 12.0 °C d u rin g  winter. June 
w as the h o tte s t  m o n th  w ith  a m onthly  
m ea n  te m p e ra tu r e  o f  3 4 .9 °C an d  as 
norm ally  experienced , the co ld est month 
w as January  w ith 10.6 °C. Ju n e 12 and 13 
registered the highest tem perature o f 38.6 °C 
and the low est was 7.6 °C on 12lh January. A 
total o f 49 d a y s e x p e r ie n c e d  e x tre m e  hot 
days (> 35°C) and extreme cold days (< 10.0 °C) 
am ounted to 17 days.





In Nagrakata the month of July received
1032.4 mm o f rainfall which is 102 per cent 
of the normal. However, the annual rainfall 
was only 86 per cent of the normal of 3800 mm 
for Nagrakata. N early 80 per cent o f the 
total was contributed during the monsoon 
season spread over 85 days out of the annual 
125 days of rainfall during the year. Mean 
m onthly temperatures peaked during June 
(33 .0°C) registering a low during January 
(6.9°C). Daily temperature fluctuated from 
1 .0 °C (9 *  Jan u ary) to 37 .0  °C (13 ,h Ju ne) 
during this year.

The annual rainfall during this year 
recorded an increase in Dhenkanal to almost 
130 per cent of the norm al. In this hot and 
dry sub-humid clim ate type, an am ount of
1699.6 mm w as spread over 82 days with 
60 p er ce n t  o f the an n u a l ra in y  d a y s 
received during the m onsoon season. The 
m on th  o f M ay reg is te red  the h ig h e s t  
tem p eratu re  o f 4 1 .3  °C and the lo w est 
during Febru ary  w ith 9 .7  °C. T he m ean 
seasonal Tm ax and Tm in also rem ained at
39.3 and 10.0°Crespectively. Extrem ities in 
temperature were found to be high with hot 
days above 35 °C for 115 days and cold days 
below 10°C for 36 days during the year. Bright 
sunshine hours per day exhibited m ore than 
7 hours for four consecutive m onths from 
the month of February, May 24lh registered 
the highest daily temperature of 46 °C and 
the low est at 8.0 °C constantly during the 
first two weeks of January.

D henkanal station received a higher 
than average rainfall for this year. The mean 
monthly Tm ax in Dhenkanal stood higher 
than all o th er ru bber grow ing  research  
stations in the NE region during the first 
half of the year (Fig. CCES 5). Overall, the 
fluctuation of monthly Tm ax was from 23

to 41 °C and the Tm in fluctuated from 6.4 to
25.0 °C. Diurnal tem perature fluctuations 
w ere observed high in D henkanal for the 
pre m onsoon season. In 2013 the highest 
a n n u a l r a i n f a l l  r e c e i v e d  w a s  fo r 
N a g ra k a ta  (3253 mm ) and the lowest was 
for G uw ahati (1312 mm).

4. 2. Extrem e te m p e ra tu re  e v e n ts  in  the
south w est region o f India

T he stu d ies on ex trem e tem perature 
events are highly relevant at regional scale 
since the im pacts of events are m ore visible 
an d  se v e re . T h e o ccu rre n ce  o f extrem e 
te m p e ra tu re  e v e n ts  in  K o tta y a m  w as 
a n a ly se d . D a ily  T m a x , T m in  and 
precipitation for a period o f 1970 to 2010 
w ere analysed for Kottayam  district, Kerala. 
The indices of extrem e tem perature events 
were developed using the Clim D ex software 
package developed by ETC C D M I (Expert 
T eam  on C lim a te  C h a n g e  D e te c tio n  
M on ito rin g  and In d ice s ) at th e  C lim ate 
R esea rc h  B ran ch  o f th e  M eteo ro log ica l 
Service of C anada. The trend analysis for 
d etectin g  the ch an ges from  1970 to 2013 
w as carried out using M ann-K endall trend 
a n a ly sis  and E X C E L  STAT. M ean  Tmax 
show ed a steady increase during the last
40 years w ith an annual increase of 0.035 
°C. Frequency o f hot days had increased at 
a rate of 0.56 per cent per year (1970-2010). 
T h e  m a g n itu d e  o f  in c re a s e  in  T m ax is 
g rea ter  th an  th at o f T m in . W arm  spells 
ap p ear m ore freq u en tly  a fte r  1995. The 
m ean increase w as observed  from  7.8 °C 
d uring 1970 -1974 to 9.2 °C during 2006- 
2 0 1 0  in d ic a t in g  a s h a rp  h ik e  in the 
a tm o s p h e r ic  te m p e ra tu r e . T h e  stu d y  
s u g g e s ts  th a t p e r s is t in g  tre n d s  can 
adversely affect sm all scale farm ers in the 
long run.



BOTANY DIVISION

Genetic im provem ent program m es for 
the developm ent of clones possessing high 
rubber yield, high tim ber yield and dual 
purpose clones via conventional m ethods 
of hybridization, polycross breeding and 
ortet selection were continued. The fourth 
phase of the farm er partic ip atory  clone 
evalu ation  program m e w ith 23 pipeline 
clones w as initiated in seven locations. The 
year under report saw  intensification of 
breeding program m es for abiotic and biotic 
stress tolerance especially  in the area of 
polycross b reed in g . N ew  e x p erim en ts  to 
th is e ffe c t  w ere taken up sim ultaneously 
in the non-traditional as well as traditional 
regions. Studies on response to stim ulation 
in som e prom ising pipeline clones gave 
en cou ragin g  resu lts. N ew  in road s w ere 
m ade in the area of plant propagation with 
rec o m m en d a tio n  o f the p o lyh ou se  
technology for rubber nurseries and further 
research on m odification in term s of the 
container and potting m edia in the root 
trainer planting technology were attempted.

1. Evolving high yielding clones for
the traditional area

1.1. H ybridization and clonal selection
In one SST of W x A germplasm hybrids, 

the top selections viz. 90/10, 90/25, 90/34 
and 90/271 along w ith o th er prom ising 
selections, continued to exhib it su perior 
yield over check clone RRU 105. Significant 
variation in response to ALF disease was 
observed among the WxA hybrids. Hybrids 
of full-sib family RRII 105 x RO 142 showed 
m aximum high leaf retention ranging from
59 per cent in 90/21 of fam ily RRII 105 x RO 
142, to m inim um  leaf retention  (20% ) in 
90/168 o f fam ily RRIM 600 x RO 87.

In a n o th e r  SS T  o f W x A h y b rid s, 
highest girth was recorded in clone 90/55

follow ed by 90/109 and 90/129. H ighest 
yield w as found in RRII 105 (74.3 g t 1 t ‘) 
followed by 90/274 (68.8 g t 1 \r') and 90/109 
(60.8 g  t 't - 1). O ut of 34 hybrid clones under 
evaluation in SST 1995A, 23 clones exhibited 
significantly higher girth and yield (ranging 
from  18.7 to 100.1 g t ' t 1). Seven clones 
show ed significantly higher yield than the 
check clone RRII 105. Clone 89/27 continued 
to yield m ore than 100 g t ' f ' .  C lones such 
as  89/7, 89/27, 89/103, 89/124, 89/308, 
89/309 and 89/349 were found promising.

In SS T  1998 A, th re e  c lo n e s had 
significantly superior girth than any of the 
p a re n t c lo n e s . T h irte e n  c lo n e s u n d er 
evaluation show ed significantly superior 
g irth  than R R II 105 . Y ie ld  (1 0 th y e a r) 
ran ged  from  2 2 .3  to  70.1 g t ' t '1 w hen 
com p ared  clone R R II 105 (51 .9  g f t ' 1). 
Thirteen clones show ed com parable yield 
to check clone RRII 105. In SST 1998B, yield 
(10th year) ranged from 35.3 to 62.1 g t 't '1 
while RRII 105 yielded 36.8 g t 't"1. Three 
c lon es w ere su p erior in yield to RRII 105. 
In the 1999 SST  4, hybrid s of RRII 105 and 
RRII 118 showed superior annual mean yield 
when com p ared  to ch eck clo n e RRII 105. 
These clones also exhibited appreciable level 
of sum m er yield (Table Bot. 1).

In another SST of 17 hybrid clones from 
seven cross-com binations planted in 1999,

Table Bot. I . Y ield  of hybrids in the sm all scale trial 
_____________(1999)___________________________________
C lo ne Parentage Yield 

(g t 1 t -T  «
Sum m er 

yield 
(g f 1 ')”

95/306 RRU 105 x RRU 118 1 0 2 .3 * 64 .3
95/346 RRU 105 x RRII 118 8 7 .9  * 4 1 .2
RRII 105 T jir 1 x G l 1 6 6 .7  hnl 4 3 .6
‘ statistically significant at 5%  level; “  not significant 
•‘ M ean s fo llo w e d  by a com m o n  le tte r  are  not 
significantly different by DM RT



highest yield in the seventh year of tapping 
was recorded in clones 95/579 (95.3 g f t ' 1)/ 
95/95 (89.1 g  f f )  and 95/131 (84.1 g f t ' 1) 
while the check clone RRU 105 registered 
67.9 g f t ' .  The hybridization program me 
for introgression of genes from Amazonian 
wild germ plasm  w as continued. Fem ale 
parents used w ere R R I1105, RRII 414, RRII 
429, and RRII 430 and male parents included 
three prom ising W xA hybrids viz., 95/10, 
95/34 and 95/274. Ten cross com binations 
w ere attem p ted in 5670 p o llin ation s. A 
population of 262 hybrid seedlings and 800 
half sibs seedlings obtained from two earlier 
hybridizations under this program m e are 
maintained in seedling nursery for further 
ev a lu a tio n  and s e le c tio n . A b re e d in g  
orch ard  c o n s is t in g  o f 48 c lo n e s  w as 
established at RRII farm. In order to develop

low  sp re a d in g  b ra n c h e s , p ru n in g  was 
carried out at a height of 1.5 meter.

1 .2  O rtet selection

In th e  s m a ll s c a le  t r ia ls  o f o rtets 
se le c te d  fro m  P C K , K o d u n io n  estate  
selection s, KnO  39, K nO  36 and KnO 49 
clones appear to be prom ising latex -  timber 
clones. They exhibited significantly higher 
bole volum e, better yield and m ore number 
of latex vessel row s. Bark thickness o f KnO 
39 and KnO  36 w as com parable to RRII 105. 
In the SST of ortet selections, O  73 (94.4 g t 
' t ') and O 72 (88.1 g f t ' 1) co n tin u ed  to 
e x h ib it  s u p e r io r  y ie ld  a n d  g ir th  
co m p a red  to  RRII 105 (65.7 g f  f ). In the 
2007 clonal nursery evalu ation  at RRII, the 
clones from  G uw ahati viz., G uw  4  and Guw 
9 and Paraliar (K anyakum ari) viz., Par 0 10

Clones

Fig. Bot. 1 M ean girth and lest tap yield  o f  21 test c lon es a lon g w ith contro ls



and Par O  18 appeared , p rom ising  and 
com parable to the perform ance of RRII 430 
and R R II 414  in the in itia l y ea rs . T h e 
perform ance of clones from Padiyoor was 
relatively poor (Fig. Bot. 1).

2. Evaluation of clones
2.1. Large - scale evaluation

The RRII 400 series clones in the first 
large scale trial at CES, Chethackal w ere in 
the first year of tapping in the renew ed 
panel, B . l . l .  C lone RRII 105 exhibited  a 
yield of 70.3 -  87.7 g  f t 1. Clones PB 330 
(106.8 g t ’t 1), RRII 430 (94.2 g t ' t 1) and 
RRII 417 (101.3 g t ' t 1) were superior in yield 
while clones RRII 422, RRII 403, RRII 410 
and R R II 52 w ere on par. O ther clon es 
com parable with RRII 105 in term s of yield 
in the renew ed panel w ere RRII 429 and 
RRII 427. In term s of girth, clones PB 330, 
RRII 52, RRII 402 and RRII 407 were superior, 
while clones RRII 430, RRII 414, RRII 422, 
RRII 429 and RRII 417 were comparable with 
RRII 105 in the 20lh year after planting.

In anoth er large scale evalu ation  at 
C E S, C h eth a ck a l co n ta in in g  PB clo n es 
(1989), yield over 14 years w as higher in 
clones PB 280 (70.7 g t ' t 1), PB 312 (70 g t ' t 1) 
and PB 314 (68.8 g t 't ') which had least pink 
disease. Clone PB 311 yield 65.5 g  t 't' 1 with 
prom ising yielded stability over the years. 
This clone w as the only prom ising high 
y ie ld er  w ith sta b ility  in y ield  o ver the 
years. C lone PB 280 excelled  in sum m er 
y ie ld . W h ile  PB 2 80  h ad  lo w e r  TP D  
incidence (10.73), PB 314 had higher TPD 
(26.62). Estim ates o f genetic param eters 
revealed rubber yield and bole volum e a 
highly heritable trait w ith hl2= 0.7 for yield 
over 14 years and 0.8 for sum m er yield over
11 years.

In the LST (1994) com prising 12 clones, 
86/44, RRIM  712 and 86/120 continued to be 
potential clones. Sum m er yield of 86/120

(38.3 g t 't  ') was significantly higher than 
RRII 105 (29.6 g  t ' t ' ) .  C lone 86/120 also 
exhibited higher sum m er yield, more latex 
vessel rows and lesser pink disease. Wind 
dam age w as less in 86/44 and RRIM 712. 
86/44 record ed  h ig h e st y ie ld  in R R S, 
P a d iy o o r in d ic a tin g  its  su ita b ility  in 
diverse agroclim atic conditions. In the 2005 
LST of ortet selections from HM L Koney, 
HML M undakkayam  and HML Cheruvally 
esta tes , trees w ere opened  fo r  reg u lar 
tapping. W hile in trial I, MO 28 recorded a 
highest tappability of 77 per cent, in trial II 
Cy O 48 recorded 83 per cent.

2 .2 . On-farm  evaluation
Post release observations on RRII 400 

series clones in sm allholdings across North, 
Central and South Kerala were continued. 
G irth and yield recording was carried out 
in various locations. In N orth K erala, at 
Ottapalam , M annarkadu, Tichur, Wandoor 
and N ilam b u r, R R II 4 00  se r ie s  c lo n e s 
perform ed w ell in term s of grow th and 
yield. In all the locations, RRII 400 series 
clones also had better bark thickness (Tables 
Bot. 2 & 3).

Regional performance of RRII 400 series 
clones were evaluated in sm allholdings at 
ten locations in Central Kerala. Mean yield 
across the locations higher was found for 
RRII 400 series clones than RRII 105. Highest 
yield for RRII 414 (71 g  t ’f 1) w as recorded 
at Ponkunnam; RR II4 1 7 (7 0 g t ' t 1) and RRII 
430  (64  g t ' t ') at M a layato or; RRII 429 
(113 g  t 't  ') at Aim kom bu.

In the 1992 O FT at Shaliackary Estate, 
yield and girth recording w as carried out 
in six clones (PB 260, PB 280, PR 255, PR 261, 
RRII 5 and RRII 105). Clone PB 280 continued 
to perform better than RRII 105. Clone PR 
261 also exhibited better yield. In the 1993 
O FT (same estate) clones RRII 176 and RRII
50 show ed better yield compared to RRII



C lone Girth
(cm )

Tappabilitv
(%)

Bark thlcknes 
(mm)

s  Pink disease 
(%)

M ean yield over 
2  years (R f ' t ' l

RRII 417 4 9 .3 50 .2 8 .4 1 4 .4 4 1 .5

RRII 105 44 .4 17 .4 9 .6 2 2 .5 3 5 .2

Table Bot. '>. Perform ance of R R II 400 series c lones at W andoor (M alappuram )

C lone Girth Tappabilitv' Bark thickness M ean yield (r  t ' t ' 1) M ean over
(cm ) (%) (mm) 4 <hy r  5 ,hy r 6 ,hy r 3 years

RRII 403 55 .7 79 3 9 .4  5 6 .3  4 9 .9 48 .5

RRII 414 57.1 85 9.1 3 8 .9  6 1 .9  4 7 .3 4 9 .3

RRII 422 5 6 .3 85 9 .8 4 3 .7  4 8 .6  4 7 .3 4 6 .5

RRII 105 5 8 .7 9 7 9 .5 4 6 .5  6 7 .2  63 .1 5 8 .9

105 in the 15th year of tapping. In the O FT at 
Ayiranalloor (2003), d one PR 261 continued 
to perform better than RRU 105. In the OFT 
at Koothattukulam  estate, am ong the 10 
clones being evaluated clone 12, RRIC 110 
and clone 33/8 exhibited better yield.

New on-farm  evaluation of prom ising 
c lo n e s re f le c te d  from  in la rg e  s c a le  
evaluations at HBSS, Nettana w as initiated 
in U dupi D istrict o f K arn atak a. E leven  
selected clones were planted in blocks of 100 
plants each. The clones planted in the trial 
inclu d ed  R R II 105, R R II 203, R R II 414, 
RRII 417, RRU 422, RRU 429, RRII 430, PB 217, 
PB 260, PB 312 and PB 314.

2.3. G enetic studies and investigations on 
genotype x environm ent interactions 
In the multi environm ent LSTs (1996) 

initiated to study the G x E interactions, RRII 
105 and RRU 430 w ere found prom ising 
high yielders in Kanyakum ari. In the North 
East RRU 429 continued to yield perform 
better in both the locations. In Nagrakata, 
RRII 429 had a maximum yield of 87.3 g f t 1 
fo llow ed  by R R II 4 17  ( 8 3 .4 7 g  t ' t  ' ) ,  
RRII 4 22  and R R II 4 3 0 (7 5 .0 etr't'1) RRIM 
600, the local ch eck  record ed  4 5 g t 't  .

A gartala a lso  sh ow ed  the sam e ranking 
w ith  R R II  4 2 9  (8 0 .5  g  t ' t 1) , R R II  417  
(63.1 g t 't  '), R R II 4 22  (69 .0  g t ' t 1) and 
R R II 4 3 0  (61.6 g  t ' t 1) as against RRIM  600 
w h ich  record ed  5 5 .3  g t ' t 1. In  Padiyoor 
during the 7 ,h year o f tapping, RRII 430 was 
found better y ielder (60 g  t ' t 1) over 7  years 
o f tapping and all the R R II 400  series clones 
excep t RRU 429 o ther show ed com parable 
y ie ld  w ith  R R II  1 05  (5 1 .0  g t 't  ') .  In 
B h u b a n e s w a r , R R II 4 3 0  an d  R R II 429 
continued to record significantly su perior 
yield com pared to R R IM  600 during the 4,h 
year o f tap p in g . H ow ever, the trial was 
discontinued owing to cyclone damage.

A m ulti environm ent polybag nursery 
experim ent w as conducted for physiological 
eva lu ation  for drought/cold to leran ce  in 
p ip elin e clo n es a t R R II, K ottay am , RRS, 
D ap chari and R R S, A gartala . M em brane 
perm eability  w as m easured in 45  pipeline 
clones after subjecting the polybag plants 
to d rou g h t and cold  stress. Further, gas 
exch an g e  p aram eters w ere  m easu red  in 
p olybag plants raised at RRS, Dapchari and 
at RRS, Agartala. Few  prom ising pipeline 
clones have been identified. The data needs 
reconfirm ation during one m ore season.



3. Participatory evaluation of
rubber clones
Under Phase 4 of the project, for laying 

out on-farm  trials polybag nurseries were 
e s ta b lis h e d  a t six  lo c a tio n s  (T h rissu r, 
Mundakayam, Kulathupuzha and Kozhikode 
o f K erala; N ettana, K arnataka; Bethany 
Estate, Kanyakum ari) with the central large 
scale trial at RRII farm, Kottayam . A total of 
24 pipeline clones and four check clones 
(RRII 105, RRII 414, RRII 417 and RRII 430) 
were raised.

In the Phase 1 PCE trial at Koottickal 
estate, RRII 414 recorded a highest girth of 
4 5 .3 2  cm  (6 lh y e a r  o f p la n tin g ). T h ree  
pipeline clones viz. P  072, P 026 and P 076 
recorded mean girth above 40 cm. In the 
participatory evaluation of 14 rubber clones, 
at Kollam kulam  estate, Kanjirappally, P 072 
and P 026 exhibited  better grow th (2008 
planting). Among the check clones, RRII 414 
w as fou n d  m o st v ig o ro u s (4 2 .7  cm ) 
w h ereas RRII 105 recorded low est girth 
(2 9 .7  cm ). In  PC E P h a se  II tria l at 
Vaniampara estate also, RRII 414 showed a 
highest g irth  of 33 cm  during 4 lh year of 
planting. A m ong the pipeline clones, P 080 
show ed highest girth (28.8 cm).

4. Breeding for other specific
objectives

4.1 . Breeding for drought tolerance
Assessm ent of SST (1998) consisting of 

f ifte e n  h y b rid s, h y b rid s from  fa m ilies  
involving RRIC 52 and RRIC 104 exhibited 
h ig h e r  m ean y ie ld  co m p ared  to  o th er 
fam ilies. Hybrids of family RRII 105 x RRIC
52 show ed an average o f 47.1 g  t 't'1 while 
those of family RRII 105 x AVT 73 showed an 
averageof 30.1 g t ' t 1. Hybrids produced using 
RRIC 52 and RRIC 104 attained higher girth 
compared to check clone RRII 105.

Yield performance of hybrids developed 
for drought tolerance w as assessed in the

8 ,h year of tapping in the SST 1998 B of 
h y b rid  c lo n e s . T h e h y b rid  c lo n e  93/58 
(98 g t ' t 1) continued to yield higher than 
RRII 105 (75 g f t ' 1). In the small scale trial 
(1998) of ortets selected for drought tolerance 
from Dapchari (8th year of tapping), Dap 111 
c o n tin u e d  to  reco rd  m ax im u m  y ie ld  
(108 g f t - ' )  followed by Dap 236 (106 g t ' t ' )  
while RRII 105 yielded 89 g t 't '1.

In a batch o f 52 hybrids (from three 
cross com binations) planted for small scale 
evaluation in 1999 along with their parents 
at C ES, C h ethackal, eight hybrids were 
found superior in terms of mean yield over 
six years of tapping. The y ield of these 
clones ranged from 57- 66 g t ' t  '. Among 
these, seven hybrids were of parentage RRII 
105  x R R II 1 1 8 .T h e b e st am o n g  th ese  
hybrids were multiplied and established in 
polyb ags at RRS, D apchari for hot spot 
evaluation in a large scale trial. In another 
batch of 14 hybrids evolved from drought 
tolerant parents (seventh year o f tapping 
at C ES, C h eth ack al), h ig h est y ield  w as 
rec o rd ed  in c lo n e  94/44 (1 0 9 .2g  t ' t ') 
followed by 94/23 (81.7 g f ' f )  and 94/101 
(59.1 g t ' f ' )  while the check clone RRII 105 
recorded 56.3 g  t 't  '.

In order to develop drought tolerant 
clo n es for the n o n -trad itio n a l area , the 
drought tolerance capacity of the selected 
p ro g e n ie s  from  a cro s s  b e tw e e n  high 
yielding parent (RRII 105) and a drought 
to le ra n t  p a re n t (P B  2 8 0 ) and a lso  its  
reciprocal (PB 280 x RRII 105) are being 
evaluated in a clonal nursery trial in the 
drought prone area (RRS, Dapchari). Forty 
such hybrid clones along with nine control 
clones were established in the experimental 
field at RRS Dapchari.

A study aim ed at developing drought 
tolerant root stocks for the non-traditional 
area by evaluating the drought tolerance 
ca p a c ity  o f  the se e d lin g s  from  n o n -



traditional areas as against the seedlings 
from traditional areas is being carried out 
in a nursery trial at RRS, Dapchari. Seeds 
were collected from three drought prone 
non-traditional rubber growing areas viz., 
Maharashtra (RRS Dapchari), Orissa (RRS 
Dhenkanal) and Karnataka (H BSSN ettana) 
and from traditional areas viz., Kerala (CES 
Chethackal) and Tamil Nadu (HBSS Paraliar). 
A ssorted  seed s as w ell as seed s from  
polyclon al seed  gard en s and also  from  
drought tolerant clone RRIM 600 and drought 
susceptible clone RRII 105 w ere collected 
from each location. Seeds of drought tolerant 
clo n e R R II 203  from  O rissa  w ere  a lso  
collected. The plants were maintained under 
rain fed condition. Pre-summer data showed 
that grow th o f assorted  seed lin gs from  
Kanyakum ari w as significantly  superior. 
Source location  sig n ifican tly  in flu enced  
p re-su m m er g ro w th . Sh o o t g ro w th  in 
seed lin g s from  tra d itio n a l area  
(K an y aku m ari and C h e th a c k a l)  w ere  
significantly superior and non-traditional 
area were inferior during pre-sum mer.

4 .2 . Breeding for disease tolerance

For im p roving  d isease  to leran ce  in 
Hevea and fo r d e v e lo p in g  a m a p p in g  
p o p u la tio n  fo r  m o le c u la r  b re e d in g , 
hybridizations w ere carried out betw een 
RRII 400 series clones and RRII 105 (fem ale 
parents) and Fx 516 (m ale parent). Since 
there is asynchrony in flow ering between 
the clones, pollen collected from Fx 516 were 
stored  at v a rio u s te m p e ra tu re  reg im es 
(4 °C, -20 °C, -80 "C and -196 ”C) and used for 
hybrid ization. Reciprocal cross w as also  
attempted betw een Fx 516 as fem ale parent 
and clo n es viz. R R II 414 , R R II 105 and 
RRII 429 as m ale parents and initial fruit 
setting was also observed. Open pollinated 
progenies (272 nos.) were collected from the 
disease tolerant clone Fx 516 and seedling

nursery w as raised at CES, Chethackal, for 
evaluating disease tolerance.

4 .3 . Polycross progeny evalu ation

Stu d y  o f resp on se  to stim u lation  in 
clones evolved from  progeny o f prepotent 
parents w as undertaken by applying three 
rounds of ethephon as per recom mended 
p ra c tic e . In  T r ia l 1 , c lo n e s  116  and 27 
sh o w ed  h ig h e r  y ie ld  an d  res p o n se  to 
stim u lation  w h en com p ared  to RRII 105 
(Table Bot. 4). C lones 1 5 1 ,9 0  and 47 having 
c o m p a ra b le  y ie ld  w ith  R R II  1 05  also

Table Bot. 4 . R espon se to s tim u lation  in c lon es under 
_____________ Trial 1
C lo n e Pre stim ulation 

y ield  
(g f t ' ' )

Y ield  on 
stim ulation  

(g r ‘t->)

%
increase

4 7 1 .0 9 3 .1 3 1 .2
3 7 8 8 .5 1 2 0 .0 35 .6
3 8 6 0 .8 7 4 .6 2 2 .7

8 0 7 8 .6 1 0 9 .5 3 9 .3
106 1 2 8 .8 1 5 7 .8 22 .5
151 5 6 .5 9 2 .4 6 3 .5
162 5 1 .4 4 9 8 .2 9 0 .8
1 4 7 1 1 7 .6 1 3 6 .2 15 .8

172 1 2 8 .9 1 4 8 .9 15 .6
1 1 6 8 0 .4 1 41 .4 7 5 .9
9 0 47 .1 7 6 .2 6 1 .7
3 5 3 5 .9 4 7 .8 3 3 1
4 7 56 .1 9 2 .7 6 5 .3
2 7 8 3 .3 1 25 .8 5 1 .0
RRII 105 6 1 .3 9 1 .0 4 8 .4

recorded b etter  resp o n se  to  stim u la tion  
w ith m ore than 60 per cent y ield increase.

In Trial 2, high y ie ld in g  clon es, viz. 
clones 1 9 1 ,6 9 ,1 1 2 ,1 8 8 ,1 9  and 180 recorded 
better response to stim u lation com pared to 
R R II 105 w ith  71 , 53 , 71 , 5 8 , 78  and 76 
per cent yield increase respectively (Table 
Bot. 5). O ther high yielders such as 161, 132, 
93 ,199 , 82 and 117 recorded lesser response 
to stim u la tio n  than  R R II 105. Few  low



yielders such as 40 ,140 , 89 and 81 recorded 
very high response and attain ed  higher 
yield under stimulation.

T h e p o lycro ss p rog en y  tria l (1995) 
consisting  of progenies from  nine clones 
from a polyclonal seed garden w as opened 
for tapping in Septem ber, 2012. A lm ost all 
th e  p o ly c ro ss  p ro g e n ie s  ex h ib ite d  
com paratively better yield than RRII 105. 
Sim ilarly, h alf-sib  fam ilies of polyclonal 
origin showed better girth.

In order to estim ate outcrossing rates 
betw een various clones, open-pollinated  
polycross progenies w ere collected from 
polyclon al seed garden at Kanyakum ari 
(T am il N ad u ) d u rin g  2013 . A seed lin g  
nursery trial consisting of a total of 453 open 
pollinated progenies was established at CES 
in 2013.

Polycross breeding w as intensified in 
v a r io u s  lo c a t io n s  fo r e v a lu a tio n  and 
selection of the best genotypes for developing 
location specific clones. O pen pollinated 
seeds were collected from poly-clonal seed 
gardens and m ulti-clone trials of various 
lo c a t io n s . S e e d s  w ere  co lle c te d  from  
A g a r ta la , M iz o ra m , N a g ra k a ta , T u ra , 
G u w a h a ti, D a p ch ari, N ettan a, 
K anyakum ari, CES and RRII. O ver 6000 
g erm in a ted  seed s w ere tra n sp o rted  to 
Dapchari, Nagrakata and RRU. Germinated 
seeds were planted for nursery evaluation 
in  the f ie ld s  (R B D  d e s ig n  w ith  th ree  
replications) in three locations.

5. Anatomical investigations
Bark sam ples were collected from four 

t r ia ls  an d  stru c tu ra l p a ra m e te rs  w ere 
recorded for 68 clones. A total of 27 clones 
recorded higher values for bark thickness 
(7.8 mm for PB 217) and 26 clones for latex 
vessel rows (17.61 for clone 272) over control 
clone RRII 105. A pioneering study revealed 
that a large num ber of particles dispersed

in the viscous medium of sieve tube are in a 
continuous state of m otion. These objects 
show ed both linear and chaotic m otion, 
developing spatial display of patterns with 
respect to time. Histochemical characterization 
of these objects both in healthy and Tapping 
panel dryness (TPD) affected conditions was 
carried out.

Anatom ical study of roots developed 
in the m odified root trainer plants (MRTP) 
w as u n d erta k e n . T h re e  m o n th s a fte r  
planting M RTP in the field, the root system 
of the plant attained a total length of 134 
cm . A n a to m ica l s tu d ie s  rev e a le d  th at 
lateral roots are d ifferen t from  tap root 
(developed adventitiously from the callus 
tissue of the tap root) irrespective of its site 
o f co llection from  the lengthy root core. 
Distinct unilayered epiblem a with lot of fine

Table Bot. 5 .Response to stim ulation  in c lones under 
Trial 2___________________________________

C lo ne Pre stim ulation 
vield 

(S «*»*)

Yield on 
stimulation 

(g f t ' 1)

%
in crease

161 1 19 .4 1 50 .7 2 6 .2

191 6 3 .0 1 07 .6 7 0 .8

81 3 6 .5 6 5 .2 7 8 .7

9 3 7 4 .3 1 07 .9 4 5 .4

132 127 .9 1 6 6 .8 3 0 .4

140 35 .3 6 7 .6 9 1 .8

199 7 1 .4 98 .4 3 7 .8

82 1 2 0 .2 1 44 .4 20.1

69 8 8 .9 135 .9 52 .9

112 113 .7 194 .8 71 .3

188 71 .5 1 1 2 .7 57 .7

19 75 .8 134 .6 77 .6

89 3 6 .2 9 2 .6 155 .7

180 81 .7 14 4 .0 0 76 .2

4 0 3 2 .6 7 9 .8 144 .6

52 4 6 .0 5 4 .3 18.1

1 1 7 134 .3 182 .7 36 .0

RRII 105 51 .9 7 6 .5 47 .4

RRII 105 45 .7 7 6 .6 6 7 .7



roots, cortex, single layered endoderm is and 
pericycle, qu ad rangu lar ste le  w ith four 
p rotoxy lem  p o in ts, q u a d ra n g u la r  pith 
devoid o f starch  g rain s, pith ce lls  w ith 
birefringent property under polarized light 
e tc . are ch a ra c te r is t ic  to la te ra l ro o ts . 
D evelopm ent o f cork cells, circu lar stele 
with the developm ent o f secondary tissues, 
single layered endoderm is, m ultilayered 
pericycle, circular pith devoid of birefringent 
property, occurrence of starch both in the 
xylem and pith cells were the characteristic 
features found in the lateral roots developed 
in Root Elongation Tube (RET) and in the 
soil.

6. Investigations on rubber wood
Stu d ies on va ria tio n  in tim b er 

production and wood quality param eters 
of RRII 400 series are concluded. Bole volume 
of all the test clones w as found superior to 
RRII 105. The green moisture content of the 
RRII 400 series clones except RRII 422 was 
on par w ith traditional clones. RRII 430 and 
R R II 4 1 7  r e c o r d e d  m a x im u m  b a s ic  
d e n s ity  o f (664 kg n r 3) followed by RRII 414 
(653 kg n r3). RRII 105 recorded 641 kg m ' 
whereas RRIC 100 recorded a lower density. 
The density of RRII 430 and RRII 417 was 
significantly superior to  that of RRIC 100. 
Volum etric shrinkage values in green to air 
dry (G-AD), green to oven dry (G-OD) and 
air dry to oven dry (AD-OD ) condiHons of 
the test clones w ere on par with that of the 
parental clones.

Clonal variation w as significant for the 
m ajor m echanical properties also. RRII 105 
(755.9 kg cm 2) and RRII 430 (748.8 kg cm 2) 
recorded m axim um  values for M odulus of 
R u p tu re  (M O R ) an d  w ere  sig n ifican tly  
superior to RRII 414 and RRII 422. RRII 417 
and RRII 429 were on par with both RRII 105 
and R R IC  100 w hile RRII 422  recorded the 
low est value (576.0 kg  cm -2). M odulus of 
e la s t ic ity  v a lu e s  ra n g e d  from  4 7 573  to 
65790 kg cm 2. In general, except RRII 422 
the new  clo n es had s tren g th  properties 
com parable to RRII 105. T h e high timber 
v o lu m e , h ig h  d en s ity  an d  com parable 
m echanical p ro p erties  o f  R R II  4 3 0  and 
RRU 4 1 7  w ith  th a t  o f  RRII 105, make them 
qualify as latex tim ber clones while RRU 414 
and RRII 429 w ere m oderate.

In o rd er  to  id en tify  w ood tra its  for 
genetic im provem ent, heritab ility  o f fibre 
and related  tra its w ere  assessed  using a 
mature full-sib population of Hevea. Fibre 
traits (length, lum en w idth, w all thickness) 
w ere recorded and analysed  using Nikon 
N IS-E lem ents Im age A n alyser. Based on 
heritability estim ates using various parent- 
o ffsp rin g  com b in ation s, fib re  w idth  was 
fou n d  to  h a v e  very  h ig h  h e r ita b ility  
compared to o ther traits (Table Bot. 6 ).

7. Studies on propagation
P o ly h o u se  te c h n o lo g y  o ffe rs  cost 

e ffective p rod u ction  o f q u a lity  p lanting 
m aterials of rubber. It is profitab le and eco- 
friendly m ainly due to lesser investm ent on

Table Bot. 6.Narrow  sen se heritab ility  <h *) o f fibre traits in II. b ra s ilie n s is

Parental combinaHons----------------------Fibre length Fibre width Fibre lumen width Fibre wall thickness
O ttsp nng- m id-parent'm ean 0.15 0  7 0 ~  « ------------------------------- —  ---“-- -----

Offspring - female parent 0.19 0 35 «
Offspring - male parent q ^  ^



controlling leaf diseases, weeds and water 
requirement. Num ber of plants generated 
for sale under the polyhouse condition was 
higher than the outdoor conditions. Net 
profit from production of 1000 green budded 
plants y e a r ' in polyhouse w as Rs. 45,950/- 
in a five year period.

M RT P w ith  a len g th y  roo t system  
characterized by 10-15 stiff vertical roots, 
large number of laterals and fine roots were 
developed. R oot architectu re w as found 
modified in the root elongation tube (RET) 
which is attached to the root trainer cup. A 
field trial a t RRS, Dapchari w as initiated 
with M RTP to study its early establishm ent 
and subsequent growth perform ance under 
irrigated and unirrigated conditions.

W h en  b o th  n a tu ra l and sy n th e tic  
m aterials w ere tried as potting m edium , 
better root core w as recorded for coir pith 
as potting  m edium  (50.8cm ) followed by 
PVC dust (25.3), therm ocole (24.7), black soil 
(19.9), red soil (18.9) and the least value for 
tyre dust (13.6).

In a study on sin gle root stock  vs. 
double root stock plants, the mean girth of 
the p lan ts w as found to be statistica lly  
com parable during the first four years of 
tapping. On excavation after 17 years, only 
less than 27 per cent of the twin stock were 
found to have two separate root system  
and in other cases, either the two roots were 
united or one root aborted (Fig. Bot. 2). The 
present study revealed that twin stock does 
not have any advantage.

Fig. Bot. 2. C om parison  o f  th e size  o f  root system  
(a) s in gle stock (b) tw in stock

GERMPLASM DIVISION

M anagem ent of the genetic resources 
of Hevea com prising the 1981 IRRDB wild 
Hevea brasiliensis germ p lasm  co llectio n , 
d o m e stica te d  c lo n e s d eriv ed  from  the 
orig inal W ickham  orig in  and five other 
Hevea species is the focus o f the Division. 
A lternative natural rubber y ielding plant 
species suitable for sem i-arid stress prone 
areas and m arginal lands are also being 
explored.

1. Introduction, conservation and 
documentation

1 .1 . D o m e stic a te d  g en ep o o l (W ickh am  
collection) from secondary centers
T his genepool com prises 183 W ickham 

clones being conserved in a clone museum 
at R R II, K ottayam  and tw o g erm plasm  
gardens at CES, Chethackal.

In the G e rm p la s m  G a rd e n  1992, 
am ong the five IRC A  clo n es evalu ated ,



IRCA 130 and IRCA 111 continued to show 
superiority over RRII 105 tor vigour, dry 
ru b b e r  and t im b e r  y ie ld . In the 
G erm p la sm  G a rd en  94 , s ta t is t ic a l ly  
significant clonal differences were recorded 
for g irth  and y ield . In the 10 th y ear of 
tapping, am ong the 20 clones, RRIM  609, 
RRIC 100 and RRII 23 were superior to the 
rem aining clones (85.7-81.9 g t ’t 1) for yield 
and PB 255, RRII 23 and RRIC 100 w ere 
superior in term s of g irth  (101-99 .7  cm ). 
Control clone RRII 105 had an average girth 
of 74.5 cm and yield of 49.0 g t ' t 1. RRIC 100, 
RRII 23 and RRIM  609 w ere identified as 
the best clones for yield and girth.

1.1.1. Formulation o f  DUS testing norms in
Hevea

The ju venile  data collected  from  the 
three locations is being com piled and a few 
other potentially  useful tra its  w ere also  
examined for consistency. Data on 16 trunk 
and branch traits and w intering pattern in 
a set of 25 mature clones at RRII, were taken 
to identify those that can be used for DUS, 
o f  w h ich  10 sh ow ed  re la tiv e ly  m o re  
consistency and may be tested in the D US 
MLT. Quantitative data on girth and height 
have also been recorded to  m easure GxE 
effects for these clones, along w ith pre and 
post winter and sum m er data.

1.2 . IRR D B 1981 w ild gene pool

1.2.1. Conservation nurseries

357 6  w ild  a c c e ss io n s  a re  b e in g  
maintained in different field conservation- 
c u m -s o u rc e  b u sh  n u r s e r ie s  (S B N s ) .  
R e -e s ta b lis h m e n t o f  the c o n s e rv a tio n  
nurseries has been carried out. T h e first 
three re-established nurseries (SBNs 2003, 
2004 and 2005) com prising of 550, 975 and 
701 wild accessions respectively, were cut 
back, after ensuring proper identity. The 
fourth set of 806 accessions planted in SBN

2 0 0 6  in an  a u g m e n te d  R B D  w ith  four 
controls is m aintained properly. Accessions 
A C 3123 and M T 745 from  th is nursery 
recorded 50 per cent test tap yield of RRH 
105.

1.2.2. Arboretum
A n arboretu m  co m p risin g  the entire 

Hevea germ plasm  including wild germplasm 
accessions and W ickham  clones, is being 
e s ta b lis h e d  a t T e k s r a g r e  fa rm , Tura, 
M eghalaya. This germ plasm  repository is 
for studying the tree architecture, and for 
h y b r id iz a t io n  an d  g e n e ra t io n  o f open 
pollinated seeds. 106 w ild accessions and 6 
W ickham  clones w ere m ultip lied as the first 
set and a polybag nursery w as established 
at G anolgre Farm , Tura for field planting in 
M ay 2014. A nother arboretu m  established 
earlier at CES, C hethackal com prising of 120 
accessions is being m aintained.

1 .3 . O th er H evea  sp ecies

This genepool, com prising 6 accessions 
o f  5 o th e r  s p e c ie s  a v a i la b le  at RRII 
(H. benthamiana, H. spruceana, H. nitida,
H. cam argoana  and tw o  a c c e s s io n s  of
H. paudflora), along with five natural putative 
in te rs p e c ific  h y b rid s, tw o H. brasiliensis 
clones, and FX 516 (an in tersp ecific cross 
between H. brasiliensis and H. benthamiana), are 
being conserved in an arboretum  planted at 
C ES in 2006.

2. Characterization and preliminary 
evaluation
A t RRS, Padiyoor, m onthly yield and 

an n u a l g irth  w as rec o rd ed  in  171 wild 
accessions in PET 2000A. A ccession M T 4219 
r e c o rd e d  th e  h ig h e s t  g ir th  (7 8 .0  cm ) 
follow ed by AC 4140 (76.5 cm ) and M T 387 
(7 5 .3  cm ). H ig h e s t  a n n u a l y ie ld  w as 
recorded in accession RO  2786, A C 2670 and 
RO 2136. Yield and girth w ere recorded in 
PET 2000B at RRS, Padiyoor. A m ong the 166



wild accessions, accession AC 341 recorded 
the h ig h est y ie ld  (61.1 g t ' t ' )  and the 
remaining potential yielding accessions were 
MT 4351(34.0 g t 't ' )  and RO 210 (36.5 g f t 1). 
A m ong the check clones, RRII 105 recorded
38.1 g t ' t '1 whereas yield of RRIM  600 w as
28.6 g f t 1 and RRII 208 recorded 26.4 g f  f . 
A ccessions AC 647 and RO 2883 continued 
to be the tim ber potential clones. In PET 
2002, AC 567, AC 1964 and AC 824 recorded 
the highest girth.

3. Further evaluation and selection
3 .1 . C lonal nursery evaluation

T h e first round o f te st  tapping w as 
carried out in the clonal nursery planted in 
2010 at CES, C hethackal, com prisin g 15 
selected  w ild accessions from  SBN 2004 
hav in g  5 0 -8 0  per cen t test tap y ie ld  of 
R R II 105, along w ith three ch eck clones 
planted  at a spacing of 2.5 x 2.5 m. The 
highest yielder was M T 5078 (8.7 g f  l O f ) 
fo l lo w e d  by  A C 3211 (7 .7  g t ‘1 0 t ') and 
A C 2199 (7.6 g t ’l O f ) w hereas the check 
clone RRII 414 recorded the highest yield

(2 4 .5  g t ' l O t 1) fo llo w e d  by R R II 4 30  
(22.3 g f  l O f ) and RRII 105 (11.2 g f  lO f ). 
M T 5078 recorded the highest girth (18.5 cm), 
while am ong the check clones RRII 414 had 
the highest girth (21.5 cm).

