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Rubber Research In stitute o f India

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

Location

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

Organization

For the efficient discharge of its functions, the RRII has 
established major research divisions and research 
support,ng sections at its headquarters and regional 
research establishments at appropriate locations where 
iievea brm hensis  is commercially grown or is likely to 
be crown.

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

R u b b er in d ustry  is one o f the m ajor 
industries in the world and the demand for 
natural rubber (NR) is expected to go up in 
the com ing years. Natural rubber sector will 
face m any challenges in the com ing decades. 
U n p r e d ic ta b ility  o f c lim a te  and the 
c o n s e q u e n t fa ll in  la tex  y ie ld , poor 
perform ance of world economy, shortage of 
skilled  m anpow er and rising labour/input 
cost, pests and diseases menace, increasing 
extent of senile holdings, non-availability of 
suitable land for extending rubber cultivation, 
land fragm entation, alternative land uses, etc. 
are som e of the main challenges. Increasing 
dependence on agro-climatically less suitable 
n o n -tr a d itio n a l lo ca t io n s  fo r  ru bber 
cultivation has inherent risks such as lower 
yield , longer gestation period and lack of 
sk illed  entrepren eurs and w orkers. These 
regions w hich lack the best agro-clim atic 
conditions require suitable clones and farm 
techniques.

Sh ortage of skilled tappers is a m ajor 
challenge facing the NR plantation sector in 
the traditional region. RRIi is in the process 
of developing a tapping knife which could be 
easily operated by an unskilled person. W ider 
ad o p tio n  o f sc ie n tific  tap p ing  p ractices, 
especially low frequency Kipping, use ot good 
q u a lity  p la n tin g  m a teria ls  an d  farm  
m echanization are priority areas. Controlled 
upw ard tapping is one practice to rncrea*! 
latex yield from senile trees. Low  frequency 
tapping can help reduce cost 01 produchon 
Ensuring sustained profitability is required 
for rubber grow ers to stay in business.

The m ajor thrust areas of research in 
B o ta n y  D iv is io n  are  e v o lv in g  new  and 
im p roved  rubber clones m co r-p oratm g a 
w ider gen etic base, breeding for dro- tight

to leran ce , in ve sti­
gation s on p rop a­
g a tio n  as w ell as 
a n a to m y  o f b a rk  
and w ood. A large 
num ber o f prom i­
s in g  s e le c t io n s  
co n tin u ed  to ou t- 
y ie ld  th e  c h e c k  
c lo n e , R R II 105 .
N in e cro ss com bi­
n a t io n s  w e re  a tte m p te d  in  2 1 7 9  
p o llin a tio n s . A few  tr ia l c lo n e s  w orth  
w atching ahead are 93/98,93/172,93/48 and 
89/27. Eleven elite  m other trees selected  
from  Sou th A n d am an s w ere m u ltip lied . 
M ean yield data over 10 years o f RRU 400 
series c lones planted in 1993 indicated their 
su p eriority  over RRII 105. C lon e PB 280 
registered a record high annual m ean yield 
of 136.4 g/t/t and sum m er yield  o f 108 g/t/t 
and had a girth o f 105 cm  after 14 years of 
tapping. In m any onfarm  trials also this 
clon e m aintained  high y ie ld . T h e clon e 
D i l l ,  a d rought tolerant ortet selection from 
Dapchari recorded h ighest yield o f the 107.8 
g/t/t and  exhibited no signs o f TPD .

As part of the post-release follow up on 
RRII 400 series clones, several sm all holdings 
growing these clones were inspected. The RRII 
400 series clones maintained their superiority 
in grow th and yield . However, there was 
so m e re g io n a l v a ria tio n  in th e ir  y ield  
performance which is being monitored. Phase
II o f participatory evaluation of clones was 
initiated w ith planting 14 pipeline clones in 
e ig h t lo c a t io n s  an d  an  L S T  at C e n tra l 
Experim ent Station (CES) along w ith three 
check clones. G row ing  polybag  p lants in



p o ly h o u se  g av e  good q u a lity  p lan tin g  
materials.