3.2. Further evaluation trials
In the further evaluation trial FET 1995 

at RRS, Padiyoor, biochem ical param eters 
of 8 relatively high yielding wild accessions 
and 5  low yielders were measured (Table

Table Ger. 2. M ean dry rubber yield  of potential
____________ accessio n s_________________________ .
A c ce ss io n s  Dry rubber yield (g f 't"1)

during various tapping years
___________ 6Ul year_______ 7 *  year_______8th year

A C  166 5 8 .8  (90 .7% ) 6 3 .7  (99 .7% ) 65 .3  (101.9% )

AC 2004  5 7 .6  (88 .9% ) 57 .9  (90 .7% ) 54 .9  (85.7% ) 

R O  2385 54 .2  (83.7% )57 .1  (89 .38% ) 61.1 (95 .5% )

R O  2908 53 .5  (82 .8% ) 54.8 (85.89% ) 54 .6  (85.2% )

RRII 105____________ 64J5_________ 6X 9 ___________6 4 .0

CD (P= 0 .05) 16.01_________17.99_________2 0 .0 6

* Figures in parentheses : %  of the yield of the check
clone, RRII 105

Table Ger. 1. Latex biochem ical param eters in d ifferent germ plasm  accessions

C ateg o ry A c ce ss io n s Yield 
(g t - 'f )

ATP
(p M )

Su c ro s e
(m M )

Thiol
(m M )

H igh y ield in g  accession s A C  166 53.4 ± 9.1 265 .9  ± 7.1 12.6 ± 2.6 0 .126  ±  0-003

M T 1020 36.3 ±  4.8 175.9 ±  4.2 7 .9  ±  0.9 0 .12  ± 0 .009

M T 179 31.6  ± 8.8 183.1 ±  12.3 13.9 ±  2 .2 0.146  ±  0.021

RO  2629 44.9  ±  1.3 230 .8  ± 16.8 9 .4  ± 0.5 0 .129  ±  0.014

AC  675 32.5 ± 2.5 191.5 ±  5.0 12.3 ±  2.3 0 .138  ± 0.015

RO  2385 26.1 ±  5.6 241 .6  ±  7.5 13.9 ±  2.5 0 .197  ±  0 .045

AC 2004 35.7  ±  4.6 270.8 ±  3.9 8.8 ± 0.6 0 .160  ± 0.024

AC  655 37.6  ± 8.7 197.8 ±  6.9 11.2 ± 1.1 0 .135  ±  0.021

Low  yield ing accessio n s AC  707 4.8 ± 1.0 128.8 ± 3.8 11.3 ± 1.8 0.131 ± 0 .012

AC 637 8.5 ± 1 .2 110.0 ± 3.7 24.2 ± 4.4 0 .159  ± 0 .032

AC 158 5.6 ± 1.4 150.8 ± 7.2 16.0 ± 0 .7 0 .116  ± 0.001

AC  661 7 .2  ± 2.6 137.9 ± 3.5 6.1 ±  0 2 0.103  ±  0.011

AC 162 4 .7  ± 0 .7 147.9 ± 7.5 19.1 ±  2.8 0.374  ± 0.051

C on trol RRII 105 64.8 ±  3.8 263 .2  ±  5.6 7 .7  ± 1.1 0.171 ± 0.024



Ger. 1). ATP levels of AC 166 and AC 2004 
were on par with RRII 105. Annual girth, 
dry rubber yield and volum etric tim ber 
(bole) yield were recorded and analysed at 
the age of 19 years (10th year after tapping). 
Four accessions showed better performance 
for dry rubber yield in the 6 lh, 7th and 8 lh 
years of tapping (Table Ger. 2) and these 
potential accessions were selected as m ale 
p a r e n ts  fo r  W ic k h a m  X  A m a z o n ia n  
(W X A) hybrid ization program m es. O f 
these, AC 166 has been put into on-farm  
trials. The timber yield of 10 wild accessions 
which gave better tim ber yield than RRII 
105, is given in Table Ger. 3 along w ith the 
corresponding yield levels.

Table Ger. 3. Potential accession s fo r  tim b e r y ield  
____________ (16 year o f  planting)___________________
A cce ss io n s Tim ber yield Dry rubber yield

(bole volum e m 3) (g f ' f 1)
MT 941 0.16 15.4 (24.0%)
RO 1347 0.14 14.8 (23.0%)
M T 199 0.14 8.9 (13.9%)
M T 1630 0.14 5.3 (8.3%)
AC  661 0.14 2.0 (3.13%)
RO  255 0.13 24.7 (38.6%)
M T 915 0.13 18.9 (29.5%)
M T 68 0.13 2.9 (4.6%)
M T  1032 0.13 10.9 (17.1%)
AC 3013 0.13 32.7 (51.1%)
RRII 105 0.08 64.0
C D (P= 0 .05) o.o4 .; 20.06
* Figures in parentheses : %  of the yield o f the check 
clone, RRII 105

Two M ato Grosso accessions show ing 
resistance to Phytophthora leaf disease (95% 
leaf retention) were also selected as male 
parents for disease breeding program m es.

M onthly yield and annual g irth  w as 
recorded in the FET 2003 comprising 22 wild 
accession s and th ree  co n tro ls . RO  2 87  
(7 3 ,2  cm ), RO 2 629  (6 2 .5  cm ), M T 999 
(62.4 cm ) and AC 163 (61.5 cm) recorded th< •

h ig h est g irth  w h ile  R O  2 6 2 9 , RO  3804, 
AC 716 and A C 4149 recorded the highest 
yield.

A nalysis o f annu al g irth  in FET 2005 
com prisin g 22 wild accession s and three 
controls show ed highly  sign ifican t clonal 
differences. AC 2004 follow ed by M T 4788 
had the h ig h est g irth  (6 4 .9  and 56.5 cm 
respectively), on par w ith  the best check 
PB 260 (59.6 cm ). Sev en  o th er accessions, 
including A C 2004 and M T  4788, showed 
tappability  ranging from  25.4-46 .7  per cent. 
O ut of the 26 wild accessions in FET 2008, 
A C 176 (38.3 cm ), RO  2846 (37.2 cm ), AC 159 
(36.9 cm ) and M T 200 (35.4 cm ) recorded the 
highest girth.

13 wild accessions selected  from SBN 
2004 w ith m ore than 80 p er cent test tap 
yield of RRII 105, and planted in FET 2010 at 
CES, Chethackal along w ith the check clones 
RRII 105, R R II 430  and RRII 414  are under 
evalu ation. The highest g irth  w as recorded 
by RO 1769 (12.4 cm ) fo llow ed by A C 3146 
(12.1 cm ). 10 accession s had girth  higher 
than RRII 105 (9.1 cm ). H ow ever, modern 
clones RRII 430 and RRII 414  w ere superior 
in girth which recorded 18.7 cm . and 15.8 cm 
respectively. A nother set of 22 selected wild 
accessions along w ith 3  control clones were 
planted  in FE T  2013 at C ES, C hethackal 
em ploying sim ple lattice design.

Planting m aterial for 22 wild accessions 
selected on the basis of test tap yield from 
SBN s 2003 and 2005, along w ith 3 control 
clones, w ere m ultiplied and raised in poly 
bag nursery at RRS, Dapchari for planting 
in the FET 2014, during ensuing season.

3.3. O n-farm  trials

O n-farm  trials have been established 
at five locations viz., B.C. C heruvally  estate, 
Erum ely, M alankara estate, Thodup uzha, 
M oo p ly  e s ta te , T r iss u r, C a lic u t  esta te ,



Kozhikode and Bethany estate, Kanyakumari 
for evaluating the perform ance of the three 
selected IRCA clones (IRCA 130, IRCA 111 
and IRCA 109) and one wild accession (AC 
166) at multi locations. Girth of the clones 
w as recorded in all the five locations. At 
Mooply estate, among the test clones wild 
accession AC 166 recorded the highest girth 
of 26.4 cm and the lowest girth was in the 
clone IRCA 109 (20.5 cm ). Am ong the check 
clones RRII 430 recorded the highest girth 
(29.1 cm ) followed by RRII 414. Clone IRCA 
109 w as found to be susceptible at Mooply, 
as revealed by the highest m ortality rate. 
At M alankara estate, am ong the test clones 
IRCA 111 recorded the h ighest g irth  of 
22.8 cm  and the low est g irth  w as in the 
clone IRCA 109 (20.2 cm). Among the check 
clones RRII 414 recorded the highest girth 
(3 2 .9  cm ). A t C a lic u t e s ta te , th e  clo n e 
IRCA 130 showed better growth performance 
sim ilar to that during the previous year 
followed by IRCA 109, IRCA 111 and the 
least in AC 166.

4. Screening for stress tolerance
4.1. Screenin g  for bio tic stress tolerance

To confirm field tolerance to Corynespora, 
a set of 41 short listed wild Hevea accessions 
along with 2 control clones w ere planted in 
a h o tsp o t e v a lu a tio n  tria l d u rin g  2013 
em ploying CRD at Ulickal nursery, Iritty.

4.2. A biotic stress resistance

4.2.1. Drought tolerance
A clo n al n u rsery  co m p risin g  o f 40 

potential half-sibs of 9 clones and 7  hybrid 
seedlings is being evaluated along with four 
RRIM  600 checks viz, RRU 105, RRII 430 and 
R R II 4 14  fo r  th e ir  d ro u g h t to le ra n c e  
potential at RRS, Dapchari. Girth at third 
year after planting ranged from 10.2 cm - 24.5 
cm among the 47 clones. The family of clone 
PB 5/51 recorded the highest m ean girth.

Among the check clones RRII 430 continued 
to be superior under drought condition.

Another clonal nursery com prising of 
29 p o te n tia l h a lf -s ib s  an d  2 h y b rid  
p rogenies are un d er evalu ation  a t RRS, 
Padiyoor. Girth ranged from 7.5 cm -1 5 .0  cm. 
The highest girth w as recorded by PB 5/51 
(15.0 cm ) followed by the clone raised from 
hybrid 93/10 (14.8 cm). Among the four check 
clones, the highest girth w as recorded by 
RRIM 600 (13.9 cm) followed by RRII 430 
(12.5 cm ). Test tap yield ranged from 1.3 -
17.3 g flO tr1. Half -sib  raised from clone PB 5/
51 recorded h ig h est y ield  (17 .3  g f 'lO t '1) 
w h e re a s  th e  top  y ie ld in g  ch eck  clo n e 
RRU 414 recorded 10.0 g t 'lO t1.

In the o n goin g  p rogram m e at RRS, 
Dapchari on evaluation for drought tolerance 
of open pollinated progenies of wild and 
Wickham clones of the 2007 trial, around 150 
O P seeds w ere collected  and raised in a 
seedling nursery at 1 x 1 m spacing.

In th e  fu rth e r  fie ld  e v a lu a tio n  o f 
selected Hevea clones at RRS, Dapchari in 
co llab oration  w ith  Botany D iv ision , the 
growth during the sum m er and peak period 
of grow th in the 34 selected Hevea clones 
com prising 23 wild accessions, 5 HP clones 
and 6 check clones viz., RRU 430, RRU 414, 
RRII 105, RRIM  600, RRU 208 and Tjir 1 was 
assessed. O ut of 34 clones in this trial, after 
experiencing six sum m er periods from 2008 
-  2013, 9 wild accessions and 4  HP clones 
record ed  g irth  h ig h er  than  the proven 
drought tolerant clone RRIM 600. Accession 
M T 4856 recorded highest girth at 6th year 
(29.7 cm ) under unirrigated  condition at 
Dapchari. Among the modem clones, RRU 430 
show ed significant grow th difference from 
RRII 414 under Dapchari conditions w ith a 
girth of 30.1 cm and 26.1 cm respectively. 
Am ong the five hybrid clones, clone 93/270 
rec o rd e d  th e  h ig h e s t  g irth  (2 7 .7  cm ) 
followed by 93/105 (27.1 cm).



4.2.2. Cold tolerance
Sixty four wild Hevea accessions in two 

cold  ev a lu a tio n  tr ia ls  w ere  u n d er 
evaluation for growth and yield at Regional 
E xp erim en t S ta t io n , N a g ra k a ta , W est 
Bengal. Higher annual girth was observed 
in RO 2902, M T 5105 and R O  2 3 8 7  as 
compared to the check clones SCATC 93/114 
and RRIM 600 in trial 1. In trial 2, accession 
MT 915, RO 2727 and M T 900 recorded the 
h ig h est g irth  co m p ared  to  th at o f  the 
controls Haiken 1 and RRIM  600.

5. Screening for timber characteristics
5.1. Field screening

A n n u al g irth , m o n th ly  y ie ld  an d  
timber volume were recorded at the age of
12 years.

6. Utilisation of Hevea germplasm
6.1. Hand pollination program m es

G row th and te st  tap  y ie ld  w as 
monitored in the 75 progenies of the 2009 
hand pollination programme along with their 
respective OP seedlings at CES, Chethackal, 
involving 3 wild accessions and 6 cultivated 
Wickham clones. Five high yielding cross 
co m b in ation s w ith  h ig h er  than  the 
population average (ranging from 14.03 - 
29.74 g  t'110t' 1 respectively) were identified.

At RRS, Padiyoor 29 progenies derived 
from 2 crosses in 2009, along w ith 25 O P 
seedlings of RRII 105, are under evaluation 
in a seedling nursery. M ean girth (32.9 cm) 
and test tap y ield (28.2 g tr'lO t1) were higher 
in the combination of RRII 105 x AC 675 than 
the progenies of RRII 105 x RO 368 (29.6 cm 
and 24.5 g t '1 0 t1 respectively). Recovery of 
superior seedlings with respect to test tap 
yield w as 38 per cent in the com bination of 
RRII 105 x RO 368 and 37 per cent in the 
other hybrid com bination w hereas it was
41 per cent in the OP seedlings. There were

exceptionally superior progenies in all the 
three groups.

The two potentially  high yielding wild 
accessions RO  4599 and M T 4788 from PET 
2000 and another accession A C 4833 with 
relatively high num ber of latex vessels, were 
used  d u r in g  th is  s e a s o n  fo r  crop 
im provem ent program m e by hybridization 
w ith R R II 105. 1201 cro sses  w ere made, 
w ith an average initial fru it set o f 132 fruits.
53 progeny resulting from  the betw een the 
first tw o accessions and RRII 105, crosses 
m ade during last season  w ere planted in 
the seedling nu rsery  for evalu ation.

6.2. G en eration  o f m ap p in g  population

G row th  o f th e  96  see d lin g  progeny 
g e n e ra te d  in  th e  2 0 0 9  H P  b etw een
H. brasiliensis (RRII 105) and H benthamiana 
(F 4542), w as m onitored . G irth ranged from 
8.0- 46 .0  cm , w ith an average o f 27.7 cm. 
These seedlings w ere subjected to the second 
round of test tapping, along w ith 10 planted 
in 2010: H P 09/04 and H P 09/34 gave the 
highest test tap y ields of 14.8 and 13.8 g f ’tr1 
respectively in the 4U> year of grow th, while 
another three yielded 5.3-5.1 g t ' t 1. Another 
72 seedlings, resultant of last season's HP, 
w ere  p la n te d  in  th e  s e e d lin g  n u rsery , 
bringing the total population to 178 so far. 
The cross w as rep eated  th is year. O f the 
1701 cro s se s  m ad e, th e  in it ia l fru it  set 
assessed after one m onth w as 129.

7. Other studies
7.1. F easib ility  o f ra to on in g  in  Hevea

Ratoons continued to be su perior to the 
con ven tion ally  raised  polyb ag  plants for 
girth recording an average of 81.4 and 58 
cm respectively. 134 ratoon p lants (98.5%) 
have attained tappability , w h ile only 156 
(76.8% ) of the interplanted polybag plants 
of the sam e age have attained it.



7.2. A ssessm ent of the perform ance of new
rubber plantations of ITD A , AP

In a collaborative project w ith ITDA, 
growth of rubber plantations was assessed 
in 12 randomly selected farmers' fields (2008 
plantings at RC Varam) by the Integrated 
Tribal Developm ent Agency (ITDA), Govt, 
o f A n d h ra P ra d esh . In th e  6 th y e a r  of 
grow th, Farm 7 recorded the highest girth 
of 40.1 cm and Farm 12 recorded the lowest 
girth 16.4 cm.

7. 3 .S tu d ie s  on a lte rn a tiv e  so u rce s  of 
natural rubber yield ing plants
Tw o accession s o f gu ayu le rubber 

(Parthenium argentatum) were established in 
the nursery at RRII. Field planting of Ceara 
rubber (Manihot glaziovii) was done at RRII. 
Correspondence were m ade with National 
Arid Land Plant G enetic R esource Unit, 
P a rlie r , F re sn o , C a lifo rn ia , U SA  for 
im p o rtin g  18 p o te n tia l a c c e ss io n s  of 
guayule rubber to RRII.

BIOTECHNOLOGY DIVISION

M a jo r o b je c tiv e  o f b io te c h n o lo g y  
research at RRII is the genetic improvement 
of Hevea brasiliensis using modern tools. The 
m ajor ongoing research program m es are: i) 
d e v e lo p m e n t o f in vitro  p ro p a g a tio n  
m e th o d s fo r  e l i te  Hevea c lo n e s ; ii)  
developm ent of transgenic Hevea plants for 
b e t te r  a d a p ta tio n  to e n v iro n m e n ta l 
stresses, tapping panel dryness, latex yield 
and disease tolerance; iii) developm ent of 
h a p lo id  p la n ts , in vitro  fe r til iz a tio n  
te c h n iq u e s  and e m b ry o  res cu e  to 
co m p le m e n t c o n v e n tio n a l b re e d in g  
p ro g ra m m e s; iv ) s tu d y  o f m o le cu la r  
m echanism  and characterization of genes 
controlling  tolerance to diseases, abiotic 
s tresse s  and latex  b io sy n th e sis ; and v) 
study of laticifer cell specific gene expression 
and characterization of laticifer cell specific 
prom oters.

1. Somatic embryogenesis and plant
regeneration
S o m a tic  e m b ry o g e n e s is  and p lan t 

reg en eratio n  w as attem p ted  during the 
year, from new ly initiated sterile and viable 
leaf cultures. Callus induction, proliferation

and e m b ry o g en ic  ca llu s  in itia tio n  w as 
obtained from several proliferated callus 
clum ps of clone RRII 105 w ith 70 per cent 
e m b ry o  in d u ctio n  in th e  e a r l ie r  
standardized medium. Callus texture was 
improved during proliferation by repeated 
s u b c u ltu re  in m ed iu m  w h ere  s u c ro s e  
concen tration  and cytokinin/auxin ratio  
were gradually increased and water stress 
provided by PEG and phytagel. M aturation 
and germ in ation  o f em b ryos (70% ) w as 
a ch ie v e d  in the e a r l ie r  s ta n d a rd iz e d  
medium containing ABA (0.2 mg L ‘) and 
several plants could be regenerated in vitro. 
Regenerated plants after 2-3 weeks in vitro 
grow th were transferred to sand: soil mix 
for hardening.

The cotyledonary stage em bryos were 
given desiccation treatm ents by culturing 
on m edium containing 1) ABA (0.2 mg L ’) 
and PEG (5.0-10.0 g L l), (2) slow desiccation 
in sealed petri plates and (3) fast desiccation 
by air drying in lam inar flow hood. Slow 
desiccation in sealed petri plates for three 
days increased  size  o f the em b ryos and 
g e rm in a tio n  w as o b ta in e d  w ith in  tw o 
weeks. PEG (8.0 g L ') also  helped faster



em bryo germ ination but did not favour 
plant regeneration. Ratio of GA,/IAA was 
optimized in the germ ination medium and 
optimum concentration of am ino acids and 
pliloroglucinol were identified for inducing 
la tera l roo ts in g e rm in a tin g  e m b ry o s . 
Rooting enhancem ent w as observed in the 
embryos after desiccation treatment, in MS 
medium containing glutam ine (300 mg L'1), 
arginine (80 mg L 1) and phytohorm ones 
G A ,(0.5 mg L'1), IA A (1.0 mg L ’) in presence 
of 0.2 m g L ! 1BA. 40 per cent lateral root 
indu ction w as obtained in this m edium  
w hen su p p lem en ted  w ith  100 m g L 1 
phloroglucinol.

Three basal media such as MS, W PM 
and C hu N 6 c o n ta in in g  p ic lo ra m  and 
phvtohormones such as BA, NAA, TD Z and 
IAA at different concentrations were tried 
for di rect embryo induction in leaf explants. 
In all the basal media containing picloram 
(0.5 mg L !) alone, the leaves expanded with 
n od u les. In  m od ified  Chu N 6 m ediu m  
containing picloram (3.0 mg L ’) along with 
NAA and either of the cytokinins TDZ/BA, 
the leaf sections swelled with nodules and 
initiated globular em bryo like structures 
when transferred to light. Culture initiation 
in the dark and transfer of cultures to light 
after nodule induction favored induction of 
embryos.

To test the effect o f picloram on somatic 
e m b ry o g e n e s is , a tw o  w ay  fa c to r ia l 
experim ent w as carried out. Picloram  and 
BA w as included in the m edium  ranging 
from  1 .0 -4 .0  m g L Ten a n th e rs  w ere 
in o cu la te d  in  a ll co m b in a tio n s  an d  
exp erim en ts w ere rep licated  th rice and 
cultures w ere incubated under darkness. 
Tw o m on th s a fte r  c u ltu re , c a llu s  w as 
induced and m axim um  callu s ind u ction  
was occurred on medium containing 2j0  m g L 
picloram along w ith 1.0 mg L - BA. After 
caihis proliferation on the sam e medium.

th e  c a ll i  w e r e  s u b c u ltu re d  for 
em bryogenesis and em bryo induction was 
achieved on m ediu m  co ntain ing  0.5 mg L 1 
each  BA and p icloram . In  an attem pt to 
s h o r te n  th e  r e g e n e r a t io n  s y ste m , few 
experim en ts w ere also  carried  out. Results 
show ed that addition o f 350  mg L 1 calcium 
nitrate induced friab le callus.

2. In vitro approaches to complement 
conventional breeding programmes

2.1. Ind u ction  o f p o lyem bry on y  in Hevea 
brasiliensis
D u rin g  the cu rren t y e a r  20 uniform 

p la n t le t s  w e re  r a is e d  th ro u g h  the 
induction of m u ltip le em bryos. Plants were 
further m ultip lied by bu d d ing . T he genetic 
fidelity  of the m u ltip le seed lin gs and their 
bud g rafted  co u n te rp a rts  w ere  assessed 
through R A PD  an aly sis and the epigenetic 
variation  if  any w ere assessed  using DN A 
m eth y lation  stu d ies . P relim in ary  studies 
ind icated  no ep ig en etic  varia tion  among 
th e  p o ly e m b ry o n y  d e riv e d  p la n ts . But 
variation  in the m eth y la tio n  p attern was 
o b s e r v e d  a m o n g  th e  b u d g ra fte d  
co u n terp arts.

2 .2 . D e v e lo p m e n t o f  h a p lo id s  in  Hevea 
brasiliensis

2.2.1. In vitro/ex vitro pollinations fo r  haploids 
S e lf p o llin atio n s w ere carried  out in 

R R II 105 p la n ts  w ith  ir ra d ia te d  pollen 
grains. Fruits w ere co llected  at im m ature 
s ta g e s  a n d  th e  im m a tu re  s e e d s  w ere 
c u ltu re d  fo r  th e  r e s c u e  o f  e m b ry o s 
fo llo w in g  h a lf  ovu lo  e m b ry o  cu ltu re  
technique. The rescued em b ryos w ere kept 
for germ ination. In terspecific crosses were 
also  carried out in RRII 105 p lants using H. 
benthamiana and H. spruceana pollen grains. 
Im m atu re fru its w ere  co lle c te d  and the 
developing seeds w ere cu ltu red  for embryo 
rescue.



2.2.2. Pollen protoplast culture for  developing 
androgenic haploids 
Micro-calli (Fig. Biotech, la )  developed 

from  cu ltu red  p o llen  p ro to p la sts  w ere 
p ro life ra te d  and th en  tra n s fe rre d  to 
em b ryo in d u ction  m edia. Em b ryogenic 
callus w as obtained in KPR medium with BA 
(1 .0  mg L 1), NAA (0 .5  m g L ') and G A , 
(1 .4  mg L '). Emergence of globular and heart 
shaped embryos (Fig. Biotech, lb ) was noticed

F ig . B io te c h . 1. (a ) M ic r o -c a llu s  fro m  p o lle n  
protoplast; (b) Em ergence of em bryos 
from  proliferated callus

when the embryogenic callus was transferred 
to medium with reduced growth regulators 
and increased  phytagel levels. A ctively  
p ro life ra tin g  em b ry og en ic  ca llu s  w as 
su b jected  to cy to lo g ica l a n a ly s is  w hich 
confirm ed the haploid nature (n= 18) of the 
callus.

2.2.3. Embryo sac culture fo r  the development 
o f  gy nogen ic haploids 

Callus could be induced (Fig. Biotech. 
2b) from  em b ryo  sacs (Fig. B io tech . 2a)

isolated from the mature female flowers of 
clones RRII 105, 414 and 430. Proliferated 
calli were subcultured for embryogenesis. 
Em bryogenic callus could be induced (Fig. 
Biotech. 2c) from RRII 105 and 414 clones. 
Em ergence o f em bryos occurred in clone 
RRII 105 and those em b ryos have been 
transferred  to m aturation  m edium  (Fig. 
B iotech. 2d). C ytological analysis of the 
em bryogenic callus has proved that it is 
h a p lo id  in n a tu re , w ith  ch ro m o so m e 
num ber 18.

2.2.4. Development o f  haploids through mature 
unfertilized ovule culture 

W hen the mature unfertilized ovules 
of clone RRII 105 and 414 were subjected to 
tem perature shock, callus form ation was 
ob ta in ed  from  the h ap lo id  ce lls  of the 
em bryo sac (Fig. Biotech. 3 a) w ith a callus 
in d u ctio n  fre q u e n c y  o f 6 p er ce n t. 
Proliferation of the callus was achieved in 
the basal m edium fortified with 2,4-D , BA 
and G A ^Fig. Biotech. 3 b). The unfertilized 
ovules of clone RRII 430 show ed different

Fig. Biotech. 3  a-b. a. C allu s from  th e em bryo sac;
b . Proliferated em bryogenic callus

Fig. Biotech. 2  (a-d) a. Em bryo sac; b. C allus from  th e E. sac; c. Em bryogenic callus; d. H aploid  em bryos



cultural response, sw elling w as observed 
in majority of the cultured ovules.

2.2.5. Development o f  haploids through pollen 
culture

Haploid callus w as obtained from the 
irradiated pollen grains of clone RRII 430 
and 414. The callus proliferation w as slow. 
T h e ex p o s u re  o f  the a n th e rs  o f c lo n e  
RRII 430 , 414  and 105 at tw o  d ifferen t 
developm ental stages (early uni nucleate 
and bi n u cle a te  s ta g e ) to  s ta rv a tio n  
m edium for 72 hrs at 4 C and subsequent 
culture on callus induction medium resulted 
in callus form ation (Fig. Biotech. 4).

Fig. Biotech. 4. C allus form ation

2.3. In vitro  indu ction of polyp loids

Experiments were conducted for in vitro 
induction of polyploidy in diploid callus of 
Hevea through chem ical treatm ent using 
co lc h ic in e . P a ra m e te rs  lik e  c o lc h ic in e  
co n cen tra tion  and ex p osu re  tim e w ere 
optim ized. Colchicine treated cultures first 
turned white in color and later gave rise to 
friab le yellow  ca lli w h ich  w ere fu rth er 
p ro life ra te d  an d  s u b c u ltu re d  fo r 
embryogenesis. Several em bryos could be 
induced from these cultures, som e of which 
h ave a d v a n ced  to  m a tu ra tio n  and 
g erm in atio n  stag es and a few  o f them

r e g e n e ra te d  in to  p la n ts . C y to lo g ica l 
analysis for ploidy determ ination has been 
initiated using p roliferatin g  embryogenic 
callus as well as actively grow ing root tips.

2.4. In vitro  d evelopm en t o f  trip lo ids

2.4.1. Endosperm culture
Endosperm  tissu e from  m ature fruits 

of Hmeti w ere separated, cut into thin slices 
and cu ltu red  for ca llu s in d u ction  in MS 
basal m edium  fortified w ith  d ifferent levels 
of 2,4-D, NAA, BA and Kin. C allus induction 
at low  fre q u e n c y  w a s o b ta in e d  in the 
presence of 2.0  m g L '1 2,4-D  and 3.0 mg L 1 
kinetin. Upon transfer to  em bryo induction 
m ed iu m , few  e m b ry o s w ere  developed 
w h ich have been su bcu ltu red  for further 
developm ent.

3 . G e n e t ic  t r a n s f o r m a t io n

3 .1 . G e n e t ic  t r a n s fo r m a t io n  o f H evea
brasiliensis  w ith osm otin  gene
Expression studies w ere carried out in 

transgenic callus in tegrated  w ith  osmotin 
gene. Proline estim ation w'as carried out in 
transgenic and non-tran sgenic callus under 
n o rm a l an d  s tre s s e d  c o n d it io n s . High 
proline accum ulation w as observed in the 
transgenic callus subjected to salt and PEG 
stress.

3 .2 . G e n e t ic  t r a n s fo r m a t io n  o f  H evea
brasiliensis  w ith  hm grl gene
T he expression  o f the transgene was 

studied in the hmgrl transgenic plants using 
northern analysis. Total RNA w as extracted 
from  the leaves of one transgenic and one 
control plant using the m ethod described 
by V enkatachalam  et al. (1999). The RNA 
w as transferred from  the gel to the nylon 
m em brane and probed w ith the ',2P labelled 
hmgrl gene probe. D evelopm ent o f a strong 
hybridization signal in the transgenic plant 
in d icated  a h ig h er tra n scrip t level in the



le a v e s  o f  th e  t r a n s g e n ic  p la n t . T h e  
h y b rid iza tion  sig n a l w as ab sen t in the 
untransform ed control (Fig. Biotech. 5).

•—

SBbBBBB
Fig. Biotech. 5. N orthern analysis o f the transgenic 

plant w ith untransform ed control plant 
A . RN A isolated from  the transgenic and 
control plant; B. Northern b lot show ing 
the transcript level in the transgenic plant

3 .3 . M ultip le gene integration
Agrobacterium  in fection  w as carried 

w ith MnSOD and hm grl gene constructs 
togeth er using  Hevea an th er callu s. The 
infected calli w ere cultured over selection 
m ed iu m  co n ta in in g  kanam ycin  and the 
an tib io tic resistan t callu s lines em erged 
w ere  se le c te d  an d  c u ltu re d  o v e r  
p ro lifera tion  m edium . T he M nSO D  and 
hmgrl gene integrated transgenic embryos 
o b ta in e d  e a r l ie r  by  rep ea te d  g e n e tic  
tra n s fo rm a tio n  w ere  c u ltu re d  o ver 
d iffe re n t m ed ia  co m b in a tio n s . Em bryo 
m atu ration  w as o btain ed  from  tw o cell 
lines. The m ature em bryos upon cu ltu re 
over p lant regen eration  m ediu m , a few 
plantlets were obtained.

New Agrobacterium  in fection s w ere 
carried out for incorporating MnSOD and 
ipl genes using proliferated friable fresh leaf 
c a llu s . In fe c te d  ca llu s  t issu e s  w ere  
recovered free of bacterial o ver grow th,

transgenic callus and em bryo induction 
obtained. Leaf explants collected from bud 
grafted plants grow n in glass house were 
pre cultured for one week and explants (leaf 
and root) taken from in vitro som atic plants 
were used as target tissues for Agrobacterium 
in fe c t io n . T h e  le a f  e x p la n ts , a fte r  
p re tre a tm e n t w as fou n d  a m en a b le  as 
target tissue for Agrobacterium in fection. 
K a n a m y cin  50  mg/I w a s o p tim a l for 
tra n s g e n ic  t is s u e  s e le c tio n . R ep eated  
tran sfo rm atio n  w as carried  out in root 
sections of in vitro developed ipt transgenic 
p la n ts  fo r  MnSOD  g en e  in te g ra t io n . 
Em bryogenic callus could be obtained from 
the transgenic callus and integration of both 
genes validated by PCR. Plant regeneration 
experim ents are being continued with the 
transgenic embryogenic callus incorporated 
w ith MnSOD and ipt genes.

3 .4 . D evelopm ent of antibiotic m arker free
transgenic plants
The functional validation of the binary 

vector w ith Cre/LoxP w as carried out in 
tobacco plants. Agrobacterium infection was 
carried  out using tob acco  le a f d isc and 
callus. The antibiotic resistant callusAeaf 
disc were selected and cultured for plant 
regeneration. Plants w ere regenerated from 
the callus lines as well as from the infected 
le a f d is c s . T ra n sg e n e  in te g ra t io n  w as 
confirm ed by perform ing PC R  w ith nptll 
and ere gene specific prim ers using the DNA 
isolated from the putatively transgenic and 
c o n tro l p la n ts . PC R  a m p lifica tio n  w as 
obtained w ith npfll and ere gene specific 
prim ers. For developing antibiotic marker 
free transgenic Hevea plants. Agrobacterium 
m ed ia ted  g e n e tic  tra n s fo rm a tio n  w as 
carried  out w ith the binary vector using 
Hevea an th er ca llu s d erived  from  clone 
RRII 105, RRII 414 and 430. The kanamycin 
resistant callus lines em erged were selected 
and cultured over proliferation medium.



4. Molecular Studies
4 .1 . M olecu lar  m echanism  o f  d isease  

tolerance

4.1.1. Gene expression o f  signal transducers 
related to ab io tic  stress tolerance in 
Hevea brasiliensis

O ne of the potential genes responsive 
to m ultiple abiotic stresses is the calcium - 
dependent protein k inase (C D PK ) gene. 
Therefore, attem pts were m ade to isolate 
the full-length CDPK gene from genom ic 
DNA of H. brasiliensis, clone RRII 105. A 5.1 kb 
gene was am plified, cloned, sequenced and 
characterized. The isolated sequence was 
aligned w ith the ea rlie r  iso lated  cD N A 
sequence using the Clustal W tool to identify 
the intron regions. The results show ed that 
the sequence contained seven introns with 
splice junctions starting with G T at the 5' 
end and ending with AG at the 3 ' end. The 
bas»* pair length of introns ranged from 20 
to 1260 bps. The p osition  and phase of 
introns were compared with the Arabidopsis 
C DPK m em bers and show ed that it was 
exactly sim ilar to the members of the G roup
II subfamily of CPDK proteins. The promoter 
region of the gene was isolated from the 
genom ic DNA of Hevea RRU 105. The 2 kb 
fra g m en t w as a m p lifie d , c lo n ed  and 
sequenced, I he f ragment was subjected to 
the prom oter analysis tool, PL ACT* and 
showed the presence of stress-responsive 
MYBCORK, DREB/GRT and WRKY boxes 
indicating that the isolated gene could be 
responsive to m ultiple stresses.

The arn ln o  o d d  se q u e n c e  fo r the 
isolated nucleotide sequence was deduced 
using Ihe ExI’ASY translate tool. It has a 
lo ta ! o f 556  am in o acid s. T h e sequ en ce  

the ch aracteristic dom ains o f a 
7  K p role ln  term in al k inase
domain, an auto Inhibitory junction domain 
a o d a t  -Iw m inal calm odulin-like domain

4 1 '■ h an d s to  bind calc iu m  ions

Further blastp  an a ly sis  sh ow ed that the 
sequence m atches with CD P K s from several 
o th e r  s p e c ie s . T h e  p re s e n c e  0 f 
m y ris to y la tio n  s it e  in d ic a te s  th at the 
p ro te in s  in v o lv e d  in p ro te in -p ro te in  
interaction, playing a m ajor role in signal 
t ra n s d u c tio n . T h e  N L S -p r e d ic to r  tool 
p re d ic te d  the p r e s e n c e  o f  N u clear 
L o c a liz a t io n  S ig n a l (N L S ) in th e  auto 
in h ib ito ry  ju n c t io n  d o m a in  and the 
s u b c e llu la r  lo c a liz a t io n  o f th e  protein 
p re d ic te d  u s in g  th e  P la n tm P L o c  tool 
show ed that the protein could be present 
in the nucleus. S tress  resp on siv e  CDPKs 
studied in Mesembryanthemum  and Arachis 
show ing sim ilar N LS regions in the junction 
dom ain further evid en ces the fact that the 
iso lated  n u cleo tid e  se q u en ce  cou ld  also 
transcribe a stress-resp onsive protein.

For studying the gene expression of the 
isolated C D P K  gen e, rea l-tim e  PCR was 
a tte m p te d  on co ld  s tre s s e d  le a f  ca llu s 
cu ltu res in itia ted  from  R R II 105 leaves. 
Ju venile, im m ature lea f exp lants initiated 
were inoculated on C l m edium ; initial callus 
grow th w as observed a fter 2  w eeks. After 1 
m onth, appreciable am ounts o f friable calli 
w ere  s u b c u ltu re d  o n to  C PA  m ed iu m . 
Su b se q u e n t  su b cu  I lu r in g  w as d o n e  at 
regular intervals. For indu cing cold stress, 
the calli w ere kept at 16°C. Sam p le s were 
collected at 0 ,6 ,1 2 ,2 4 ,4 8 ,7 2 ,9 6  and 168 hrs 
to stu d y  th e  d if f e r e n c e  in  tem p ora l 
expression of the gene w hen cold  stressed. 
RNA w as isolated from sam ples and cDNA 
w as p re p a re d . R e a l- t im e  P C R  w as 
conducted with three biological replicates 
for each sam ple. A grad u al in crease was 
observed at each interval w ith the highest 
expression at 24 hrs follow ed by a gradual 
decrease and then a high peak  at 168 hrs 
(but less than 24 hrs). Further investigations 
need to be carried out with callus from stress 
to le ra n t c lo n e  R R IM  6 0 0  to  th orou gh ly  
study the d ifference in expression .



In the Genom e A nalysis laboratory the 
research activities are grouped under four 
m ajor research program s: (1) developm ent, 
optim ization and validation o f m olecular 
tools for the assessm ent of genetic diversity 
in rubber, clonal identification and genom e 
m a p p in g , (II) d e v e lo p m e n t o f  g e n e tic  
markers for biotic and abiotic stress tolerance 
and understanding the stress adaptation 
processes through transcriptom e analysis,
( I II) c lo n in g  an d  ch a ra c te riz a tio n  of 
a g ro n o m ica lly  im p o rta n t g en es and
(IV) whole genom e sequencing and de-novo 
assembly of rubber genome.

I. Development, optimization and 
validation of molecular tools for 
the assessment of genetic diversity 
in rubber, clonal identification 
and genome mapping

1 .1 . D e v e lo p m e n t o f  m ic ro s a te l l i te  
m arkers and its a p p lic a tio n  in  the 
characterization o f H evea  germ plasm

1.1.1. Transcriptome derived microsatellites
Predicting polymorphic SSRs in silico 
L arg e  sc a le  id e n tif ic a tio n  o f SSR s 

co n ta in in g  t ra n s c r ip ts , d e riv e d  from  
Corynespora  t re a te d  and c o n tro l le a f  
transcriptom es of tw o rubber clones RRII 
105 and G T 1 was perform ed. Com mon and 
unique m icrosatellite bearing transcripts 
w ere extracted from  all 9 transcriptom es 
(leaf, la tex  and bark  tran scrip to m es o f 
d ifferen t ru bber clon es) u sing  in-hou se 
p ip elin e . In silico  an a ly sis revealed  191 
polym orphic SSRs.

1.1.2. Genetic characterization o f  popular  
clones and wild accessions

SSR genotyping of 40 Wickham clones and
60  w ild a ccession s w as p erform ed  for

an alyzin g  a lle le  freq u en cies at 18 
m icrosatellite loci. Wild accessions showed 
more allelic diversities than the cultivated 
clones for m ajority o f  the loci, which could 
be a res o u rc e  fo r a lle le  d is co v e ry  o f 
functional markers.

1.2 . S in g le  n u cle o tid e  p o ly m o rp h ism s 
(SNPs) in  Hevea

1.2.1. SNP calling using transcriptome data 
V ariant ca llin g  w as carried  o u t for

d isea se  tran scrip to m e d ata . T h ey  w ere 
filtered based on m apping quality (>=25), 
read depth (>=5) and strand level evidence. 
Num ber of SN Ps identified between control 
tra n s c r ip to m e s  o f R R II 1 05  a n d  G T  1 
(C1-C2) w as 110357 and betw een pathogen 
challenged transcriptom es o f RRII 105 and 
G T 1 (T1-T2) was 136390.

1.2.2. Identifying SNPs in disease resistance 
transcripts

T w en ty -fou r tra n s cr ip ts  b e lo n g in g  
to N BS-LR R  class derived  from  d isease 
tran scrip tom e, w ere am p lified  from  four 
r u b b e r  c lo n e s  R R II  1 0 5 , R R II  4 3 0 , 
RRIM  600 and G T 1 for SN P id entification  
and sequ en ced  using  G en etic  A nalyzer 
3500xL .

1.2.3. Single nucleotide polymorphisms (SNPs) 
and haplotype structuring in the latex 
b io sy n th es is  genes o f  H evea 
brasilien sis

Five hap lo typ es consisting  of 32 SN P 
loci w ere predicted  in rubber elongation 
factor (REF) gene and tw o recom bination 
sites w ere detected using D naSP program .

S e q u e n ce  a n a ly s is  o f  th e  g e n o m ic  
region o f m evalon ate k in ase  (MK) gene 
from  fiv e  c lo n e s  r e v e a le d  21 b a s e



substitutions. The clone RRII 105 show ed 
maximum heterozygosity for the SN P loci 
analysed.

Twenty-one SN Ps were identified in the 
c lo n ed  fra g m e n t (1 .4 k b ) o f  cis-prenyl 
transferase gene from five Hevea clones. No 
introns were observed in the gene. Fifteen 
SN P s (1 0  SN P s w ere  from  the co d in g  
se q u en ce s) h a v in g  co m p le te  p h ase  
information were used in haplotvping and 
5 haplotvpes were detected.

O n e SN P  ea ch  from  th ree  ru b b er 
b io sy n th esis gen es: FDPS, GGDPS and 
HMGR were studied by high resolution melt 
cu rv e an a ly sis (H RM ) as a g en oty p in g  
m ethodology confirm ing the sequencing 
results.

1.3. C onstruction of a consen sus genetic 
linkage map for understanding genetic 
architecture o f quantitative trait loci 
co n tro llin g  d isease  resistan ce , latex 
y ie ld  and tim b er qu ality  in ru b b er 
{Hevea brasiliensis)

C onstruction of genetic linkage m ap 
using a segregating progeny population  
derived from a diverse in terspecific cross 
betw een RRII 105 (H. brasiliensis) X F4542 
(H. bentham iana) h a s  b e e n  c o n tin u e d , 
Parental genotypes RRII 105 (H. brasiliensis) 
and F4542 (H. benthamiana) were screened 
w ith 108 SSR m arkers and 446 O peron 
a rb itra ry  p rim ers fo r  p o ly m o rp h ism s. 
Sixty-seven SSR  m arkers and 294 Operon 
prim ers generating 664 bands w ere found 
polym orphic betw een these two parents. 
G e n o ty p in g  o f s e g re g a tin g  p ro g e n y  
p o p u la tio n  is in p ro g re s s . O u t o f  94 
p ro g e n ie s  c h a ra c te r is e d  w ith  SSR  
m arkers, 8 were found non-hybrids or false 
p rog en ies and th u s rem oved  from  the 
experim ent.

2. Development of genetic markers 
for biotic and abiotic stress 
tolerance and understanding the 
stress adaptation process through 
transcriptome analysis

2.1. D evelopm ent o f m olecu lar marker(s) 
linked to the locus conferring resistance 
to fungal diseases in  H evea

2.1.1. Resistance gene analogue (RGA) in rubber
2.1.1.1. Characterization and functional 

validation o f  differentially  regulated 
NBS-LRR transcripts involved in 
tolerance to Corynespora lea f disease, 
identified through transcriptome 
sequencing.

N u c le o tid e -b in d in g  s ite  (N B S) and 
leucine rich repeat (LRR) containing proteins 
are classified  un d er d efen se  resp on se in 
plant. In total 76 unique transcripts encoding 
NBS, LRR dom ains were identified in control 
transcriptom es of RRII 105 (C l: 28 nos.) and 
G T 1 (C2: 15) and Corynespora challenged 
transcriptom es of RRII 105 (T 1:1 5  nos.) and 
GT 1 (T2: 18 nos.). T hese encoded proteins 
were found to be com pletely dow n regulated 
in T1 in com p arison  to  T 2  transcriptom e 
based on DGE. In total seven disease resistant 
protein (grouped under RG A 2, RPS2, RPM1), 
five leucine-rich repeat containing proteins 
and seven TM V resistance protein N were 
found up regulated in T2.

2.1.2. Genes involved  in h o st  toleran ce to 
Corynespora lea f  disease

2.12.1. Transcriptome analysis 
Transcriptome sequencing o f Con/nespora

cassiicola challenged leaf sam ples along with 
control w as perform ed for identification and 
functional analysis o f d isease  responsive 
genes. Analysis of gene expression of RRII 105 
(susceptible clone) and G T  1 (tolerant clone) 
in response to Corynespora infection revealed 
th at th ey  res p o n d e d  d if fe re n t ly  upon



infection. M ajor transcription factor genes 
were triggered and up regulated in GT 1, 
which could be associated with enhanced 
immunity against the pathogen. Other than 
the upregulation of transcription factors, 
ATP binding proteins along with putative 
uncharacterized proteins were also found to 
be significantly expressed. Upon pathogen 
infection 414 and 877 differentially expressed 
genes were significantly expressed in RRII 
105  and G T  1 resp ectively . T h e h ig h ly  
enriched gene ontology terms which were 
com m on  b etw een  G T  1 and R R II 105 
challenged clones largely fell into the major 
categories: (i) defense response, (ii) response 
to stress and (iii) resp on se  to stim u lu s. 
Besides these, other GO categories containing 
cellular catabolic process, RNA biosynthetic 
process, carbohydrate metabolism etc. were 
enriched only in G T 1 challenged samples.

Transcripts w hich w ere annotated as 
"p u tative  p rotein " from C1T1, C 2T2 and 
T1T2 data were aligned against entire "n r" 
protein database from NCBI. From the blast 
search, it was observed that four transcripts 
(Locus ID: 13251 and Transcripts 2/11, 3/11, 
4/11,11/11) from T2 were having homology 
w ith  " c u ll in - l- l ik e  p rote in  (Hevea) and 
derived from a single locus of the genome. 
H eatm ap  re p re se n ta tio n  based  on 
hierarchical clustering has been created for 
significantly enriched proteins.

2.1.2.2. M icroarray gene signatures fo r  
Corynespora disease tolerance in rubber

D N A  m icroarray  exp erim en ts w ere 
designed based on differentially expressed 
tra n s c r ip ts  d eriv ed  from  Corynespora 
challenged and control transcriptom es of 
both su scep tib le  and resistan t clon es of 
ru b b er. F or  p rob e  d e sig n in g , 4000 
differentially expressed transcripts based on 
D G E analysis and 6000 transcripts from  
b o th  su sc e p tib le  and to le ra n t clo n es 
show ing sim ilar expression levels having

90%  m apping w ith Hevea genom e w ere 
selected. Beside these transcripts, around 
400 d isease related transcripts identified 
u s in g  D D -R T P C R , RG A  and RT-RG A  
developed in our earlier studies were also 
included.

2.2. Characterization of stress-tolerant clones 
o f Hevea using m olecular markers and 
gene regulation under abiotic stresses

2.2.1. DNA methylation in response to abiotic 
stress

2.2.1.1. Quantitative PCR studies for establishing 
the correlation between DNA methylation 
and gene expression

QPCR experiments were performed to 
understand the relationship betw een the 
g ene exp ression  p attern s of H M G CoA 
red u ctase  (HMGR) and th e ir  p rom o ter 
methylation (CCAAT box) in the clone RRIM 
600 and PB 260 (two plants each) before and 
after inducing cold stress. It was noticed that 
in RRIM  600, gene expression as w ell as 
CCAAT b o x  m e t h y l a t i o n  s t a t u s  o f  
H M G R  (u n -m e th y la te d ) rem ain ed  
unchanged before and after cold stress in 
both the plants. In the clone PB 260, the first 
plant (PB 260-1) show ed stable expression 
rate, w hereas the second plant (PB 260-2) 
showed 50%  reduction in expression level 
a fte r  the in d u ction  o f co ld  stress . It is 
interesting to note that both the plants were 
un-methylated before cold stress induction 
but PB 260-2 got methylated after the stress. 
The initial results from this study indicate 
the possibility of a correlation between the 
methylation of HMGR promoter region and 
its gene expression in individual plants.

2.2.2. Identification o f  genes responsible for  
d e -n o v o  DNA m e t h y la t io n  a n d  
de-methylation in rubber 

Sequence of the partial cDN A fragments 
of DRM transferase and DNA N-glycosylase 
a m p lif ie d  from  ru b b e r  w as B L A ST ed



against the whole genom e shotgun sequence 
(W G S) data  o f R R IM  6 00  a v a ila b le  in 
G enB ank. Respective contigs contain ing 
these genes w ere identified and prim ers 
were designed to amplify both the genes.

2 .3 . M e th y la t io n  s e n s it iv e  A FL P  fo r  
id e n tif ic a tio n  o f g ra ft in g  in d u ced  
epigenetic changes in ru bber genom e

A study w as conducted to identify the 
epigenetic impact of root stock over the scion 
of genetically uniform tissue culture derived 
p o ly e m b ry o n ic  p la n ts . M eth y la tio n  
sensitive AFLP (M S-AFLP) analysis of five 
polyem bryonic plants w as perform ed with
12 prim er com binations. Variations in the 
AFLP pattern could be detected among these 
p la n ts  in d ic a tin g  c h a n g e s  in D N A  
m ethylation pattern in one year old plants.

Two polym orphic fragm ents from the 
gel were eluted, cloned and sequenced to 
identify the target region. BLASTX analysis 
o f  the 3 12  bp  fra g m e n t rev e a le d  its 
sim ilarity to arginyl-tRN A  synthetase gene 
whereas the fragm ent of 265 bp had match 
with a portion of the 1.17 kb contig  No: 
AJJZ010201713.1 of the Hevea whole genome 
shotgun sequences reported earlier.

3. Cloning and characterization of 
agronomically important genes

3.1. C loning  and characterization o f lignin 
biosynthesis gene(s) in H evea for their 
over-expression in tim ber clones

Two caffeic add O-methyltratisJerase (COMT) 
genes from rubber, designated as HCOMTl

and HCOMTl were identified and full-length 
cloning of HCOMTl cD N A w as reported. A 
b a c te r ia l e x p re ss io n  c a s s e t te  w as 
successfully developed for the gene using 
p R SE T  vector. H igh le v e l e x p re ss io n  of 
HCOMT2 recom binant protein in E.coli was 
confirmed through SD S PAGE followed by 
W estern  b lo ttin g . A ll th re e  key  g en es 
encoding CAD, CCR and C O M T involved in 
ce ll w a ll l ig n if ic a t io n  th ro u g h  
phenylpropanoid pathw ay w ere cloned and 
characterized for their further use in genetic 
transform ation stud ies fo r tim ber quality 
im provem ent.

4. Genome Sequencing and de-novo 
assembly of rubber (Hevea 
brasiliensis) genome

Hevea gen om e se q u en cin g  h as been 
in itiated  w ith  M/s. X ce lr is  L abs Ltd . to 
generate a draft sequ en ce o f ru bber clone 
RRLI105 using N ext G eneration Sequencing 
platform s. Sequ ence data g en eration  w as 
perform ed on R oche G S-F L X  sy stem  for 
shotgun Hevea genom ic library  o f 800  bp 
and a pair-end library of 20 kb fragm ents. 
S eq u e n cin g  o f 3 00  bp  lib ra ry  w as also  
perform ed on M iSeq system . In total 5 Gb 
(4.1 Gb shotgun and 0.9 G b pair-end) GS 
FLX sequence data and 22.2 Gb M iSeq pair- 
end data w ere generated. M ore than 95%  
Roche shotgun reads w ere m apped against 
th e  d ra ft  g e n o m e  o f  R R IM  6 00  
(GC A _000340545.1).



PLANT PATHOLOGY DIVISION

The D ivision is m ainly concentrating 
on evo lv in g  e ffic ien t and co st-effective  
d isease and pest m anagem ent strategies, 
improved mechanization of plant protection 
equipm ent, im provem ent in the growth of 
rubber using m icroorganism s and in design 
and d evelo p m en t o f e ff ic ien t treatm ent 
te ch n o lo g ies  for w aste  w ater from  R SS 
p ro c e s s in g  an d  u rb a n  so lid  w aste  
m anagem ent.

1. Leaf diseases

1 .1 . A bnorm al lea f fa ll (ALF) disease
T r ia ls  w ere  ca r r ie d  o u t at th ree  

locations to evaluate the efficiency of ALF 
disease control by the split application of 
oil-based COC in tw o clones, RRII 105 and 
R R IM  6 0 0 . T h e  t re a tm e n ts  in c lu d ed  
spraying of two rounds of COC (4 kg) in 
sp ray  o il (20 L) at 30 day in terval, two 
rounds of CO C  (3.3 kg) in spray oil (20 L) at 
15 day interval, standard recommendation of 
one round of COC (8 kg) in spray oil (40 L/ha) 
and untreated control. O bservation on the 
leaf retention show ed that split application 
w as superior in checking the ALF disease 
in the clone RRIM  600.

S tu d ie s  o n  y ie ld  lo ss  d u e to  ALF 
d isease  w as continued at RR S Padiyoor. 
The leaf retention  w as only 12.4 per cent 
an d  6.2 per cent in the unsprayed areas of 
R R II 105  and R R IM  600 , resp ectiv e ly . 
O verall crop loss in RRII 105 for the year 
w as found to be 26.9 per cent w hereas it 
w as 48 per cent for RRIM  600. During the 
m onths from August to October, individual 
crop loss w as up to 44 per cent in the clone 
RRII 105. Reduction in girth increm ent was 
a lso  noticed in the unsprayed plots of all 
the clones. The yield loss studies in clones 
RRII 414, RRII 422, RRII 429 and PB 260 are

in progress. The treatments were imposed 
by d ivid ing the experim en tal trees to 
accom m odate sp ray ed  and u n sp ray ed  
blocks. Significant difference in leaf retention 
w as n o ticed  b e tw e e n  sp ray ed  and 
unsprayed blocks thus effecting yield loss 
up to 15 per cent.

The crow n bu d d in g  exp erim en ts at 
M alan k ara  e s ta te , T h o d u p u zh a  (C lon e 
P B 3 1 1 ) and at C ES, C h eth ack al (C lone 
PB 260) recorded sig n ifican tly  high leaf 
retention in crow n-budded trees. Higher 
yield was recorded in crown budded PB 260 
trees than control. Studies on latex properties 
in different crowns did not show a definite 
trend. Attempts to raise crown-budded plants 
in root trainer cups (800 cc) did not succeed 
indicating the requirement of bigger cups.

O b servatio n  on ALF d isease  in the 
newly recom m ended clones in the on-farm  
trials showed the highest retention in clone 
RRII 430 and the lowest for clone RRII 422 
in a ll the lo c a t io n s . T h e  p e r c e n t  le a f 
retention of RRII 430 ranged from 70-90, 
for R R II 422  it w as 40 -70  and for RR II 417  
w as 75-90. In RRII 105 the leaf retention 
ran g ed  from  30 - 70  p er ce n t. In the 
p artic ip atory  c lo n e  e v a lu a tio n  tria l, the 
p er cen t le a f reten tion  in fiv e -y ear-o ld  
plants of RRII 414 and RRII 430 w as found 
to be significantly better than RRII 105, a 
clone considered relatively tolerant to ALF 
disease. A ssessed the ALF disease intensity 
o f clones in the Phase I at 7  locations and 
id en tified  five c lo n e s h ig h ly  su scep tib le  
(60-80 per cent leaf fall) to ALF disease.

1 .2 . Powdery m ildew  disease
Trials w ere conducted at tw o locations 

to evalu ate  the efficacy  of tw o  bacteria l 
biocontrol agents along with recom m ended 
fungicide and untreated control. Treatments



were imposed in 8 - days interval and disease 
intensity w as assessed on a 0-5 scale. The 
control of disease obtained was 50 per cent 
with the bacterial isolate RH 34 and was 
comparable to the recommended control.

1.3. Colletotrichum  lea f disease
A n ex p erim en t w as carried  out at 

TR&T estate, M undakayam  to understand 
the relationship betw een disease incidence, 
se v e r ity  an d  w e a th e r  fa c to rs . 
R ecom m ended fu n gicid es a lo n e and in 
c o m b in a tio n  w ith  sy ste m ic  fu n g icid es  
were imposed on the three-year-old plants 
o f RRII 105 at weekly intervals. Observation 
on the disease incidence/severity recorded 
at weekly intervals showed that the effect 
of individual application of fungicides were 
on par w ith com bination o f contact and 
system ic fungicides. Favourable weather 
cond itions p revailed  during su scep tib le  
light green stage of leaves aggravated the 
disease to epidem ic proportions.

The eva lu ation  o f new  generation 
fu n g icid es  a g a in st C o lle to tr ich u m  lea f 
disease on the third year plants o f RRU 105 
at T R & T  e s ta te , M u n d a k a y a m ,w a s 
continued for the third year and the efficacy 
o f th e  fu n g ic id e s  te b u c o n a z o le  + 
tr if lo x y s tr o b in  an d  th e  tre a tm e n ts  
involving tebuconazole and mancozeb was 
confirmed.

The experim ent to study the im pact of 
C olletotrichum  leaf disease on the growth 
o f rubber at TR& T estate in the clone RRII 
105 w as continued. The treatm ents were 
imposed at weekly intervals to accom odate 
one block protected from Colletotrichum  
leaf disease and the other left unsprayed. 
The disease severity in the protected block 
w as less than 25 per cent whereas it was 
around 80 per cent in the unprotected block. 
Significant difference in girth and height of 
the p lan ts betw een p rotected  and 
unprotected was observed

1.4. Corynespora lea f fa ll d isease

Evaluation of efficacy of new fungicides 
ag ain st C orynespora lea f fall d isease  on 
rubber seedlings w as continued at Ulickal 
n u rsery  fo r th e  th ird  year. T h e  resu lts  
show ed that the fungicides pyraclostrobin 
+ m etriam  and th iop h an ate m ethy l w ere 
effective in controlling the disease.

Field evaluation of three new  chem ical 
fungicides viz. p yraclostrobin  + m etriam , 
thiophanate m ethyl and tebuconazole at 
different doses against Corynespora lea f fall 
disease w as carried out at three locations 
in K arnataka state. T h e resu lts indicated  
that th io p h a n a te  m eth y l is e ffe c tiv e  in 
controlling the disease.

A m p lif ic a t io n  a n d  s e q u e n c in g  o f 
cassiicoline gene from aggressive and non- 
a g g re ss iv e  is o la te s  o f  Corynespora  w as 
a ttem p ted . Iso la ted  th e  p a th o g e n  from  
different locations o f rubber grow ing  areas 
o f Kerala and K arnataka during the disease 
season. The aggressiveness o f the isolates 
was studied by lea f - w ilt bioassay using 
crude toxin. Total RNA w as extracted  from 
th e  100 m g o f m y c e lia  fro m  se le c te d  
a g g ressiv e  and n o n -a g g re ss iv e  iso la te s  
using the trizol RNA extraction procedure 
and cD N A  w as s y n th e s iz e d . T h e  PC R  
am plification y ielded -1 2 8  bp ban ds from 
all aggressive / non aggressive isolates.

Studies on transcrip tom e sequ en cing  
were continued to understand the response 
o f RRII 105 (susceptib le clone) and G T  1 
(tolerant clone) to Corynespora. D ifferential 
g ene ex p ress ion  d ata  fo llo w ed  by g ene 
o n to lo g y  term  e n r ic h m e n t  w ith  the 
annotated genes revealed that m ajority of 
the tran scrip ts in both the c lo n e s upon 
ch allen ge in o cu la tio n  w ere en rich ed  for 
defense response, respon se to stim u lu s and 
resp on se  to stress . T h e g en es en co d in g  
d is ea s e  re s is ta n t  p ro te in s , le u c in e -r ic h  
repeat domain containing proteins etc., were



sig n ifican tly  over-expressed  in resistant 
c lo n es , w h ereas th ese  tra n scrip ts  w ere 
e ith er  co m p le te ly  su p p ressed  or dow n 
reg u la te d  in s u sc e p tib le  c lo n e  upon 
pathogen infection.

2. Pink disease
Field eva lu ation  of new  g en eration  

fu n g icid es  fo r its cu ra tiv e  n atu re  at 
M undakayam  estate, M undakayam  on 3- 
year-old plants was continued. The fungicides 
were mixed in rubberkote thoroughly and 
applied on the disease infected portion of the 
plants. Observation on the recovery of plants 
showed that the fungicide trifloxystrobin + 
tebuconazole gave better recovery followed 
by tebuconazole.

3. Pests of rubber
Conducted field studies to evaluate 

the com parative efficacy  o f Metarhyzium 
anisopliae (28x10s) and Beauveria bassiana @50g/ 
L w ater (108cfu/g) on the larvae of mooply 
beetles, Luprops curticollis. Each treatment 
w a s r e p lic a te d  th re e  tim e s. R eco rd ed  
m ortality of larvae after 3 rd and 7th day of 
ap p lication . Metarhyzium anisopliae (45%  
m ortality) w as com paratively better than 
Beauveria bassiana (20%  m ortality) in the 
control of m ooply larvae.

Conducted surveys on the occurrence of 
natural enem ies and other bio agents for the

m anagem ent of bark feeding caterpillar, 
Aetherastis circulata. Collected pre pupal and 
pupal stages of bark feeding caterpillar from 
the infested trees from January to April 2014 
and the samples were kept in the laboratory 
condition for the emergence of adult moths 
or the parasitoids. 69.23 per cent of the pupae 
were found dead due to the attack of some 
entomopathogenic fungus. The fungus was 
isolated and identified as Aspergillus flavus. It 
w as the first  rep ort fo r  th is  fu n gu s as 
entomopathogenic from Aetherastis circulata.

A fie ld  ex p erim en t in co m p lete ly  
random ized design w as laid out for the 
control of borer beetles in a highly infested 
area  w ith  six  tre a tm e n ts  and five 
replications. The treatments were applied 
on the affected portions by swabbing using 
a brush. The per cent reduction of borer 
attack in swabbed trees w as estimated.

Reduction o f borer in festa tio n  w ith 
0 .2 5  p er cen t q u in a lp h o s w as th e  b es t 
followed by 0.25 per cent after 10 and 20 
days of treatment. The bioagent, Beauveria 
bassiana was found to be the least effective 
among the treatm ents (Table Path. 1).

4. Microorganisms for improving
growth of rubber and cover crops
Eighty five actin o m y cetes and 1287 

rh iz o b a cteria  co llected  from  ro o ts  and 
rh izosp h ere  o f  ru b b er from  d iffe re n t

Table P ath .l. Comparative efficacy of different insecticides and a bio-control agent on the control of borer 
beetles in rubber trees after 10 and 20 days________________________________________________

Treatm ent D o se Mean per cent reduction 
after 10 da vs

M ean per cent reduction 
after 20 days

B eaiiveriii bassian a 50 g L 1 w ater (10*cfu g°) 2 0 .7  (2 6 .6 ) 3 0 .9  (33 .5)

lm idacloprid 0 .18% 69.1  (5 6 .9 ) 9 0 .8  (7 2 .6 )

Q uinalphos 0 .25% 8 3 .7  (6 6 .8 ) 9 8 .2  (86 .1)

C arbosulfan 0 .25% 6 4 .0  (53 .4) 8 9 .8  (7 2 .4 )

D eltam ethrin 0 .0 2 5 % 7 7 .9  (6 2 .8 ) 9 4 .0  (79.1)

Control(untreated) + 22 .2  (+27.3) + 36 .6  (+ 36 .8)

C D  (P=0.05) 5% 11.4 11 .4

(Figures in parentheses are arcsine transform ed values and '+' indicates per cent increase in untreated trees)



plantations of N. Kerala and S. Karnataka 
w ere checked for antagonism  against the 
root pathogen, Phellinus noxius and two 
isolates viz. actinom ycete 134 and bacteria 
KR 664, which consistently showed higher 
zo n e o f  in h ib itio n , w ere se le c te d . 172 
b a c te r ia l iso la te s  co lle c te d  from  the 
c a u lo p la n e  o f ru b b e r  tre e s  from  
M undakayam , Chethackcal, Iritty and RRII 
were tested for antagonism against the pink 
pathogen and selected two antagonists in 
the primary screening.

Evaluated the efficiency of 10 PGPR 
isolates and two consortium on the growth 
of root trainer plants at Vadakel nurserv, 
Poovathilappu along with uninoculated and 
full fertilizer applied p lan ts as controls. 
Plants inoculated with RH34, Ri 25 and RH 
104 recorded more girth and height of the 
plants than the full fertilizer applied plants. 
All the plants treated with the isolate RH 34 
reached buddable girth and showed 100 per 
cent budding success. The root volume and 
ro o t fresh  w eig h t w ere h ig h e r  fo r  the 
inoculated plants than the two controls. The 
different bacteria inoculated in root trainer 
plants were found to survive in the potting 
mix bu t their population varied with the 
isolates.

chem ical (31.55 cm ) and biological (31cm) 
treatments w hich w ere on par.

Sev en  h u n d red  and th irty  bacteria l 
isolates collected from  the d rought prone 
areas of South Karnataka and North Kerala, 
were tested for ACC deam inase activity and 
38 isolates w ere selected. Fifty ACC positive 
isolates collected in the previous year were 
e v a lu a te d  fo r  th e ir  e f fe c t  o n  d ro u g h t 
tolerance in rubber seed lin gs during the 
summer season and 11 effective isolates were 
selected for further evaluation.

All the selected phosphofungal isolates 
trom Karnataka soils showed solubilization 
of feme, aluminium and tricakium phosphate 
and fertilizer form of rock phosphate. The acid 
phosphatase activity ranged from 2 9 *5 0  7 wr 
ofPN P released  m l' o f culture broth. Basal 

on the different tests carried out under in vitro 
seven phospho fungal isolates w ere selected 
and eva lu ated  th eir grow th p rom otin g  
efficiency m root ta m e r  plants. The seedlings 

Z  showed more buddability 
and buddmg success. Root volume and fresh 
werght w ere also  generally m ore for the 
inoculated plants. In the biofarm ing trial 
plants in the integrated treatment showed 
m o re  g ro w th  (3 5 .0 8  cm ) fo llo w ed  by

5. Waste management in rubber 
processing

5.1. Design and development of throughout
treatm ent technologies fo r the efficient 
trea tm en t o f  w a ste  w a te r  fro m  NR 
processing

The integrated w aste w ater treatm ent 
system  installed  in the grou p  p rocessin g 
centre w as evaluated during its operational 
p erio d  and fo u n d  to  b e  fu n c tio n in g  
successfully. All the pollution param eters of 
the fin a l w a te r  w ere  w ell w ith in  the 
specified safe lim its for the d isch arge. In 
view  o f avoiding the m echanical aeration 
system for the treatm ent o f the anaerobically 
digested waste water, a new ly designed reed 
bed sy ste m  p la n te d  w ith  V e tiv e r  w as 
constructed. The system  w as allow ed to get 
the sufficient root grow th o f Vetiver.

5 .2 . Design and development of economically 
viable urban solid  w aste m anagem ent 
system

Urban solid w astes especially  the food 
w astes take a long tim e for decom position

o i a e ro b ic a lly  o r  a n a e ro b ica lly , 
experim ents w ere carried out to hasten the 
aerobic decom position o f food w astes by 

s Pec’ ^ c m icro b ia l in o cu la n ts  and 
adding m edium  like coir pith and saw  dust 

fa c ilita te  n a tu ra l a e ra t io n  and 
m a in ta in in g  o p tim u m  m o is tu re  and



temperature. The aerobic composting in the 
natural condition by keeping the waste and 
special aeration medium like coir pith and saw 
dust mixed with microbial inoculum one over 
the other took 30 days for the decomposition. 
T h e  d eco m p o sed  m ateria l co n ta in ed  
n itro g en  (2 .9 6  % ), phosphorous (0.5 %), 
potassium ( 1.2 % ) and calcium  (1 .05  % ). 
D ecom position in the specially  designed 
prototype mechanical device was completed 
by  12 h. T h e d e v ice  co u ld  m ain ta in  
temperature between 35 to 40 °C, moisture 
content betw een 50 per cent (beginning) and
5 per cent (at the end) with good aeration. 
T he n u trien t co n te n ts  w ere also  found 
com parable w ith the decomposed material 
form ed by the other systems.

6. Farm mechanization
The final version  o f the m ist blow er 

a tta c h m e n t on the m in i tra c to r  w as 
a ssem b led  w ith  the sp e c ia lly  d esigned  
centrifugal pum p w hich gets drived from 
the PTO of the tractor along with the impeller 
of blow er assem bly through the sam e gear 
box  u n it. T he eq u ip m en t w as field trial 
tested by large-scale field. The fungicide

d e liv ery  h e ig h t o b ta in ed  w ith  the 
conventional atom iser was 96 ft, and above 
100 ft with micronizer type atomiser. Leaf 
retention after the d isease season in  the 
sprayed area was 60 per cent whereas the 
retention was only 15 per cent and 5 per cent 
in area sprayed w ith conventional micron 
sprayer and unsprayed area respectively. 
The technology w as recom mended for the 
adoption.

7. Web-based 'Distance Diagnostic 
Identification System (Rubber 
Clinic) for rapid diagnosis of pests 
and diseases of NR
Pest and disease problem s from  the 

growers were attended through the online 
rubber clinic. The total num ber of visits to 
the site w as 10882 w ith an average of 30 
visitors/day during April 2013 to M arch 
2014. Visitors from 84 countries utilized the 
facilities in the clinic in w hich 85.2 per cent 
of the visitors were from India. The clinic 
d iag n o sed  235 ca s e s  th ro u g h  'A ssisted  
D iag n o sis ' and 3 55  cases th ro u g h  'S e lf  
Diagnosis' accounting for a total of 590.

PLANT PHYSIOLOGY DIVISION

T h e  P lan t P h y sio lo g y  D iv is io n  is 
focusing its studies on environm ental and 
stress physiology, physiology of growth and 
yield, ecosystem  level flux analysis, tapping 
panel dryness, gene expression analysis in 
re la tio n  to  a b io tic  s tre s se s  and ru bber 
biosynthesis and secondary metabolites.

1. Environmental physiology
1.1. D ev elop in g  early screenin g tools for 

drought tolerance in  Hevea 
A chloroplast heat shock protein (hsp) 

w as validated as a physiological m arker for

d rou gh t tolerance in  a few  elite  clones. 
F u rth e r  as a m e a s u re  o f s c re e n in g  
g e rm p la sm  a c c e s s io n s  fo r  d ro u g h t 
tolerance, young plants of six different wild 
Hevea accessions (viz. RO 3261, RO 3157, RO 
3184, AC 612, RO  3242 and M T 1619) grown 
in polybags were subjected to w ater deficit 
stress by w ithholding irrigation for 10 days 
d u rin g  su m m er sea so n  (M a rch , 2 014). 
W estern  b lo t a n a ly s is  sh ow ed  th at 
expression level o f the stress protein had 
prom inent appearance in stress tolerant 
accessions than relatively susceptible ones.



1.2. Id entification  o f m olecu lar basis for 
drought tolerance in Hevea 
Six  m onth  old  p la n ts  o f re la tiv e ly  

tolerant and susceptible (3 nos. each) Hevea 
germ plasm  accessions along w ith check 
c lo n e s  in p o ly b a g s w ere  su b je c te d  to 
drought stress for 10 days. Q uantitative 
gene expression analyses were performed 
for NAC tf, LEA 5 and W RKY tf. The result 
showed significant up-regulation of these 
g en es in d rou gh t to leran t ch eck  clon es 
(RRII 430 and RRIM  600) and germ plasm  
accessions (RO 3261, AC 612 and RO 3157) 
under water deficit conditions.

1.2.1. Investigations on microRNAs in Hevea 
b rasilien sis: Role in gene regulation  
during abiotic stresses

To id e n tify  n o v e l an d  co n serv ed  
miRNAs that are expressed in control and 
drought imposed plants of Hei'ea, small RNA 
sequencing w as carried out using Ulumina 
Hi seq method. A total of 29 known miRNA 
fa m ilie s  an d  17 no vel m iR N A s w ere  
observed in contro l w h ereas 32 know n 
miRN A families and 25 novel miRNAs were 
identified in drought imposed sam ple. Four 
con served  m iR N A s (m iR 160, m iR 2118, 
m iR 528  and m iR 6476) w ere  id e n tified  
exclusively  in drought sam ples w hereas 
m iR1432 was present only in control plants.

1 .3 . Evaluation of m odem  Hevea clones for 
drought tolerance

1.3.1. Physiological evaluation o f  RRII 400 
series clones fo r  drought tolerance - Field 
trial at CES Chethackal

The RRII 400 series clones recorded 
better girth (4» year) com pared to check 
clones RRII 105 and RRIM 600. Among the 
400  series clones, the h igh est g irth  w as 
observed in RRII 430.

1.3.2. Studies on RRII 400 series clones for  
drought toleran ce  - P lants ra ised  in 
poli/bag

To identify  su itab le d rou gh t tolerant 
clones for establishment in the drought prone 
areas, five H eim brasiliensis clones (400 series) 
were evaluated along with the popular clone 
and a known drought tolerant check clone, 
RRIM  600. Six m onths old polybag plants of 
these clones were subjected to w ater deficit 
stress for 10 days by w ithdraw ing irrigation. 
A m on g the c lo n e s , R R II 4 3 0  record ed  
significantly higher epicuticular wax content 
than other 400 series clones and RRII 105. It 
a lso  had s ig n if ic a n tly  h ig h e r  le v e ls  of 
ascorbic acid and su p er o xid e  d ism utase 
activity. U nder d rou gh t stress, th is clone 
showed m axim um  photosynthetic rate and 
stomatal conductance com pared to other 400 
series clones. Overall the results indicated 
that the m odem  clone RRU 430 is the most 
potential drought tolerant clone am ong the 
RRII 400 series clones.

1 .4 . I d e n t i f ic a t io n  o f  p h y s io lo g ic a l ,  
b io c h e m ic a l an d  m o le c u la r  factors 
associated  w ith  d rou gh t to leran ce  in 
H evea germ plasm  accession s

Relatively drought tolerant (6 nos.) and 
susceptible (4 nos.) germ plasm  accessions 
a lon g  w ith  ch eck  c lo n e s w ere  ra ised  in 
polybags. Young plants w ere su bjected  to 
drought stress by withholding irrigation and 
analyzed for drought responses. Analysis of 
leaf pigments showed higher carotenoid and 
anthocyanin contents in tolerant accessions 
com pared to su scep tib le  a ccession s . The 
accession  RO  3261 sh ow ed  h ig h e r  total 
ch loroph yll, caroten o id  and anthocyanin 
contents than the tolerant check done RRII 430.

1.5. Ecosystem  Flux m easu rem en ts

1.5.1. Sap-flow measurements in mature rtd)ber 
plants

The w ater use of m ature ru bber plants 
o f clone RRIM  600 was estim ated using TDP-



sa p  flo w  sy stem  in a d ry  su b -h u m id  
climatic region, at RRS, Dapchari, Maharastra 
during Septem ber 2013 to April 2014. The 
average water mining rate (clone RRIM 600) 
o f irrigated trees (27 L tree 1 d a y ')  w as 
significantly higher than unirrigated trees 
(20.5 L tree 1 d a y ').

1.5.2 Measurement o fC O i and water vapour 
flux in rubber plantation  
The ecosystem  level carbon dioxide 

and w ater vapour flux and canopy level 
net ecosystem  exchange (NEE) of C 0 2 in a 
rubber plantation at CES, Chethackal were 
m easured using an eddy covariance system. 
The average NEE w as 10.2 g  CO., m 2 day'1 
which is equivalent to 37 M T CO, ha'1 y e a r1. 
T he evap o-transp iration  (ET) rate of this 
plantation was 3.3 mm  per day. The amount 
of carbon sequestered by the rubber trees 
w as e stim a te d  fo r  the sam e p eriod  by 
e s t im a t in g  th e  a n n u a l sh o o t b io m a ss 
increm ent. The C 0 2 sequestration realized 
from  sh oot biom ass increm ent alone was 
22 M T C 0 2 h a 1 y e a r 1.

1.6. S tu d ies  on ad ap tive m echanism s in 
H evea  for drought and cold stresses

T h e  stu d y  w as co n d u cted  w ith  an 
ob jectiv e  to understand existence of any 
com m on adaptive m echanism s of abiotic 
stress tolerance in Hevea. A poly bag nursery 
of different Hevea clones w as subjected to 
drought im position at two whirl stage. One 
w eek  d ro u g h t im p o sitio n  res u lte d  in 
reduction of effective quantum yield of PS II 
in all the clones studied. The reduction in 
quantum  yield w as less in RRII 400 series 
clones com pared to check clones. Among the 
clones RRII 430 show ed better chlorophyll 
s ta b il ity  in d ex  fo llo w ed  by R R IM  600, 
RRII 422 and RRII 208. Anthocyanin content 
show ed gradual increase in response to the 
progress of drought and higher in relatively 
d r o u g h t to le ra n t  c lo n e s . X a n th o p h y ll

pigments studies indicated that increase of 
zeaxanthin (Z) and anthraxanthin (A) with 
progressive in crease in ligh t in ten sities 
having a role in avoiding photo dam age of 
photosystems. With respect to xanthophyll 
cycle pigments, RRII 422, RRII 430, RRIM 600 
and RRII 208 had relatively better adaptive 
photosynthetic machinery.

1.6.1. Foliar application  o f  nutrients and 
groivth regulators to mitigate drought 
A study w as initiated to find out the

effect of foliar application of nutrients and 
growth regulators tow ard am elioration of. 
drought stress in young plants of Hevea. The 
experim ent was conducted using polybag 
plants of clone RRII 417 at two whirl stage. 
Based on the prelim inary trial, M OP was 
selected as the source of potassium (K). Plant 
growth regulators like salicyclic acid (SA) 
and abscisic acid (ABA) were used in the 
study. Kaolin, an antitranspirant w as also 
included in this trial. W ater deficit stress 
was imposed by w ithholding irrigation for 
a week. Leaf water potential w as better in 
Kaolin treatment. Kaolin applied plants were 
on par with control plants w ith respect to 
chlorophyll content, chlorophyll/carotenoid 
ratio and chlorophyll stability index.

1.7. Evaluation o f m odem  H evea  clones for 
drought tolerance

1.7.1. Studies on drought effects on Hevea in 
re la tion  to o x id a t iv e  s tress  and  
antioxidant responses 

Characterization of xanthophyll cycle
pigm ent com position in leaves o f control 
and drought im posed plants w as carried 
out. A higher level of anthraxanthin (A) and 
zeaxanthin (Z) was observed in the leaves 
of drought im posed plants com pared to 
co n tro l p la n ts . M id d ay  m e a su re m en ts  
showed significant accum ulation o f A+Z in 
th e  le a v e s  o f a ll th e  c lo n e s  s tu d ie d .
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X an rh n p h y  11 p ool s iz e  (V + A + Z j w as 
s ig n if ic a n tly  h ig h e r  u n d er d ro u g h t 
co nd ition . R R II 430  and RRIM  600 had 
higher level of V+A+Z compared to RRIi 414 
and RRII 105. D e-ep ox id ation  rate w as 
increased under drought stress in all the 
clones with higher level in RRU 430 followed 
by RRIM  600.

1 .8 . Physiological evaluation of root trainer
plants

The physiology of root trainer grown 
rubber plants in com parison  to polybag 
p lan ts w as stu d ied  u sin g  tw o  p o p u lar 
clones, RRII 105 and RRII 430. There was 
very- little variation in leaf w ater relations 
am ong poly bag and root trainer plants 
Total chlorophyll content and chlorophyll 
alb ratio were higher in polybag plants than 
root trainer plants of both clones. Polybag 
plants showed higher light saturation point 
w h en g a s e x c h a n g e  w as m e a s u re d  at 
d iffe re n t  p h o to s y n th e tic  p h o to n  flu x  
densities. Though there w as no variation 
in effective quantum  yield o f PS II, the roof 
tra iner p lan ts of RRII 105 show ed m ore

excess electrons at h igher ligh t intensities. 
Photosystem  II activ ity  and photosynthetic 
carbon assim ilation rates w ere alw ays less 
in root trainer p lants un d er open light and 
shaded conditions (Fig. Phy. 1).

1 .9 . D ro u g h t s u rv e y  in  y o u n g  ru b b e r
p lantations

D u rin g  su m m e r  s e a s o n  o f 2013-14 , 
d r o u g h t  s u rv e y  w a s  c a r r ie d  o u t  in 
northern K erala ; K ozh ikk od e, Nilam bur, 
M anjeri and K asaragod regions in on e year 
old rubber p lan tation s (n=130). M ost of the 
p la n ta tio n s su rv e y e d  in th is  a rea  w ere 
p la n te d  w ith  c lo n e  R R II  1 0 5 . T h e 
percentage o f p lanters resortin g  to irrigate 
the you ng plants w as n early  13 per cent. 
M ajority  o f the p la n ters  w ere  fo llow ing  
recom m ended m an ag em en t p ractices like 
m u lchin g, sh ad in g  ex cep t cover-cropping . 
The availab ility  o f w ater d u rin g  sum m er 
w as low in this region esp ecia lly  in M anjeri 
and Kasaragod regions and the casu alty  of 
you ng plants d u ring  su m m er w as around
4 per cent. In tercrop p in g  in  the initial year 
is fo llow ed by 30  per cen t o f p lan ters in



this part o f Kerala. M ore than 75 per cent of 
the plots surveyed show ed different stages 
of leaf yellow ing, with lower intensities of 
leaf tip dryness and leaf shedding.

1.10. S tu d ies on excess electron flow  across
PS II

S im u ltan eou s m easurem en ts o f CO, 
assim ilation and PS 11 activity were made 
in in ta c t  an d  e x c ise d  le a v e s  o f Hevea 
brasiliensis and Phaseolus sp. The PS 11 reaction 
centre a lw ays produced m ore num ber of 
e lectrons than what w as needed to sustain 
the observed rate of CO, assim ilation. The 
excess e lectron s increased further as the 
light intensity w as increased. It was inferred 
that p o ssib ility  of over-estim atin g  PS II 
activity (and thus electron flux across PS II) 
by fluorescence technique or cyclic electron 
flux around PS II reaction center itself.

1.11. Screen in g  of H evea germ plasm  lines
fo r  in trin sic drought tolerance traits

A group of 1 5 ,1 2 , 2  and 1 top ranking 
accessions from SBN 2003, 2004, 2005 and 
2006, resp ectiv e ly  w as selected  by field 
scoring for drought tolerance and further 
su bjected  to laboratory screening at CES, 
Chethackal for intrinsic tolerance traits. Leaf 
d iscs w ere incubated in 60 per cent PEG 
(polyethylene glycol 6000) and exposed to 
lig h t. P ercen tag e  red u ction  in effective  
q u a n tu m  y ie ld  o f PS II (<I> P S II) w as 
estim ated and the accessions w ere sorted 
ou t and ran ked  fo r  in tr in sic  to leran ce . 
A c c e s s io n s  th a t  w ere  e x h ib it in g  less 
reduction w ere ranked top as m ost intrinsic 
to leran t on es and vice-versa. A ccessions 
RO  2793, AC 3116, A C 4403, AC 4039 and 
RO  4429 in SBN 2003, accessions RO 1316, 
RO 2864, RO  3188, AC 2090 and AC 2268 
from  SBN  2004 and accession RO 1413 from 
SB N  200 5  w ere  se lected  as top ranking 
ones.

1.12. Multi-location physiological evaluation
of ortets for abiotic stresses

S ix te e n  o rte ts  s e le c te d  from  five 
d ifferent locations w ere planted at CES, 
Chethackal as part of a m ulti-location trial. 
Leaf ch lorop h yll content w as estim ated  
both in the months of O ctober and March. 
T otal ch lorop h yll co n ten t d ecreased  in 
sum m er due to prevailing high light and 
te m p e ra tu re  co m p ared  to O cto b er . 
M axim um reduction in chlorophyll content 
w as noticed in clone RRII 105 (33.8%) and 
m in im u m  in o rte t  G H  3 (8 . 6 % ).
E p icu ticu lar w ax content w as estim ated  
calorim etrically  in o rtets grow n in field . 
H igher w ax content w as observed in RRII 
430 (78.3 H-g cm '2) fo llow ed by ortets N GK 
47 (78.2 ng cm 2) and G H  1 (77.8 fig cm'2). 
Comparatively, ortet RRSA 315 (48.1 (ig cm'2) 
and clone RRII 417 (47.5 jig  cm'2) exhibited 
less w ax content on leaves. Presen ce  of 
higher wax content on the lam inar surface 
of leaf is a beneficial drought tolerance trait 
in rubber plants as it reflects excess incident 
light.

1.12.1. Photosynthetic measurements in ortets 
at Dapchari and Nagrakatta

Ph otosyn thesis m easu rem en ts o f 23 
ortets including check clones w ere carried 
out at RRS Dapchari and RRS, Nagrakatta 
d u ring  n o n -s tre ss  p eriod  (S ep tem b er). 
C O , assim ila tio n  ra te s  varied  from  8 to
13 |imol m 'V  among different ortets/clones 
and stom atal conductance varied from 0.06 
to 0.23 m o lm V  at RRS D apchari. Higher 
C O , a ss im ila tio n  ra tes w ere  sh ow n  by 
ortets RRST 39, DAP 1, RRST 37 NGK 1 while 
m axim u m  sto m a ta l co n d u c ta n c e  w as 
rec o rd ed  by o r te ts  D A P  1, R R ST  37, 
RRSA  585 and R RST 39 at D ap chari. At 
N agrakatta the assim ila tio n  rate varied  
from 11.5 ^mol nv2s '  to 15.8 jim ol nv2s ‘ 
and stomatal conductance in the range of



0.2 to 0.4 mol m V ,  with maximum value 
recorded by R RST39, followed by R R S I  37, 
RRSA 98 and RRSA 585. There was no much 
variation in effective quantum yield of PS II 
(<t> PSII) among the clones/ortets at Dapchari 
as well as N agrakatta during stress free 
season.