Conservation o f domesticated gene pool, 
its evaluation, screening for diseases/stress 
resistance and timber latex traits, utilization 
o f w ild germ plasm  in crop im provem ent, 
formulation o f D US norm s and generation of 
m apping population for H evea w e r e  m ajor 
activities o f Germ plasm Division. A m ong the 
wild accessions, AC 166 had the highest drv 
rubber yield (63.67 g/t/t) and this was on par 
with RRII 105. Along with this prom ising 
wild accession, three IRCA and three check 
clones were planted in five locations. The wild 
a ccess io n , M T  478 8  sh o w ed  p ro m is in g  
potential for drought tolerance. Eighty four 
progenies o f inter-specific crosses between 
RRII 105 (Hevea brasiliensis) and F 4542 (Hei'ea 
benthamiana) were screened using 12 RAPD 
primers to confirm their hybridity.

Studies conducted by the B iotechnolog}' 
Division showed that em bryo recoverv w as 
best achieved with horm onal com bination o f
3 .0  mg/L zea tin  and Im g/L G A , and the 
recovered plants were established in the field. 
Pollen protoplast culture studies have been 
initiated to develop  h o m ozygou s lines in 
H evea. Transgenic p lants (M n SO D ) w ere 
m ultip lied by bud graftin g  th e  orig in ally  
transformed lines for field planting at RRS, 
Dapchari (after obtaining permission from the 
co m p eten t a u th o r ity ). R e g e n e ra tio n  o f 
transgenic rubber plants integrated with lungr
1 gene has been achieved. Haploid genom e of 
Hevea contained four copies o f cis-1 and two 
copies cis-2 o f the a s  prenyl trans ferase gene.

G enom e Analysis Laboratory's research 
included developm ent o f m olecular markers 
tor genetic characterization o f popular clones 
and wild accessions and also construction o f 
a gen etic linkage m ap for m arker-assisted 
selection in Hevea breeding. M ore than one 
hundred gen om ic and gen ic SSR m arkers 
were generated. SN Ps w ere detected in latex 
biosynthesis genes regulating latex yield in 
Hevea. In linkage analysis, marker segregation

data are being continuously integrated into 
the m apping data to populate the linkage map 
o f rubber. C loning and characterization o f a 
functional resistance gene analogue show ing 
sign ificant over-exp ressio n  in C orynespora  
infected tolerant rubber clones w as carried 
o u t. B e s id e s  w o r k in g  on b io tic  s tre ss , 
characterization o f stress-tolerant clon es of 
H ev ea  th ro u g h  tr a n s c r ip t p r o f ilin g  w as 
perform ed in response to cold and several 
s tre ss  re sp o n s iv e  g e n e s  w ere  id e n tifie d . 
Epigenetic m odifications (D N A  m ethylation) 
in th e  r e g u la to ry  s e q u e n c e  o f  la tex  
b iosyn thesis gen es un d er cold stress w ere 
also studied. For im provin g wood quality 
th rou gh en h an ced  lig n in  b io sy n th e sis  in 
rubber, efforts w ere m ad e on the functional 
characterization o f genes involved in lignin 
production.

A gron om y/ S oils  D iv is io n 's  re se a rch  
program m es focused on develop m en t and 
refinem ent o f agro-m anagem ent practices to 
im prove grow th and yield o f rubber, reduce 
cost o f cultivation and sustain soil quality. 
Com bined application o f chem ical fertilizer 
and organic m anure gave better g row th and 
im proved soil properties. Skipping fertilizers 
did not affect grow th and yield  in m ature 
ho ld ings. In tercrop p in g  o f coffee, vanilla , 
G arcin ia  and  m edicinal p lan ts like A lpin ia  
calcarata and Strobilanlhus cuspida  in m ature 
r u b b e r  g e n e ra te d  a d d itio n a l in c o m e s  
without adversely effecting grow th and yield 
o f rubber and soil properties. Indiscrim inate 
cultivation o f pineapple reduced grow th o f 
rubber and resulted in a in soil pH.

In soils deeper than one meter, the size o f 
planting pits needs to be only as large as the 
size o f the polybag. Planting o f direct seeded 
g re en -b u d d ed  p o ly b a g  p la n ts  e n h an ced  
grow th com pared to green budded stum ps 
ra ised  in p o ly b a g s . E x p e r im e n ts  on 
d eveloping tech niques to m itigate adverse 
effects o f drought w ere initiated. D evelopm ent 
of rubber inform ation system  using rem ote 
sensing and G IS was continued.



Econom ic and eco-friendly management 
o f diseases and pests of rubber, evaluation of 
sprayers and spray oils, yield loss assessment 
d u e to d iseases, d isease response of new 
c lo n es, stu d ies  in TP D , bee keeping and 
treatm ent o f sheet processing effluent were 
the focus areas of research by the Pathology 
Division. Two rounds of spraying C O C : Spray 
oil at 1:5 ratio (4:20 per ha. round) gave better 
control against Abnormal Leaf Fall disease.
A stu d y  o n  the g en etics  o f resistan ce to 
P h y top h th ora  and  b io co n tro l potentia l of 
a n ta g o n is tic  e n d o p h y te  w as in itia ted . 
O ccurrence o f entom opathogenic nematode 
w as reported in rubber soils for the first time. 
Ci/clea peltata  in coconut/neem oil and mixture 
of neem  oil and dtronella oil (1:1) were effective 
as leech repellants. Efforts are on for finalizing 
a m ini tractor-m ou n ted  m ist b low er and 
m odifying other sprayers and accessories. 
Hybrid anaerobic digester-reed bed system 
reduced CO D  by 95%  and BOD by 94% in latex 
processing effluents and the reactor yielded
3.5 m 3 biogas per day.

P h y s io lo g y  o f g ro w th  and  y ie ld , 
environm ental and stress physiology, tapping 
panel dryness (TPD), gene expression studies, 
secondary metabolites and ecological impact 
o f N R cultivation w ere the focus in Physiology 
D ivision. Drought tolerance potential of RRII 
400 series clon es and selected germ plasm  
accessions w as studied. On the basis o f PS II 
activity and stress protein expression, clones 
RRI I 430 and RRIM 600 are expected to be more 
d rought tolerant clones. Quantification of 
tran scrip ts u n d er tapping panel dryness 
drought and cold stress indicated up and 
dow n regulation o f several genes. Using an 
e d d y  cov arian ce  system , ecosystem  level 
carbon dioxide and water flux were measured. 
T h e  an n u al net ecosystem  exchange by a 
5-year-old rubber ecosystem  w as 12 g<-U/ 
m-’/day equivalent to 36 tons o f CXyha/year.

C lones PB 235 and PB 260 consistently 
registered better shoot biom ass increm ent as 
w ell as yield and hence they can be called 
la to -tim b e r  clones. H igh concentration of

ATP was observed in latex of high yielding 
c lo n es. Prote in  b io sy n th e sis  can b e  an 
in d irec t m easu re  o f la tex  reg en era tio n  
cap acity . S tu d ies  in d ica ted  th a t p ren y l  
transferase enzym e could be an indicator of 
yield potential in Hevea. Com paratively less 
stress sym ptom s and high rubber production 
was seen with stim ulant application away 
from tapping cut.

D uring the last 54  years (1956-2009), 
Tm ax. and Tm in. increased  a t the rate o f 
0.05°C/yr. and 0.03°C/yr., respectively at RRII.
A multiple linear regression (M LR) analysis 
of im pact o f w eather param eters on rubber 
yield indicated that 1°C rise in m axim um and 
m inim um  tem peratures in the traditional 
rubber growing regions may reduce rubber 
yield by m ore than 10%.

The Latex Harvest Technology Division 
continu ed  research  activ ities  on  v ario u s 
aspects o f crop harvesting. A com prehensive 
review of the past experimental results under 
d4 and d7 tapping frequencies indicated their 
better perform ance in the experimental fields. 
Phase II of the collaborative program m e on 
low frequency (d3) tapping w as com menced 
in 2010. Fixing of a  mini rainguard o f 3  inch 
wide polythene strip in the m onth of August- 
Septem ber above the normal rainguard (fixed 
during A pril-M ay) ensured com plete leak 
p ro o fin g  and  reg u lar  ta p p in g  an d  th u s 
prevented crop loss. Biodegradable polythene 
for rain guarding is being evaluated. Efforts 
w ere  co n tin u ed  fo r  d e v e lo p m e n t o f a 
m echanized tapp ing m achine. C rop  loss 
under non-rainguarded d3 tapping can be 
partially com pensated by yield stimulation. 
C ontrolled upw ard tapping introduced in 
v a rio u s  R e g io n a l R esearch  S ta tio n  w as 
successfu lly  continu ed  w hich show ed its 
potential for substantial yield im provem ent 
of senile trees in the non-traditional regions 
also.