1.12.2. B iochem ical studies: Antioxidant 
defense mechanism in ortetsfclones 

Leaf sam ples were collected from 16 
ortets and seven check clones (Nagrakatta 
and Dapchari during stress and stress free 
seasons). From CES Chethackal, leaf samples 
were collected during stress free season (as 
co n tro l). The b io ch em ica l m echanism s 
associated with drought and cold stresses 
in these clones were studied. During winter 
at N ag rak atta , o rte ts  G H  9, R RSA  585 
sh ow ed  b e tte r  a n tio x id a n t  d e fe n se  
m echanism . RRSA 98, GH 1 and RRSA 315 
record ed  h ig h e r  a n tio x id a n t  en zy m e 
activities com pared to other clones/ortets 
at CES, Chethackal. At Dapchari, GH 3 and 
R R SA  5 85  sh ow ed  b e tte r  a n tio x id a n t 
defense system.

1.13. E x p erim en ta l cu ltiv a tio n  o f h igh  
yield ing  varieties of rubber plants for 
establishm ent in  higher elevation

Fi ve clones of Hevea were planted in 2006 
at Heileyburia tea estate, Elappara at Idukki, 
ahigh altitude location in the traditional belt 
The overall growth of rubber plant was not 
sa tis fa c to ry . A n n u al trun k g irth  w as

re°26n1 ^nMaI<f ' 2°,14- AmonS the do"“-I B 260 (25.0 cm) and RRIM  600 (25.4 cm) 
continued to perform better than all other 
clones. In 2007 trial RRIM  600 (23 0 cm) 
performed better than all other clones The 
polyclonal seedlings (30 cm girth) planted 
along with tea garden performed better than

s t L  J t  Huwever- lhe traditional
shade trees, s,lver oak (40 cm girth) planted 
between the rows of tea were found superior 
to polyclonal rubber seedlings.

1.14. Proteom ic studies o f H evea brasiliensis
under drought stress

A m ong the fiv e  c lo n e s stu d ied , net 
photosynthesis (PN,) rate w as better in clones 
RRII 430 and RRIM  600 than T jir  1, RRI] 414 
and RRII 208. Relative w ater content (R WC) 
in leaves w as b e tter  in clo n es R R II 430 
RRIM  600 and R R II 208 than T jir  1 and RRJ[ 
414 upon drought im position up to 12 days. 
Leaf sam ples w ere collected  in respective 
days and proteom e studies are in  progress.

1.15. G row th alteration in  H evea brasiliensis 
Soil a p p lica tio n  o f p a clo b u tra z o l in 

you ng  ru b b er (Hevea brasiliensis) plants 
resulted in short and com pact plants having 
dark green leaves, w ith m ore fibrous root 
development (Fig. Phy. 2). Three months after 
trea tm en t the le a v e s sh o w ed  increased  
chlorophylls (25.9%) and carotenoids (33.6%) 
co n ten t over co n tro l p la n ts . T h e  height 
increm ent in paclobutrazol (50 m g) treated 
plants was significantly lesser than control 
p lan ts o f sam e ag e, w h e re a s , the g irth  
increase w as significantly h igher (10.9%) in 
50 m g trea ted  p la n ts . P a c lo b u tra z o l 
treatm ent rem arkably  in creased  root dry 
weight (m axim um of 132%  w ith 50 mg) and 
root-to-shoot ratio (Fig. Phy. 2). The results 
in d ic a te d  th at p a c lo b u tr a z o l w ith  a 
concentration of 50 mg active ingredient was 
optimum for more fibrous root developm ent 
w ithout any s ig n ifica n t ch a n g es in stem 
girth and leaf number. The enhanced root 
sy stem  d e v e lo p m e n t a lo n g  w ith  o th er  
physiological m odifications m ay likely to 
add advantages to you ng Hevea p lants in 
terms of drought tolerance in field condition.

2. P ro d u ctio n  P h y sio lo g y
2.1. Intercropp ing tree crop s in  ru bber 

T he girth and annual g irth  increm ent 
0  ru er trees grow n w ith perennial tree 
intercrops, and ru bber tree (52 cm  girth)



■%
\

Fig. Phy. 2 . C ontrol (a) and paclobutrazol-50 mg treated (b) polybag plants and m odified root system  o f H evea , 
s ix  m onths a fter application  o f paclobutrazol

a lo n e  d id  n o t e x h ib it  an y  s ig n if ic a n t  
d ifference in grow th. However, the rubber 
yield o f trees varied am ong the treatments 
with decrease in yield in intercropped area. 
About 16-23 per cent reduction in yield was 
n o ticed  in m ah ogan y  and pathim u gom  
intercropped area. The growth of mahogany 
trees (44 cm girth) w as found satisfactory 
com pared to pathim ugom  (22 cm) and die- 
back o f pathim ugom  trees w as observed in 
highly shaded areas.

2 .2 . On farm  trial for the selection o f Latex-
T im b er clones
W ith an objective of selecting Latex- 

T im b er clo n es in the trad ition al rubber 
grow ing region, four clones w ere selected 
in M alankara estate to find out the existence 
o f any re la tio n sh ip  b etw een  y ie ld  and 
annu al girth  increm ent. The clones were 
under tapping on S/2 d3 system . The annual 
g irth  in crem en t and b lock  y ield  during 
2013-14 w ere recorded. Among the clones, 
R R II 105  w as sh ow n  to be the h ig h est 
yielding clone closely followed by PB 235.

The annual shoot biom ass increm ent w as 
the highest in PB 235 possessing desirable 
character as an L-T clone.

2.3. C lonal variation in  latex regeneration
mechanism  in  Hevea brasiliensis
A nalysis of the data on rubber yield 

and biochemical param eters related to latex 
regeneration show ed a significantly high 
rubber yield in clones RRII 105, PB 260 and 
RRIM 600 compared to other clones. Among 
the RRII 400 series clon es R R II 422  and 
RRII 430 showed higher yield than the check 
clone RRII 105.

Su crose  con ten t w as the h ig h est in 
clones PB 217 and RRIM  600 and the lowest 
in PB 260. The low yielding clone RRII 38 
and RRII 33 also show ed a higher sucrose 
content in latex. In done PB 260, the sucrose 
level is very low (2.6 mM) and it showed 
high ATP and invertase activity. Am ong the 
RRII 400 series clones, RRII 422 and RRII 430 
showed higher ATP and invertase in latex. 
The highest ATPase and pyrophosphatase 
activity w as observed in clones RRII 105



and R R IM  600. P ro te in  b io s y n th e tic  
capacity was the highest in clone PB 260. It 
also showed better utilization of sucrose as 
evid en ced by in creased  latex  ATP and 
invertase activity and low level of sucrose. 
Low yielding clones RRII 38 and RRII 33 
show ed a very low level of ATP, ATPase 
activity and protein biosynthesis. Among 
the RRII 400 series clones, RRII 414, 429 and 
R R II 430  sh ow ed  e ff ic ie n t  p ro te in  
biosynthetic capacity in latex.

2.4 . S tu d ie s  o n  in vitro r u b b e r  b io s y n th e s is

A feas ib ility  stu d y  for the in vitro 
polym erization of natural rubber (cis 1,4 
polyisoprene) was carried out using synthetic 
isoprene, initiators and cofactors. The natural 
isopentenyl pyrophosphate (IPP) monomer 
was replaced with synthetic isoprene and 
ailylic initiator fam esyl pyrophosphate and 
other cofactors. W hole latex and washed 
rubber particles were used for the study. The 
in vitro biosynthesis of rubber was very low 
only at milligram level.

2.5 . S tu d ie s  o n  r u b b e r  b io s y n th e s is :  G e n e  
e x p re ss io n  s tu d ie s

E x p ressio n  a n a ly se s  o f  fiv e  g en es 
involved in rubber biosynthetic pathw ay 
sh ow ed  s ig n if ic a n tly  h ig h  le v e l o f 
e x p re ss io n  fo r  h m g rl and d ip h o sp h o  
mevalonate decarboxylase in/high yielding 
(RRII 105 and PB 217) than in low  yielding 
(Tjix 1 and RRII 38) clones.

3. Tap ping P an el D ry n ess

3.1. Location specific stim ulant application 
on ethylene induced stress responses 
in the tapping panel o f Hevea trees 

The experim ent w as continued at CES 
Chethackal in clone RRII 105 under S/2 d3

6d/7 tapping system  w ith  an objective to 
red u ce  th e  e th y le n e  m e d ia te d  stress 
responses in the tapping panel by applying 
the ethephon aw ay from  the tapping area 
w ithout com prom isin g latex y ield . Total 
latex y ie ld  and b io ch e m ica l param eters 
re la ted  to y ie ld  and s tre s s  com ponents 
w ere m easured in latex  and bark  samples. 
Am ong the treatm ents, b ark  application of
5 p er c e n t e th e p h o n  a b o v e  an d  below  
show ed very low su crose  co n ten t and high 
M DA and p eroxid ase  a ctiv ities compared 
to norm al stim u lation . B ark  application of
2.5 per cen t e th ep h o n  a b o v e  and below 
show ed less stress co m p o n en ts and better 
tolerance m echanism .

3.2. In v estig a tio n  on th e  m olecular 
physiology of tapping panel dryness 
syndrome (T P D ) in Hevea brasiliensis 
In  o rd e r  to id e n t ify  g en es/ fa cto rs  

a ss o c ia te d  w ith ta p p in g  p a n e l dryness 
(TPD), bark RN A  from  norm al and tress 
w ith different levels o f TP D  (10-20% , 40-60% 
an d  8 0 -1 0 0 % ) w e r e  s u b je c te d  to 
transcriptom e sequ en cin g . B io inform atics 
analysis o f  the tran scrip to m e sequencing 
data is in progress.

4. Secondary metabolites

4.1. Quantification and identification of
inositol in Hevea
A prelim inary m arket evalu ation  of the 

in o s ito l co m p o u n d  (L -q u e b r a c h ito l)  
obtained from rubber latex w as conducted 
in c o lla b o r a t io n  w ith  B io te c h n o lo g y  
C onsortium  o f India Lim ited (BC IL). The 
result w as found encouraging that a large 
c o n s u m e r  s e c to r  is a v a i la b le  fo r  the 
com pound . Fu rther action  w as taken to 
license the technology.



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

The D ivision  w as very active in the 
r es e a rc h  and a d v iso ry  se rv ic e s  on all 
a s p e c ts  o f  c ro p  h a rv e s t in g . A fter  
su ccessfu lly  com pleting  the collaborative 
p rogram m e on d3 frequency tapping in 
s m a llh o ld in g s , an a m b itio u s  and 
ch a llen g in g  s im ilar  p rogram m e on low 
frequency weekly tapping in sm allholdings 
w as undertaken. D evelopm ent of various 
g ra d e s  o f b io d e g ra d a b le  p o ly th en e  in 
collaboration w ith a private entrepreneur 
is another m ajor developm ent. In the farm 
m e c h a n iz a tio n  p ro g ra m m e , tw o 
m ech an ica l and tw o m otorised  tapping 
tools w ere short listed for field evaluation 
to b e  co n d u c te d  d u r in g  2 0 1 4 . A ll the 
program m es progressed well.

1. Low  F req u e n cy  T ap p in g

T he D ivision  continued experim ents, 
o n fa rm  an d  a d v iso ry  tr ia ls  on Low  
Freq u en cy  Tapping. T he com prehensive 
study on frequencies ranging from alternate 
daily to w eekly tapping at Koney estate of 
H a r r is o n s  M a ia y a la m  Ltd  co n tin u ed  
successfully. From  the current year (third 
year o f tapping) onw ards the stim ulation 
frequency w as reduced to 12 rounds per 
year for w eekly (d7) tapping, and to 10 
rounds per year for once in six days (d6) 
tapping. In addition to the yield and its 
com ponents, tolerance of the Iaticiferous 
sy ste m  u n d er  th e  d iffe re n t  tap p in g  
freq u en c ies  and y ie ld  stim u la tion  were 
stu d ied . A s in the p revious years, yield 
u n d er a ll fre q u e n c ie s  ex cep t in  S/2 d3 
w ith o u t  y ie ld  s t im u la tio n  w ere 
c o m p a ra b le . B ark  co n s u m p tio n  w as 
directly related to the frequency, i.e. higher 
th e  fre q u e n c y  h ig h e r  w as the bark  
consum ption. There w as no indication for 
a c c u m u la tio n  o f s tre s s  in d ic a to rs  like

prolin e and phenol even  un d er w eekly 
tap p in g  w ith  h ig h e r  ro u n d s  o f y ie ld  
stim ulant application.

1 .1 . C ollaborative program me of R R II and 
Regional O ffices of Rubber Board in 
p o p u lariz in g  w eek ly  tap p in g  w ith 
stim ulation in sm allholdings

The program me on identifying suitable 
plots of growers interested in implem enting 
w eekly tapping w as initiated. Interested 
growers were briefed on do's and don'ts for 
the successful conduct of weekly tapping. 
Six plots were already finalised and efforts 
were intensified to have atleast two plots 
per regional office from April, 2014.

1 .2 . Exploratory trial on Low Frequency 
Tapping system  (dlO) in clone R R II 105

In the exploratory trial on once in 10 
days tapping (dlO) at Central Experim ent 
Station (CES), Chethackal in clone RRII 105, 
yield of 2442 kg trees'100 trees w as obtained 
with annual average drc of 39.2 per cent 
during 3rd year of tapping on BI-1 panel. 
Overall mean yield of twelve years tapping 
was 2506 kg trees'*00 (6.3 kg t re e 1). Tapping 
Panel D ryness (TPD) is very low (< 2 %)

1 .3 . Dem onstration trial on Low Frequency 
Tapping (d6) in clone R R II 105

The dem onstration plot under weekly 
tap p in g  w ith  m o n th ly  s t im u la tio n  at 
C e n tra l E x p e rim en t S ta t io n  (C E S ), 
C hethackal continued to give prom ising 
yield. W ith 12 rounds of yield stim ulation 
and 52 tapping days, the annual yield was 
2474 kg trees'100 (6.2 kg tree'1) and m ean drc 
was 38.3 per cent during the year. Incidence 
of tapping panel dryness is 3.3  per cent. 
M ean yield o f twelve years of tapping w as 
2653 kg trees'400 (6.6 kg t re e 1).



2. C ontrolled  Upw ard Tap ping (CUT)

An RBD experim ent on LFC U T (dlO) 
with four treatments and five replications 
w as la id  o u t a t  EFU , RIT, P am pad y. 
Significan t yield variation w as observed 
b e tw een  th e  tre a tm e n ts . U n d er dlO 
treatments yield ranged from 80 g  f ’t'1 to 
285 g t ' t 1. H igher per tap y ield (kg tap 1 
trees-400) w as also  observed  un d er dlO 
frequency. H ow ever dry  ru bber y ield (kg 
tree ' and kg trees'400) were observed to be 
significantly higher under d3 system which 
w a rra n ts  re f in e m e n t in s t im u la tio n  
technology under dlO.

All India coordinated project on CU T 
was continued in all locations and the yield 
perform ance under periodic panel change 
system  is sim ilar to that in previous year. A 
recent survey has indicated that above 50 
per cent o f tapping area in India is occupied 
by old and senile rubber trees with below 
average produ ctivity . This is one of the 
m ajor reason by w hich India is pushed to

th ird  p o s it io n  in p r o d u c t iv ity . By a 
quantum  leap in im plem enting CUT, and 
re s u lta n t  in c re a s e  in y ie ld  n a tio n a l 
productivity can be enhanced further.

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

3 .1 . O nfarm  evalu ation  o f redu ced spiral
tapping

A t the tw o onfarm  locations, Piravom 
and O ttap p alam , S/4 d 3 ta p p in g  w ith  6 
rounds o f 2.5 per cent ethephon application 
is b e in g  c o n tin u e d  s u c c e s s fu lly . From  
O ctob er, 2013 o n w ard s, S/4 d 3 tapping 
program m e w as initiated in tw o fields (one 
each on clone RRII 105 and R R II 414), at 
M u n d a k k a y a m  e s ta te  o f  H a rr is o n s  
M alayaiam  Ltd. Sim ilarly, anoth er grower 
at Shim oga is carrying out S/4 d4 tapping 
un der our g u id an ce . In itia l in form ation  
from these locations are also  prom ising.

All the available in form ation  w ill be 
com piled and after approval is proposed to 
b e issued as recom m endation .

RRII 414-S RRII 414-US RRII 422-S RRII 422-US
S - Stimulated US - Unstimulated 
*: Significant at P<0.01; Significant at P<0 05 

Fig. LHT. 7. R a p e s ,  RRM 400 series c lones to y ield  stim oia ,i„ „

RRII 429-S RRII 429-US



3 .2 . R esponse of R R II 400 series clones to 
y ield stim ulation

Response o f different RRII 400 series 
clones (RRII 414, RRII 422 & RRU 429) to yield 
stim u lation  varied at CES, C hethackkal. 
A m ong the unstim ulated trees, yield was 
higher in RRII 429 followed by RRII 414 and 
RRII 422. B u t w ith two rounds of yield 
stim ulation with ethephon 2.5 per cent, yield 
w as high in clo n e RRII 429 follow ed by 
RRII 414 and RRII 422 (Fig. LHT. 1). Yield 
in c re a se  o v e r  u n stim u lated  con tro l for 
RRII 414, RRII 422 and RRII 429 were 40 per 
cent, 53 per cent and 21 per cent, respectively.

D ecrease in dry rubber content by yield 
stim ulation w as by 3 per cent in RRU 429 
and RRU 414 clones, w hereas in RRII 422 
decrease w as only by 1.5 per cent. During 
the m onth of Ju ly  and August, drc was less 
than 30 per cent in RRU 414, RRU 422 and 
RRU 429.

In another block trial at HML, Kumbazha 
estate in clone RRU 430, yield increase by one 
round ethephon application was only 8 per 
cent whereas it w as 19 per cent increase by 
tw o roun ds o f stim u lation , com pared to 
unstimulated blocks.

3 .3 . C o m p a ris o n  o f  n e e d le  ta p p in g  (d3) 
w ith  c o n v e n tio n a l ta p p in g  sy stem  
(S/2 d3)
P re lim in ary  ob servatio n  on 'need le 

ta p p in g ' w ith  s t im u la tio n  u n d er d3 
frequency o f tapping show ed significant

yield decrease. The average yield was only 
24 g f ' f 1 w ith needle tapping as against 
52 g t 't"1 in conventional tapped trees (S2).

3 .4 . E v a lu a tio n  o f n o n - c o n v e n tio n a l 
ta p p in g  m eth o d s : E v a lu a tio n  o f 
vertical tapping

The R B D  ex p e rim e n t on v e r tica l 
tap p in g  u n d er d 3 sy stem  o f ta p p in g  
in itiated  w ith  five trea tm en ts and five 
replications at EFU, RIT was continued. Dry 
rubber yield data from all tapping days 
were collected, com piled, processed and 
statistically analysed. Dry rubber y ield of 
48 g t'1 t'1 could be obtained with vertical 
tapping cut of 10 cm with 36 rounds of yield 
stim u la tio n  (w ith  e th ep h o n ) and w as 
observed  to be at p a r  w ith  56 g t~! t 1 
obtained under norm al dow nw ard half 
spiral tapping cut. The dry rubber yield 
obtained under vertical tapping cut of 10 
cm  and 22  cm w ith  h ig h e r  le v e ls  o f 
s tim u la tio n  w ere  c o m p a ra b le  and 
sta tis tica lly  at par w ith  that o f norm al 
down ward half spiral tapped trees under 
d3 frequency of tapping during the year 
2013-14. Preliminary results indicated that, 
it is feasible to obtain com parable yield 
under vertical tapping w ith appropriate 
stimulation (Table LHT. 1).

3 .5 . Testing and evaluation o f products : 
testing  and evalu ation  o f E thephon 
(new brands)
T h e RBD  e x p e rim e n t w ith  fo u r 

treatments and six replications laid out at

Table LI IT. !. Dry ru bber vield under conventional jn a jrsp ira u  uiu

SI. N o . Treatm ents
Dry rubber vield 

( g f r ' )

1 S/2 (R C ) d3 6d/7 ET. 2 .5  % Pa 3/Y 55.9 a

2 Vert. (22 cm ) (RC ) d3 6d/7 ET. 2.5 % Pa 12/Y 35.3  b

3 Vert. (22 cm ) (RG) d3 6d/7 ET. 2 .5  % Pa 24/Y 47.8 ab

4  Vert. (10 cm ) (RG) d3 6d/7 ET. 2.5 % Pa 24/Y 44.5  ab

5 Vert. (10 cm ) (RC ) d3 6d/7 ET. 2 .5  % Pa 36/Y

LSD  (P= 0.05)
1 7 .3



C ES, C h eth ack a l to te st  and e v a lu a te  
E thephon 10 p er cen t fo rm u lated  and 
marketed by two firms in com parison with 
already tested and evaluated ethephon and 
control (unstimulated), under d3 frequency 
of tapping was continued. It w as observed 
th at, a ll the m akes o f  e th e p h o n  w ere  
significantly effective in enhancing the yield 
(g t"1 t'1 ) and has resulted in 25-29 per cent 
y ie ld  in c re a se  o v er  th e  u n stim u la te d  
control trees.

3.6. L o n g-term  r e s p o n s e  o f  y ie ld
stim ulation in clone R R II 105

Two products (Vitex and A grow in gel) 
w ere e v a lu a te d  in c o m p a riso n  w ith  
ethephon. With higher levels of Agrow in gel

application, higher yield could  be obtained 
No significant difference in y ield  could be 
observed betw een ethephon (3/Y) and Vitev 
(6/Y).

3 .7 . D e v e lo p m e n t  a n d  e v a lu a tio n  of
b iod egrad ab le  p o ly th en e

Though the m aterial evalu ated  during 
2 0 1 2 -1 3  fu lly  s e rv e d  th e  p u rp o se  of 
ra in g u a rd in g , th e  d e g ra d a b ility  started 
very  la te , i.e . o n ly  a f te r  o n e  y e a r  after 
re m o v in g  fro m  th e  t re e . In it ia t io n  of 
b io d e g ra d a b il i ty  a t le a s t  w ith in  three 
m onths is desirable. H ence, in collaboration 
w ith M/s E verest p o lym ers, M anagalore, 
seven d ifferen t g rad es o f  p o lyth en e with 
d ifferent levels o f ad d itive w as prepared, 
w hich w ill be evalu ated  during 2014-15.

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

In the current year, the activities of the 
Division were focused m ainly on evolving 
im p roved  te ch n iq u e s in p ro c es sin g  o f 
rubber, rad iation  vu lcanisation  o f latex, 
la tex  sta g e  in c o rp o ra tio n  o f f il le rs !  
reinforcem ent of N R using polym eric filler 
an d  s il ic a , sc o rch  co n tro l o f  p e ro x id e  
vulcanisation and rubber nanocom posites 
based on modified clays.

1. Primary processing

1.1. D eproteinised natural rubber (DPNR)
processed through com bined gamma 
ray  ir ra d ia t io n  an d  e n z y m a tic  
hydrolysis

An attem pt was m ade to deproteinise 
n atu ra l ru b b e r  th ro u g h  h y d ro ly s is  o f 
proteins by the combined effect of enzvm e 
tre a tm e n t and y -ray  e x p o s u re . F resh  
natural rubber latex w as exposed to low 
d oses o f y-radiation. The latex w as then

cream ed after dilu tion. The cream ed latex 
w as treated  w ith  a p ro te in  h yd ro lyzin g  
en zym e, d ilu ted , co a g u la te d , d ried  and 
p rocessed  in the co n v en tio n al way. The 
results show ed that d ep rotein ised  rubber 
(D PN R) produced by this m ethod had good 
raw rubber properties. (Table Chem . 1) The 
D PNR produced by th is m ethod showed 
v ery  g o o d  m e c h a n ic a l a n d  d y n a m ic  
properties like low  co m p ression  set, and 
low heat build up in a carbon black filled 
mix (Table Chem . 2 and Table C hem . 3). The

Table C hem . 1. Raw  ru b b e r  p ro p e rties  o f  cream ed 
la te x  b e fo r e  a n d  a f te r  g a m m a  ray

__________ irradiation
Param eter

N itrogen content (%) 

Initial plasticity (P0)
C el con ten t (%)

A cetone extractable (% )

B e fo re
e x p o su re

0 .3

After
exposu re

0.2



Table C hem . 2. Form ulation of carbon black filled 
m ixes

Ingredients Carbon black filled
Rubber 100

ZnO 5
Stearic  a d d 1
Antioxidant 1.2
SR F b lack 40

N oil 2

C B S 0 .9

Sulphur 2 .5

Table C hem . 3. M ech an ica l p rop erties  o f  carbon 
b lack  fille d  m ixes

Param eters D PN R-IE* D PN R-E” 1SNR 5
M odulus 300 % , MPa 8.5 9 .3 8 .3

Tensile strength , MPa 29 .0 2 7 .9 27.1

Elongation at break (%) 7 5 2 6 8 2 7 4 0

Tear strength, N/mm 100 9 4 104

H ard ness, Sh ore  A 59 62 61

Din abrasion loss, m m 3 116 135 124

H eat Build-up , AT °C 14 16 17

C om pression  set (%) 4 2 .6 39 .0 4 3 .2

* D PN R produced by com bined gam m a irradiation 
and en zym atic  hyd rolysis o f proteins 
*’  D P N R  p ro d u c ed  b y  e n z y m a tic  h y d ro ly s is  o f 
proteins

im provem ent in m echanical and dynamic 
p roperties is attributed to these chem ical 
c h a n g e s  th a t  ta k e  p la c e  d u r in g  y-ray 
irradiation and enzym e treatment.

1.2. Superior processing rubber (SP rubber)
Su p e rio r  p ro c es sin g  (SP ) n a tu ra l 

rubber was prepared by blending different 
p ro p o rtio n s o f fresh  and ra d ia tio n  
vulcanised natural rubber latex, followed 
by coagulation and drying. The M ooney 
viscosity of SP rubbers increased as the 
proportion of crosslinked rubber increased. 
C rosslinked and u n crosslinked  rubbers 
blended in 20/80 proportion (N R 20) has 
record ed  very  g oo d  m e c h a n ica l and 
processin g  ch a ra cteristics  com p ared  to 
p u re  N R (T ab le  C h em . 4 ). T h e b e tte r  
processing characteristics were attributed 
to the higher viscous nature of the modified 
rubber in gum and carbon black filled mixes 
as observed from the data recorded using a 
Rubber Process Analyser.

The frequency sweep for com pounded 
rubber as per ACS1 form ulation measured 
at a strain of 100 per cent (Fig. Chem . 1) 
recorded a noticeably higher tan 8 for NR 
20 and NR 40 com pared to pure N R. At 
higher frequencies also a higher tan 8 was 
shown by NR 20 and NR 40 but there was 
lower difference in the tan 8 values for the 
different mixes.

1 .3 . M odified coagulant in  sh eet m aking
A modified coagulant based on surface 

active agents w as used to achieve faster

Table Chem . 4. M ech an ical properties o f carbon black filled  m ixes for superior processing rubbers

Particulars________________

M odulus , MPa 

Tensile strength , MPa 

Elongation at break (%)

Tear strength, N/mm 

H ardness, Shore A 

DIN abrasion loss, m m 3 
Com pression set, % 22 h at 70 "C 

Heat build-up, A T, °C
Solvent absorbed, %  ( after 24 hours in toluene)

NR 20 NR 40 NR 60 NR 80 NK

2.8 2 .9 3 .0 2 .7 2 .4

24 .5 2 2 .6 22 .6 21 .4 20.1

615 580 585 5 8 5 6 4 0

113 108 98 8 3 83

6 2 6 2 6 2 6 0 58

135 132 133 144 125

40 .9 4 1 .5 42 .6 4 2 .2 4 1 .0

IS 19 18 17 17

192 190 183 180 1 9 3



- N R

• NR 20 

- N R  40

• NR 60 

- N R  80

strain %

Fig. Chem. I. G ' vs Strain  o f  un-vulcanized S P  ru bber sam ples

a" d N R 8 °  < ■ ■ » * *  rob ber in ’ O/SIUll/w. MV4I)

coagulation of NR latex, early m aturation 
o f the wet coagulum thus resulting in a fast 
sh eet m aking p rocess. T h e ?v P R 1 and 
M ooney viscosity of the sh eets prepared 
u s in g  the m o d ified  c o a g u la n t  w ere  
comparable to that of the sheets prepared 
bv co n v en tio n al fo rm ic acid  co a g u la n t 
(Table Chem. 5).

Table Chem. 5. Rawrubberpropertiesofrubbersheet
prepared using th e m od ified  coagulant

_________ 3 0 d form ic ad d  coagulant
Raw rubber properties Po  PRf MI 4 inn
Form ic acid coagulant 5 5  8 9  85

M odified coagulant 53  gg  33

2. Latex tech n o lo g y

2.1. R adiation vulcanised latex (RVN RL)

Stan d ard ised  a m ethod to im p rove 
quality o f RVN RL film s using centrifuged 
la te x  p re p a re d  fro m  fre sh  N R la tex  
exposed to low doses o f y-radiation. The 
properties w ith regard to strength could

Table C hem . 6 . Mechanical properties o f the blend 

Param eters R V N R L /SV N R L

_____________________  100/0 90/ 10 80/ 20 0/100
M odulus 300% , M Pa 1.1 ] . ]  | ]  ]A

M od u lu s 500% , M Pa 1 .5  1 .5  1 .5 5  1.58

Tensile strength , M Pa 2 4 .0 2  2 4 .1 2  2 4 .8 0  29 .6

Elongation a t break, %  12 8 0  1 2 9 0 1 3 0 0  1400

Table C hem . 7. Leachable proteins

Type o f  RV N RL film  Ex tractab le protein

________________________ ______________ c o n te n t fig/g
RV N RL film s Unleached 3 1 2

RV N RL film s*

RV N RL/SV N RL film s 80/20* 4 5

RV N RL/SV N RL film s 60/40* 4 8

'A fter  leaching in w ater for 24 hours

be e n h a n c e d  b y  b le n d in g  w ith  
conventional su lphur p revu lcanised  latex. 
P u re  S V N R L  sh o w ed  a h ig h e r  te n s ile  
strength than RV N RL. A s the proportion 
of SV N R L in the RVNRL/SVNRL increased 
rom  10 to 20 p a rts  th e  ten sile  stren gth

Plots o f elastic torque versus percentage strain



in c re a s e d  p ro p o rt io n a te ly . It w as 
observed that by su itable leaching process 
the leachable proteins could be reduced to 
very low  values (Table Chem. 6&7).

3. R u b b e r  T ech n o lo g y

3 .1 .  R einforcem ent

3.1.1. E N R J P o ly m e r ic  f i l l e r  s y s tem

T h e  e ff e c t  o f  p o ly m e ric  f i l le r  on 
e p o x id is e d  n a tu ra l ru b b e r  (E N R ) w as 
studied in to a tyre tread form ulation. The 
concentration of polym eric filler used was
10 phr along w ith two types of modifiers 
a t  v e ry  lo w  c o n c e n tr a tio n s . B oth  the 
m odifications did not adversely affect the 
cure ch aracteristics of the com pounds. The 
v u lca n isa tes  g ave ex ce llen t m echanical 
p r o p e r t ie s  su c h  as  te n s ile  s tren g th , 
m odulus, elongation at break, tear strength 
etc. how ever, the abrasion resistance and 
flex resistance w as inferior (Fig. Chem. 2).

3.1.2. L a tex  f i l l e r  m a s te r b a tc h e s

For latex m asterbatches as there w as in-situ formation of long chain fatty acids, it 
w as o b served  that good le v e l of 
vu lcanisation w as obtained  w ith  low er 
dosage of stearic acid (Table Chem. 8).

Table Chem. 8 . M echanical properties o f m aster batch 
_______________ in comparison with dry rubber m ix
Parameter M asterbatch* Stearic ad d  , phr

0  0 .5  1.0
M odulus 300 %, MPa 12.1 1 2 .9 12 .6
Tensile strength, MPa 2 8 .9 2 9 .7 29 .6
EB,% 5 5 0 5 0 0 5 0 5
Heat build-up, A °C 16 16 16

Abrasion loss, mm3 135 115 120
Tear strength, N/mm 106 105 110

* contains 40 phr ISAF black and 10 phr silica filler 
(All compounds contain ZnO-5 phr, CBS-0.9 phr. and 
Sulphur 2.5 phr as other com pounding ingredients)

3.1.3. S il ic a  re in fo r c em en t o f  N a tu ra l R u b b er  

Stu d ies  on silica  re in fo rce m e n t o f 
natural rubber w as continued. Silica filled

30 

25 

20 

15 

10 

5 

0

Fig. Chem. 2. M echanical properties o f ENR v u lc a n is e s  containing polymeric filler w ith tw o modifiers

■ Tensile stength , MPa 

w Modulus, 100%

2 Modulus, 200% 

y  M odulus, 300%

Modification 1 Modification 2



n a t u r a l  r u b b e r  w a s  p r e p a r e d  t h r o u g h  
L a te x - f i l ie r  m a s te r b a t c h  r o u te .  N a tu r a l  
ru b be r w ith  v a ry in g  p r o p o r tio n s  o f  silica  
v iz ; 4 0  to 6 0  p a r ts  o f  s il ic a  p e r  h u n d r e d  
r u b b e r  w e r e  p r e p a r e d .  S u lp h u r  
v u lc a n iz a t e s  p r e p a r e d  fr o m  t h e s e  
c o m p o s i t e s  w e r e  e v a lu a t e d  f o r  i t s  
m e ch a n ica l p ro p e rtie s . T h e s e  c o m p o s ite s  
e x h ib ite d  p ro p e rtie s  c o m p a ra b le  to  th a t o f  
the d ry  m ixed  (T ab le  C h em . 9).

Table Chem. 9. Mechanical properties of latex stage

Property Silica loading, phr
40 45 55 60

Modulus, 100%, N/Pa 2 2.1 2.4 2.5 2.8
Modulus, 300%, N/Pa 2 7.5 9.3 9.0 11.2
Tensile strength, N/Pa 2 29.5 30.5 26.2 27.5
Elongation at break (%) 840 805 750 630

3.1.4. R e in fo r c em en t  o f  N a tu r a l  R u b b e r  u s in g  
m o d if ie d  s i l ic a

S i l ic a  w a s  m o d if ie d  u s i n g  v a r y i n g  
am o u n t o f R u b b e r  se ru m  o b ta in e d  fro m  th e 
sh eet m a k in g  p ro c e ss  a n d  d r ie d  in  a ir  o v en . 
T h e  m o d ifica tio n  w as c h a ra c te r ise d  b y  T G  A

Table Chem. lO.M echanica! properties o f rubber 
compounds containing m odified

_______ __________silica
.Mechanical properties VN3 »
Modulus 300%, MPa 2^62 ^ ---------
Tensile strength, MPa 18.8 25.3
Elongation at break (%) 905 886

Both the compounds contained Stearic a c id ^ Z i^  
Oxide-4, HSL-1, Naphthenic oil-5, Ethylene glycol-

a n a l y s i s  w h ic h  s h o w e d  t h a t  th e  seru m  
co m p o n e n ts  o n  th e  s il ica  s u r fa c e  v aried  from
2 .5  to  6  p e r c e n t .  R u b b e r  c o m p o u n d s  
p re p a re d  u s in g  m o d ifie d  s i l ic a  (co n ta in in g
6  p e r  c e n t  r u b b e r  s e r u m  c o m p o n e n ts )  
s h o w e d  i m p r o v e m e n t  in  v a r io u s  
v u lc a n iz a te  p r o p e r t ie s  l ik e  te n s ile  s tren g th , 
m o d u lu s  e tc .  w ith  r e s p e c t  to  th e  co n tro l 
(T a b le  C h e m .10.).

3 .2 . P e r o x id e  v u lc a n iz a t io n

D i ( t e r t - b u t y l  p e r o x y i s o p r o p y l )  
b e n z e n e  /TEM PO/ T M P T M A  c u re  s y stem  has 
b e e n  h a s  b e e n  d e v e lo p e d  w ith  su lp h u r  

a c c e l e r a t o r  l ik e  s c o r c h  c o n t r o l  d u r in g  
v u lc a n isa tio n  (T ab le  C h e m . 11 ) a n d  ex cellen t 

e a s e  o f  m o u ld  r e le a s e .  T h e  v u lc a n is a te  
p r o p e r t i e s  o f  t h e  T E M P O  c o n t a in i n g  

v u lc a n is a te s  a r e  c o m p a r a b le  w ith  th a t o f 
th e  c o n t r o l  c o m p o u n d  w h i c h  d o e s  n o t 
c o n ta in  T E M P O  (T a b le  C h e m . 12 ). T h is  cure 
s y s te m  o ffe r s  a  c o n v e n ie n t  p e r o x id e  cu re 
s y s te m  w h ic h  c a n  b e  u s e d  b y  th e  ru b b e r  

p r o d u c ts  m a n u fa c tu r in g  in d u stry .

3 .3 . N a n o c o m p o s it e s

3 .1 . N a n tu ra l r u b b e r  n a n o c o m p o s ite s

S y n e r g is t ic  e f f e c ts  o f  n a n o c la y  (octa  
d e c y la m in e  m o d ifie d  la y e r e d  s il ic a te )  and 
c a rb o n  b la c k  o n  n a tu r a l r u b b e r  c o m p o u n d s  

w e re  s tu d ie d . N a n o c la y  c o n c e n tr a tio n  u sed  
w a s 4  p h r  a n d  c a rb o n  b la c k  (H A F )  lo ad in g  
v a r ie d  fr o m  10, 15 , 2 0 , 2 5  a n d  3 0 . F o r  a 

c o m p a r is o n  5 0  p h r  H A F  fille d  s y s te m  w as 
a ls o  in c lu d e d  in  th is  s tu d y . I t  w a s  o b serv ed  
th a t  a t  l e a s t  2 0 - 3 0  p e r  c e n t  r e d u c t io n  in

HPDM (Control) 
EPDM/BBPIB/ 

TEMPQ/TMPTMA 19.2



Table Chem 12. Vulcanisate properties
Properties EPDM control EPDM/di 

(tert-butyl peroxyisopropyl) 
benzene /TEMPO/TMPTMA

Tensile strength, MPa 16.3 17.3
100% Modulus, MPa 3.7 2.7
200% Modulus, MPa 10.2 6.7
300% Modulus, MPa 12.3
Elongation at break, % 269 383
Tear strength, N/mm 27.6 28.4
Hardness, Shore A 67 64
Compression set, 100°C, 72 h 8.3 14.1
Thermal ageing properties, 100°C, 72 h
Tensile strength, MPa 16.5 (101%)* 16.9 (97%)
100% Modulus, MPa 2.4 (65%) 1.9 (72%)
200% Modulus, MPa 5.6 (55%) 3.9 (60%)
300% Modulus, MPa 10.7 (NA) 6.8 (55%)
Elongation at break, % 379 (141%) 523 (137%)
Hardness, Shore A 64 (96%) 62 (97%)
‘ Percent retention of property after ageing

c a r b o n  b la c k  lo a d in g  c a n  b e  a c h ie v e d  
w ith o u t s a c r if ic in g  th e  p h y s ic a l p ro p erties .

4. C o lla b o ra tiv e  p ro ject

4.1. D e v e lo p m e n t o f ru b b er m ounts for 
su bm arines

F o r m u la tio n s  o f  S il ic o n  ru b b e r  m o u n ts  
w e re  fu r th e r  m o d ifie d  to  m e e t th e  s trin g en t 
fire  r e s is ta n c e  p r o p e rtie s  o f  th e  c om p on en ts. 
T r ia l  m o u n t s  m a d e  f r o m  th e  im p ro v e d  
c o m p o s i t io n  w e r e  e v a lu a te d  b y  th e  en d  
u s e r  a n d  r e p o r t e d  to  h a v e  s a t is f a c to r y  

p e r fo rm a n c e .

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

B a s e d  o n  th e  f in d in g s  m a d e  in  th e

In stitu te , in itia ted  tech n o lo g y  tra n sfe r  w ith  
d ifferen t ru b be r in d u str ies  in th e  fo llo w in g
a reas .

1. R e in fo rce m e n t o f  n a tu r a l r u b b e r
u sin g  p o ly m e ric  fillers.

2. F i l l e r  m a s t e r b a t c h  fr o m  f r e s h
n a tu ra l ru b be r la tex .

3. D ep ro te in ised  n a tu ra l ru bber.

6. D evelop m en t / advisory w ork

6.1. Tested and report given for the damage 
o f 8 nos of tyres referred from various 
Consum er Disputes Redressal Forums.

6.2. Tested and report given for 30 nos of 
p o ly th e n e  sa m p le s  fo r  th e  RP 
Department.



T h e  D iv is io n  p r o v id e s  c o n s u lta n c y  
serv ices  to  sm all a n d  m e d iu m  e n te rp rise s , 
in d iv id u al e n tre p re n e u rs , c e n tra l a n d  sta te  
go v ern m en t d ep a rtm en ts  a n d  a g en cies . T h e  
se r v ic e s  p r o v id e d  a r e  R & D  a c t iv i t ie s  o n  
in d u s tr ia l ly  im p o r t a n t  r u b b e r  b a s e d  
p ro jects  an d  testin g / certifica tio n  o f  ru b b e r  
p r o d u c ts  a s  p e r  r e le v a n t  s ta n d a r d s .  T h e  
D iv is io n  c a te r s  to  th e  n e e d s  o f  n e w  
e n tre p re n e u r s  as w e ll a s  e x is t in g  r u b b e r  
go o d s m an u factu rers. T h e se rv ice s  o ffered  
in clu d e (i) testin g  su p p o rt to  in d u str ie s  as 
p er n a t io n a l an d  in te r n a tio n a l s ta n d a rd s ; 
ii) p r o d u c t  d e v e lo p m e n t-d e m o n s tr a t io n /  
p ractica l tra in in g  fo r  q u a lity  im p ro v em en t; 
(iii) e v a lu atio n  o f  ch em ica Js; (iv ) p rep ara tio n  
o f p ro ject p ro files  and  tech n ica l b u lle tin s  to 
en tre p re n e u r s ; (v ) a d v is o r y  s e r v ic e s  a n d ; 
(v i) co n d u ctin g  aw a ren ess  m eetin gs/ lectu res 
to en trep ren eu rs re g a rd in g  tro u b le  shooting/ 
co st red u ctio n  o f  facto ry  p ro cesses.

1. Testin g  su p p ort to in d u str ies

F o r  th e  te s tin g  o f  r a w  m a te r ia ls  an d  
r u b b e r  c o m p o u n d s / p r o d u c ts , c o n s is te n t  
su p p o rt w a s  o ffered  e sp e c ia lly  to  s m a ll an d  
m e d iu m  lev el e n tre p re n e u rs .

D iffere n t ty p es  o f  d ry  ru b b e r  p ro d u cts  
te s te d  in  th e  D iv is io n  a r e  p r e -c u r e d /  
c o n v e n tio n a l tr e a d , b o n d in g  g u m , b la c k  
v u lca n iz in g  cem en t, ty re  flap s, in n er  tu bes 
ru b be r channels/  tu bes, flo o r  m ats , H aw aii 
so le s , sp o n g e  ru b ber, O -rin g , b u sh es, e n g in e  
m o u n ts , a u to m o b ile  c o m p o n e n ts  e t c  T h e  
m a m  la t e x  p r o d u c t s  t e s te d  in c lu d e  
e x a m in a t io n  a n d  s u r g ic a l  g lo v e s ,  la t e x  
a d h e s iv e ,  la t e x  th r e a d ,  b a l lo o n s  a n d  
co n d o m s. Prote in  a n a ly sis  o f  la tex  p ro d u cts  
a n d  e v a lu a t io n  o f  c h e m ic a ls/ la te x  b a s e d  
p ain ts are a lso  done. T otal n u m b er o f sam p les 
tested  and  the rev en u e  co lle cted  d u r in g  th e  
r e p o rtin g  p erio d  a re  g iv e n  in  T a b le  T C . 1.

Table TC. 1 Total number of samples tested and the 
revenue collected (2013-14) P

No. of clients 
No. of products tested 
No. o f parameters analyzed 
Total revenue collected (Rs.)

578
1502
7451

2756605

2 . P ro d u ct d e v e lo p m e n t

A s  re q u ire d  b y  th e  c lie n ts ,  2 8  d ifferen t 
ty p e s  o f  r u b b e r  p r o d u c ts  w e r e  d evelop ed  
a s  p e r  th e  s p e c if ic a t io n s  a n d  th e  know '-h ow  
w e re  tr a n s fe rr e d  to  th e  c lie n ts .

3. E v a lu a tio n  o f  c h e m ica ls

In  th e  r e p o r t in g  p e r io d , 1 9  ch e m ica ls  
f r o m  v a r io u s  c l i e n t s  w e r e  a n a ly s e d  and 
th e ir  s u i ta b i l i t y  in  r u b b e r  w a s  e v a lu a te d  
a n d  th e  d e t a i l e d  r e p o r t s  w e re  
c o m m u n ic a te d  to  th e  c lie n ts .

4. P ro jec t p ro file s H e c h n ic a l b u lle tin s
A s p e r  th e  r e q u e s t o f  th e  e n tre p re n e u rs , 

11 p r o je c t  p r o f ile s  a n d  10  te c h n ic a l  b u lle tin s  
w e r e  is s u e d  o n  p a y m e n t  b a s is .

5. A d v iso ry  serv ices

A p p r o p r i a t e  g u i d a n c e  o n  m a t t e r s  
r e la tin g  to  v a r io u s  a s p e c ts  l ik e  s e le c t io n  o f 
r a w  m a t e r i a l ,  d o s a g e  o f  i n g r e d i e n t s ,  
p r o c e s s in g  c o n d it io n s ,  r e c e n t  r e g u la t io n s  
e tc . w e re  g iv e n  to  th e  c lie n ts .

6. Sem inars/  W o rk sh o p s

A  o n e  d a y  w o r k s h o p  o n  " L a t e x  d ip p in g  
a n  F o a m  m a n u fa c tu re  w a s  o r g a n is e d  and  
o v e r  2 0 0  d e le g a te s  a tte n d e d  th e  w o rk sh o p .

7. Participation  in  s cien tific  sem inars 
/ sy m p o siu m s

i. D e p u ty  D ir e c t o r  p a r t ic ip a t e d  in 
N R C  2 0 1 3 , C h e n n a i a n d  d e liv e re d



le c tu re  o n  "Q u a l ity  con tro l tests  on 
N R  la te x  p r o d u c ts " .

ii. O ffic e rs  fro m  T C  D iv is io n  attended  
t r a i n i n g  p r o g r a m m e  o n  
"L a b o r a to r y  m a n a g e m e n t system  
a n d  in te rn a l a u d it as p er  ISO/IEC 
1 7 0 2 5 : 2 0 0 5 " ,  h e ld  at C h en n ai.

iii. C o n c e r n e d  o ff ic ia ls  a tten d ed  the 
s e m in a r  o n  " R o le  o f  R & D  in th e  
in d ig e n iz a t io n  o f  s h ip  b u ild in g "  
o r g a n i z e d  b y  N IR D E S H , 
K o z h ik o d e  o n  1 8 th Ju ly  2013.

iv. O ffic e rs  fro m  T C  D iv isio n  a ttend ed  
th e  s e m in a r  o n  "F o r m ic  ac id  for 
r u b b e r  in d u s t r y "  c o n d u c te d  by 
B A S F , In d ia  a t  K o tta y a m  an d  the 
IR S D  2 0 1 3  o r g a n is e d  b y  R u b b e r  
A sia  a t  K o ch i o n  7 th S ep tem b er 2013.

v. D ep u ty  D ire cto r  presented  a paper 
on  "R e c e n t d ev elop m en t in rubber 
n an o-com p o u n d " at K ochi and he has 
a ls o  d e liv e r e d  a n  in v ite d  ta lk  on 
" P r e p a r a t io n  a n d  a p p lic a tio n s  o f 
n a n o -Z n O  in  latex tech nology" in the 
8 th In te rn a tio n a l L a tex  C o n feren ce  
held  a t  K u ala  Lum pur, M alaysia.

v i. O fficers  from  T C  D iv ision  attended 
th e  th r e e  d a y  t r a in in g  o n  
" C o m p e t e n c e  d e v e lo p m e n t  in  
tech nical serv ice  d eliv ery" organized 
b y  th e  R u b b er Train in g  Institute.

8. In d u stry  v is its
M / s C o c o  l a t e x ,  M o o n n i l a v u ,  

M/s A lle p p y  L a te x  P v t. L td , K o tta y a m  and 
M /s R u b c o ,  P a m p a d y ,  K o t ta y a m  w e r e  
v is ite d  in  c o n n e c tio n  w ith  tro u b le -sh o o tin g  
in  th e  f a c t o r y  p r o c e s s  a n d  c o i r  fo a m  
p r e p a r a t io n .

9. N A B L  accred ita tio n
In  c o n n e c t i o n  w it h  th e  f i l in g  o f  

a p p l i c a t i o n  f o r  N A B L  a c c r e d it a t i o n ,

fo llo w in g  d o cu m en ts h av e b een  p rep ared , 
i) Q u a lit y  M a n u a l,  i i )  Q u a l i t y  S y s t e m  
Procedure, iii) System  O p eratin g  Procedures,
iv ) F o r m a ts  an d  W o rk  In s tr u c t io n s  a n d
v) T est P ro ce d u re s . In  a d d itio n  to  th e se , 
officers in the D ivision h av e attend ed  various 
t r a in in g  p r o g r a m m e s  o n  la b o r a to r y  
m an ag em e n t sy stem  and in tern a l a u d it as 
p er ISO/TEC 17025: 2005.

10. Research  projects

1 0 .1 . Z n O  n a n o  d isp e rs io n s

T h e p erfo rm an ce  o f  th e  d isp e rs io n s  o f 
Z n O  in  th e  n a n o -m eter  sca le  w a s  co m p a red  
w ith  th e  c o n v e n tio n a l la tex  v u lc a n iz a te s . 
It h as b e e n  fou n d  th a t sm all a m o u n t o f n an o  
Z n O  (l/ 10lh o f n o rm al) w ill g iv e  id e n tica l 
p r o p e r t ie s  w h e n  c o m p a r e d  w ith  
v u lcan izates m ad e fro m  m icro -d is p e rs io n s  
o f Z nO .

1 0 .2 . P ero x id e  v u lca n iz a tio n  o f  ru b b e rs

T h e  e f f e c t s  o f  t e m p e r a t u r e  a n d  
c o n c e n tr a t io n  o n  th e  c u r e  k in e t ic s  a n d  
p h y s ic a l  p r o p e r t ie s  o f  p e r o x id e  c u r e d  
n a tu r a l r u b b e r  h a v e  b e e n  in v e s t ig a t e d . 
D icu m y l p ero xid e  (D C P ) h a v in g  4 0  p er c en t 
activ ity  w as used  as th e  c ro ss lin k in g  ag en t. 
T h e  M o n s a n to  R h e o m e t e r  w a s  u s e d  to  
in v e s t ig a te  th e  k in e t ic s  o f  th e  p e r o x id e  
v u lca n iz a tio n . It  w as fo u n d  th a t th e rm a l 
d eco m p o sitio n  o f  th e  p e ro x id e  fo llo w ed  a 
f i r s t  o r d e r  f r e e  r a d ic a l  d e c o m p o s i t io n  
reactio n  and  th ere fo re , h a lf-liv e s  a t  v a rio u s  
te m p e r a tu r e s  w e r e  e s t im a t e d  f r o m  th e  
k in e t ic  d a ta .  T h e  o p t im u m  m e c h a n ic a l  
p ro p erties ca n  be ach iev e d  b y  co m p le te ly  
d e c o m p o s in g  th e  p e r o x i d e  in  th e  
v u lc a n iz a t e s .  M o r e o v e r ,  a s  th e  
c o n c e n tr a t io n  o f  p e r o x id e  in c r e a s e s  th e  
a d d it io n  m e c h a n is m  c o m p e t e s  w it h  
a b stra ctio n  m e ch an ism , p ro d u c in g  a s t iffe r  
v u ic a n iz a t e  w ith  lo w e r  m e c h a n ic a l  

p ro p erties .



10.3. D es ig n  o f  co st e f f e c t iv e  tread  
fo rm u la tio n s  as p e r  n a tio n a l 
specifications

All p assible blend proportions o f  N R/PB 
w e r e  fo r m u la te d  a lo n g  w it h  e s s e n t ia l  
ru b be r ch e m ica ls  an d  tes tin g  w as c a rr ie d  
o u t a s  p er  n a tio n a l sp ecifica tio n s .

10.4. Rubber com pounds with im proved 
flex crack resistance 

N itrile  ru b be r is g e n e ra lly  u se d  fo r  oil 
c o n t a c t  a p p l i c a t io n s .  C e r t a in  p r o d u c t s  
req u ire  flex -cra ck  re s is ta n ce  in a d d itio n  to
o il resistan ce. It  h as b e e n  o b se rv e d  th a t b y  
u sing  G P F  (G en era l P u rp o s e  F u rn a ce ) b la c k  
fille r  a t  a lo a d in g  o f  5 0  p h r, th e  fle x -c ra c k  
resistan ce  o f  n itr i le  r u b b e r  p r o d u c ts  ca n  b e  
im p rov ed  s ig n ifican tly .

10.5. C ell structure and p erform an ce of 
expanded rubber

E xp an d ed  r u b b e r  p r o d u c ts  a r e  u sed  in  
m an y  h o u se h o ld  a p p lic a tio n s  a s  w ell a s  in 
a u to m o t iv e  in d u s tr y .  T h e  te c h n o lo g ic a l  
p ro p e rtie s  o f  e x p a n d e d  ru b b e rs  a re  la rg e ly  
d ep e n d e d  o n  th e  c e ll s tru c tu re , w h ic h  in 
tu rn  is a  fu n c tio n  o f  th e  b lo w in g  a g e n t u sed .
In th e  p re se n t s tu d y  th re e  ty p e s  o f  b lo w in g  
a g e n ts  a r e  u se d . In  th e  in it ia l  p h a s e , th e  
e ffe c t  o f  b lo w in g  a g e n t  (D N P T ) h a s  b een  
stu d ied . It h a s  b een  fo u n d  th a t a s  th e  lo a d in g  

o f  D N P T  i n c r e a s e d  a b o v e  6  p h r ,  th e  
t e c h n o lo g ic a l  p r o p e r t ie s  w e r e  fo u n d  to  
d e v ia te  fro m  th e  B IS  s p e c if ic a tio n  fo r  th e  
e x p a n d ed  ru bber.

10.6. E lectro m a g n etic  in te r fe re n ce  s h ie ld in g  
co m p o s ite s  b a sed  o n  n atu ra l r u b b e r

W ith  a  l o a d in g  o f  1 5  w t  p e r  c e n t  
e x p a n d e d  g r a p h it e ,  th e  t e n s i le  s t r e n g th  
im p ro v ed  o v er  th e  v irg in  N R  b y  2 2  p er  cen t 
w h e r e a s  in c o r p o r a t i o n  o f  e x p a n d e d  
g r a p h it e  d id  n o t  r e d u c e  th e  e lo n g a t io n

s ig n if ica n t ly . T h e  c o m p o s ite s  a ls o  show ed 
s ig n if ic a n t  im p r o v e m e n t  in  te a r  stren gth  
a n d  h a r d n e s s  fro m  th a t o f  v ir g in  elastom er 
A t 15 p h r  e x p a n d e d  g r a p h ite  lo a d in g , the 
to ta l e le c t r o m a g n e t ic  in te r fe r e n c e  sh ield ing 
e f fe c t iv e n e s s  r e a c h e s  -1 8 d B . H ie  effective 
d ie le c tr ic  c o n s ta n t  a n d  lo ss  o f  th e  com p osite  
is  d e r iv e d  o v e r  th e  f r e q u e n c y  r a n g e  and it 
c a n  b e  c l e a r l y  s e e n  t h a t  th e  in c re a s e d  
a b s o r p t io n  e m a n a te s  f r o m  th e  in crea sed  
c o n d u c t iv ity  o f  th e  c o m p o s ite .  E xp an d ed  
g r a p h ite , w h ic h  is  c h e a p e r  r e in fo r c in g  filler 
th a n  c a rb o n  n a n o tu b e s , c a n  fin d  ap p lica tio n  
in  E M I s h ie ld in g  m a te r ia ls .

10 .7 . Q u a n t if ic a t io n  a n d  c h a r a c te r iz a tio n  o f 
b lo o m in g  in  r u b b e r  c o m p o u n d s

V a r ia t io n  o f  c u r e - t i m e  and  
te m p e r a tu r e  o n  b lo o m in g  o f  a ty p ic a l V- 
s tra p  co m p o u n d  h a s  b e e n  s tu d ie d . E ffe c t o f 
c e r t a i n  c h e m i c a l  i n g r e d i e n t s  w h ich  
p r o m o t e  b l o o m i n g  h a s  b e e n  s t u d ie d .  
A c c o r d in g ly ,  d e s i g n  o f  b lo o m  free  
f o r m u la t io n s  fo r  v a r io u s  p r o d u c ts  a re  in 
p r o g re s s .

1 0 .8 .  V a r ia tio n  o f  p a r t ic le  s iz e / e x tra c ta b le  
p r o te in  in  d i f fe r e n t  p ro cessin g / p ro d u ct 

d e v e l o p m e n t  t e c h n i q u e s  u s e d  in  
n a tu r a l r u b b e r  la t ic e s

T h e  p r o te in  c o n te n t  o f  th e  la te x  film s 
p r e p a r e d  fr o m  d i f f e r e n t  c o n c e n t r a t io n  
m e th o d s  w a s  e s t im a te d  a n d  a  r e la tio n sh ip  
w a s  e s t a b l i s h e d .  T h e  r e s u l t s  w e r e  
c o n firm e d  b y  FTER a n a ly s is . H e a t sen sitiz ed  
d ip p e d  film s  w e r e  a ls o  s u b je c te d  to  p ro te in  
a n a ly s is  u s in g  F T IR  te ch n iq u e . F o r  th e  s tu d y  
o t  s t o r a g e  s t a b i l i ty  o f  f ie ld  la t e x ,  it w as 
p r e s e r v e d  fo r  tw o  m o n th s  w ith  d if fe r e n t 
c o n c e n tr a tio n s  o f  a m m o n ia . T h e  p re se rv e d  
fie ld  la t ic e s  w e re  s u b je c te d  to  p a r t ic le  s iz e  
a n a l y s i s  a n d  v i s c o s i t y  s t u d y  f o r  tw o  
m o n th s .



T h e  f iv e  m a jo r  th ru s t a re a s  o f  research  
o f  th e  D iv is io n  w e re : (i) fa rm  m an ag em e n t; 
(ii) p r im a r y  p r o c e s s in g  a n d  m a rk e t in g  o f 
N R ; ( i i i )  r u b b e r  p r o d u c ts  m a n u fa c tu r in g  
in d u str y  a n d  fo re ig n  tra d e ; (iv ) in tercro p s 
an d  b y -p r o d u c ts ;  a n d  (v ) in te r -d iv is io n a l 
c o lla b o r a tiv e  p r o je c ts . F iv e  p ro je c ts  w ere 
co m p le te d  a n d  re p o rte d  d u r in g  th e  p eriod . 
T h e  s u m m a r ie s  o f  th e  r e su lts  a re  g iv en  in 
th e  fo llo w in g  se c t io n s .

1. O p t io n a l  c o n t r o l  o f  r u b b e r
n u rse r ie s  in  In d ia

T h e  p r e lim in a r y  r e su lts  o f  th e  m u lti­
d is c ip lin a r y  s tu d y  o n  th e  r u b b e r  n u rseries  
h ig h lig h te d  th e  im p o rta n t c h a n g e s  s in ce  the 
d e c o n tr o l  o f  r u b b e r  p r o p a g a tio n  in  1986. 
T h e  im p o r ta n t  o u tc o m e s  o f  th e  d eco n tro l 
h a d  b e e n  th e  t r a n s f o r m a t io n  o f  r u b b e r  
p r o p a g a tio n  in to  a  tr a d in g  a c tiv ity  an d  the 
c o n s e q u e n t g r o w th  in  th e  p ro d u ctio n  and  
d is tr ib u tio n  o f  s p u r io u s  p la n tin g  m ateria ls . 
T h e  a b s e n c e  o f  a r e g u la r  m o n it o r in g  
m e c h a n is m  to  e n s u r e  th e  q u a l i t y  o f  
p la n tin g  m a te r ia ls  h a s  im p lic it ly  n u llified  
th e  p o te n tia l g a in s  fro m  te ch n o lo g ica l sh ifts  
in v e g e ta t iv e  p r o p a g a tio n  lik e  ro o t tra in ers

d evelop ed  b y  the R u b b er B o ard . H en ce , it 
w a s  su g g e s te d  to  in tro d u c e  an  o p tio n a l 
co n tro l o f  ru b be r n u rse r ie s  to  e n s u re  th e  
qu ality  o f p lan tin g  m ateria ls  p ro d u ced  and  
d is t r ib u te d . G iv e n  th e  la r g e  n u m b e r  o f  
p riv a te  n u rseries , v o lu n ta ry  p a r tic ip a tio n  
in the certifica tio n  p ro ce ss  is  in ten d e d  in  
th e  sh o rt-ru n . T h e  certifica tio n  sch e m e  w ill 
b e  an  an n u al p ro cess  a n d  a ce r tifica tio n  fee 
w il l  b e  c h a r g e d  f r o m  e v e r y  c e r t i f i e d  
n u rsery .

2. Supply side rigidities, sh ift in  tariff 
policy and surge in  India's im ports 
through duty paid channel: T h e  
case o f natural rubber

T h e  qu an tu m  ju m p  in th e  sh a re  o f  N R  
im p o r t s  in to  In d ia  th r o u g h  d u t y  p a id  
c h a n n e l  s in c e  2 0 0 9 - 1 0  h a s  b e e n  
u n p reced e n ted  fo r  the co n trib u to ry  fa cto rs  
a n d  th e  im p lic a tio n s . T h e  m a g n itu d e  o f  
ch an g e in  the sh a re  o f  th e  im p o rts  th ro u g h  
the d u ty  paid  ch an n el is u n d e rlin e d  b y  the 
in crease  from  7 .0  p er c e n t in  2 0 0 4 -0 5  to  4 7 .3  
p e r  c e n t  in  2 0 1 2 -1 3  (T a b le  E c o . 1 ) .  T h e  
o b serv ed  trend  d u rin g  th e  p a s t fo u r  y e a rs  
h as b een  in  sh arp  co n tra s t to  th e  h ith e r to

Table Eco. 1. Channel-wise imports of NR (tonnes)___________________________
Year _____________  _____________ Imports (MT)

Du tv free Duty paid Total

2004-05 67725.9 (93.0) 5109.0 (7.0) 72834.9

2005-06 43472.8 (96.0) 1811.7 (4.0) 45284.6

2006-07 86809.0 (96.7) 2990.2 (3.3) 89799.2

2007-08 75179.7(97.3) 2121.3 (2.7) 77301.0

2008-09 77052.2 (99.1) 709.8 (0.9) 77762.0

2009-10 150837.8 (85.2) 26292.2 (14.8) 177130.0

2010-11 135602.0 (72.0) 52735.1 (28.0) 188337.0

2011-12 145961.8(71.1) 59470.4 (29.0) 205432.2

2012-13 114489.9 (52.7) 102873.7 (47.3) 217363.6
2012-13 114489.9
Growth (%)_______________  ________  13.0
Figures in parentheses are the shares



u n p e r t u r b e d  p a t t e r n  of' m o r e  th a n  9 0  
p e r c e n t  N R  im p o rts  ro u ted  th ro u g h  d u ty  
free  ch an n el fac ilita ted  b y  d u ty  e x e m p tio n  
and  rem issio n  sch em es.

T h e  a v a ila b le  e v id e n ce s  o n  th e  r e ce n t 
in crease  in N R  im p o rts  th ro u g h  d u ty  p aid  
c h a n n e l  a r e  i n d ic a t iv e  o f  s u p p ly  s id e  
r ig id ities in th e  N R  p ro d u ctio n  se c to r  an d  
the sh ift to th e  o p tion al n o n a d  v a lorem  d u ty  
s in c e  2 0 1 0 . T h e  e m e r g in g  t r e n d s  in  th e  
g ro w th  a n d  c o m p o s it io n  o f  N R  im p o rts  
u n d erlin e  th e  need fo r  re in v ig o ra tin g  th e  N R  
prod u ction  secto r  to  c o n fro n t the ch a lle n g e s  
o f  m ark et in tegration .

3. Institutional interventions, growth 
in household incom e and extent of 
access to infrastructures: T h e  case 
o f ben eficiary  h ou seh o ld s un d er 
block  p lanting  schem e in  Tripura

T h e  stu d y  w a s  an  e x p lo r a tiv e  a n a lv s is  
to  u n d e r s t a n d  th e  a v a i l a b i l i t y  o f  
in fra stru c tu ra l fa c ilit ie s  a t  th e  v illa g e  lev el 
a n d  a c c e s s i b i l i t y  to  th e  s a m e  b y  th e  
b e n e fic ia ry  h o u se h o ld s  o f  B lo c k  P la n tin g

^ n (B£ U ) a n d  G r° Up P r o c e s s in g  U n its  
(L .1 U ). R e le v a n t  d a ta  f r o m  1 3  s e le c te d  
v illa g e s  a n d  161 r u b b e r  g r o w e rs  a tta ch e d  
to  11 B P U / G P U  fr o m  W e s t T r ip u r a  a n d

Ta^ le Eco. 2 . V illage-w ise in frastructure in d ir^  
V illage ~— —-----------------  —

______________ _________ Score

Table Eco. 3. BPU/GPU-mse infrastructure inH;rn

Barabhaiya 
Dakshin Rani ADC 
MadhapurN 
Kamalasagar 
MadhapurS 
•Sipai Para ADC 
Kaliram ADC 
Devipur 
Laxmandepha 
Bagma ADC
Bhagaban Choudury Para ADC 
Amtali ADC
Paschim Radhamohanpur APT

117.7 
103.4
99.9
77.8
77.2
77.0
69.8
65.7
59.7
44.0
39.0
36.8
24.2

BPU/GPU 
Rajarshi GPU 
Dariabagma 

Para 
Khamberbari 
RS Para 
Kamalasagar 
Rani
Janmabhumi GPU 
Laxmandepha 
Kariyamura II 
Rambabu Para

S o u th  T r ip u r a  d i s t r i c t s  d u r in g  th e  y ear  
2 0 1 0 -1 1  w e r e  c o l le c t e d  f o r  th e  a n a ly s is . 
T a b le s  E c o . 2  a n d  3  s h o w  th e  e s t im a te d  
i n f r a s t r u c t u r e  i n d i c e s  o f  t h e  s e le c te d  
v illa g e s  an d  B P U / G P U s.

T h e  r e s u lts  o f  th e  s t u d y  sh o w e d  that 
th e  b e n e fic ia ry  h o u s e h o ld s  u n d e r  th e  BPU/ 
G P U  h a d  b e t t e r  a c c e s s  to  th e  s e le c te d  
i n f r a s t r u c t u r a l  f a c i l i t i e s  in  t h e  r e g io n  
c o m p a r e d  to  t h e  a v a i l a b i l i t y  an d  
a c c e s s i b i l i t y  a t  t h e  v i l l a g e  l e v e l .  T h e  
b e n e f ic ia ry  h o u s e h o ld s  o v e r c a m e  th e  g iv en  
in f r a s t r u c t u r a l  c o n s t r a in t s  a t  th e  v il la g e  
le v e l b y  v ir tu e  o f  h ig h e r  h o u s e h o ld  in com e. 
H o w ev er, th e  h ig h e r  h o u s e h o ld  in c o m e  had 
n o t b e e n  e f fe c tiv e  in  u t i l is in g  th e  a v a ila b le  
i n f r a s t r u c t u r e s  f o r  d iv e r s i f i c a t i o n  o f  the 
s o u rc e s  o f  in c o m e . It  w a s  o b s e r v e d  th a t the 
im p a c t o f  h ig h e r  h o u s e h o ld  in c o m e  from  

R  c u l t i v a t i o n  w a s  c o n f i n e d  to 
c o n s u m p tio n  l in k a g e s  a n d  th e  m a in  reaso n  
fo r  th e  s a m e  w a s  fo u n d  to  b e  th e  n a tu r e  and  
q u a lity  o f  h u m a n  c a p ita l a v a ila b le  a m o n g  
th e  b e n e fic ia ry  h o u s e h o ld s .

4 . C h a n g in g  d im e n s io n s  o f  extern al 
trad e  in  In d ia 's  la te x  an d  latex  
b ased  p ro d u cts

T h e  stu d y  sh o w e d  th a t In d ia  h a s  been  
g r a d u a lly  e m e r g in g  a s  a  n e t  e x p o r t e r  o f



la te x  c o n c e n tr a te s  a n d  im p o rte r  o f  la tex  
b a se d  v a lu e  a d d e d  p ro d u cts . T h e  o b serv ed  
tre n d  is  in  s h a r p  c o n t r a s t  to  th e  p a ttern  
p rev a iled  d u r in g  p a s t  fo u r  d e ca d e s . D u ring  
th e  p e r io d  2 0 0 2 -0 3  to  2 0 1 1 -1 2  th e  p attern  
o f  tr a d e  e x h ib i te d  a r e m a r k a b le  g ro w th  
r a t e  in  th e  e x p o r t  o f  N R  la t e x  a n d  a 
s ig n i f i c a n t ly  h i g h e r  g r o w th  r a te  in  th e  
im p o r t s  o f  l a t e x  b a s e d  v a lu e  a d d e d  
p r o d u c ts . T a b le  E c o . 4  s h o w s  th e  tren d s in 
th e  e x te r n a l  t r a d e  o f  N R  la te x  an d  la tex  
p r o d u c ts  d u r in g  2 0 0 2 -0 3  to  20 1 1 -1 2 .

Table Eco. 4 .T ren ds in  th e external trade of NR latex
and latex  products (US $ m illion)

Year Export Import
NR Latex NR Latex

latex products latex products
2002-03 3.6 47.3 2.0 3.3
2003-04 11.6 53.5 3.8 4.8
2004-05 7.4 47.9 1.6 5.2
2005-06 20.4 62.0 0.2 10.7
2006-07 16.5 60.5 0.9 13.6
2007-08 34.3 68.8 0.4 20.7
2008-09 34.9 135.0 1.2 21.8
2009-10 22.0 79.1 5.1 23.2
2010-11 29.5 91.3 5.6 34.2
2011-12 39.5 72.2 3.8 48.8
Average 22.0 71.8 2.5 18.6
CAGR 30.5 4.8 7.2 34.8

T h e  u n d e r ly in g  f a c t o r s  b e h in d  th e  
o b se rv e d  tre n d  in d ic a te d  th a t th e  o n g o in g  
s t r u c t u r a l  a d ju s t m e n t s  in  th e  la t e x  
p r o c e s s in g  a n d  p r o d u c t  m a n u fa c tu r in g  
se g m e n ts , a s  e v id e n c e d  b y  th e  ch a n g e s  in 
th e  c o m p o s i t i o n  o f  th e  e x t e r n a l  t r a d e , 
u n d e r lin e  th e  n e e d  fo r  a  c r itica l assessm en t 
o f  th e  is s u e s  in v o lv e d  in  c o lla b o ra tio n  w ith  
r e p r e s e n t a t i v e  o r g a n i s a t i o n s  o f  th e  

r e s p e c tiv e  in d u s tr ie s .

5. P l a n t i n g  d e n s i ty  o f  n a tu r a l 
ru b b e r  in  th e  trad itio n al be lt

T h e  s tu d y  w a s  co n fin e d  to  K era la  and 
T a m il N a d u  o f  th e  t r a d it io n a l  b e lt.  T h e

d a ta b a s e  p e r ta in e d  to  th e  g r o w e r s  w h o  
a v a i le d  s u b s id y  u n d e r  th e  R u b b e r  
P lantation  D ev e lo p m en t (R P D ) S ch e m e  o f 
the R u b b er B o ard  d u r in g  th e  se v e n  y e a r  
p e r io d  fro m  2 0 0 4  to  2 0 1 0  w a s  u s e d . It 
cov ered  1 ,30 ,658  R P D  p erm its  w ith  an  area  
o f 5 7 ,3 6 9 .6 7  ha. T h e  a n a ly s is  o f  p la n tin g  
d en sity  o f ru b ber in sm a llh o ld in g s  fo r  the 
p erio d  2 0 0 4 -2 0 1 0  in d ic a te d  m u ltifa c e te d  
fea tu res o v er  tim e. In th e  trad itio n a l b elt, 
ex cep t in N orth K erala, th e  p la n tin g  d en sity  
o f new  p la n tin g  w a s  h ig h e r  th a n  th a t o f 
rep la n tin g . A fte r  th e  re le a se  o f  R R II 4 0 0  
series in the y ear  2005, sig n ifica n tly  h ig h er  
p lan tin g  d en sity  w as a d op ted  fo r  it in  S o u th  
K erala. In all o th er  reg io n s , n o  s ig n ifica n t 
d ifferen ce  in p lan tin g  d en s ity  w as n o ticed  
b etw ee n  R R II 105 and  R R II 4 0 0  s eries  in  th e  
case o f n ew  p la n tin g  bu t h ig h er  d en sity  w as 
a d o p te d  fo r  r e p la n t in g  o f  R R II 1 0 5 . A n 
in verse  re la tio n sh ip  w as o b serv ed  b e tw ee n  
the s iz e  o f  h o ld in g s  an d  p la n tin g  d ensity .

A dvisory w ork
• A m eth od o logy  fo r  co n stru ctio n  o f  in d ex 

f o r  r a n k in g  o f  w e e d  c u t t e r s  w a s  
d e v e lo p e d  a n d  p r e s e n te d  in  th e  5 5 th 
Sc ien tific  A d v isory  C o m m ittee .

• A s requ ested  b y Dy. R P C , M an g alore , n et 
p resen t v a lu e  (N P V ) o f  y ie ld  a n d  tim b er 
w ere  p ro v id ed  fo r  fo u r h o ld in g s  a s  p er 
co u rt d irectio n . T h e  N P V  w a s  e stim a ted  
fo r  2 2  y ears o f p ro d u ctiv e  life.

• E stim a te d  e s ta te -w ise , b lo c k -w ise  an d  
g ir th -c la s s -w is e  t im b e r  v o lu m e  a n d  
u p set v a lu e  o f  ru b be r tre e s  in  2 3 0  ha o f 
r u b b e r  a r e a  o f  S t a t e  F a r m in g  
C o rp o ra tio n  o f K era la  (S F C K ), P u n alu r.

• A d eta iled  l is t  an d  re le v a n t d e ta i ls  o f 
ru b ber and  ru b ber p ro d u cts  g o in g  to  be 
p la ced  u n d e r  z e ro  ta r if f  re g im e  w e r e  
co m p iled  and  su b m itted  to  th e  R u b b er 
B oard  fo r  sen sitiz in g  a ll th e  co n ce rn e d  
stak eh o ld ers .



T h e  C e n t r a l  E x p e r im e n t  S t a t io n  
C h eth ackal, located  n ear  R a n n i a t  a d is ta n ce  
o f  a b o u t  5 6  km  fr o m  K o t t a y a m , w a s  
e s ta b lish e d  in  1 9 6 6  to  c a te r  th e  re se a rc h  
n eed s o f  the d ifferen t D iv isio n s o f  R R II. T h e 
S ta tio n  h a s  a  to ta l la n d  a r e a  o f  2 5 4 .8  ha 
w h ic h  is  p la n te d  fo r  d i f f e r e n t  r e s e a r c h  
p ro jec ts .

T h e  S ta t io n  m e e ts  th e  n e e d s  o f  the 
s c ie n tis ts  o f  v a r io u s  d is c ip l in e s  o f  C ro p  
Im p ro v e m e n t , C ro p  M a n a g e m e n t ,  C ro p  
P r o te c t io n , C r o p  P h y s io lo g y  a n d  L a te x  
H arv est T ech n olog y . T h e  S ta tio n  is  d iv id e d  
in to  tw o d iv is io n s , A  an d  B o f  a lm o s t e q u a l 
a r e a .  A p a r t  f r o m  c lo n e  t r i a l s  a n d  

m a i n t e n a n c e  o f  b u d  w o o d  n u r s e r y  o f  
p ip e l in e  c lo n e s , t r ia ls  o n  lo w  f r e q u e n c y

t a p p in g ,  C U T , d i s e a s e  m a n a g e m e n t  
f e r t i l iz e r  d o s a g e s  a n d  h u g e  c o lle c t io n  of 
g e rm p la s m  a c c e s s io n s , b o th  in d ig e n o u s  and 
i n t r o d u c e d  m a k e  u p  b u l k  o f  the 
e x p e r im e n t a l  a r e a s .  S p e c ia l iz e d  tr ia ls  on 
i n t e r c r o p p i n g  a n d  t e c h n i q u e s  for 
im m a tu rity  r e d u c t io n  e tc . a ls o  o c c u p y  pan 
o f  th e  e x p e r im e n ta l  a r e a . A  th re e  p a r t tree 
c ro w n  b u d d e d  a r e a  w ith  c a n o p y  fro m  FX 
5 1 6  is  la id  to  s t u d y  d i s e a s e  r e s is ta n c e  
m e c h a n is m s . A n  E d d y  c o v a r ia n c e  tow er 
g iv e s  m ic ro  e n v iro n m e n ta l  d a ta .

D u rin g  th e  r e p o r t in g  p e r io d , th e  total 
c ro p  r e a liz e d  w a s  2 3 8 3 4 9  k g  P F L  758 0 8  1 

k g  (sc ra p ) a n d  1 3 3 9 9 .5  k g  c o a g u lu m . A  total 
o f 3 0 2  ta p p in g  d a y s  w a s  p o s s ib le  in  th e  y ear 
an d  4 7  ta p p e rs  (p e r  d a y )  w e r e  e n g a g e d  for 
ta p p in g .

R E G I O N A L  R E S E A R C H  S T A T I O N , G U W A H A T I ,  A S S A M

1 . C ro p  im p r o v e m e n t

1 .1 . O n -farm  evaluation o f selected clones 
of Hevea m  Assam

J u v e n i le  g r o w th  o f  f o u r  4 0 0  s e r ie s  
c lo n e s  o f  H ev ea  (viz. R R II 4 1 7 , R R U  4 22 , R R II 

2 9  a n d  RRII 4 3 0 ) p la n ted  in  fo u r lo ca t io n s  
o f  A ssam  w as fo u n d  b e tte r  in U m s ia n g  an d

an d  Son8a°pu8, W hen C° m p a red

, '2' S X t ™  P™ ary °rtetS

n r w 'n , thl\ eV alU ali0n  ° f P ° te n « a l  p r im a ry  
o r te ts  (e ig h t o rte ts ) in c lo n a l n u rs e r y  tria l

SS:e8 haydb'̂ tet RRSG 9 f0‘l0Wed by
I  o ™  e r  8 ‘r ,h  an d  ju v e n ile  y ield  

th a n  RRII 4 2 9  an d  RRIM  600 .

Table Chy. 1. Ju v e n ile  girth and yield of potential 
primary clones of H evea  after five years 

----- -------- _ of planting in donai nursery
S I. C lo n e s  M ean o f  M ean o f  ju v en ile  yield
N o  ju v e n ile  ( g r »,  '
-— -------------------girth (cm) after stimulation
1 R R S G l ---------------

2 RRSG 3 22 .5  49 2
3 RRSG 4 27.0
4 RRSG 5 25.8
5 RRSG 6 28.8
6 RRSG 8 30.5 *
7 RRSG 9 35.9 *•
8 RRSG 10 20.1
9 RRIM 600 25.1
10  RRII 429 2 9 .8  
CD (Pe" 0.Q5)

90.7
63 .7  
68.0

111 .5*
184 .3**
29.5
76.7
49.6 

30.55— :— — ----- '______ ju .m
„  ‘f ni(ICam at 5%  level in com parison  to RRIM  600; 

gm heant a t 1% level in com parison  to RRIM  600



1..3. P e r fo rm a n c e  o f  c lo n e  R R I I  429 at 
grow er's fie ld  in Assam

G irth  a n d  g ir th  in c re m e n t w e re  fou n d  
b e tte r  in  R R II 4 2 9  w h e n  co m p a re d  to  R R IM  
6 0 0 .  In  t e r m s  o f  m e a n  y ie ld ,  R R II  4 2 9  
p e r fo rm e d  b e tte r  th a n  R R IM  600.

2. C rop m a n a g em en t

2 .1 . P h y s ico -ch em ica l ch aracteristics of 
dolomite deposited areas of North Bengal

So il p ro file  s a m p le s  w e re  co llected  from  
th e  d o lo m it i c  m a t e r ia l  d e p o s i te d  a re a  at 
S a r u g a o n  T e a  E s ta t e ,  N o rth  B e n g a l an d  
a n a ly z e d . S o il te x tu r e  ra n g ed  fro m  san d y  
lo a m  t o  s i l t y  lo a m  a n d  c o lo u r  w a s  
d o m i n a n t l y  g r e y  f o r  a l l  th e  h o r iz o n s .  
O rg a n ic  c a rb o n  w a s  m e d iu m  (0 .9 % ) in  the 
s u r f a c e  h o r iz o n  a n d  lo w  in  a ll  th e  su b  
s u r fa c e  h o r iz o n s . S o i l r e a c tio n  w a s a lk a lin e  
up  to  a d e p th  o f  5 0  c m  a n d  a lm o st n eu tral 
b e lo w  it. C a 2* a n d  M g 2* w e re  th e  d o m in an t 
ca tio n s  in  th e  so il.

2.2. Q u an titativ e  and qualitative aspects of 
e a r th w o rm  c a s t  in s id e  ru b b e r  
plantation s

E a r t h w o r m  a c t i v i t y  w a s  o b s e r v e d  
u n d er d iffe r e n t v e g e ta tio n  viz. rubber, forest, 
p a d d y  f ie ld  a n d  g r a z in g  la n d . S e a s o n a l 
v a r ia t io n  in  th e  e a r th w o r m  a c tiv i ty  w as 
v e ry  p r o m in e n t  a n d  th e  h ig h e s t  a c tiv ity  
w a s  o b s e r v e d  i m m e d ia t e ly  a f t e r  th e  
m o n so o n  w a s  o v er . O C , a v a ila b le  P  a n d  K 
w e re  h ig h e r  in  th e  e a r th w o rm  ca s ts  th an  
th e  a d ja c e n t  s o il (T a b le  G hy. 2). p H  w as a lso  
h ig h e r  in  th e  e a r th w o rm  cast.

Table Ghy. 2. A v a ilab le  n u trien t statu s and pH of 
earth w o rm  cast (EW C) and so il inside 

_____________ ru b b e r p lantation____________ __ _______ _
Param eters EW C S o il
O C  (%) 1.2 1.0

Av P (m g 100 g  ’) 0 .5 0 .3

Av K (m g 100 g ') 7 .4 5.1

pH 5 .3 4 .5

2.3. Development of an Integrated Nutrient
Management system for young rubber
rh e  ex p erim en t on  in teg ra ted  n u tr ien t 

m a n a g e m e n t  in i t ia t e d  in  2 0 0 8  w a s  
con tin u ed . G irth  at 150 cm  h e ig h t sh o w ed  
th a t th e r e  w a s  s ig n i f i c a n t  d i f f e r e n c e  
b e tw e e n  t r e a tm e n t s  a t  5 th y e a r  a f t e r  
p lan tin g .

2 .4 . D evelopm ent o f locally  v ia b le  and
adoptable root trainer techniqu e for
propagation of rubber

B u d d e d  s tu m p s  o f  R R IM  6 0 0  w e r e  
p la n te d  in  e a r th e n  a n d  b a m b o o  r o o t  
tra in ers in d ifferen t m ed ia  at S aru tari farm  
u n d er R RS, G u w ah ati. A fter  b ud s p ro u tin g , 
p lan ts w ere  establish ed  in th e  ro o t tra in ers. 
D a ta  o n  b u d  s p r o u t in g  w a s  r e c o r d e d . 
S eed lin g  p lan ts  w ere  ra ised  in th e se  tw o  
typ es o f  ro o t tra in ers a n d  b u d d in g  in itia ted .

3. Crop protection
3.1. Survey on pests and diseases o f rubber

Su rv ey  o n  p ests a n d  d isea ses  o f  r u b be r 
w as carried  ou t in  29  p o ck ets  co v e r in g  19 
l o c a t io n s  in  A s s a m , M e g h a la y a  a n d  
n o rth ern  p a rt o f W est B en g a l. S e v e r ity  o f 
pow d ery  m ild ew  d isease  (P D I) w as in th e  
ran g e o f 2 0  to 70  %  in m o st o f th e  lo ca tio n s. 
In cid ence o f b row n  ro o t d isease  (0 .5  to  1 .7% ) 
w a s  n o tic e d  on  f iv e / s ix -y e a r-o ld  r u b b e r  
p lan ts w ith  m axim u m  at R a m p u r  (1 .7 % ) in 
A ssam . In c id e n ce  o f  P erico n ia  le a f  b lig h t 
d isease  (20  to 100% ) w a s n o ticed  o n  ten d er 
leav es in n u rseries in  som e lo ca tio n s  w ith  
m ax im u m  at G a n o lg re  R e se a rc h  F a rm  in 
M e g h a la y a  w it h  h e a v y  d e f o l i a t io n  o f  
in fe c te d  le a v e s .  M in o r  in c id e n c e  o f  
C o lle to tr ich u m  le a f sp o t (10  to  2 0 % ) w a s  
n o tice d  in  n u rse r ie s  in  c e r ta in  lo c a t io n s . 
In cid en ce o f p u rp le  ro o t d isea se  (0 .5 % ) w as 
observed  o n  sev en -y ear-o ld  p lan ts  a t R R T C , 
H ah ara  in A ssam . H ig h  in festa tio n  o f  w h ite  
gru bs (40% ) w as o b serv ed  o n  o n e-y ear-o ld  
ru b be r p lan ts  in  tw o p o ck ets  in  a p r iv a te



p lan ta tio n  a t  U d alg u ri in A ssam . In festa tio n  
o f  sc a le  in sect (5  to  10% ) w a s  fo u n d  in  so m e 
l o c a t io n s  in  A s s a m , M e g h a la y a  a n d  
n o rth e rn  p a r t o f  W est B e n g a l d u r in g  th e  
s tu d y  p erio d .