Studies in Economic Research Division 
included (i) farm m anagem ent, (ii) primary 
processing and m arketing of NR, (iii) rubber 
p ro d u cts  m a n u fa c tu rin g  in d u stry  and



foreign trade, (iv) intercrops and by-products 
and (v ) in te r -d iv is io n a l co lla b o r a tiv e  
projects. During the reporting period, the 
D iv ision  h ig h lig h ted  the issu es in farm  
m anagem ent in the trad ition al and non- 
traditional rubber grow ing regions. In the 
traditional region, am ong the attributes of 
crop loss, the single m ajor factor was wind 
dam age (79%) and life cycle (25 years) tree 
loss w as 84. Econom ic loss per tree and 
hectare w ere estimated to be Rs,1874/- and 
R s.3,57,393/-, respectively N R cultivation 
in non-traditional area like Tripura led to 
h ig h er  in com e as w ell as lo w er in com e 
in e q u a lity  am o n g  r u b b e r  g ro w e rs . 
However, its linkage effects on the regional 
econom y were seriously constrained by the 
natu re o f hu m an cap ita l, a v a ila b ili tv  o f 
in frastructural facilities and access to  the 
same.

The Rubber Technology Division focused 
on evolving im proved techniques in primary 
processing like low  tem perature preservation 
o f la tex  to p ro d u ce  fS N R  3L  g rad e , 
deproteinizatiori o f natural rubber latex using 
the p ro te o ly tic  e n z y m e  p a p a in  and 
developing an easy process for the skim latex 
processing for latex industry. Stud ies on 
RVNRL/HSI3L b lend s (90/10) resu lted  in 
improved modulus and tensile strength and 
were used for the preparation o f latex threads. 
R e in fo rce m en t o f  n a tu ra l ru b b e r  u sin g  
polym eric fillers was .comparable with that 
o f conventional H AP filler system  and its 
suitability for various dry rubber products 
has been established . Latex filler m aster- 
batch w ith carbon  black/silica dual filler 
sy stem  w ith  im p ro v ed  d y n a m ic  and  
mechanical properties could be prepared with 
a lm o st n o  p ro ce ss  lo ss o f th e  fille rs . A 
m ethodology to prepare nanosilver rubber 
n a n o co m p o site s  w as d ev e lo p e d  w ith  
im p ro v ed  d y n a m ic  p r o p e r tie s  o f  th e  
nanocom p osites. Stu d ies on latex b lends 
nanocom posites in which suitable nanoclays

w ere dispersed  in X N B R  fo llow ed by the 
b lending o f the sam e in RVN RL resulted in 
im proved tensile strength and higher solvent 
resistance. Studies have show n that scorch 
control in peroxide vulcanization could be 
achieved by using stable free radical TEM PO  
and the com bination with suitable co-agents 
could regain the loss o f cross-linking. A joint 
patent application on 'D evelopm en t o f silica- 
filled tyre com pounds based on EN R' w as filed. 
Collaborative program s on developm ent o f 
footw ear sole for physically handicapped and 
developm ent o f 'H urth coupling m em brane' 
fo r  In d ian  R a ilw a y s are  cu rre n tly  u n d er 
progress.

T e c h n ic a l C o n s u lta n c y  D iv is io n  
c o n c e n tr a te d  o n  p r o v id in g  co n s u lta n c y  
se r v ic e s  fo r  ru b b e r  in d u str ie s . S e rv ic e s  
include product developm ent, quality control 
and certification, trouble shooting, training 
and cap acity  b u ild in g , etc. E v alu ation  o f 
different types o f rubbers, fillers and rubber 
chem icals for their perform ance in various 
rubber products w as one o f the m ajor services 
rendered by the D ivision. In addition, the 
D iv is io n  w as a lso  in v o lv ed  in  in d u stry - 
oriented research and d evelopm ent activities.