Iso la tio n  a n d  id e n tif ic a t io n  o f  fu n g a l 
p a th o g e n s fro m  d isea sed  sa m p le s  c o lle c te d  
d u r in g  d ise a s e  su rv e y  w a s c a rr ie d  o u t. L e a f 
sa m p le s  o f G T  1 w ith  ra ised  s p o t  sy m p to m s 

w e re  c o lle c te d  fro m  b u d w o o d  n u rse ry  a t  
Sa ru ta r i R esea rch  F arm  an d  C olle to tr ich u m  

acu ta tu m  w as iso la ted  fro m  a ll th e  sa m p le s  
w ith  ra ised  sp o t sy m p to m .

3.2. E v a lu a t io n  o f  w ild  g e r m p la s m  a g a in s t 

to le ra n c e  to  p o w d e ry  m ild e w  d ise a s e  

T h e w ild  accession o f  H evea  germ plasm  
A C  587 short-listed fo r  h igh level o f to leran ce 

to  p o w d e ry  m ild e w  d ise a s e  w a s ra ised  in  
p o lybag  n u rsery  fo r  fu rth er a ssessm en t o f the 
disease. T h e d isease in tensity  in A C  587  w as 
found to be on ly  12.5%  w hen com pared  to  75%  
intensity  in the su scep tib le clon e PB  5/51

3 .3 . M a n a g e m e n t o f  p u r p le  ro o t d is e a s e  o f  
H e v e a  in  im m a tu re  p la n ta tio n

In  th e  e x p e r im e n t  fo r  th e  c o n tr o l  o f  
p u rp le  r o o t d ise a s e  in  th e  c lo n e s  R R IM  600  
an d  R R II 105 a t  R R T C  H a h ara , r o o t sy stem  
o f  a ll trea ted  p la n ts  w as fo u n d  to  b e  h e a lth y  
and  fru ctification  o f H elicobasid ium  c om m ctu m  
w a s  n o t o b serv ed  a l th e  p la n t b a se  in th e  
t r e a te d  p lo t  a s  s e e n  in  u n tr e a te d  p lo t  
M ic r o b .a l p o p u la tio n  in so il w as h ig h  in 
h e a lth y  (n o t in fected ) p lo t th an  trea ted  plot.

3.4. D ynam ics o f m icrobial statu s in the 
so ils of Assam and North Bengal under 
rubber tea, forest and barren area
M ic r o b ia l s ta tu s  u n d e r  fo u r  d iffe r e n t 

h a b ita ts  m z. to re s t , ru b ber, b a rre n  a n d  tea 
g r o w in g  s o i l s  w a s  s t u d ie d .  S e a s o n  ,! 
v a r i a t io n  o f  m ic r o b ia l  p o p u l a t i o n ^

o b s e r v e d .  H o w e v e r ,  t h e r e  w a s  no 

s ig n if ic a n t  im p a c t  o n  th e  c o m p o s itio n  of 
fu n g a l s p e c ie s . B o th  q u a l i ta t iv e ly  as well 
a s  q u a n t i t a t i v e l y ,  t h e  f o r e s t  h .ih i ta ,  
h a r b o u r e d  th e  h ig h e s t  p o p u la t io n  a n d  was 
m in im u m  in  th e  b a r r e n  s o il .  T h e  s o ils  o f all 
th e  h a b it a ts  w e r e  fo u n d  to  b e  a c id ic  in 
n a tu r e .

3 .5 .  E x p lo i t a t io n  o f  n a t u r a l l y  o c c u r r in g  
a n ta g o n is t ic  a g e n ts  a g a in s t  d is e a s e s  of 
r u b b e r

B a c t e r ia l  a n d  f u n g a l  s p e c i e s  w ere  
is o la te d  f r o m  th e  r h iz o s p h e r e  o f  ru b be r 
a n d  te s te d  th e ir  a n t a g o n is t i c  a c t iv i ty  by 
d u a l c u l t u r e  te c h n iq u e  a g a in s t  th e  b row n  
r o o t  p a th o g e n  P h e l l in u s  n o x iu s .  A ll  the 
o r g a n is m s  t e s t e d  s h o w e d  a n t a g o n is t ic  
a c tiv ity  a g a in s t  th e  p a th o g e n .

P la n t g r o w th  p r o m o t in g  rh iz o b a c te r ia  
w e r e  i s o l a t e d  fr o m  th e  r h iz o s p h e r e  o f 
r u b b e r  so il. B a c illu s  s u b t il is ,  P r o te u s  sp . and 
P seu d om on as flu oresc en s  w e r e  m a s s  m u ltip lied  
in  th e  N A  b ro th  fo r  n u r s e r y  e v a lu a t io n .

4 .  C r o p  p h y s i o l o g y

4 .1 . E f fe c t  o f  a p p lic a t io n  o f  s t im u la n t  a w ay 
fr o m  th e  ta p p in g  p a n e l

s t *m u â tio n  o n  d if fe r e n t  a reas 
o f  b a rk  a w a y  fr o m  th e  ta p p in g  p a n e l w as

j able C»hy^3. Effect o f  sti m u lation  on y ield  o f  rubber
System  o f stim ulant application  Yield

A . Bark application  o f 5%  Ethephon ~  '
above 125 cm  from  the bud union 4 6 .2

B. Bark application o f 5%  Ethephon
on the bud union 5 0  2

c .  Bark application  of 5% Ethephon
at both A and B positions 44 .1

D . Bark application o f  base m aterial
(  uent oil) at both A and B positions 43 .1

E . Unstim ulated trees. 4 5  j

R s a g fe ,*  *■»*•» 520



evaluated based on the result over three 
years. T he exp erim en t w as conducted in 
clone RRIM  600 and six different treatments 
were adopted along with unstimulated trees 
as control. The tapping system followed was

S/2 d3 in blocks in BI-1 panel. The vield data 
over three years (Table Ghy. 3) showed that 
yieid in treatments B and F was significantly 
higher than that of the unstim ulated (E) 
trees.

R E G IO N A L  R E S E A R C H  S T A T IO N , A G A R TA LA , T R IP U R A

T h e  S ta t io n  c o n d u c te d  v a r io u s 
r e s e a rc h  p r o g ra m m e s  u n d er crop  
im p ro v em en t, cro p  m an ag em en t, latex 
h a r v e s t in g  te c h n o lo g y , eco sy ste m
e v a lu a tio n  a n d  e c o n o m ic s  o f ru bber 
c u ltiv a tio n . A d v is o ry  serv ic e s  on latex 
a n a ly s is  a n d  d is c r im in a to r y  fe r til iz e r  
recom m en d ation  w ere o ffered  to rubber 
grow ers in th is region.

1. C ro p  im p ro v e m en t

1.1. D ev elop m en t o f clones

D e v e lo p m e n t o f  h ig h  y ie ld in g  
g e n o ty p e s  is a c h ie v e d  th ro u g h
hybridization and selection, ortet selection 
and p o ly c ro s s  b re e d in g . In the clonal 
n u rsery  e v a lu a tio n  o f se lec ted  hybrids 
(2008), 98/46 (18.9 g t 1t ‘) had the highest 
m ean test tap y ield am ong hybrids and was 
on par w ith RRIM  600 (19.4 g t'1 f')- In the 
c lo n a l n u rs e r y  e v a lu a tio n  o f  se lec ted  
hybrid s (2009), 99/1/24 (13.4 g f 1 f  )  had 
highest test tap yield and w as on par with 
RRIM  6 00  (1 4 .9  g f 1 P1). Presently, 3892 
genotypes includ ing  hybrids and half-sib 
p ro g e n ie s  a re  u n d e r  s e e d lin g  n u rsery  
evaluation and 350 selections were made 
b ased  on te st  tap y ie ld  in the seedlin g 
nursery for further evaluation.

E leven selected ortets were evaluated 
in SST with check clone RRIM 600. Ortet 114 
(55.2 g  f 111) gave significantly higher yield 
com pared to RRIM  600 (42.9 g  t 11 ')- Among 
the 13 o rtets from  N orth Eastern region,

RRSG 248 recorded highest mean test tap 
yield (17.9 g f  t >) followed by RRST 37 
(15 .9  g P1 t ') .  In the clo n a l n u rse ry  
evaluation of selected ortets and hybrids 
from traditional region (2009), RRII 407 
recorded significantly higher test tap yield 
(2 2 .2  g P1 t '1) com p ared  to  R R IM  6 00  
(14.6 g t '11-1). Am ong the ortets , P 132 
recorded the h ig h est test tap  y ie ld  (18.9 
g t 1t 1) and was on paiT-with RRIM 600.

1.2. Evaluation of clones

Ten clones are under evaluation in a

Table Agar. 1. Yield and growth perform ance o f 13 
______________clones in LST (1996)__________________

C lone
Girth (cm) 
February 

2014

Mean yield M ean yield 
(g f  C ) (g t-' f ')  
2013-14  over 11 years

RRIM 600 71 .8 5 9 .8 4 4.2

RRII 429 ' r f .  0‘ 6 8 .5 ’ 5 1 .6 '

RRU203 75.1’ 40.1 3 4 .8

PB 217 73.1* 44.9 3 3 .4

RRII 51 68.8 * 35.2 30 .0

RRII 414 6 6 .9 45 .3 3 5 .9

RRII 430 6 4 .7 5 2 .7 ' 44.1*

RRIC 100 7 4.7’ 52.7* 4 1 .0 '

RRII 422 6 8.5’ 68 .0 ' 5 2 .1 1

RRII 105 67.7* 42 .8 4 0 .3 '

RRII 417 71.2* 63 .1 ' 4 6 .6 '

RRII 176 81.8* 44 .0 35 .2

PB 235 7 2 .8 ' 42 .0 39 .2

CD (0.05) 4.4 13.1 4 .6

•Significantly higher than RRIM 600 

f?On par with RRIM 600



large scale trial (LST) planted in 1995 and 
among the dones SCATC 88/13 (56.1 g t-1 f )  
recorded highest m ean yield and w as on 
par with RRIM  600 (54.4 g f  t '). In the LST 
planted in 1996 (GxE trial), com prising of 
13 clones, clone RRII 429 (68.5 g  f  t ') had 
the highest mean yield (Table Agar, l j  and 
was on par with RRIM 600 (59.8 g 111 ').

Potential clones are being evaluated in 
four on-farm  trials . In K illam u ra b lock  
plantation (1997), RRIM  600 recorded the 
highest yield (1069 kg ha 1 y r 1}. A t TFDPC 
plantation , Bagafa, South Tripura (2000), 
RRIM 600 (29.9 g  t' f )  gave the highest mean 
y ie ld . In th e  o n -farm  tria l a t  T R P C  
plantation, Pathalia (2005), com prising of 
RRII 400 series dones, RRII 429 recorded the 
highest mean girth  (53.3 cm ) as w ell as 
ta p p a b ility  (7 4 % ). A t H ira p u r  B lo ck  
p lantation (2009), RRII 203 recorded the 
highest mean girth (30.3 cm ). Am ong the 
tour clonal nursery evaluations involving 
87 clones, PB 255, P 021, P 060 and BPM  24 
exhibited better test tap yield while P  107 
had better vegetative growth.

Field trial involving 57 clones for the 
id e n tif ic a tio n  o f re l ia b le  ju v e n ile  and 
m a tu re  c h a ra c te r is t ic s  fo r c lo n e  
identification is also in progress.

2 . C rop m an ag em en t

The experim ent on integrated nutrient 
m a n a g em en t in y o u n g  ru b b e r  w as 
concluded. Significant improvement in girth 
o f  ru b b e r  p la n ts  w ere  n o ted  in  the 
treatm ent with 50% N and P, 100% K and

(a consortium o f Azotobacter. Phosphobacteru,, Pseudomonas and VAM) 
compared to the control and the treatment

Z l  d o '  !  a ' 0 m ' 'r h e  l r e a ,m e n l  w i ‘ hfull dose of inorganic fertilizers alone also 
recorded , , ,J r  g irlh  as (  h

in te g ra ted  tre a tm e n t. S i g n i f i e d

im p ro v e m e n t in le a f  n itro g e n  content 
(3.24% ) w as observed  in treatm en t with 
integrated application  o f biofertilizer and 
dose o f N, P and K com pared to control and 
b io fertiliz er  a lo n e  tra tm e n ts . Integrated 
application o f b io-fertilizers w ith reduced 
doses of inorganic fertilizer is beneficial for 
rubber in the initial five years.

Soil m oisture profile un d er various age 
group o f rubber plantation  (2-25 years) was 
in v estigated  fo r tw o co n s ec u tiv e  years 
Annual m ean soil m oisture content ranged 
from  8.6 to 32.8 % up to a depth ol 90 cm. 
Field capacity o f these so ils varied between 
23.9 and 29.8 %, w h ereas perm anent wilting 
point o f so ils ranged from  8 .6  to 13.1 %. 
A v a ila b le  w a te r  c o n te n t  o f  th e se  so ils 
ranged from  15.2 to l6 .6  % and available 
w ater storage capacity  u n d er rubber varied 
from 159.2 to 226 .7  m m  n r 1. It w as observed 
that 65 to 71% soil m oisture u n d er rubber 
p la n ta t io n  w e re  d e s o rb e d  a t 5 0 0  KPa 
s u g g e s t in g  m o d e ra te  w a te r  sto ra g e  
capacity of rubber so ils in Tripura.

In th e  in te rc ro p p in g  e x p e rim e n t, 
C o lo c a s ia  recorded h igh est b enefit cost ratio 
(B C R ) (3.2), followed by cow pea (2.0), maize 
(1.86), rice (1.82), and A m o r p h o p h a l lu s  (1.7) 
a ter s ix  y e a rs  in th e  c ro p p in g  system  
m odel. A m ong the sh ort term  crop s banana 
reCQ° rded h*8her BC R  (2.6) o ver pineapple 
(1-8) in cropping system  m odels. The yield 

e c l in in g  tre n d  w a s c o n t in u e d  in tea 
intercropping exp erim en t due to shading 
o f rubber canopy. Tea y ield  w as 65 kg ha 1

m te rc ro p  an d  1 6 8 0  kg h a  1 fo r  tea 
m onocrop. Y ield  o f clo n e R R IM  600 (1731 
kg  h a 1) and PB 235 (1 5 2 9  kg  h a 1) were 
significantly  h igher in  com p arison  to other 

like G T 1 (1317 kg ha i) and R R II 105 
(1073 kg h a '),

T h e  z e ro  t il la g e  e x p e r im e n t  w as 
initiated to study the effect o f p it size on



early grow th of rubber plants. The polybag 
plants w ere field planted in m edium size 
c ir c u la r  p its  (2 5  x 60  cm ) and in  the 
recom mend large sized pits (75 x 75 x 75 cm). 
A n oth er se t o f  roo t tra in er  p lants w ere 
p lan ted  a fte r  o n e  y e a r  in sm a lle r  size  
circular p its (10 x 30 cm ). It w as observed 
that the girth  of two year old root trainer 
plants in sm aller pits (11.9 cm) w as on par 
w ith  th re e  y e a r  o ld  p o ly b a g  p lan ts in 
medium and large size pits.

In  an o th er  tria l on m u lchin g  it was 
observed th at the m ean girth  of vertical 
m ulched p lan ts w as 15.8 cm w hile it was 
14 .6  cm  in  c o n v e n tio n a l m u lch in g  and 
10.7cm in control. The m ean soil moisture 
during rain free  N ov-Feb period in 0-60 cm 
depth in vertical m u lching, conventional 
m ulching and control w as 14.4%, 13.1% and 
9.3% respectively.

In  th e  t r ia l  o n  id e n t if ic a tio n  and 
standardization o f potting m edia for root 
trainers, it w as observed that the root and 
sh oot p a ra m eters  o f  ru bber p lants were 
com parable in various com binations of top 
soil and cow  dung viz. 8:2  and 7:3 and also 
in the 7:2:1 com bination of top soil, cow dung 
and rice husk. H ow ever, the com bination of 
top so il  w ith  co w d u n g  an d  r ice  husk 
appeared to be better for com pactness of 
soil in root trainer.

3.1. Latex H arvest Technology

Effect o f stim u lation on latex yield was 
conducted w ith an objective to reduce the 
ethylene m ediated stress on tapping panel, 
w h ere th e  s tim u la n t w as ap p lied  away 
from  th e  lap p in g  area . T h e trees were 
tapped under d3 system  of tapping in BO-2 
panel w ithout rest in clone RRIM  600. Four 
years results show ed that the mean rubber 
y ield w as h ig h e r  (2820 kg h a 1) in panel 
a p p lic a tio n  (E T  2 .5%  Pa 3/Y) (standard

recommended method) followed by trees 
stimulated at both the regions (ET 5%  Ba 
3/Y) above (150 cm above the bud-union) 
and below (on the bud-union) the tapping 
area, which recorded an yield of 2152 kg ha

In shallow tapping experim ent, high 
y ield w as observed un d er co n tin u o u s 
tapping (S/2 d2 6d 7) followed by tapping 
rest for two months and shallow tapping 
for six months (October to March) during 
the stress period of the year.

Under experiment on different systems 
of tapping clone PB 235 continued to give 
highest yield in S/2 d3 system of tapping 
compared to S/2 d4 and S/2 d6 system of 
tapping. In other experiments, yield of S/2 
d3 system tapping was at par with S/2 d2 
system and higher than S/2 d4 system in 
clone RRIM 600 and RRII 429.

Relationship of latex ATP with rubber 
yield was studied in polyclonal population 
available in this Station. The population was 
grouped on the basis of their yield potential 
and ATP was analysed in polyclonal trees of 
the group of different yield potential. The 
data showed high latex ATP in high yielding 
and m edium  y ie ld in g  p o lyclon al trees 
compared to low yielding trees. Positive 
correlation between latex ATP and yield of 
grouped trees was observed.

3.2. E co sy stem  stu d y

A stu d y  on p red ictio n  o f N atu ral 
Rubber (N R) p lantation d istribu tion  in 
Southern (SI) and Northeast (NE) India using 
ecological niche modeling is in place. In this 
study the major emphasis was to identify 
contributory  facto rs for NR p lan tation  
distribution. The climate variables are the 
major attributing factors for NR distribution 
apart from other physiographic, edaphic and 
social param eters w hich play a role in 
deciding the suitabili ty of an area for further



expansion o f N R cu ltivation . A m ong all 
clim atic variables , p recip ita tio n  during 
su m m er m o n th s and te m p e ra tu re  
seasonality  are m ost im p o rtan t clim atic 
factors that determ ine the NR distribution 
in NE region. In addition to altitude, soil 
depth and socio-econom ic factors such as 
labour availability and village population 
contribute to NR distribution m odel of NE. 
On the contrary, NR tree distribution in SI 
region is m ainly influenced by the clim atic 
variables such as m ean d iurnal range of 
tem p era tu re , te m p e ra tu re  sea so n a l fy, 
p recip ita tion  d u rin g  co ld est and driest 
quarter. This study clearly indicates thai 
N E will offer significant potential for NR 
cultivation and scope will be limited in SI 
reg io n  in the y e a rs  ah ead  u n d er  the 
changing clim ate scenario.

Im proving the spatial transferability  
of M axent M odel w as another priority of 
the study. To ach ieve this, we fo llow ed
(1) re d u c tio n  o f  m o d el co m p le x ity  by 
m inim izing the num ber o f input variable- 
through principal com ponent analysis and
(2) ca lib ra tin g  the m odel w ith  p resen t 
existing niche (SI and NE region in India) 
versus actual fundam ental niche o f Natural 
Rubber i.e., Am azonian basin of Brazil for 
projecting the distribution in Indian regions.
A  better mode! transferability indicated by 
Transferability Index (Tl) was achieved by 
reducing the model com plexity in terms of 
n u m ber o f p red ictiv e  variab les . As the 
rea liz e d  n ic h e  o f  th e  cro p  is rap id lv  
e x p a n d in g  o v e r  tim e, b e tte r  sp a tia l 
prediction accuracy o f the model could be 
ach ieved by calibratin g  the m odel with 
most current existing niches (NE region) and 
the p re d ic t io n  o f s p e c ie s  o c c u rre n c e s  
a p p e a re d  to  be m o re  r e a lis t ic . I M

S S S H r " shif,ing niche 1prediction of species distribution mav be

m ore realistic for cultivated tree species likeN atural Rubber. species lit,

4. Econ om ics

4 .1 . C om m ercial y ield  evalu ation  o f NR in 
Tripura

Y ie ld  d a ta  w a s  c o lle c te d  fr o m  105 NR 
g r o w e rs  fro m  W e st T r ip u ra  a n d  8 2  g ro w ers 
fro m  S o u th  T r ip u ra . T h e  1 8 7  g r o w e rs  from 
w h o m  d a ta  w a s  c o lle c te d  b e lo n g e d  to 23 
R P S  fr o m  2 0 0 3 - 0 4  o n w a r d s .  I t  w as 
o b serv ed  th a t o n ly  o n e  c lo n e  o f  H ev ea  (RRIM  
6 0 0 )  w a s  p r e v a le n t  in  th e  s tu d y  a r e a . Since 
th e  m e m b e rs  d id n 't  se ll s c r a p  to  th e  R PS 
d a ta  o n  s c r a p  w e r e  n o t  a v a ila b le .  T h e  yield  
d a ta  p e r t a in in g  to  2 2  y e a r s  o t  ta p p in g  
s h o w e d  th r e e  d i s t i n c t  p h a s e s .  T h e y  are 
in itia l y ie ld  in c r e a s in g  p h a s e  fo llo w e d  by 
y ie ld  s ta b il iz in g  p h a s e  a n d  y ie ld  d eclin in g  
p h a s e .  M a x im u m  y ie l d  o b s e r v e d  w as 
1 6 0 6  k g  h a 1 d u r in g  12 th  y e a r  o f  tap p in g . 
A v e r a g e  a n n u a l  y ie l d  o v e r  2 2  y e a r s  is
1 2 3 7 .5  k g . h a  1 in  th e  s ta te .

4 .2 . Trend s in  area u n d er N R  and food 
crops in  Tripura: an assessm en t

A  s a m p l e  s u r v e y  c o v e r i n g  191 

h o u s e h o ld s  in  W e s t  T r ip u r a ,  S e p a h i ja la ,  
S o u th  T r ip u r a  a n d  G o m a t i  d is t r ic t s  w as 
c o m p le t e d .  T r e n d s  in  a r e a  u n d e r  N R 
C u ltivation  o f  th e  s a m p le  h o u se h o ld  sh ow ed  
th a t 6 4  %  o f  th e  h o u s e h o ld  a r e a  u n d e r  N R  
w a s p r e v io u s ly  w a s t e  la n d  (b a r r e n  lan d ) 
a n d  1 8  /o o f  h o u s e h o l d  N R  a r e a  w a s  
u n c u ltiv a te d  b a m b o o  la n d . T h e  e c o n o m ic  
fe a s ib il ity  o f  N R  o v e r  th e  o th e r  c ro p s  is  the 
m a in  rea so n  fo r  e n c o u ra g in g  N R  c u ltiv a tio n  
o f  th e  sta te .

5. A d v iso ry  w ork

D iscrim in atory  fertilizer recom m end ationiw m u c i ic to m m e n a a n o n  
b a s e d  o n  s o il  w a s  o f fe r e d  to  2 7 8  r u b b e r  
g r o w e rs  o f  th is  re g io n . A  to ta l o f  2 0 3 9  latex 
s a m p  e s  w e re  a n a ly s e d  fo r  d r c  a n d  o th e r  
la tex  p a r a m e te rs . T o ta l 2 5 1 5  m  o f  b u d  w ood 
o f  h ig h  y ie ld in g  c lo n e s  w e re  s u p p lie d  to  th e  
g r o w e rs .



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 EG H A LA YA

T he R egional R esearch  Station , Tura 
co n tin u e d  its  re s e a rc h  a c t iv itie s  on 
evaluation of clones, polyclonal population, 
la tex  h a r v e s t  te c h n o lo g y  and crop  
m anagem ent.

1. C rop im p ro v em en t

1.1. Polycross progeny evaluation

In th e  2 0 0 8  p o ly c ro s s  p rog en y  
evaluation trial, the ju ven ile  yield in three 
year old plants varied from 0.2 to 9.2 g f 1 L10 
with an average y ield o f 2.3 g t 11 l0. On the 
basis o f ju v e n ile  y ie ld , a total o f 34 top 
yielders w ere selected  and m ultiplied for 
further e v a lu ation . T he polyclon al seeds 
brought from  the Poly Clonal Seed Garden 
o f K o la s ib , M iz o ra m  d id  n o t show  
appreciable sprouting.

1.2. C lon al nu rsery  evalu ation

A clo n al n u rsery  tria l w as initiated 
with the best ortets from Tura, Agartala and 
G u w ah ati a lo n g  w ith  R R IM  6 00  as the

M other orte ts Girth
(cm )

Juvenile yield 
(g f  f ‘°)

T1X1 15.2 2 3 .0

T 8R R SA 121 1 7 .3 37 .0

T 2X 2 18.5 28 .6

T 9 R R S A 3 1 5 16 .4 9 .7

T 3X3 1 7 .7 2 3 .2

T 10R R S A 461 1 7 .3 2 7 .0

T4X 9 20.6 4 2 .7

T 1 1 R R S A 5 8 5 2 0 .5 5 0 .2

T 5R R ST 24 1 8 .0 19.1

T 12R R JM 600 2 0 .3 3 6 .6

T 6R R S T 37 1 9 .0 3 6 .9

check. The ju ven ile  y ield ranged from  
•7 to 50.2 g f 111,1 with an average vield of 

27 .8g t ' t '10 (TableTura. 1).

1.3. On-farm evaluation of selected clones

Trial 1 included blocks of six clones, viz., 
RRII 417, RRII 422, RRII 429, PB 235, RRII 
203 and RRIM 600 in Mendipathar (North 
Garo Hills) and trial II included four clones viz. RRII 417, RRII 422, RRII 429 and RRIM 
600 in Bolchugre (West Garo H ills). In 
N orth  G aro H ills, h ig h est g irth  w as 
recorded in RRII 429 (Table Tura. 2) while in 
West Garo Hills highest girth and number 
o f branches w ere recorded in RRII 417 
followed by RRII 422 (Table Tura. 3).

Table Tura. 2. Growth of different clones in  the on- 
farm trial at M endipathar, North Garo 
hills

C lones Girth (cm) Girth increment (cm)
Rabha Mom in Rabha Momin

PB 235 3 1 .6  36 .5 8 .8  9.4

RRU 417 2 6 .4  38 .0 7 .9  9 .3

RRU 429 2 8 .2  40.1 8 .6  9 .7

RRU 422 2 1 .2  3 2 .0 6 .7  9 .5

RRU 203 28 .9  36 .7 9 .5  9 .5

RRIM 600 2 8 .7  3 5 .! 8 .4  10 .5

LSD *P<0.05 6.3 0 .9

CV (%) 19.7 10.4

Table Tura. 3. G row th  o f  d if fe r e n t  c lo n e s  at
Bolchugre, West Garo h ills

Girth Number of
(cm ) branches

RRU 417 19 .0 5 .8

RRU 422 16.3 5.1

RRU 429 13.8 4.1

RRIM 600 14.7

Mean
S D

27.8

14.1

LSD (*P=0.05) 

CV (%)



1.4. E valu ation  o f p o ly c ro ss  p ro g e n ie s  
from  four stations o f NE region

The promising seedlings collected from 
four locations in the NE region (viz., RES 
Nagrakata, RRS Agartala, RRS G uw ahati 
and RRS Tura) were screened on the basis 
of test tap yield.

1.5. Fundam ental studies on the nature of 
w in te r in g , f lo w e r in g  an d  seed  
germ ination in Hevea clones in  Garo 
H ills o f M eghalaya

C lo n al v a r ia t io n  w a s o b se rv e d  in 
w in te r in g  and flo w e r in g  p a tte rn . 
Refoliation started  a little  la te  in all the 
clones except PB 86, G I 1 and G T 1 in w hich 
refoliation was initiated during the 154 week 
of March.

1.6. G e rm p la s m  A rboretum  in  Teksraere 
farm

In ord er to m ain ta in  a G erm p lasm  
A rboretum  under the agroclim ate o f North 
Garo Hills, 1265 budded stum ps belongin° 
to 96 wild accessions and 6 control clones 
were planted and m aintained.

2. C ro p  p h y s io lo g y  a n d  L a te x  
H arvest Tech n o lo g y

2 .1 . E ffect o f low  w inter tem perature on 
yield o f ru bber at high altitude

Severe low w inter tem perature is one 
of the mam constraints for yield depression

U n d er ' h e  a S r ° c ! im a t e  o fGaro Hills. The annual average yield lind
drc w as 53.7 and 35.2 %y pe“ va; ; ; ’
fo r  th is  y ea r. D u rin g  d e fo lia t io n  and 
etohahon period, drc ranged from 27.1 to 

28.1 h. Low est soil m oisture was recorded 
during February/March.

(L a  5 % ) a t2 1  d a y s  in te r v a l ( T l )  fo llo w ed  by 
s a m e  sy s te m  o f  ta p p in g  w ith  m o n th ly  yield 
s t im u la tio n  (T 2 )  (T a b le  T u ra . 4 ). U n d e r  C U T  
33-60 % y ie ld  in c r e a s e  w a s  o b se r v e d  over 
n o rm a l ta p p in g  y ie ld .

Table Tura.

M on th

4. A n nu al y ie ld  (g t 'V )  un d er different 
treatm en ts o f  E th ephon  application  in 
C on trolled  Upw ard Tap p in g  system 

T reatm ents l $D

April

M ay

June

July

A ugust

S ep tem b er

O cto b e r

N o v e m b er

D ec em b er

January

February

M arch

T l  T 2  T 3  T 4

M ean

6 8 .4  63 .1

8 4 .2  8 6 .3

8 6 .7  83 .1

8 5 .6  8 0 .2  

9 3 .9  8 4 .4

8 2 .6  7 6 .8

9 6 .3  8 7 .3

9 2 .8  7 5 .8  

1 1 5 .0  1 0 5 .2

7 5 .8  69 .1

6 8 .2  7 7 .2

10 1 .9  1 1 1 .5

6 4 .7  6 2 .8  

8 0 .9  7 2 .9

7 5 .8  7 4 .0  

7 0 .0  6 7 .8  

7 8 .6  7 2 .7

7 9 .8  6 7 .4

8 5 .2  7 9 .2

7 4 .9  66.8

9 8 .2  8 2 .9

7 0 .8  5 5 .3

6 7 .8  5 3 .4  

1 0 4 .3  8 4 .6

(5% )

T l: S/4 U d2 

T2: S/4 U d2 
T 3 :8/3 U d2
T4: S/3 U d2

87 -6 8 3 .3  7 9 .3  7 2 .5

6d/7 ET 5%  La. 

■ 6d/7 ET 5% La. 

6d/7 ET 5%  La. 

6d/7 ET 5%  La.

3W/6m, S/2 d2 ET 25/Pa 2/y 

m/6m, S/2 d2 ET 25/Pa 2/y 

m/6m, S/2 d2 ET 25/Pa 2/y 

6W/6m, S/2 d2 ET 25/Pa 2/y

2 '2' !ystdeym°n C0n' rOl,ed " PWard tappin8

The data show ed that maximum yield 
u n d -S / 4 U d 2  with ethephon applicaTon

2 .3 . Sh a llow  tapping  -  an op tio n  to stress 
alleviation in Hevea p lantation s during 
w inter in  NE

T h e r e  w a s  n o  s ig n i f i c a n t  d i f f e r e n c e  
e  w e e n  tr e a tm e n ts . M a x im u m  y ie ld  w as 

r e c o r d e d  in  n o r m a l  t a p p i n g  s y s t e m  
fo llo w e d  b y  n o r m a l c o n t in u o u s  ta p p in g  
a n d :L F T  + n o rm a l ta p p in g  a n d  lo w e s t w as 
m  s h a llo w  + n o rm a l ta p p in g  s y s te m . D R C  
w a s  lo w  m  n o rm a l c o n t in u o u s  ta p p in g  an d  
w a s  ig h  in  s h a l lo w  + n o r m a l  ta p p in g  
sy s te m . N o rm a l c o n t in u o u s  ta p p in g  s y stem  
sh o w e d  h ig h e r  T P D  (8 .4  % ) fo llo w e d  by the



shallow + norm al tapping system  (6.8 %) 
and LFT + n o rm a l tap p in g  (5 .9  % ) and 
minimum w as in  norm al tapping system 
(5.2%).

2.4. Location sp ec ific  stim u lant application

E xperim ent on ethylen e induced stress 
response at the tapping panel of the Hevea 
trees w as initiated w ith the aim  to reduce 
the stress in tissu es in the tapping panel. In 
RRIM  600 , six  tre a tm e n ts  w ere adopted 
with bark  a p p lic a tio n s o f 5 % ethephon. 
There w as no significant difference in drc 
between treatm ents.

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

3.1 . N u tritio n a l stu d ies (O n farm  trial at 
Borgang , A ssam ).

T h e  s tu d y  w a s c o n tin u e d  and the 
results indicated that the highest girth, girth 
increment, y ield and d rc w ere observed in 
the com bination of N ^P^K^ kg ha 1 while 
the lo w e s t  in  N 0P nK 0 (T a b le  T u ra. 5). 
Significant im p rovem ent in the OC content 
and available form s o f P  and K w ere noted 
in fe r tiliz e r  a p p lie d  fie ld s  com pared to 
control.

3.2. So il m o istu re  reten tion  characteristics 
o f  th e  r u b b e r  g ro w in g  a rea s  o f 
M eghalaya

An in creasin g  trend in soil moisture 
was observed w ith increasing depth of soil 
in all the m onths. M axim um  soil moisture 
content w as record ed  d u rin g  Septem ber 
and m in im um  w as in February and March 
d u r in g  2 0 1 3 -1 4 . A n n u a l m ean  o f so il 
m o is tu re  w a s  b e tw e e n  fie ld  ca p a c ity

Table Tura. 5 Effect of N, r, and K com bination , on 
girth, girth increm ent, yield  and drc 
under (he Central Brahmaputra Valley 

—--------------- zone o f  Assam during mature pha«P
Tr<laS'“ 5  5 S h  &  Yield DRC 

(cm ) increment (g f t - 1) (%) 
(cm )

T1 7 l ?  T 3  2 2 7  3 L 7 ~
T2 (0:0:15) 7 4 .5  1 .4  2 4 .2  31 .8

T3 (0:15:0) 6 9 .5  1.4 2 5 .8  3 2 .0

T 4(15 :0 :0) 76 .0  1.6 2 7 .6  32.1
T5 (0:0:30) 7 5 .8  1 .7  2 9 .3  3 2 .2

T6 (0:30:0) 79.1 1.7 31.1 32 .4

F7 (30:0:0) 8 1 .6  1.8 3 3 .3  3 2 .6

T 8 ( l  5 :1 5 :15) 8 0 .7  1.9 3 5 .2  3 2 .7

T 9 (30:15:30) 85 .4  2 .0  3 7 .0  32 .9

T10 30 :30 :30) 86 .1  2.1 3 9 .7  33.1

T l  1(45 :15 :30) 8 8 .7  2 .2  4 2 .2  33 .2

T 12(45 :30 :45) 8 8 .7  2 .3  4 4 .9  33 .6

T13 (60:15:30) 8 9 .7  2 .3  4 7 .5  33 .7

T 14 .(60 :30 :30) 9 1 .0  2 .6  5 0 .3  3 3 .9

T 15.(60 :30 :45) 96 .3  2 .7  5 3 .3  34 .0

CD (P=0.05) 7 .8  0.1 5 .5  0 .2

(28 .5% ) and p erm anent w iltin g  p o in t 
(14.0%) at all the depths viz. 0-15,15-30 and 
30-60 cm.

3.3. Analytical/ Advisory work for fertilizer
recom mendation:

Analysis of 22 soil sam ples from the 
rubber growing areas indicated that the 
OC content was in the medium range (0.94 
to 1.32 %) in the surface soil (0-30 cm) while 
available P was in low (2.5 to 6.8 mg k g ')  
and available K w as in m edium  range 
(44.0-86.2 mg kg '). The soil is acid ic in 
nature w ith pH ranging from  4 .6 - 5.2. 
Fertilizer recom mendations were offered 
to farmers.



1. Crop im provem ent

1.1 Evaluation o f clone

In th e  m u l t i d i s c i p l i n a r y  c lo n e  
e v a lu a tio n  tr ia ls  r a n d  11 (19 9 0 ) (co m p ris in g  
o f  18 c lo n es), a ll c lo n e s  w e re  fo u n d  su p e r io r  
to  R R II 105 in term s o f  g ro w th . H ig h e s t g irth  
w a s r e c o r d e d  b y  R R I M  6 1 2  (9 3 .2  c m )  
fo llo w e d  b y  R R II 118  (8 6 .S  cm ), w h e re a s  
h ig h e s t  y ie ld  w a s  o b s e r v e d  in  R R II  2 0 8  
(4 5 .1  g  t 1 t ')  fo l lo w e d  b y  R E Y A N  88/ 13 
(44 .1  g  f  t ' ) .  In  C lo n e  tr ia l  111 (1 9 9 1 ) ,  
m a x im u m  g ir th  w as r e c o rd e d  in  R E Y A N  
93/114 (83.6 cm ) fo llow ed b y  P B  2 35  (77  { c m )

In yield PB 235 (51.5), PB 310 (48.5) and RR11
2 0 8  (4 2 .7 g  t 1 t 1) w e re  fo u n d  s u p e r io ,  in 
clo n e  trial IV  (1993), R E Y A N  93/114 (75 .2  cm ) 
an d  H aik en  1 (7 3 .6  c m ) w ere  fo u n d  s u p e rio r  
in  g ir th  w h ile  H a ik e n  1 (5 6 .8  g  f  t !) had  
s ig n ifica n tly  h ig h e r  y ie ld .

1.2. Evaluation o f germ plasm

In  a n  e v a l u a t i o n  t r i a l  o f  21  w ild  
g e rm p la s m  a cce ss io n s , R O  3 1 7 2  (85  8  cm  I

f90/ f,9«<8q2 « ™ ).A C 6 ,9 (76 .9cm )a?d S  
R 0 5 « t  CmJ  S h ° W ed SUP e r io r  g i » h .
R O  5 363  w as th e  h ig h e s t y ie ld e r  a m o n g  all 
access io n s . In g e n era l, R o n d o n ia  a c c e ss io n s  
w e r e  fo u n d  su p e r io r  to  th e  A cre  an d  M a to  
G ro s so  access io n s .

1.3. Perform ance o f polyclonal seedlin gs

M ea n  g ir th  o f  th e  2 3  y e a r  o ld  p o ly c ro s . 
seed  tria l (1990) w as 7 1 ,3 cm  a n d  th e  a v era g e  
y ie ld  w a s  3 5 .3  g  t ] t . S e lected  o r te ts  w e fe

e“ ne d a l t h e n U ^ f - f ^ r

1-4. M u lt i  tra it  s c re e n in g  o f  h a l f  s i b

S forcold ,01<!™ c<! and >'irid

r h l  M a s  n°  s iS n ifi« n t  d iffe r e n c e  in
c h lo r o p h y l l  c o n t e n t ,  n u m b e r  o f  l e a v e "

num ber ot w horls and girth. However, RR|j 
2 0 8  had b etter  h eigh t, n u m b er o f w hirls 
a n d  c h lo ro p h y ll c o n te n t .

1.5. O n  fa r m  e v a lu a t io n  o f  p r o m is in g  clones

In  a f ie ld  tr ia l (2 0 1 2 )  o f  s e v e n  p rom isin g  
c lo n e s  (S a r u g a o n  T e a  E s t a t e ,  E th a lb a r i  
J a lp a ig u r i ,  W e s t  B e n g a l ) ,  n o  s ig n if ic a m  
d iffe r e n c e  w a s  o b s e r v e d  a m o n g  th e  clon es 
H o w ev er, d o n e  R R IM  6 0 0  (3 .7  c m ) R R II 417 

(3 .7  cm ) a n d  R R IM  6 0 5  (3 .5  c m )  h a d  better 
g ir th .

1.6. In traclon al variab ility  stu d ies

T r e e  to  tr e e  v a r ia b i l i ty  in  y ie ld  and 
y ie ld  r e la te d  c o m p o n e n ts  (v o lu m e , d rc  and 
y ie ld )  in  th re e  c lo n e s  c u lt iv a te d  u n d e r  Ihe 
c lim a tic  c o n d itio n  o f  S u b -H im a la y a n  W est 
B e n g a l w a s  s t u d ie d .  V o lu m e  o f  la te x  in 
R R II 105  w a s  m o r e  v a r ia b le  ( r a n g e  b e tw ee n
8  3 -2 2 9 .3  m l)  th a n  P B  3 1 1  a n d  R R IM  600. 
H o w e v e r , R R I M  6 0 0  w a s  m o r e  co n s is te n t 
m  te r m s  o f  d r c  (1 0 .2  C V  % ) a n d  y ie ld  than
P B  3 1 1  a n d  R R I J 105 .

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

2.1. N utritional trial-1989

T h e  e x p e r i m e n t  o n  N P K  in  th r e e  
f a c t o r i a l  d e s i g n  w a s  c o n t i n u e d .  N o  
s ig n if ic a n t d if fe r e n c e  in  g ir th  o r  y ie ld  w as 
n o te d  a m o n g  th e  tr e a tm e n ts .

2 .2. In ter-p lan tin g  trial

T h e  in te r p la n t in g  tr ia l o n  r u b b e r  + tea 
w a s  c o n t in u e d . G re e n  te a  le a f  y ie ld  in  in te r ­
im an  e  p lo ts  T 2 , 13  a n d  T 4  w a s  s ig n ifica n tly  
lo w e r  th a n  th a t o f  th e  p u re  p lo t  d u e  to  h eav y  
s  la  e  im p o se d  b y  th e  m a tu r e  r u b b e r  trees 
a n d  a ls o  d u e  to  s e v e r e  p e s t  a tta c k  in  tea 
(T ab le  N a g . 1). R u b b e r  g ir th  in  T 3  an d  T5 
w a s s ig n if ic a n t ly  h ig h e r  th a n  p u r e  ru b b e r  
a n d  a n n u a l  y ie l d  in  T 3  a n d  7 4  w a s



Tabic Nag. 1. G row th  and y ie ld  o f  rubber and tea
Treatments S p a c in g

Te*  yield Rubber girth

T l (Pure rubber) 

T2 Rubber + Tea

Ru bber - 5  x 5  m 

Ru bber - 1 0  x 2.5 m 

Tea -  10 x  (1.0 x 0.6) m
1922.2  (70%)

(cm)
65.3

62 .9

(kS
1745.1

1229.2

h a ’)
(100% )

(72% )

T3 Rubber + Tea Ru bber - 1 2  x 2 .5  m 
Tea -  12 x (1.0 x 0.6) m

2144 .4  (72% ) 70.6  * 900 .4 (62%)

T4 (paired row) 

Rubber + Tea

Rubber - 1 8  x (3 x 3) m; 2 row 

Tea -  18 x  (1.0 x 0.6) m
/s 3456 .2  (72%) 65 .8 1374.0 (68%)

T5 Rubber + Tea R u bber - 1 0  x 5.0 m 

Tea -  10 x (1.0 x 0.6) m
3187 .9  (70%) 73 .9  ** 538 .4 (35% )

T6 (Pure Tea) Tea - 1 .0  x  0 .6  m 869 1 .0  (100% )

’ Significant a t 0 .05%  level; ”  Significant at 0.01%  level 
Data in parentheses den ote plant stand per treatment

s ig n i f i c a n t l y  l o w e r  th a n  th e  T l  (p u r e  
ru b b e r).

3. C rop p h y s io lo g y

3 .1 . P e r f o r m a n c e  o f  p o ly c r o s s  p r o g e n y  
r a is e d  fr o m  s e e d s  o f  lo c a lly  ad ap te d  
m a tu r e  r u b b e r  p la n ta t io n

A  c o m p a r a t i v e  s t u d y  o n  th e  
p e r fo rm a n ce  o f  s e e d l in g  p la n ts  ra ised  from  
lo ca lly  a d a p te d  p o ly -c r o s s  s e e d s  a lo n g  w ith  
tra d itio n a l s e e d s  w a s  c o n d u c te d . G irth  w as 
reco rd ed  a t  5 0  c m  h e ig h t  a n d  n o  s ig n ifica n t 
d i f f e r e n c e  w a s  o b s e r v e d  a m o n g  th e  
seed lin g s . H o w e v e r , K a n y a k u m a ri seed lin g  
sh o w ed  s u p e r io r  g ir th  o v e r  th e  s e e d lin g s  o f 
o th er th re e  p la c e s  i.e . T u ra , N a g ra k a ta  and

A ssam  and w as narro w ed  d ow n  fro m  5 th 
year o f grow th . T h e secon d y ear 's  ju v en ile  
y ield  o f th e  seed lin g  p lan ts sh ow ed  th a t the 
y ie ld  an d  y ie ld  e f f ic ie n c y  o f  p la n ts  o f  
K an yaku m ari sou rce  w as h ig h er  th an  th at 
o f o th er sou rces.

3 .2 . P h y s io lo g ic a l e v a lu a t io n  o f  r u b b e r  
c lo n es  in  ab an d o n ed  tea g ro w in g  a reas 
o f D ooars b e lt  o f  N orth  B en g a l

T h e re  w as n o  s ig n if ic a n t d iffe r e n c e  
betw een  the g irth  o f c lon es p lan ted  in  high 
pH  and no rm al soil, th ough g irth  o f  p lan ts  
g row n  in h igh  pH  so il w as b e tter  th an  th at 
o f  the control b lock. H ow ever, the g irth  o f 
RR II 422  w as s ig n ifican tly  h ig h e r  in  h igh

Table Nag. 2 .G row th  pattern  o f  d ifferen t clones growing in  high pH soil and normal soil________________
G irth  of plants in  field Chlorophyll Content Index

after  12 m onths of planting (a n ) ___________  (CCI) __________
Normal soil___________ High pH soil Normal soil

C lones

RRII 208 

RRTI 417 

RRII 422 

RRII 429 

RRIM  605 

RRIM 600

H igh pH soil 
2 2 .5 ± 1 .8 

1 6 .7 * 1 .2  

16 .4+ 1.1  

20.2±1.6 
1 7 .7 ± 2 .4  

1 2 .8 * 1 .7

16.0±1.5

14 .0 *2 .0

5.4± 1 .4

1 7 .6 *1 .7

10 .4+ 2.0

11 .1+1-6

46 .3± 1 .4

43.6+1.2

41.5+0.9

46 .5±0 .6

4 2 .5 *0 .9

4 3 .5 *0 .8

54 .8± 0 .7

57 .4± 0 .6

51 .9+ 0.7

58 .1+0.5

60 .0± 0 .6

50 .6± 1 .2



pH soil than that o f the control plot. The 
ch lo ro p h y ll co n te n t in d ex  (C C I) data  
showed that it was high in control than that 
o f the high pH soil (Table Nag. 2).

3.3. Evaluation o f O rtets for ab io tic stress 
to leran ce  in d iffe re n t ag ro -clim a tic  
regions

In order to study the field perform ance 
of ortet selections from N agrakata, Tura, 
A gartala, G uw ahati (cold) and D apchari 
(drought) polybag plants w ere cultivated 
under the sub-H im alayan clim ate of West 
Bengal. The girth o f Ortets from Guw ahati 
was better than RRSA, RRII and RRST. Effect 
of cold on chlorophyll content Index (CCI) was 
p rom inent. R eduction  in CCI from  post 
monsoon to winter for RRSA585 was minimum 
f ollowed by RRST 39 and RRSD 35. Maximum 
reduction was observed in RRSN 47.

3 .4 . E ffect o f stim u lant applied aw ay from 
tapping panel

E x p e rim en t w as in itia ted  w ith  six 
d iffe re n t  tre a tm e n ts  a lo n g  w ith  
un stim ulated  trees as con tro l; stim u lant 
w as applied 2 tim es in a year before onset 
of co ld .T h e  e x p erim en t’ w as cond u cted  
under S/2 d3 system  of tapping in blocks of

40 plants for each treatm ent. Plants of all 
the treatm ent w ere o f uniform  girth. The 
3 rd y ear y ield  data sh ow ed  that yield in 
t re a tm e n t  A (B a rk  a p p lic a t io n  o f  5% 
Ethephon above 125 cm  from the bud union)
59.5 g  t 1 t-‘, treatm ent B (Bark application 
o f 5% Ethephon on the bud union) 57.5 g f 1 f ' 
and in treatm ent C (Bark application of 5% 
Ethephon at both A and B positions) 65.4 g t ' t 1 
w ere significantly  h igher than that of the 
u n stim u lated  trea tm en t E (u nstim ulated  
trees) 46.0 g f  t ' trees in N agrakata. Plants 
sh ow in g  above 70%  T P D  w as h igh  in 1- 
(P a n e l a p p lic a t io n  o f 2 .5 %  E th ep h o n  
(standard practice) 45 .33  g/t/t.

3.5. Sh allow  tapping  - an op tion  to stress 
alleviation in  Hevea p lantation s during 
w inter season in NE reg ion s

In  o rd e r  to  u n d e r s ta n d  w h eth er  
shallow  tapping during w inter rest period 
w ould com pensate the yield loss during the 
rest period , d ifferen t sy stem s o f tapping 
w ere adopted. The data show ed that there 
w as no significant difference betw een the 
treatm ents. Plants sh ow ing  above 75% TPD 
w as m ore in shallow  / continuous (S/2 d2 
a s  well as S/2 d3) tap p in g  co m p ared  to 
norm al tapping w ith rest (Table Nag. 3).

____ ______________
Yield %  o f plants

_______ _______________________ 0<g ha'*) sh o w in g  above

..* 5̂ ==- -.... L.... — lM 1 1,1
followed by normal tapping J

c « ™ ous fapping withou, wjnter tappjng 2272

C D  (P S0.05)  -------- ---------  ----------  ---------------------- ---- ---------------  2 8 2 6
S P  2 6 8 .6

2756

2404



3.6. Water m in in g  o f ru b b er trees in north 
Bengal: Sap  flow  system

To m easure the quan tum  loss of water 
through transp iration  by rubber tree, sap 
flow m easu rem en t sy stem  w as installed. 
The m easurem ent w as m ade on 16 year old 
trees of tw o clones, RRII 429 and RRII 417. 
The mean water consum ption was 18.6 L tree'

day for fi ve months. Maximum rate of sap 
,,W P " da.v observed during May 

followed by April and the minimum in the 
month of July. Considering the average field 
stand the mean w ater consum ption of 
rubber plantation was 2.7 xlO» L ha-1 y ear' 
from April to August of the reporting year 
assuming 400 trees ha'1.

R E G IO N A L  R E S E A R C H  S T A T IO N , D A PC H A R I, M A H A R A SH TR A

The m a n d a te s  o f th is S ta tion  are to 
develop and screen  su itab le clones that can 
o vercom e d r o u g h t  an d  s tr e s s , and to 
develop location  sp ec ific  agro  technology. 
The e x p e rim e n ts  o n  crop  im p rovem ent 
(s cree n in g  o f  w ild  Hevea a c c e ss io n s , 
evaluation of clones and polyclone, pipeline 
clones and selected  ortets) for grow th and 
y ield p e r fo r m a n c e  u n d e r  dry  and 
su b h u m id  c o n d it io n s ; e n v iro n m e n ta l 
physio logy (ir r ig a t io n  req u irem en t and 
m ethods, d ro u g h t s tu d ies , physiological 
evaluation o f selected  ortets from various 
a g ro c lim a te s  o f  In d ia )  an d  crop  
m an ag em en t (p r a c t ic e s  to  m itig a te  the 
drought and so il m oistu re  conservation) 
are being carried  out.

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

1.1. D rip and b a s in  m ethod o f irrigation

The exp erim en t on ETC based irrigation 
s c h e d u lin g  w ith  th e  o b je c tiv e s  to 
standardize and evalu ate  the advantages 
of drip irrigation  over basin irrigation was 
started during 1987. Though higher girth 
was registered by  basin  irrigation at 1.0 ETc 
(80.3 cm ), it is on p ar w ith sam e irrigation 
method at 0 .3  and 0 .5  ETc (75.8 cm , 75.7 cm 
respectively) and 0 .8  ETc drip irrigation 
(74.7 cm). D ifferent levels o f basin irrigation 
resulted h igher g irth  as com pared to drip

system and rainfed control. A significantly 
higher yield (39.8 g t ' t 1) was recorded with 
basin irrigation scheduling at 0.5 ETc than 
control (32.8 g r ' f 1).

1.2. Cost evaluation trail

A trial was started during 1987 to find

Table Dap.l .Effect of different depth of soil to different
irrigation schedule on yield of rubber

Yield (g r ' f 1)

M onths Group A Group B Group C
Rainfed Deep soilShallow  soil

April 9 .8 17.3 14.3

M av 7 .6 1 5 .2 12.3

June 14.1 2 3 .4 19.6

July 15.5 16.7 16.2

August 13.5 11 .7 13.4

Septem ber 13.2 14.4 19.3

O ctober 11.6 17.3 16.8

N ovem ber 15.2 25 .0 18.4

D ecem ber 21.3 32 .3 30.1

January 26 .4 43 .5 37 .3

February 18.3 45 .9 27 .4

March 15.2 35 .2 26.1

Mean 15.1 24 .8 20 .9

Yield (kg ha 'y r 1) 705.2 964 .9 737 .2

SE ± 1.5 3-4 2 .2

SD 5.0 11.7 7 .7

Summer yield (g t ' t  ‘)15.4 31 .4 23 .5

Sum mer yield
247.1 5 02 .5 375 .4

3.3 6.5

S D 7.4 14.4 10 .3



o u t th e  e x p e n se s  in cu rred  to w a rd s  v a rio u s  
in p u ts, fa rm  p ra c tic e s  an d  ir r ig a tio n . T h e  
t r e a tm e n t  c o n t a in s  i r r ig a t e d  ( r e d u c e d  
irrig a tio n  o f  1/5* E T C -d e e p  so il an d  1 .0  E T C 
— s h a llo w  s o il )  a n d  u n ir r ig a te d  tr e e s  o f  
R R IM  6 0 0 . T h e  r e su lts  in d ic a te d  a b e tte r  
su m m e r  an d  a n n u a l y ie ld  fo r  th e  tre e s  
u n d er l/5,h ETc ir rig a tio n  in  d e e p  s o il a rea  
th an  1.0 ET c ir rig a tio n  in sh a llo w  so il area  
(T ab le D ap. 1).

1.3. E valuation  o f e n v iro n m en ta l s tress 
to le ra n c e  an d  p h y s io lo g ic a l  
a d a p ta tio n s  o f  co ld  an d  d ro u g h t 
to leran t ortet u n d er v a ry in g  ag ro ­
clim ates in India

T h is  t r ia l  w a s  s t a r t e d  in  2 0 1 1  to  
e v a lu a te  th e  p h y s io lo g ic a l a n d  b io ch e m ica l 
a d a p t a t io n  p o t e n t i a l  a n d  c o m m o n  
m e ch a n is m s in v o lv e d  in  co ld  a n d  d ro u g h t 
to le ra n t tr a its  u s in g  m o le c u la r  p h y sio logy/  
b io ch e m ica l to o ls  fo r  o r te t  s e le c tio n s  fro m  
co ld  a n d  d r o u g h t  b y  in te r c h a n g i n g  th e  
c lo n e s  to  d iffe r e n t a g ro -c lim a tic  r e g io n s  a n d  
to  s tu d y  th e  G  x E in te ra c tio n  fo r  g ro w th  
an d  yield  u n d er varying agro-clim ates. H igher 
g ir th  w a s  n o t ic e d  in  s e le c t io n  R R S A  9 8  
(30 .5  cm ) w h ile  th e  low est w as for R R S T  24  
(12.0 cm ). A m o n g  th e c o n tro l c lo n e s , h ig h e st 
g ir th  w a s r e co rd e d  b y  R R II 4 1 4  (3 0  9  cm ) 
a n d  R R II 4 3 0  (2 9 .8  cm ). T h e  lo w e s t h e ig h t 

b y  R R S T 2 4  (3 6 7 .5  c m ) w h ile  
R R II 4 1 4  record ed  h ig h est h e ig h t o f  999 .99  cm

fo llo w e d  b y  R R S A  9 8  (9 2 4 .9  cm ) a n d  R R n 
4 3 0  ( 9 0 6 .4  cm ). T o ta l c h lo ro p h y ll d iffered  
n o n  s ig n ifica n  tly  in  th e  r a n g e  o f  2 .6  to  2  3 m e 
g m  fr . w t .  1 in  R R I I  4 1 4  a n d  D a p  l 
r e s p e c t iv e ly .  In  g e n e r a l ,  o r te t  R R S A  was 
n o tic e d  s u p e r io r  in  a ll  g r o w th  ch a ra c te rs  
fo llo w e d  b y  N G K , G H , D A P  a n d  R R ST . No 
y e llo w in g  w a s  s e e n  in  R R S T  3 9  w h ile  the 
h ig h e s t  w a s  r e c o rd e d  in  R R S A  5 8 5  (28 .9% ) 
T h e  lo w e s t le v e l o f  y e llo w in g  w a s  o bserved  
in  R R S T  2 4  (7 .0 % ).

2. Latex H arv est T e ch n o lo g y

D e m o n s t r a t io n  t r i a l  o n  C o n t r o l le d  
U p w a rd  T a p p in g  (B I  1 p a n e l  o f  R R II 105 
p la n te d  in  1 9 8 3 ) is  b e in g  c a rr ie d  o u t  sin ce  
2 0 0 9  w ith  R B D . T h e  o b je c t iv e  is  to  id en tify  
s u ita b le  C U T  p r a c t ic e  fo r  th is  re g io n  a lon g 
w ith  e n h a n c e m e n t  o f  y ie ld  d u r in g  low  
y ie ld in g  p h a s e  ( r e g e n e r a te d  b a rk )  a n d  to 
o p t im iz e  th e  s t i m u l a t i o n  s c h e d u l e  fo r  
fu r th e r  r e d u c tio n  in  c o s t  o f  p r o d u c tio n  and 
fo r  b e tt e r  e c o n o m ic  l i fe  w it h o u t  s t r e s s  to 
th e  trees. T a p p in g  w a s  u n d e r  p e r io d ic  p anel 
c h a n g e  sy s te m .

R esu lts  sh o w e d  th at, tre a tm e n t T 2  -  S/ 
3U  d 3  6d  7  E T  5 %  La w ith  a p p lic a tio n  o f 
e th e p h o n  o n c e  in  th r e e  w e e k s  r e c o rd e d  
h ig h e r  y ie ld  o f  5 2 .4  g  t 1 f 1 ( 1 4 2 4 .2  k g  h a 1) 
th a n  th e  o th e r  t r e a tm e n ts  (T a b le  D a p . 2). 
L o w e r  y ie ld  w a s r e c o rd e d  u n d e r  T 3  - S/4U 
d 3  s y s te m  w ith  s t im u l a t io n  o f  o n c e  in  a 
m o n th  (3 6 .3  g  t 1 1\  9 8 6 .3  k g  h a 1).

S/2 d3 6d/7, S4 U d3 6d 7 ET 5%  La (3 w; 

S/2 d3 6d/7, S/3 U d3 6d 7 ET 5%  La (3 w) 

S/2 d3 6 d/7, S/4 U d3 6d 7 ET 5%  La (m) 
_ S O d 3 6 d  /7, S/3 U d3 6d 7  ET 5%  I a fm,

SE  +/- ------------- L - —

CD (P=0.05)

4 4 .9

52 .4

3 6 .3

3 8 .6

5 .8

1 7 .6

K g tree'1 Kg ha-' g t - ' f K g tree 1 Kg h a '
3.1 1222 .1 24 ,4 0 .8 3 3 1 .4
3 .6 1 4 2 4 .2 2 3 .9 0 .8 3 2 5 .6
2 .5 9 8 6 .2 7 1 7 .7 0 .6 2 4 0 .0
2 .6 10 4 9 .4 1 9 .9 0 .7 2 7 0 .5



3. Crop improvement

D e v e lo p m e n t o f  d r o u g h t  to le ra n t 
c lo n es an d  s c r e e n in g  o f  w ild  H e v e a  
accessions for d rou gh t tolerance and future 
evalu ation s from  m o d ern  clo n es, o rtets 
selection, clo n es from  h alf sib progeny of 
p re p o te n t  c lo n e s  a lo n g  w ith  n ew ly  
released  4 0 0  s e r ie s ,  s tu d y  o n  u n iq u e 
ch aracteristics o f  each  clon es to file a DUS 
norm s co ntinu ed  to b e  the thru st areas. A 
total o f  10  e x p e r im e n ts  a re  b e in g
conducted.

3.1. Ortet selection

Trial started  d u rin g  2008 to evaluate 
the grow th and yield  perform ance o f ortets 
selected from  p olycro ss seedling planted at 
this S ta tio n  w ith  c o n tro l c lo n es . O S 37 
record ed  h ig h e r  g ir th  o f  2 1 .6  cm  than 
RRII 105 (16.3 cm ) w h ile  low est girth was 
recorded in O S  8 (12 .8  cm ). A m ong the 
control clones, R R II 430  recorded highest 
girth (21.4 cm ). In term s o f girth, all ortets 
perform ed b e tte r  th a n  R R II 105. W hile 
yellow ing w as m ore in O S 42 (26.8% ) and 
in OS 236 (24 .1% ) it w as lesser in O S 136 
(2.0%).

3.2. Germplasm screening

In th e  s c r e e n in g  o f  w ild  Hevea 
accessions (130  n u m b ers) for drought, the 
2003 M ato  G ro sso  accession s w ere found 
su p erio r  in a ll g ro w th  ch a ra c te rs  than 
Rondonia an d  A cre accessions. Tw enty five 
potential d rou g h t to leran t accessions were 
identified fo r  fu rth er  stu d ies. All the 25 
accessions sh ow ed  a w id e variability  for 
all ch aracters stu d ied .

3-3. Clonal nursery evaluation
In the experiment on identification of

rh  ,e  ■ iUVen' ie a n d  " ^ u r e  
character,st,cs for done identificat.on in 
Hevea-. Standard,zation of Distinctiveness, 
Uniform ity and Stability  (DUS) testing 
norms for evolving specific guidelines for 
v arie ta l reg is tra tio n  in ru bber and 
morphological data on individual plants 
m the juvenile stage covering 40 traits was 
recorded from all three locations in the first 
year. Data was also recorded for a set of 
traits from mature plants of the popular 
RRII clones (RRII 5, RRII 105, RRII 118, 
RRII 203, RRII 208 and RRII 400 series)! 
Quantitative data on girth and height were 
recorded to measure GxE effects for these 
clones.

4. Crop m anagem ent

The experim ent initiated in 2008 to 
study the effect of vertical mulching and 
Kaoline spray on moisture conservation, 
g ro w th  and y ie ld  o f ru b b er w as 
co n tin u e d . T h ere  w as no s ig n if ic a n t  
d iffe re n c e  b etw een  so il m o istu re  
conservation practices (SMP) and control 
plot in term s of girth. The SM P recorded 
h ig h e r  re la tiv e  w ater co n te n t than 
control. Surface soil moisture content was 
significantly higher in SM P than control. 
As in the previous year, no significant 
difference was noticed ingrow th of rubber 
am ong the treatments.



T h e  S ta tio n  c o n c e n tr a te s  its  r e se a rch  
a c tiv itie s  in th e  fie ld  o f  c lo n e  a n d  p o ly c r o ss  
p o p u la tio n  e v a lu a tio n  an d  m a n a g e m e n t for 
th e  p re v a ilin g  d ry  s u b  h u m id  c lim a te  o f  the 
s t a t e .  T h e  S t a t io n 's  r e s e a r c h  a c t i v i t i e s  
m o v e s  fu r th er  w ith  th e  p a r tic u la r  o b je c tiv e  
o f  id en tify in g  c lo n e s  s u ita b le  to  th is  reg io n .

1. C rop im p rovem en t

C ro p  im p ro v em en t in c lu d e s  e v a lu a tio n  
o f  c lo n es  an d  p o ly clo n a l p o p u la tio n . T h e re  
are  f iv e  c lo n e  e v a lu a t io n  tr ia ls . T h e  tr ia ls  
w e re  la id  o u t to e v o lv e  m o st s u ita b le  c lo n e s  
u n d er th e  d ry  su b  h u m id  c lim ate .

1.1. C lo n e  e v a lu a t io n

In trial 1 (1987), th e  p o p u la r  c lo n e  R R II 
1 (5  recorded  h ighest m ean  y ield  o f  50 .0  g  t ' t ; 
w h ile  G T  1 reco rd ed  th e  le a st (3 0 .0  g  f  f 1). 
In term s o f  g ro w th , G T  1, R R IM  6 0 0  a n d  R R II 
105 p erfo rm ed  w ell (T ab le O R . 1). In an o th er 
c lo n e  trial (1990), c lon es R R II 208  (54 .9  g  t ' f )  
an d  SC A T C  8 8 -1 3  w e r e  fo u n d  h ig h  y ie ld in g . 
S C A T C  9 3 -1 1 4  re c o rd e d  th e  p o o r e s t  y ie ld  
( 2 8 .2  g  t ' t 1). H o w e v e r , S C A T C  9 3 -1 1 4 ,  
S C A T C  8 8 -1 3  a n d  R R II 2 0 8  p e r fo rm e d  w ell.

In  th e  1991 e x p e rim e n t , p e r fo rm a n c e  o f 
r u b b e r  c lo n e s  a n d  p o ly c lo n a l  s e e d l in g s

ja b le  Q R. i .  y ie ld  and grow th of e lite c lones 
C lo n e  “  ~  --------------Yield

te f  f )
RRII 105 50.0
RRIM t>0t! 38.7
GT  1 30.0 80.4

5,6 4.0

" T ,  ™ d ie d ' R K "  2 0 8  recOTded h ig h e s t 
y ie ld  (7 0  01 g  f  t ')  a m o n g  th e  c lo n e  . 
Popular clones R R II l 0 5  an d  R R IC  102  had  

m oderate y ie ld . P o ly c lo n a l se e d lin g s  had  
lesser yield th o u g h  th ey  d isp la y e d  b e tte r

g r o w th  a n d  a d a p ta b il i ty  w h e n  c o m p a red  
to  o th e r  c lo n e s . G T  1 (9 4 .2  c m ) a n d  R R II 208 
(9 0 .0  cm ) sh o w e d  s u p e r io r  g r o w th .

In  t h e  m o d e r n  c l o n e s  t r ia l  (2 0 0 0 ) ,  
h ig h e s t  m e a n  y ie ld  w a s  o b s e r v e d  in R R u  
28/59 (39.1 g  t '11 1) c lo s e ly  fo llo w e d  b y  IR C A  
109, IR C A  111 a n d  R R II 105 . A m o n g  th e  R RII 
3 0 0  s e r ie s , R R II 351 w a s  th e  h ig h e s t  y ie ld er. 
T h e  lo w e s t m e a n  y ie ld  w a s  r e c o rd e d  in  R R II 
51 (2 0 .2  g  f  t 1). H ig h e s t m e a n  g ir th  w a s 
r e c o rd e d  in  R R II 3 0 0  a n d  IR C A  1 1 1 . T h e  
lo w e s t  g ir th  w a s  r e c o r d e d  in  IR C A  109 
(T a b le  O R . 2).

Table OR. 2. Yield and growth performance o f clones 
C lo n e s  Yield Girth

_______ iB  t~' f ) ___________ (cm )
RRU 300 
RRU 208 
RRII 357 
RRII 352 
RRII 28/59 
RRIM 600 
RRII 357 
IRCA 109 
RRII 105 
RRII 51 
IRCA 11]

C.D.(P=Q.C

32.9

32.2
32.1
34 .5
39.1
36.5 
31 .7  
38.4
36.3
20.2 
36.0

9 .6

63.4 
54.9
53.0
52.2 
55.8
57.5
53.6
45.1
51.3
53.3 
58.0

1.2. Polyclonal ortet evalu ation

To fin d  a m o st s u i ta b le  c lo n e  fo r  th e  d ry 
su b  h u m id  r e g io n , o r te ts  a m o n g  p o ly c lo n a l 
p o p u la tio n  w e re  s e le c te d , m u ltip lie d  a n d  a 
f ie ld  tr ia l w a s  la id  d o w n . O R  4 , O R  7  and  
O R  1 0  r e c o r d e d  g o o d  y ie l d  u n d e r  te s t  
t a p p in g  a n d  s u g g e s t e d  s c o p e  fo r  
d ev e lo p m e n t o f  c lo n e . B e tte r  g ir th  in cre m e n t 
w a s fo u n d  in o r te ts  O R  4  (3 0 .6  c m ) fo llo w e d  
b y  O R  8  (3 1 .0  c m )  a n d  O R  1 0  (2 9 .6  cm ) 
(F ig . O R . 1).
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Fig. OR. 1 Yield performance of ortets

2. Latex H a rv e st T e ch n o lo g y
2.1. C on trolled  U pw ard T ap p in g  trial

CUT in d o n e RRIM  600 with appropriate 
ethephon application show ed good increase 
in rubber yield during renewed basal panel Fig OR. 2. Yield performance under controlled 

upward tapping

REGIONAL RESEARCH STATION, PADIYOOR, KERALA

T h e  r e s e a r c h  p r o g ra m s  fo r 
identification o f clon es su ited  to the region 
and e v a lu a tio n  o f c lo n a l  to le ra n c e  to 
drought and d isease incid ence continued. 
Field trials on agro-m anagem ent practices 
for red u ction  o f the g e s ta tio n  period  in 
rubber are also  in progress.

1- C rop m a n a g e m e n t

1.1. W ater req u ire m e n t stu d ies

T h e  e x p e r im e n t  o n  ir r ig a tio n  in 
immature ru bber w ith  irrigation levels at

jable Pad. L Effect o f irrie
Treatment
(1W/CPE)

rigation on growth and yield
Girth (cm) Girth increment Mean 

yield

IW./CPE ratio of 0.3, 0.6, 0.9, 1.2 and an 
un irrigated  control continued into the 
m ature phase. There was no significant 
d ifferences in girth  and yield betw een 
treatments (Table Pad. 1).

1.2. Response to applied fertilizers in high
yielding clones

An RBD experiment with 3 replications 
was laid out in June 2002 with budded 
stu m p s as p lan tin g  m ateria l. The 
treatments comprised of 3 clones (RRU 105,

Table Pad. 2. Effect of applied fertilizer on growth 
(12 year)

1.2
0.9
0.6

0.3

Control

S g jP "0 -0 5 )  N S N S

13lh yr 14«h yr 14"’ yr g t't' Girth (an)
62.8 63.8 1.0 53.8 RRII 105 RRII 429 RRII 414

61.6 62 .5 0.9 52.8 30:30:20 57.1 49.8 57.3

65.9 67.3 1.3 57.9 60:30:20 53.8 51.0 59.7

61 .6 62 .9 1.3 57.5 90:60:40 49.7 49.5 57.1

61,4 62.9 56.5 120:60:40 54.7 51.5

NS CD (P-0-05)



Planting Source o f  w ater W ater use through irrigation/rainfall (L) Total water
material (IW/rainfaU) See d in g  to Budding to C ut back to 2 Total IW + RF

budding cut back whorl w ater (L )
56  days 137 d ays 96 days 289 days

Root trainer IW  /No o f  irrigations 3 .2  (11) 39 .0  (69) 12 .5  (27) 5 4 .7 (1 0 7 ) 6 4 .0
Rainfall/No. o f  rainy days 5 .0  (29) 2 .9  (4) 1.4 (14) 9 .3 (4 7 )

Polybag IW /No o f irrigations 1 .7  (6 ) 4 3 .5  (69) 9 .8  (22) 5 5  (97) 64 .3
Rainfall/No. of rainy days 5 .0  (29) 2 .9  (4) 1 .4 (14) 9 .3  (47)

Table Pad. 5 . G row th perform ance o f  m od em  H evea  
c lon es

Girth
(cm)

RRII 414 and RRII 429) and four fertilizer 
le v e ls  (3 0 :3 0 :2 0 , 6 0 :3 0 :2 0 , 9 0 :6 0 :4 0  and 
12 0 :6 0 :4 0  kg  h a '1 o f  N , P , 0 5 and K ,0 ) .
S ig n ifica n t d ifferen ce  in g irth  b etw een  
clones was observed. (Table Pad. 2).

1.3. Water consum ption in  ru bber nurseries

The w ater u tilized  for irrig a tio n  of 
nursery plants w as m onitored in large scale 
com m ercial rubber nurseries. Total w ater 
u se  u n d er o p en  c o n d itio n s  w as found  
sim ilar for both polybag and root trainer 
plants (Table Pad. 3.)

Frequency of irrigation and water use 
w as found h igher in root tra in er plants

Table Pad. 4. W ater use under polyhouse conditions______________

P l a n t i n g ----------------------------W ater use through irrigation (L)
■nalmal Seeding to bu dding Budding lo cu lta c k  T u T W r j T ;  WSml

____________ (114 d ays) ,< * dflvsl
4 4 .5 (8 1 )

M ean annual Sum m er

PB  255 6 4 .6 6 7 .6 4 3 .7
PB 314 6 4 .2 5 2 .3 3 0 .2
PB 330 7 1 .9 4 7 .5 2 5 .4
PB 28/59 64 .3 5 5 .4 3 2 .5
RRTM 703 5 7 .3 4 2 .6 1 4 .3
IRCA 18 6 9 .2 5 6 .8 2 9 .8
IRCA 109 6 1 .7 4 6 .5 3 0 .1
IRC A  111 6 2 .4 4 2 .9 2 4 .7
IRCA 130 7 1 .2 8 4 .7 6 3 .3
IRCA 230 6 5 .8 4 5 .6 2 3 .8
RRII 105 6 4 .2 6 5 .2 4 0 .5

5 .3

Total w ater 
(L)

Root trainer 

P o ly b ag
6 .7 (2 4 ) '

5 .2 (2 4 ) 2 6 .3 (6 1 )
24 .6 (4 3 )

1 3 .5 (3 1 )

raised under polyhouse conditions (Table 
Pad. 4.)

2. C rop Im p rov em en t
2 .1 . Large scale evaluation o f clones

IRCA 18, IRCA 130 and PB 330 exhibited 
significant superiority with respect to girth. 
IRCA 130 also exhibited significantly higher 
annual and sum m er yield (Table Pad. 5).

2 .2. Evaluation of ru bber clones/selections 
at high altitu de situations

C lones RRU 203 and R R IC  100 w ere

7 5 .8 (1 4 8 )

4 4 .9 (1 1 6 )

found superior (in term s o f girth) in the trial 
p la n te d  in  199 6  u n d e r  h ig h  a lt itu d e  
cond itions (974 m M SL) w ith  1.0 selections 
and 5 clones. G irth  o f se lec tio n s P 1, P 213, 
P 2 7 0 , P  2 8 0 , P 2 9 6  a n d  Ir it ty  w as 
s ignificantly  su p erior to R R II 105. M ean 
annual yield of RRII 203 w as found to be on 
par w ith that o f PB  86, R R IC  100, P 270, P 
213 and Iritty. M ean annu al y ield of RRII 
203 and R R IC  100 w as found significantly 
superior to RRII 105. Su m m er yield of RRU 
203 w as found significantly  su perior to all 
o ther clones/selections.



f«ii J L  ^  yield ing clone
followed by GT 1 and RRII 105 (43.4 g f  f ) 
The third trial (1988C) has 14 ortet clones 
and three control clones. A fter eleven 
years of tapping, GT 1 recorded maximum 
yield followed by ortet C140 and clone 
RRII 105.

Table Kad. 1. Performance of clones in the small scale

HEVEA BREEDING SUB-STATION, KADABA, KARNATAKA

R u b b e r  r e s e a r c h  b e g a n  in D aksh ina O 17 and C T  1 r n.
K a n n a d a  r e g i o n  in  1 9 8 6  a f t e r  th e  am o ne the I *  ™ !" , . M,C° nd W al (1988B >' 
e s t a b l is h m e n t  o f  H e v e a  B r e e d in g  S u b -  clones (RRII , 05 ™ ntI01
sta tio n  (H B S S )  w it h  a r e s e a r c h  fa r m  a t evaluation ITablp 600 and G T 1 ) under 

N ettana. T h e  m a jo r  c h a l le n g e  o f  r e se a rch  w a s  fo u n d  thp w  ' ^ ' ortetT1 (® -2 g f , f l ) 

w as th e  p r e v a l e n c e  o f  d r o u g h t  d u r in g  follow er! h „ r r , , 1 ?  ? ' i ! 1.d ! n ® c lo n e
sum m er m o n th s  a n d  o c c u r r e n c e  o f  d isea ses  
especially  P h y to p h th o r a  a n d  C o ry n esp o ra  lea f 
fall d isea ses .

T h e m a jo r  s o il ty p e  is  re d  la te r it ic  and  

coasta l a l lu v iu m . A n n u a l  r a in f a l l  v a r ie s  

from 3 0 0 0  to  5 4 0 0  m m . S o u th w e s t  m o n so o n  
con tribu tes to  th e  m a jo r  p a r t  o f  th e  ra in fa ll 

w ith  J u ly  g e t t i n g  h i g h e s t  r a i n f a l l .  T h e  

m inim um  t e m p e r a tu r e  v a r ie s  fro m  12  °C  

to 25 °C  a n d  m a x im u m  te m p e r a tu r e  ran g es  
from 21 °C  to  4 3  °C . N o r t h e a s t  m o n so o n  is 

w eak. T h e  c o n d i t i o n s  p r e v a l e n t  in  th is  

region a r e  c o n d u c iv e  to  P h y to p h th o r a  a n d  

p o w d e ry  m i ld e w  d i s e a s e .  I n c id e n c e  o f  

Corynespora  le a f  d is e a s e  is  a  m a jo r  co n ce rn .

The fa rm  h a s  a  w e l l - e s t a b l i s h e d  C la s s  B 

A g ro -m e te o ro lo g ica l o b s e r v a to r y  a n d  a s o il 
testing la b o r a to r y .

T h e  m a jo r  t h r u s t  a r e a s  o f  r e s e a r c h  in 
the s t a t io n  a r e  t o  d e v e l o p  n e w  c lo n e s  

under d i f f e r e n t  b i o t i c  a n d  a b io t i c  s t r e s s  

fa cto rs  a n d  to  i d e n t i f y  lo c a l l y  a d a p te d  
clones fo r  S o u th  K o n k a n  r e g io n . T h e  fa rm  

m a in ta in s  a  s o u r c e  b u s h  n u r s e r y  o f  106 
c lo n es  f o r  g e n e r a t i n g  n u c le u s  p la n t in g  O 14 
m a teria l.

S m a ll s c a le  tr ia l  o f  se le c ted  ortet 
c lo n es  (1 9 8 8 A ,1 9 8 8 B / 1988C )

In  th e  f ir s t  tr ia l (1 9 8 8 A ), 1 5  o r te t  c lo n e s  
and th ree  c o n tro l c lo n e s  (R R II  105 , R R IM  6 00 

and G T  1) a r e  u n d e r  e v a lu a t io n . T 2  em erg ed  

^  h ig h est y ie ld e r  b a s e d  o n  th e  d a ta  o v er  

e even y e a r s  o f  t a p p in g , c lo s e ly  fo llo w e d  by

Clone Girth (cm) 
at age 25 years 

(Dec. 2013)

Mean yield 
11 years
( g f r 1)

T 1 114.9 90.2
GT 1 95.0 43.4

O 53 99.1 25.0

O 40 88.8 28.8

RRII 105 74.9 43.4

C 150 81.5 23.9

O 38 90.3 34.9

O 54 87.7 27.6

O 16 83.9 33.3

RRIM 600 78.3 33.8

PO 80.7 38.0

0  46 84.9 32.7

O 14 80.5 27.5

O 37 82.8 42.2

C 151 76.3 19.8

O 23 68.4 31.0

O 22 72.6 33,0

O 57 74.1 31.3

C 9 67.7 22.2

CV (%) 10.5 254

CD (P<0.05) 13.5 15.9



2. L arge  s c a le  c lo n e  t r ia ls  (1 9 8 9
1990 A)

F o u rtee n  d o n e s  a re  b e in g  e v a lu a te d  in 
th e  la r g e -s c a le  tr ia l in it ia te d  d u r in g  1989 
a lo n g  w ith  ch e ck  d o n e  R R II 105 . G ro w th  

a n d  y ie l d  p e r f o r m a n c e  in d i c a t e d  th e  
su p erio rity  o f  th e  d o n e  R R II 2 0 3  in  th e  ten th  
y e a r  fo l lo w e d  b y  K R S  2 5  a n d  P B  2 5 5 .  

C u m u la t iv e  d a ta  o n  g r o w t h  a n d  y ie ld  
p e r fo rm a n ce  o f  d o n e s  in  th e  1 9 9 0 A  la rg e  
s c a l e  c lo n e  t r ia l  s h o w e d  t h a t  P B  2 6 0  

r e c o r d e d  a m a x im u m  d r y  r u b b e r  v ie ld  
fo llo w e d  b y  P B  2 3 5  a n d  P B  2 1 7 .  T j i r  1 
co n tin u e d  a s  th e  lo w e s t y ie ld e r . A t  le a s t  
tw o  d o n e s  (R R II 2 0 3  a n d  P B  2 3 5 )  co u ld  b e  
se le c te d  fro m  th ese  tr ia ls  b a se d  o n  th e  lo n e  
term  d a ta  b a se .

3. T r ia l o n  e s t im a t io n  o f  g e n e tic  
p aram eters

T h is  e x p e r i m e n t  p la n t e d  in  1 9 9 0  
c o n s is ts  o f  1 2  c lo n e s  a n d  th e ir  h a l f - s ib  
p ro g e n ie s . P a r e n t c lo n e s  P B  2 3 5 , R R II 203  
an d  R R II 105  w e re  th e  to p  y ie ld e rs . A m o n g  
th e  p ro g e n ie s , h a l f-s ib s  o f  R R II 2 0 3  (H S  3) 

re g is te re d  m a x im u m  g r o w th  fo llo w e d  bv 
h a lf-s ib s  o f  G T  1 (H S 2 ) a n d  P B  235 (H S  10). 
T h e  h a i f - s ib  p r o g e n ie s  o f  h ig h  y ie ld in g  
p a r e n t s  c o n t in u e d  th e ir  s u p e r io r i t y  in 
g r o w th  a s  w ell a s  y ie ld  in  thtS te n th  y e a r  
w h ile  p r o g e n ie s  o f  in fe r io r  fe m a le  p a ren ts  
co n tin u e d  to  b e  in ferio r.

4. S m a ll scale  c lon e  tria ls  o f  pop u lar
d o n e s  (1991A , 1991B  an d  1991Q

F ifty  fo u r  ex o tic  c lo n e s  an d  th ree  con tro l 
c lo n e s  a re  b e in g  tes ted  ( R R I I 105,  C T  1 an d

R R IM  600) w e re  k e p t a s  th re e  c o n tro l c lon es 
In  th e  t r ia l  1 9 9 1 A w it h  36  d o n e s f b o t h  
in d ig e n o u s a n d  e x o tic  c lo n e s), c lo n e s  P B  23S 

PB  280, P B  314, P B  312 a n d  P B  311 co n tin u ed  
to  e x h ib i t  m a x im u m  g r o w t h  a n d  y ie ld  
D ata  b a se  o f  P B  235 fro m  o th e r  tr ia ls  also  
c o r r o b o r a te d  w ith  th is  d a ta  s e t .  P B  235 
c o u ld  b e  s e le c t e d  a s  o n e  o f  th e  fu t u r e  
p la n t in g  m a t e r i a l s  a n d  c a n  b e  u s e d  as 

c o n tro l ( lo ca l c h e c k  v a r ie ty )  fo r  c h a jle n e in e  
te s t  c lo n e s .

In  1991 B tr ia l  c o m p r is in g  13 c lo n e s  
R R I I  5, R R I I  3, H P  83/224 a n d  P B  28/59 
p e r fo rm e d  w ell.

5. Large sca le  tria l (2000)

In  th e  d a ta  o f  18 y e a r s  f o r  th e  L S T  (2000) 
w h ic h  c o m p ris e s  s ix  400 s e r ie s  c lo n e s  (R R II 
414, R R II 430, R R II 422, R R I I  429, R R II 403 
a n d  R R I I  407) a lo n g  w it h  R R I C  100 an d  

R R II  105, m a x im u m  g r o w th  w a s  fo u n d  in 
R R II 414 a n d  R R U  430. T r e n d s  in  y ie ld  d ata  
in d ic a te d  c lo n e s  R R II  414 a n d  R R II  430 as 
b e s t p e r fo rm e r s .

6- P o ly cro ss  g ard en  (1995)

S e v e n  c o m p o n e n t c lo n e s  p la n te d  a s  p er  
S im m o n d s  d e s ig n  c o n s t i t u te s  p o ly c lo n a l  
seed  g a r d e n  o f  H B S S  N e tta n a . C lo n e s  su ch  
a s  R R II 105 , P B  215, P B  217, P B  242 P B  252 
PB 5/51, P B  28/83, A V T  93 a n d  C h  26 a re  

b e in g  m a in ta in ed . O p e n  p o ll in a te d  s e e d s  are 
b e in g  c o lle c te d  a n d  s u p p lie d  fo r  d iffe r e n t 
s tu d ie s . E x p e r im e n t o n  n u rs e r y  e v a lu a t io n  
a n d  s e le c tio n s  o f  b e tte r  fe m a le  p a r e n ts  fo r  
p u  a tiy e  s to c k s  a r e  u n d e r  p r o g r e s s  a t  R R II 
a n d  o th e r  r e g io n a l s ta tio n s .