RRII played host to  several m eetings and 
conferences during this year. In the m onth o f 
Jun e 2010, a one-day grow er conference was 
o rg an ized  as p a rt o f the g ro w er-sc ien tis t 
in teraction  p rog ram m e. A n in tern a tio n a l 
w orkshop on "C lim ate chan ge and natural 
r u b b e r  c u lt iv a tio n :  R e s e a r c h  and
developm ent priorities" was held in Ju ly  2010. 
Th e in stitu te hosted the X IX ,h P lan tation  
Crop s Sym posiu m  during  D ecem ber 2010. 
The Institute published 26 research articles, 8 
book chapters, 5 books/reports/directories/ 
w o rk in g  p a p ers  an d  3 9  p o p u la r  a r tic le s  
during 2010-2011. In addition, 130 papers 
w ere  p resen ted  in v a rio u s  n a tio n a l and  
international conferences and o ne patent w as 
registered during the period.



A G R O N O M Y / S O I L S  D I V I S I O N

T h e  various research program m es o f 
the D iv ision  are aim ed at d evelopm ent and 
p erio d ic  refin em en t o f agrom an agem en t 
practices to im prove grow th and yield  of 
ru b be r in d ifferen t ag ro clim atic  regions, 
reduce cost o f cultivation and sustain soil 
q u a lity . R esea rch  p ro g ram m es are  also  
u n d ertak en  to  in crease  the resilien ce  of 
rubber cu ltivation in the context o f clim ate 
c h a n g e .  E x p e r im e n ts  on  n u tr ie n t 
m a n a g e m e n t in  n u rs e r ie s , y o u n g  and  
m atu re  rubber w ere continu ed . V arious 
e x p e r im e n ts  on  c ro p p in g  sy ste m s and 
m ixed plan tin g w ith tim ber trees w ere in 
progress. A m u lti-species cropping system  
ex p e rim e n t w as in itiated  in Tam il N adu 
w ith locally  preferred crops to identify a 
c r o p p in g  sy s te m  fo r  th e  r e g io n . An 
exp erim en t w as initiated to study the effect 
o f m e ch an ize d  lan d  p rep ara tio n  on soil 
p r o p e r tie s . E x p e rim e n ts  to  d e v e lo p  an 
a g r o n o m ic  p a c k a g e  fo r  re d u c in g  th e  
gestation  period of rubber w as continued. 
D ev e lo p m en t o f the rubber in form ation  
sy stem  u sin g  rem ote sen sing  and G IS is 
being  continu ed . Estim ation o f area under 
ru b ber and  rubber area d istribution  in 
re la tio n  to  soil and lan d scap e attribu tes 
w ere in progress. The Division also functions

as a centre for dissem ination o f know ledge 
on v a rio u s so il and  c ro p  m a n a g em e n t 
techniques.

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

Experim ents in seedling nu rseries to 
re v ise  th e  g e n e r a l  fe r t i l i z e r  
r e co m m e n d a tio n  w e re  c o n t in u e d . Ten 
m onths after planting, significantly higher 
bu d d ab ility  (brow n) w as n o ticed  in the 
treatm ent w hich received  N and P @  250 
kg/ha as am m ophos (20-20) + K @ 50  kg/ha 
and it was on par w ith standard  practice 
and N and P @ 150 kg/ha as am m ophos (20- 
20) + K @ 30kg/ha in com bination with PGPR 

(Table A g .l).
In th e  e x p e r im e n t o n  b io fe r t i l iz e r  

application in seedling nursery, grow th of 
plants w as com parable in standard practice, 
standard practice + biofertilizer (BF) and 50 
per cen t N and P + fu ll K + b io fertilizer  
treatm ents and w as significantly sup erior 
to control and biofertilizer alone treatm ents. 
Treatm ent d ifference w as recorded in the 
buddability  and buddin g success per cent 
also  (Table Ag. 2). In control and BF alone 
treatm ents, the buddin g success w as very 

poor.

Table As- 1 Buddability 10 months after planting

Standard practice (NPK e600-250- 100kg/ha. N&P as urea and RP)

N&P® 150 kg/ha (ammophos) + K «' 30 kg/ha
N&P® 250 kg/ha (ammophos) + K ® 50 kg/ha
N&Put 150 kg/ha (ammophos) *  K 30 kg/ha +FCPR-------------------.

49.77
53.81
52.94

1.08
3.23



Table Ag. 2 Effect of biofertilizer application on growth, buddabilily and budding success

Treatment Diameter (mm) 
D ec.-10 Jan. 11

Buddability (%) Budding success (%)

Control 5.20 5.71 51.10 (45,60) 75.75 (50.11)
Standard practice 5.70 6.64 73.90 (59.47) 89.00 (54.02)
BF alone 5.19 5.52 47.18 (43.37) 81.50 (51.70)
Standard practice* B1 6.16 6.88 68.58 (55.99) 88.00 (53.75)
50% N & P * Full K -  BF 5.92 6.70 63.40 (56.57) 91.00 (54.64)
SE 0.19 0.19 1.94 0.79
CD (P = 0.05) 0.59 0 .57 6.01 2.44
BF- biofertilizer Figures in parentheses are are sine transformed values

The experim ents in itiated  in 2008 at 
CES, C hethackal and  Pu th u k k ad  estate , 
Trichur to  develop an in tegrated nu trient 
m an agem ent p ack ag e for yo u n g  ru b ber 
with cover crop  w ere continu ed  and no 
significant difference w as observed between 
treatm ents. Sim ilarly in the experim ent to 
d e v e lo p  an  in te g r a te d  n u tr ie n t 
m anagem ent p ackage for ru bber-ban an a 
system  at CES, C hethackal also th ere w as 
n o  s ig n if ic a n t  d if fe r e n c e  b e tw e e n  
treatm ents.

The project on m anagem ent o f active 
an d  m ic ro b ia l c a rb o n  p o o ls  a t 
P o tta m k u la m  E s ta te ,  Y e n d a v a r  w as 
co n tin u ed . G irth  o f th e  p la n ts  w as n o t 
sig n ifican tly  in flu en ced  by th e  d ifferen t 
tr e a tm e n ts . S o il C  a n d  N s t a tu s  w as 
s ig n if ica n t ly  h ig h e r  in tre a tm e n ts  w ith  
M ucu n a + G ly ric id ia  and natu ral co v er  + 
G lyric id ia  com p ared  to trea tm en ts w ith 
M ucuna  and natural cover alone.

The field experim ent to stud v the effect 
oi long-term  application  o f inorganic and 
organic m anures on the grow th and yield 
of ru b be r and  on the p h y sico -ch e m ica l 
p r o p e r t ie s  o f s o il w as c o n t in u e d . 
A pplication o f 25 per cent chem ical fertilizer 
and 7 5  p er cent farm yard m anure recorded 
sign ificantly  h igher girth com pared  to all 
o th e r  tr e a tm e n ts . Y ie ld  re c o rd in g  w as 
com m enced in the experim ent area (Table 
Ag. 3).

Table Ag, 3. E ffect o f in tegrating w ith inorganic 
fe r tiliz e rs  o rg anic  m anures on the 

_____________ growth of rubber__________

Treatment___________________ ___________ Girth (cm)
No fertilizer/no manure (control)
Farm yard manure (FYM) alone 
Chemical fertilizers 

(Standard recommendation)
25% Fertilizers +75% FYM 
50% Fertilizers+50% FYM 
75% Fertilizers+25% FYM 
S E

CD (P «• 0.05)

T h e field e x p erim en t to stu d y  the effect 
o f C  PO M  as soil am en d m en t in m arginal 
soils, a t T h anneerm u kkom , C h erth ala  was 
co n tin u ed . G irth  o f p la n ts  d id  n o t sh ow  
s ig n ifica n t d ifferen ce  am o n g  trea tm en ts . 
Th e grow th o f rubber p lan ts and  cov er crop, 
P u era r ia  p h a s eo lo id e s  w as s a t is fa c to r y  in 
m argin al areas.

T h e  f ie ld  e x p e r im e n t a t  M a la n k a ra  
estate, T h odupuzh a, to stu d y  the effect of 
zinc on the grow th o f rubber w as continu ed . 
Application o f zinc did not in fluence grow th 
o f rubber.

The exp erim en t on seq u en tia l skipp ing 
o f fertilizer application  in m atu re ru b ber is 
being  continu ed . S ig n ifican t d ifferen ce w as 
not noticed am ong the treatm ents e ith er  in

51 .95
55 .29

54.41
58.51
5 5 .18
54 .05

0.76
2.28



Table Ag. 4. Effect of continuous application of K and Na on forms of K (mg/100% soil)
Treatments (kg/ha) Water soluble K Exchangeable K Fixed K Total K

(Ammonium acetate) (1 N HNO j (1:1 HC!)