HEVEABR E ED IN G SU B-CTAT1O N ,TH A D IKARAMKONAM,TANDLNADU

H ™ R E E D , N G S I * ^

1. G e n e t ic  im p r o v e m e n t  o f  H evea  
b ra silien sis  fo r  d e v e lo p in g  ideal 
c lo n e s

1.1. C on ven tion al breed in g  in  the areas

F iv e  p r o je c ts  w e r e  p u r su e d , v iz .,  c lon e 
e v a l u a t i o n ,  h y b r i d i z a t i o n  a n d  c lo n a l  
s e le c tio n , n e w  g e n e r a t io n  p o ly c lo n a l seed 
g ard en , p a r t ic ip a to r y  c lo n e  e v a lu a tio n  and  
ro o t tr a in e r  p la n t in g  te ch n iq u e .

i. C lo n e  e v a lu a t i o n

T h is  p r o je c t  c o n s is ts  o f  n in e  la rg e  scale  
c lo n e  e v a l u a t i o n  e x p e r i m e n t s  in it ia te d  
u n d e r  th e  a g r o - c l im a t e  o f  K a n y a k u m a ri 
r e g io n . F ie ld  p e r f o r m a n c e  o f  a to ta l  30  
m o d e m  h ig h  y ie ld in g  in d ig e n o u s  a n d  e xotic 
c lo n e s  w a s  s tu d ie d  d u r in g  th e  p erio d  un d er 
re p o rt . O n e  la r g e - s c a le  c lo n e  e v a lu a t io n  
e x p e r im e n t  ( 1 9 9 4 )  c o m p r is in g  n in e  new  
c lo n e s  a n d  t w o  e s t a b l i s h e d  c lo n e s  w a s  
co n c lu d e d  d u r in g  2 0 1 3 . In  th is  ex p erim en t, 
o n e  o f  th e  n e w ly  in tr o d u c e d  M a la y s ia n  
c lo n e s  n a m e ly  P B  2 5 5  (8 7 .9  g  t 1 f 1) ex h ib ited  
s ig n if ic a n t ly  h ig h e r  y ie ld  r ig h t  fro m  the 
b e g i n n i n g .  T h e  c o n s i s t e n t  y ie ld  
p e r f o r m a n c e  a n d  p r o m is in g  s e c o n d a r y  
c h a r a c te r s  ju s t i f i e s  u p -g r a d a t io n  o f  th is  
c lo n e  t o  c a t e g o r y  I ,  a t  l e a s t  f o r  th e  
K a n y a k u m a ri r e g io n . O u t  o f  th e  fiv e  new  
c lo n e s  in tr o d u c e d  fro m  C o te  d ' Ivoire, three 
clon es viz. IR C A  1 0 9  (7 9 .5  g  t } t 1), IR C A  111 
(7 7 .6  g  t  < t 1) a n d  IR C A  1 3 0  (7 7 .5  g  f  f ) ,  
p r e s e n t e d  p r o m i s i n g  y ie l d  tr e n d  
th ro u g h o u t th e  tr ia l.

F r o m  th e  c o n c lu d e d  b lo ck  ev a lu atio n  
e x p e r im e n t  (1 9 9 4 )  c o m p r is in g  13  m o d ern  
p o p u la r  c lo n e s ,  R R II  105  (6 8 .6 g  tr1 f J)a n d  PB 
28/59 (63 .5  g  t 1 f ’)  w e r e  fo u n d  su p erior.

In  th e  la r g e  s c a le  c lo n e  tr ia l (1996) at 
N e w  A m b a d i E s ta te , R R II 2 0 3  (5 7 .7  g  t 1 1 1)

had better yield than RRII 105 (56.92 e  f  f t

the 12* year of tapping. Performance of

/t  “  w as m terior to R R II 105
( la b le  Par. 1).

lab le  Par 1. The mean girth (January 2014) and mean 
— --------------- yield of trial GxE Interaction (1996)

Mean yield TPD
(cm ) fe  f  r !) (%)

RRII 414 74.7 44 .8 7 .0
RRII 417 72.4 4 8 .8 3 2 .5
RRII 422 7 3 .6 50.2 15.0
RRII 429 8 3 .7 42.1 4 .5
RRII 430 69 .8 50 .9 13.6
RRII 51 75.6 36 .8 9 .8
RRII 176 83.3 46.1 2 .5
RRII 203 84.5 5 7 .7 4 7 .5
RRIC 100 76 .2 43 .5 8 .5
PB 217 89.8 40 .4 14.0
RRIM 600 78.7 4 4 .2 4.4
RRII 105 74.7 5 6 .9 22 .6
M ean 78.0 46 .9 15.1
C D 9.7 9 .0 -

N in e  y e a rs  d ata  o f  b lo ck  e v a lu a t io n  
ex p erim en t 4 00  series a t  V aiku nd am  E sta te  
(2000) in d icated  R R II 429  (67 .8  g  f  t 1) as 
b est y ie ld er and  R R II 4 1 4  (54 .7  g  t '1 f ‘) as

SI.
N o

C lone Girth
(cm)

Mean yield 
(g f  f )  

(9  years)

TPD
(%)

1 RRII 414 70 .6 5 4 .7 10.8

2 RRII 417 7 0 .0 6 2 .3 10.0

3 RRII 422 68 .2 6 2 .9 11.1

4 RRII 427 66 .5 51 .4 2 .4

5 RRIi 429 78.1 67 .8 27 .3

6 RRII 430 68.1 60 .0 10.3

7 RRII 105 64.6 5 9 .9 16 .0

Mean 69.43 5 9 .9 12.6

SE 3 .88 8 .6 -



p o o r  p e r fo r m e r  (T a b le  P ar . 2 ) .  R R II  4 2 9  
co n tra cted  h ig h  T P D  (2 7 .3 % ) too . In  o r d e r  to 
h a v e  in -d e p th  s tu d ie s  o n  th e  p e r fo rm a n ce  
o f  th e s e  h y b r id  c lo n e s ,  th e  S t a t io n  h a d  
in itia te d  f iv e  la r g e  s c a le  c lo n e  e v a lu a t io n  
e x p e rim e n ts  r e p re s e n tin g  f iv e  d iv e rse  a g ro - 
c l i m a t i c  c o n d i t i o n s  in  K a n y a k u m a r i  
D is tr ic t .

1.2. H ybridization and clonal selection 

T h e  b r e e d in g  o r c h a r d s  (51  p a r e n ta l  
c lo n e s) w ere  w ell m a in ta in ed  a n d  110 0  han d  
p o ll in a t io n s  w e re  a tte m p te d  w ith  d iffe re n t 
p a re n ta l co m b in a tio n s  d u r in g  th e  r e p o rtin g  
p e r io d . T h e  h y b r id  se e d s  (72  n o s) o b ta in ed  
d u r in g  2 0 1 3  w e r e  ra is e d  fo r  p r e lim in a r y  
e v a lu a t io n . T h e  h y b r id  s e e d s  o b ta in e d  by 
H P s  c a r r ie d  o u t  d u r in g  2 0 1 2  w e r e  te s t  
ta p p e d  to  e v a lu a t e  y ie ld  a n d  s e c o n d a r y  
c h a r a c te r s .

1 .3 . N e w  g e n e ra t io n  p o ly c lo n a l s e e d  g a rd en  

T h e  se e d  g a rd e n  w a s  m a in ta in e d  w ell 
T h e  m o th e r  p la n ts  ra ised  o u t o f  p o ly -c ro ss  
se e d s  c o lle c te d  d u rin g  2 0 1 2  w ere  te s t tap p ed  
a n d  th e  p r o m is in g  h ig h  y ie l d e r s  w e r e  
p o lla r d e d  fo r  m u lt ip lic a t io n  a n d  fu r th e r  
e v a lu a t io n .

1.4 . P a r t ic ip a to r y  c lo n e  e v a l u a t i o n
experim ent

Juvenile growth of 11 pipeline dones and 
three check clones planted at Tharuvaiyar 
(2008) and Vithura (2008) w ere recorded at 
q u a rte r ly  in te rv a ls  an d  th e  d a ta  w ere 
tabulated. Girth recording was also initiated 
on the O FT at Bethany Estate during 2010 
(Phase II) and 2012 (Phase III).

1 .5 . R oot tra iner p lan tin g  tech n iq u e
In th e  f ie ld  tr ia l in it ia te d  at 

C h u ru lacod e  (20 0 2 ), ro o t tra in e r  plants 
continued to yield better (55.7 g  r 1 r t  than 
polybag plants (54.2 g  t> f )  during 8 *  year 
o f ta p p in g . A  c o m p a ra tiv e  s tu d y  w as 
co n d u cted  at V aiku nd am  E sta te  during 
2013 on the root developm ent in polybags 
and root trainers (Table Par. 3). Though the 
deform ed roots w ere rem oved at the point 
o f coiling before field planting, an average 
o f 40%  o f p lants still exhibited coiled tap 
roots on excavation at d ifferent intervals 
The polybag plants had 90.4%  better girth 
than root trainer plants at the beginning of 

' n  Thls d ifferen ce  w as redu ced to 
16.2/„ tow ards the end o f nine m onths of 
grow th in the field.

(cm ) (cm )
N o o f 

tap roots

B efore field planting

1 m onth after planting

2 m onths after planting

3 m onths after planting 

6  m onths after planting 

9 m onths after planting

96,1 1 .7 3 .2
7 4 147 3 .4 4 .6
74 147 3 .4 4 .6

1 28 .9 1 91 .2 4 .6 5 .9
2 0 8 2 9 0 6 .9 8 .7

- - 11.2 1 3 .0

1.75

3.6

in root trainers and polybags
Tap root 

coilin g  (%)

~RT PB

7.2 38.4

2-4 38.4

42.4 36.2

44.2

44.2

74.8

100

80



A N N U A L EXPEN D ITU RE

E xp en d itu re  at a glance (2013-14)

H ead o f A ccou n t ------

N o n -P lan *

N on-P lan  RRII 

Projects (CES)

Total

Expenditure (? in lakhs)

620.76

519.76 

1, 140.52

Plan

R esearch  Schem e 

N ER D S Research Com ponent 

Total

2, 384.99 

435.89 

2, 820.88

Grand Total 3,961.40

*N on -p lan  expense includes non-plan projects (CES)



p o o r  p e r fo r m e r  (T a b le  P a r . 2 ) .  R R I I  4 2 9  
co n tra cted  h ig h  T P D  (2 7 .3 % ) too . In  o rd e r  to  
h a v e  in -d e p th  s tu d ie s  o n  th e  p e r fo rm a n ce  
o f  th e s e  h y b r id  c lo n e s ,  th e  S t a t io n  h a d  
in itia te d  f iv e  la r g e  s c a le  c lo n e  e v a lu a t io n  
e x p e rim e n ts  re p re s e n tin g  fiv e  d iv e r se  a g ro - 
c l i m a t i c  c o n d i t i o n s  in  K a n y a k u m a r i  
D is tr ic t .

1.2. H ybridization and clonal selection 

T h e  b r e e d in g  o r c h a r d s  (5 1  p a r e n ta l  
clo n es) w ere  w e ll m ain ta in ed  and  110 0  han d  
p o ll in a t io n s  w e re  a tte m p te d  w ith  d iffe re n t 
p a re n ta l c o m b in a tio n s  d u r in g  th e  r e p o rtin g  
p erio d . T h e  h y b r id  se e d s  (72  n o s) o b ta in ed  
d u r in g  2 0 1 3  w e r e  ra is e d  fo r  p r e lim in a r y  
e v a lu a t io n . T h e  h y b r id  se e d s  o b ta in e d  by 
H P s  c a r r ie d  o u t  d u r in g  2 0 1 2  w e r e  te s t  
ta p p e d  to  e v a lu a t e  y ie ld  a n d  s e c o n d a r y  
c h a r a c te r s .

1.3. New generation polyclonal seed g ard en  

T h e  se e d  g a r d e n  w a s  m a in ta in e d  w ell 
T h e  m o th e r  p la n ts  ra ise d  o u t o f  p o ly -c r o ss  
s e e d s  c o lle cted  d u r in g  2 012  w e re  tes t tap p ed  
a n d  th e  p r o m is in g  h ig h  y ie l d e r s  w e r e  
p o lla r d e d  f o r  m u lt ip lic a t io n  a n d  fu r th e r  
e v a lu a t io n .

1.4. P a r t ic ip a to r y  c lo n e  e v a lu a tio n
experim ent

Juvenile growth o f 11 pipeline clones and 
three check clones planted at Tharuvaivar 
(2008) and Vithura (2008) w ere recorded at 
q u a rte r ly  in te rv a ls  and th e  d a ta  w ere 
tabulated. Girth recording w as also initiated 
on the O FT at Bethany Estate during 2010 
(Phase II) and 2012 (Phase III).

1 .5 . R oot tra iner p lan tin g  tech n iq u e
In  th e  fie ld  tr ia l  in it ia te d  at 

C h u ru la co d e  (2002), roo t tra in e r  plants 
continued to yield better (55.7 g  t 1 t ' )  than 
polybag plants (54.2 g  t 1 f )  during 8 ,h year 
o f  ta p p in g . A c o m p a ra tiv e  s tu d y  w as 
co n d u cted  at V aik u n d am  E sta te  during 
2013 on the root developm en t in poly  bags 
and root trainers (Table Par. 3). Though the 
deform ed roots w ere rem oved at the point 
o f coiling before field p lanting, an average 
of 40% of plants still exhibited coiled  tap 
roots on excavation at d ifferen t intervals. 
The polybag plants had 90.4%  better girth 
than root trainer plants at the beginning of 
the trial. T his d ifferen ce  w as red u ced  to 
16.2%  tow ards the end o f n in e m onths of 
grow th in the field.

Tim e o f exam ination T b^ l c ° ^ " c X t F l m t o M " a„lr a‘‘  " " " i  ? "  r°.°l lr* in en L” *1 Po|yb;iP
(cm )

B efore field planting

1 month after planting

2 m onths after planting

3 m onths after planting 

6  m onths after planting 

9  m onths after planting

5 3 .5

74

7 4

96.1

147

1 4 7

1 2 8 .9  191 .2  

2 0 8  2 9 0

(cm ) tap roots lateral roots 
R T  P B

RT PB RT PB
1 .7 3 .2 1 .75 2 .1 1 4 2 .4 3 6 .2
3 .4 4 .6 3 .6 7 .2 3 8 .4 4 4 .2
3 .4 4 .6 1 .2 2 .4 3 8 .4 4 4 .2
4 .6 5 .9 1 2 .2 4 5 .4 7 4 .8
6 .9 8 .7 1 1

1 1 .2  13 .0 _

Tap root 
c oilin g  (%) 

■r t  PB



a n n u a l  e xpen d itu r e

E xp en d itu re  at a glance (2013-14)

H ead of A ccoun t
Expenditure (? in lakhs)

N o n -P lan *

N on-P lan  RRII 620.76
P ro jects (CES) 519.76

Total 1, 140.52

Plan

R esearch  Schem e 2, 384.99

N E R D S Research Com ponent 435.89

Total 2, 820.88

Grand Total 3,961.40

^N on-plan exp ense 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  2 0 1 3 -1 4

P o ly  h o u se  te ch n o lo g y  fo r  p ro d u c in g  g o o d  q u a lify  p la n tin g  m a te r ia ls

x * i r deis for tree femn* cross and o p - ...... *

1 ^ g a“ r a n d “ O C S 420B ^ P P U e d b y m M d tesHng in d ia P v U ,d .

ii. M S  361 a n d  M S  2 1 0 - M/s. A n d re a s  S t ih l P v t. L td ., P u n e

W o o d  P e c k e r  W F B C  2 0 1 2  w e e d  c u t te r  m o d e l s u p p l ie d  b y  M /s R e m y s  A e r o  
E q u ip m e n ts  P v t. L td . K a lo o r, K o ch , fo r  w e e d in g  o p e " ........ i„

“ r  f° r  d iSeaSe < * ™ * r a l  r u b b e r

modei r pplied by M/sp la n ta t io n s .  B a n g a lo re . F o r  s p r a y in g  o f  o i l -b a s e d  C O C  in  r u b b e r

In d e x  fo r  r a n k in g  th e  e f f ic ie n c y  o f  w eed  c u tte r s  in  r u b b e r  p la n ta tio n s .



L I S T  O F  M A JO R  E Q U IP M E N T S AT R R It

Air p e r m e a b ili ty  te s te r

Atomic A bsorp tion  Sp ectrophotom eter
Autoclave (C ylind rical and Horizontal)

Ball m ill

Bio -  C a b in e t

Bio sa fe ty  c a b in e t

B io m ed ica l Freezers (-30°C)
BOD Incu bator 

Brook field v iscom eter 
Carbon N itrogen A nalyser 

C entrifuges (H igh speed refrigerated) 
Chemical fum e hoods 

Chlorophyll C on ten t M eter 
Chlorophyll index m eter 
Clim atic ch am ber

Coir foam  testin g  equipm ent (indentation 
hardness, flex ing , com p ression  set A & B 
testers)

Com pression set ap p aratu s (25% strain) 
De- m attja  F lexom eters 

Deep freezer (-20° & -80")
Deep freezers

D ifferential scanning  calorim eter 
Din A brasion m achines 
Disper grad er 
DMA 50

DNA electrop h oresis unit 
DNA isolation  m achine 
Eddy covariance system  
ELISA reader
Environm entally controlled shakers 
Flam e photom eter 
Flash ch rom atograp h &accessories 

Fluorescence M onitoring System  
Fluorescence spectrop hotom eter 

Freeze D riers 
FTIR spectrom eters

Gas chromatograph-mass spectrometer 
Gel blotting apparatus 

Nanodrop Spectrophotometers 
Oxygen electrode 
Ozone chamber

P700 ch lorop h yll flu orescen ce  
measurement system 

PAM-2000 portable flurometer 
Particle size analysers 
PCR machines

Phase contrast Microscope & accessories 
Phosphor Image Analyser 
Phosphor imager 
Plant growth chamber 
Plate reader
Polarizing Microscope & accessories
Projection microscope with accessories
Protein separating systems - 2D
Real time PCR machines
Recirculating Cooler
Refrigerated and Heating Circulator
Refrigerated high speed micro centrifuge
Refrigerated shaker
Refrigerated Table Top Centrifuge
R em ote Sen sin g  and G eo grap h ica l
Information System (RS & GIS)
Research microscope and image analyser

Ross flex in g  M achine

Rotary Evaporator
R u bber Process A n alyser

Sap flow m eter
Sequencing gel electrophoresis unit 
Sequi-Gen GT system (sequencing system) 

Soil Respiration Analyser 

Sonicator
Specific gravity balance 
Spectro radiometer



Spectrophotom eter — nanodrop
G el d o c u m e n ta tio n  &  im a g e  a n a ly z e r

G el d o c u m e n ta tio n  sy s te m s

G el D ry e r  &  P u m p

G el e le c tro p h o r e s is  a p p a r a tu s  -  2D

G e ld o c  sy s te m s

G e n e t ic  A n a ly z e r  3 5 0 0  X L

G oodrich Flexom eters
G P C

H a rd e n e ss  te s te r  ( sh o re  A ,D ,M ,0 )

H ig h  sp e e d  m ic ro c e n tr ifu g e  

H ig h  sp e e d  T a b le  T o p  C e n trifu g e s  

H ig h  V o lta g e  P o w e r  P ack  

H ig h -S p eed  C e n trifu g e  

H is to  E m b e d d e r  

H P L C  sy s te m

H y b rid iz a tio n  o v e n  -  In c u b a to r  sh a k e r  

H y d ra u lic  p re ss  (1 4 " *  14 ",)

Im a g e  p r o c e s s in g  a n d  A n a ly s is  S y s te m

In c u b a to r  &  A c c e sso r ie s

In c u b a to r  s h a k e r  w ith  c o o lin g

In fra re d  th e rm o m e te r

I n v e r t e d  M i c r o s c o p e l R G A -  P o r t a b l e
p h o to s y n th e s is  sy s te m

Is o e le c tr ic  fo c u s in g  u n it

L a m in a r  A ir  F lo w  H o o d s

L a te x  fo a m  te s tin g  e q u ip m e n t (in d e n ta t io n
h a r d n e s s ,f le x in g ,  c o m p r e s s io n  s e t  A & B
te s te r s )

L e a f  a re a  m e te r  

L in e a r  P A R  C e p to m e te rs  

L iq u id  s c in tilla tio n  sy s te m  

M e a s u r in g  m ix e r  (8 0  cc )

M ic r o  c e n tr i fu g e  w ith  co o lin g

M ic r o  p H  m e te r

M ic r o to m e  -  B a se  s le d g e

M ic r o to m e  -  R o ta ry  w ith  k n ife  sh a rp e n e r

M in i IE F  e le c t ro p h o r e s is  u n it

M o o n e y  v isc o m e te r

M o v in g  d ie  r h e o m e te r

M u ffle  fu rn a ce s

S p e c tr o p h o to m e te r s

S p e e d  v a c  c o n c e n tr a to r  sy s te m

S te re o  M ic r o sc o p e

S u b m e rg e d  E le c tro p h o re s is  S y s te m

T e m p e ra tu re  c o n tro lle d  in c u b a to r  sh a k e r

T e m p e ra tu re  R e c o r d e r

T h e rm o  g r a v im e tr ic  a n a ly z e r

T h e rm o c o u p le  p s y c h ro m e te r

T is s u e  p r o c e s s o r

T w o -ro ll m ix in g  m ill (6 "  *  1 3")

U lt r a c e n tr i fu g e s

U n iv e rs a l te s tin g  m a c h in e s  (5 0 N , 1 0 0 N  5 
kN )

U V  S p e c tro p h o to m e te r

V e rtica l e le c t r o p h o r e s is  u n it

W alk  in  e n v iro n m e n ta l G ro w th  C h a m b e r

W alk  in  F u m e  H o o d

W a te r  p o te n tia l s y s te m

W a te r  p u r if ic a t io n  s y s te m

W e t s ie v in g  a p p a r a tu s

Z e ta  p o te n tia l a n a ly z e r

N O R T H  E A S T

A to m ic  A b s o r p tio n  S p e c tr o p h o to m e te r  

C h lo ro p h y ll c o n te n t  m eter.

F la m e  p h o to m e te r

F lu o re s c e n c e  M o n ito r in g  S y s te m

L e a f  A rea  M e te r

L u m in o m e te r

N itr o g e n  A n a ly z e r

PA R/LA I C e p to m e te r

P o r ta b le  p h o to s y n th e s is  s y s te m

S p e c tro n ic  2 0 D  S p e c tr o p h o to m e te r

S te re o  m ic ro s c o p e

U V -s p e c tr o p h o to m e te r s

W a te r  P o te n t ia l m e te r  W P 4 -T
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Plant Pathology D ivision

Sabu P. Idicula, M .Sc. (A g.)
Jacob M athew , M .Sc.. Ph.D.
A nnakutfv  Joseph, M .Sc.. Ph.D.
C. Bindu Roy, M .Sc., Ph.D  
S. Thankam ony, M .Sc., Ph.D . 
K ochuthresiam m a Joseph, M .Sc., Ph.D. 
Shaji Philip, M .Sc, Ph.D.
E. Edw in  Prom, M .Sc. (A g.)
Sadanand K. M ushrif, M .Sc. (Ag.)
K G . Jayan 
P. A jithkum ar

P lant P h ysiolog y D ivision

K. A nnam alainathan, M .Sc., M .Phil, Ph.D 
M olly T h om as, M .Sc.. Ph.D.
S. S reela th a , M .Sc., Ph.D .
D. B huvanendran Nair, M .Sc., Ph.D. 
Jayasree  G opalakrish n an, M .Sc., M .Phil. 
Jayanta Sarkar, M .Sc. (Ag,), Ph.D.
K.V. Su m esh  M .Sc. Ph .D .
Rajen M athew  
P.M . Seb astian  
K .K . Benny
Sh eela  P. S im o n , M .Sc., Ph.D .

C lim ate C han ge and Ecosystem  S tud ies 

R- K rishnakum ar, M .Sc., Ph.D.
T. Sa ila jad ev i, M .Sc.
B. P rad eep , M .Sc.
K .K . Jay aso o ry an , M .Sc.

Latex H arvest Techn ology D ivision

K .U . T h om as, M .Sc., Ph.D .
R . Rajagopal, M .Sc., M .Phil., Ph.D ., D ip. Stat. 
K . K arunaicham y, M .Sc., Ph.D.
T.V. So m ara j

R u b b e r Technology D ivision

R o sam m a A lex, M .Sc., L PR I, M .Tech, Ph D 
B en n y  G eo rg e , M .S c ., Ph .D .
Ja co b  K . V arkey, M .Sc., M .Tech., Ph D 
K .N . M ad husoodan an , M .Sc.
P.S. Sad eesh  Babu, B. Tech., PGD BA 
Joy  Jo se p h , M .Sc.
M anoj Kurian  Jacob, M .Sc. Ph.D 
V alsa G eo rg e, M .Sc.
T resa C herian , M .Sc.

Sc ien tist C 
S cien tist B > 
S cien tist B

S en io r  S c ien tist 
Scien tis t A t, 
S c ien tist A

Join t D irector 
D ep u ty  D irector 
S en io r  Scien tis t 
S en io r  Scien tist 

E n tom olog ist 
Sc ien tist C 
Scien tis t C  
Scien tis t B ' 

Sc ien tist B (upto  20.08 .2013) ' ' 
A ssistant Farm M anager 

Farm  O fficer

Jo in t D irector 
S en io r  S c ien tist 
S en io r  S c ien tist 

Scien tist C 
S c ien tist C 
Scien tis t B . _ 
Sc ien tist A ' 

Farm  O fficer 
Farm O fficer 
Farm  O fficer

Ju n io r  Scien tific  Officer

Jo in t D irector 
A g ro m eteo rolog ist/  S c ie n tis t C

Scien tist A ‘t 
S c ien tis t A

Jo in t  D irector 
S en io r  S c ien tist 

. , Scien tist C  ^
A ssistant Farm  M anager (upto 31.05.2013)

D epu ty D irector 
S en io r  Scien tis t 
S en io r  S c ien tist 

Sc ien tist C 
Scien tist C  *] 
Scien tis t B 

S c ien tis t A 
Sc ien tific  O fficer 

A ssistan t Scien tific  O fficer



M. Su sam m a Josep h , M .Sc.
M L. G eethakum ariam m a, M .Sc., Ph.D
C. M adhesw aran, B.A.

Techn ical C on sultan cy D ivision

Si by V arg h ese, M .Sc., Ph.D .
K .S. M oh an d as, M .Sc., M .Tech. 
lin u  Ja co b  G eorge, M .Tech., Ph.D. 
Sh era  M athew , M .Sc., M .Tech., Ph.D. 
M .A . Fancy, M .Tech.
K .K . Sasid h aran , M.Tech.
R eetham m a Joseph  M Sc., Ph.D. 
M athew  Joseph, B.Tech.
K .I. E lizab eth , M .Sc., M .Tech., Ph.D. 
Tessy  K . G eo rg e , M .Sc., M .Tech.

P ilo t C ru m b R u b b e r Factory

I. John B ritto  B.Sc., PGD RP

Econ om ics D ivision

K. Th arian  G eorge, M .A., Ph.D. 
Tom s Jo se p h , M.A.
Bin ni C handy, M.A.
S. Veeraputhran, M .A., M. Phil. 
T. S iju , M .Sc. (A g.)
Jo b y  Josep h , M .A.

Assistant Scientific O fficer 
Junior Scientific O fficer 
Junior Technical Officer

D eputy D irector 
Scientist B 

Rubber Technologist 
Rubber Technologist 

Assistant Rubber Technologist (HG) 
Assistant Rubber Technologist 

Assistant Rubber Technologist 
Assistant Rubber Technologist 

Junior Scientific Officer 
Junior Scientific Officer

Radiological Safety O fficer

Deputy D irector (working arrangem ent at H.O.
Joint D irector 

w.e.f. 17.08.07) 
Scien tist C 
Scientist S3 
Scientist B 
Scientist B

P ro je ct M on ito ring

M .A . N azeer, M .Sc., Ph.D.

L ibrary  and  D ocum entation  Centre

N . Latha, M .Sc., M .L.LSc.
A .S. A jith a , M .A., M .L.LSc 
P.U. Lalitham bika, B.Com.
V.R. Su ja th a , B .Sc., M .L.LSc.

Sta tis tics  and C om puter

B. B iju , M .Sc., M .C.A .
P. A n eesh , M .Sc., P .G .D .C .A .
Su m a G eo rge, P.G .D .C .A ., M .C.A ., B.Ed.

In strum en tation

T h om as Baby, M .Sc., M .Ph il., Ph.D.
M .R. Anilkum ar, Dip. in Inst. Tech.
K.R. Suni, M .Sc., B.Ed., M .Teh., PGD CA, PGDDI

Joint D irector (upto 30.06.2013)

D ocum entation O fficer (w.e.f. 03.12.2013) 
Senior Librarian 
Sectio n  O fficer 
Librarian (HG)

A ssistant D irector (System s) 
Statistical Inspector 

A ssistant System s O fficer

D eputy D irector 
Instrum entation O fficer ^  

Assistant Instrum entation Officer

K. Raveendran N air 
P.V. Raveendran Nair 
G . A sokan 
S h eela  Peter

A ccounts
CA Zachariah Kurian, M.Com., FCA 
R. Pushpakum ari, M .S c, I.C.VV.A.
S. Biju
A leyam m a V arghese

D eputy Secretary (A dm n.) 
A ssistan t Secretary 
A ssistant Secretary 

Sectio n  O fficer

Joint D irector (Finance) 
A ccoun ts O fficer 

A ccounts O fficer (upto  05.03 .2014) 
Section  O fficer



M ain tenan ce

P. V  V ijavappan, Dipl. C ivil Eng.
T. M anoj, B.E.

Experim ent Station  a t R R II
T.V. Thom as 
A .K . Peeusm on

S ecu rity  W ing

P.V. Suresh  Babu

C entral Experim ent S ta tio n , C hethackal, Kerala 

P. M allinath Priyadarshan, M .Sc., Ph.D .
N .K . Suresh 
K.R. Suresh Kum ar 
K.U. Saramm a 
P.). G eo rge 
T.G. Sasi
C .J. Javan
C. Krishnan

R egion al R esearch  S tatio n , Padiyoor, Kerala 

Radha lak sh m an an , M .Sc. (Ag.), Ph.D.
P. Ram achandran

Regional Research  S tatio n , G uw ahati, A ssam

D. C hau dh uri, M .Sc.(A g.), Ph.D.
G itali D as, M .Sc., Ph.D .
J .M . Sarm a, M .Com
G opal C handra M ondal, M .Sc., Ph.D .
H iranvakum ar D eka, M .Sc., Ph.D.
M rinal Choudhury, M .Sc. (A g.)
N . A sh ith  Raj, M .Sc. (Ag.)
G . Su m a B .Sc  .

R egion al R esearch  S tatio n , A gartala, Tripura 

Sushil K um ar Dey, M .Sc., Ph.D.
Sham m i Raj, M .Sc., Ph.D.
D ebasis M and al, M .Sc. Ph.D.
D ebab rata  Ray, M .Sc. (A g.)
P. D eepthi A ntony, M .Sc. (A g.), Ph.D .
B haskar D atta, M .Sc. (Ag.)
G aurav Sh arm a, M .Sc. (A g.), Ph.D.
Pradeep Baruah, B .Com ., ICWA (1)
Tapan Kum ar Pal, M .Sc.
C .L . Benny

R eg ion a l R esearch  S tatio n , Tura, M eghalaya

R am ph ool S in gh , M .Sc. (A g.), Ph.D.
Um esh Chandra 
M ack lin e S. M arak, HSLC

R egion al E xp erim en t S ta tio n , N agrakatta, W est Bengal 
San d eep  Kum ar, M .Sc., Ph.D .
G eo rg e  Josep h

Estate O fficer 
A ssistant E ngineer (Civil)

Assistant Farm  M anager 
Farm Officer

A ssistan t Secu rity  O fficer

D ep u ty  D irector 
M ed ical O fficer 

A ssistan t D irector (Finance) 
Sec tio n  O fficer 
Farm  M anager 

Assistant Farm M anager 
Farm  officer 
Farm  officer

Sen io r  Scien tist 
Farm  O fficer

P ro ject C o-o rd in a to r  (N E )(u p to  30 .09 .2013 ) ' 
D epu ty D irector 

D epu ty D irector F inan ce (w .e.f. 18.11.2013) 
P lant Pathologist 

S c ien tist C 
S cien tist B 
S cien tist A

Section O fficer (w.e.f. 15.01.2014)

D ep u ty  D irector 
A g ro m eteo ro lo g is t (Scie n tis t C) 

S c ien tis t S3 
S c ien tist B 
S cien tist B 
S c ien tist A 
S c ien tist A 

A ssistan t D irector (Finance) 
A ssistan t Sc ien tific  O fficer 

Farm  Officer

S c ien tis t S3 
Scien tis t A 

S ec tio n  O fficer

S c ien tist A 
Farm  O fficer



R egion al Research  S tatio n , D apchari, M aharashtra

M een a S in gh , M .Sc. (A g, Bot.), Ph.D,
S. R av ich an d ran , M 5 c . (A e )
K.N. H azeena
P.R. M ohanan Dipl, in Agriculture 
D ilip G anapal Shende

R egion al Research  Statio n , D henkanal, Orissa
Bal K rishan, M .Sc., Ph.D .
Subash  C handra M allik

H evea B reed in g  S u b  station , N ettana, Karnataka

T R - C hand rashekar, M .Sc., M .Tech. Ph.D.
M .J. M anju, M .Sc. (A g.), Ph.D.

H evea B reed in g  S u b  station , Paraliar, Tam il Nadu

T.A . Som an , M .Sc., M .Phil., Ph.D.
M. Suryak um ar, M .Sc.

R egion al S o il T esting Laboratory, Adoor, Kerala
T h om as Eappen, M .Sc., B.Ed.

R egion al S o il T esting Laboratory, Kanjirappally, Kerala
B ee n a  Jo se p h , MSc.
P.T. S in d hu , MSc.

R egion al S o il T estin g  Laboratory, K ozhikode, Kerala
Jo y c e  C y r ia c , M .Sc.
P.K. M ad husoodd hanan, B.Sc.
K. Jay asree , M .Sc.

R egion al S o il Testing Laboratory, N edum angad, Kerala

S . S h ee la , M .Sc.
V alsam m a M athew, M .Sc.

Plant Physiologist/ Scientist C 
Scientist A 

Section Officer 
Farm Officer 

Junior Scientific Officer

Scientist C 
Section  O fficer

Senior Scientist 
Scien tist S3  (upto 30.10.2013)

Scientist C  
S c ien tist S2

Scientist B

Junior Scientific Officer 
Junior Scientific Officer

Scientist S3 
Scien tific  O fficer 

Junior Scientific O fficer

Scientific Officer 
Junior Scientific Officer

R egion al So il T esting Laboratory, Thrissur, Kerala

C . V isw am bharan, B.Sc. Assistant Scientific Officer



RESEARCH ESTABLISHMENTS 
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R E G IO N A L  R E SE A R C H  S T A T IO N S 

C entral Experim ent Station 
Rubber Board
C hethackal, Th om pikand om . P.O.
R anni- 689 676, Kerala 
Ph o ne: 91 4 735  2 61500 , 261176

Regional R esearch  Station  
Ru bber Board, Padiyoor. P.O 
K annur- 670 703.. Kerala 
P h o n e: 91 4 9 8 2  273003

R egion al R esearch  Station  
Ru bber Board
D apchari- 401 610, Thane, M aharashtra 
P h o ne: 91 252 8  202042

R egion al Research  Statio n  
R u bber Board, PW D  Road 
N ear D istrict E m p loym en t Exchange 
D henkanal- 759  001, O rissa 
P h o n e: 91 676 2  224946

H evea B reed in g  Su b-Station  
Rubber Board, Subrahm anva Road 
Kadaba, Puttur Taluk- 574 22]
D .K.D t., Karnataka 
P h o n e: 91 8251 2 6 2336

R E G IO N A L  S O IL  T E S T IN G  L A B O R A T O R IE S  IN  KERA LA

R egion al R esearch  Statio n  
Ru bber Board, G rassm ore 
Nagrakatta, Jalpaig uri- 735 225, W est Bengal 
P h o n e: 91 3 565  2 7 0016

R esearch  C om p lex (N .E . R egion )
Rubber Board
Beltola -  Basista Road, H ousefed C om plex 
D ispur, G uw ahati-781 006, Assam  
P h o n e: 91 3 612  2282 2 0

Regional R esearch  Statio n  
Ru bber Board, B aluakiattila 
Kunjaban- 799 006, A gartala, Tripura 
P h o n e: 91 381 23 5 5 1 4 3

R egion al R esearch  Statio n  
Rubber Board, N ear A IR Q uarters 
D akobgre, PB N o. 26, Tura- 794 001 
W est G aro H ills, M eghalaya 
Ph o ne: 91 3651 2 3 2413

H evea B reed in g Su b-S tation  
Rubber Board, Thadikarankonam . P O  
K anyakum ari-629 851, Tam il Nadu 
P h o n e: 91 4 652  2 8 9119

R e g io n a l L abo rato ry  
Ru bber B oard Regional O ffice 
T aliparam ba-670 141

R egion al L abo rato ry  
Ru bber Board 
East N adakkavu 
K o z h ik o d e -6 7 3  011

R egion al L ab o ra to ry  
Ru bber Board 
Peram angalam . P.O.
T h rissu r- 680  545

R egion al L aboratory 
M ary M atha Square 
A rakuzha Road 
M uvattupuzha- 6 8 6  661

R egion al L abo rato ry  
Rubber Board, T.B. Road 
Pala- 686  575

R egion al L aboratory 
R u bber B oard, G eo Tow ers 
C athedral Junction  
K anjirappally- 686 507

R egion al L aboratory
Ru bber Board. Parvathy M andiram
N .i- R oad , A d oor-691 523

R egion al L aboratory 
Rubber Board 
Ram achandra Square 
N ear Surya C in e H ouse 
N edum angadu- 695 541



B ack  P age Photos

L  I—  i»  « « b b -  and O th er C rops in South  India. 29-30 A ugust, 2013,

2 S f o u o n s  S m 0 " 1 W m kS " OP "  U t o  H a' VeS,inS Teeh" ° I° S *  18' 22 N » « m b , ,  2013, RR1V,

3 . R u bber G row ers' M eet to  d iscuss Issues on P lant Protection, 20 A ugust 2013, RRII, Kottavam
4 . Award for d evelopin g M echanised Tapping Tool 

C over D esign

Mr. K. N. M ad husoodan an , Scien tist C , Rubber Technology 
P rinted at

A lois G raphics. K ottayam . Tel: 0481-2569847  
Em ail: a io isgraph ics@ gm ail.com

P u blish er
Dr. Jam es Jacob

Ed itorial C om m ittee C onvener
Dr. K .U . Thom as

ivuDDer R e s e a rc h  In s t itu te  o f  In d ia

Annual Report 2013-2014 

ISSN 0970 2490 CODEN ARRIEU

M em bers
Dr. Armakutty Joseph
Dr. R. Rajagopal
Dr. S. Sreelatha
Dr. M.B. M oham m ed Sath ik
Dr. Sh erin  G eorge
Dr. Jayashree M adhavan

C o-convener
M s. Binni C handy

Front C over Photo

Tractor m ounted spraying, Appella Rubber Estate, Neria P.O. 574 228, D.K. D ist Karnataka 
P hoto  by ’
Radhakrishna H ebbar

Dr. S. Sobha
Dr. Joshua Abraham
Mr. K-N. M adhusoodanan
Dr. Shera M athew
Dr. K.U. Thom as
M r. T. Siju
M s. V.R. Sujatha

mailto:aioisgraphics@gmail.com


Research divisions and functions

T h e m ajor research  d ivision s are  Agronom y/ Soils, 
Biotechnology, Botany, G erm plasm , Plant Pathology' 
Plant Physiology, Latex H arvest Technology, Rubber 
T ec h n o lo g y  and  E c o n o m ic s . S tu d ie s  on  DR1S 
Fertilisation and Genom e Analysis are dealt separately.

The thrust areas of research o f Agronomy/Soils Di vision 
are investigations on the nutritional requirem ents of 
ru b b e r, ir r ig a tio n , in te r c r o p p in g , c o v e r  c ro p  
m anagem ent, weed control and the stud y o f the rubber 
grow ing soils. Developm ent of tissue culture and anther 
culture system s for propagation and crop im provement 
o f  H ev ea  a re  th e im p o rta n t a r e a s  in w h ich  the 
B io techn o log y  D ivision  is en gag ed . T h e im portant 
fields of research of the Botany Division are breeding, 
evaluation  and selection of new clones, propagation 
techniques, planting m ethods, anatom ical studies and 
cytogenetic investigations. The Germ plasm  D ivision is 
concentrating on the introduction, conservation and 
evaluation o f  H evea  germ plasm . The Plant Pathology 
D ivision is engaged in investigations on the diseases 
and pests o f rubber and associated cover crops and their 
control. T h e Plant Physiology D ivision conducts studies 
on both fundam ental and applied aspects o f  H evea  tree 
physiology. The Latex H arvest Technology D ivision is 
concentrating on all applied aspects o f  crop harvesting 
in ru b b e r. T h e  R u b b e r  T ec h n o lo g y  D iv is io n  
concentrates on im provem ent in primary' processing of 
rubber, its  ch em ica l m o d ificatio n , ru bber product 
m anufacture and quality control o f  processed rubber. 
T h e  T ech n ica l C o n s u lta n c y  D iv is io n  p ro v id es  
consultancy services for the prom otion of the rubber 
industry. The Econom ics Division undertakes studies 
on econom ic aspects related to rubber plantations.

The research supporting sections includes Library and 
D ocum entation, Instrum entation, Statistics, Com puter 
an d  M a in te n a n c e  W in g. T h e r e  is  a ls o  a sm all 
experim ental (arm  of 33 ha. at the headquarters of RRII.

Central Experim ent Station

1 he 255 ha. C entral Experim ent Station  a t Chethackal 
(Ranni), 50 km aw ay from  Kottayam , w as started in 
1966. Field trials laid ou t by the research divisions cover 
alm ost th e entire area.

Regional Research Stations

RR U  h a s  e s ta b lis h e d  a N o r th -E a s te r n  R e sea rch  
C o m p le x  w ith  h e a d q u a rte rs  a t  A g a rta la  h av in g  
reg ion al research  s ta tio n s  a t  A g arta la  in T ripura ,

Guw ahati m Assam and Tura in Meghalaya. The RRII 
has also set up regional research establishm ents at 
D ap ch ari (M ah arash tra ), D henk anal (O rissa) 
N agrakatta (West Bengal), Thadikarankonam  (Tamil 
Nadu;, Kadaba (Karnataka) and Padiyoor (Kerala).

Regional soil testing laboratories have been established 
a t Tahparamba, Kozhikode, Thrissur, M uvattupuzha, 

ala, Kanjirappally, Adoor and Nedum angad. Mobile 
u n its  fo r  so i! an d  le a f  a n a ly s is  a re  a v a ilab le  at 
K o z h ik o d e  lab o ra to ry , ap a rt from  th a t a t  th e 
headquarters.

National/International collaboration

RRII is a m em ber of the International Rubber Research 
and D evelopm ent Board (IRRDB), an association of 
n a tio n a l o rg a n iz a tio n s  d evo ted  to research  and 
developm ent on natural rubber. Rubber Board is a 
m em b er o f  th e  A ss o c ia tio n  o f  N atu ra l R u bber 
P ro d u cin g  C ou n tries  (A N R PC ) and Internation al 
Rubber Study Group (1RSG).

Th e RRII has research/ academ ic linkages w ith the 
B a n a ra s  H ind u U n iv e rs ity  (V a ra n a si), K erala  
Agricultural University (Thrissur), Kerala University 
(Thiruvananthapuram ), M ahatma Gandhi University 
(K o tta y a m ), C o ch in  U n iv e rs ity  o f  S c ie n ce  an d  
Techn ology (K ochi), Indian  A g ricu ltural Research 
In stitu te (N ew  D elhi), Indian  In stitu te o f  Sciences 
(B a n g a lo re ) , In d ian  In st itu te  o f  T ech n o lo gy  
(Kharagpur), National C hem ical Laboratory (Pune), 
Sree Chitra Tirunal Institute o f M edical Sciences and 
Techn o lo gy  (T h iru v an an th ap u ram ), Tam il Nadu 
A gricultural U niversity (Coim batore), University of 
Agricultural Sciences (Bangalore) and University of 
Goa (Goa).
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