K ,0 N a ,0 0-30 cm 0-30 cm 0-30 cm 0-30 cm

30.0 0 2.03 7.71 10.29 111.08

30.0 7.5 1.64 6.80 5.80 65.92

30.0 15.0 1.64 8.80 6.15 52.00

22.5 0 0 .96 6.79 4.64 107.92

2 2 .5 7 .5 1.15 6.66 4.52 59.67

2 2 ,5 15.0 1.18 4.71 7.99 63.17

15.0 0 0.77 6.33 4.16 60.18

15.0 7.5 0.98 6.13 4.63 54.67

15.0 15.0 0.81 5.93 3.08 42.13

0 0 0.69 4.48 2.14 40.08

CD (P = 0 .05) 0.89 2.30 NS 11.38

yield or in girth Increm ent (2002-2011) in 
the n inth year also.

Exp erim en t to explore the possibility 
of su bstitu ting  p otassium  (K) fertilizer with 
sodiu m  chloride (N aCl) in m ature rubber 
plantation at M alankara estate, Thodupuzha 
w as concluded. Soil sam ples w ere analysed 
fo r  a v a ila b le  n u tr ie n ts , w a te r  so lu b le , 
ex changeable , non-exchangeable and total 
K . A m o n g  th e  tr e a tm e n ts , th e  h ig h e st 
am o u n t o f w ater soluble K was recorded in 
the treatm ent w hich received full dose o f K 
(30 kg/ha). Exchangeable K increased in all 
th e  tr e a tm e n ts  at 0 -3 0  cm . Total K was 
sig n ifica n tly  h ig h er  in all the treatm ents 
ex cep t in the treatm ent w ith substitution of 
K w ith  50  per cen t Na com pared to control 

(Table Ag. 4).
Continuous application of N a («' 7.5 and 

15 kg/ha for 10 years did not affect different 
fractions o f Na in rubber growing soils. The 
average yield data for the last three years 
in d ica ted  th at am ong the treatm ents the 
highest yield o f 66.88 g/t/t w as recorded i n J „ 
(50%  K .O + 25%  N a ,0 )  and it was comparable 
with that o f T, and T , (Table Ag. 5).

Table Ag. 5. Effect of different combinations of K 
and Na on yield (fi/t/0 ____________

Treatment Mean yield
(kg/ha) (average of 3  years)

K,Q________Na.O______________ _

T1 30.0 0 57.36

T2 30.0 7.5 54.55

T3 30.0 15.0 51.45

T4 22.5 0 51 .80

T5 22.5 7.5 57 .27

T6 22.5 15.0 53.39

T7 15.0 0 50.50

T8 15.0 7.5 66.88

T9 15.0 15.0 52.89

T10 0 0 39.77

Mean 53.58

SE 3.93

CD ( P - 0.05) 11.67

T h e  e x p e r im e n t  o n  n u tr it io n a l  
m anagem ent o f T P D  w as continued.

2 . S o i l  a n d  w a te r  c o n s e r v a t io n

In th e  e x p erim en t to  e v a lu a te  the 
effectiveness o f various b iological b unds for 
so il and  m o istu re  co n serv atio n  in ru bber 
p la n ta tio n s , v e tiv e r , g u in e a  g r a ss  and  
p in e-ap p le  established  w ell. The grow th o f



rubber was not significantly in fluenced bv 
planting vegetative hedges one year after 
planting o f rubber and the soil erosion from 
all treatm ents w as com parable during the 
first year o f establishm ent o f hedges.

3. In te r c r o p p in g  a n d  c r o p p in g
system s

Experim ent to find out the feasibility o f 
growing perennial intercrops in rubber w as 
continu ed . C offee, v an illa , C arc in ea  and 
nutmeg are being evaluated in the norm al 
system of planting and paired-row  system  
of p lan tin g  o f rubber. In the p aired -row  
system of planting, a strip  o f 1.0 m width 
was available at the centre o f w ide inter-row 
area w ithout sh ading for in tercro p p in g . 
There w as no significant d ifference betw een 
treatm ents with respect to girth and girth 
in crem en t in th e  p a ired  row  sy stem  o f 
planting. H ow ever in the norm al system  of 
planting, girth was significantly higher in 
all the intercropped plots except rubber with 
coffee (Table Ag. 6).

Garcinea  has started  to  d ie o ff in the 
no rm al sy stem  o f p la n tin g  d u e  to  th e  
intense shade and yield w as the highest in 
the paired-row  system  of p lanting. Y ield  of 
vanilla  w as h ig h er  u n d er in tercro p p in g . 
Yield o f coffee w as also h igher in the paired- 
row  system  of planting.

A p ro ject on d ev elo p m en t o f a m ulti 
species ru bber-based  cro p p in g  system  for 
Tam il N adu w ith  lo ca lly -p re fe rred -cro p s 
w as in itiated in co llaboratio n  w ith  Tamil 
N ad u  A g r ic u ltu re  U n iv e rs ity , R e g io n a l 
S tation , P ech iparai, K an yaku m ari d istrict. 
T h ree v arieties o f b an an a, and  on e variety 
each  o f  cocoa, c in n am o n , and  p in e apple 
w ere established  as in tercrops.

T h e  e x p e r im e n t  in i t ia t e d  in 
M u n d a k a y a m  e s t a te  d u r in g  2 0 0 9  to 
evalu ate  the p erform an ce o f sh ad e-to leran t 
m e d ic in a l  p la n ts  in  m a t u r e  r u b b e r  
p lan tation  w as in progress. T h e m edicinal 
p la n ts  w h ic h  a r e  b e in g  e v a lu a t e d  a re  
A d a th o d a  b e d d o m e i ,  A lp it i ia  c a lc a r a t a ,  
A ndrographis patiiculata, A sparagus raceinosus, 
D esmodium gangeticum , H olostem m a ada-kodien, 
P iper longum , P seu darth ia  viscida, R au volfia  
serpentina and Strobilanthus cuspida. A m ong the 
m edicinal p lants, g row th and yield o f  A lpinia  
c a lc a r a t a  a n d  S t r o b i la n t h u s  c u s p id a  a re  
com p aratively  better. Y ield  o f ru b ber was 
n o t in f lu e n c e d  b y  in te r c r o p p in g  w ith  
m edicinal plants.

T h e  e x p e r im e n t  to  fin d  o u t th e  
feasib ility  o f in ter p lan tin g tim ber y ie ld in g  
trees w ith ru b ber w as con tin u ed . T h e  girth 
o f rubber w as not sign ificantly  in fluenced  
by row  sp acin g, typ e o f tim ber in tercrop s 
and th eir in teractions.

--------- Table A>>. 6 Influence of intercropping or

Treatments
Paired row system of planting

2011
Girth
2011

Rubber + Garrinea 54.35

Rubber + Coffee
Rubber + Vanilla
Rubber + Nutmeg 57.09

CD (P -  0.05) N S
1.25

____________ 3.85  ___________



Experim ent initialed in 2003 to monitor 
the chan ges in soil physical and chemical 
properties due to in tercropping in rubber 
plantations and  on grow th o f rubber was in 
p ro g ress  at T rav an co re  R ubber and Tea 
estate , M u n d akayam . A m ong treatm ents 
the h ig h est av erag e girth (45.68 cm ) and 
p e r c e n ta g e  ta p p a b i l i ty  (4 3 .7 5 % ) w ere 
recorded in banana-intercropped area after
6.5 years follow ed b y cover crop established 
area. In p ineapple-intercrop ped  area only 
17 per cen t trees could achieve tappability 
during th is period (Table Ag. 7).

Table Ag. 7. Effect of intercrops on girth of rubber 
and tappability - 6.5 years after planting

Intercrop Girth (cm) Tappability (%)

C over crop 44.00 37.83

Tapioca 42.29 37.82

Pineapple 39.29 17.02

Banana 45.68 43.75

CD (P = 0.05) 1.91

C han ge in soil nu trient status due to 
cu ltiv a tio n  o f in tercro p s and cover crop 
w as stud ied  after 6 .5  years (Table Ag. 8). 
O r g a n ic  c a rb o n  c o n te n t s ig n if ic a n t ly  
im proved  in cover crop and banana area 
a fter 6 .5 years over in itial status w hile it 
w as not sign ificantly  in fluenced in tapioca 
and p ineapple area. An increase in available 
P w as n o ticed  in a ll. the system s and the 
d ifferen ce  w as sign ifican t in tapioca and 
p in eap p le  in tercrop p ed  areas at 0-30  cm 
d ep th . A sig n ifican t in crease in available 
p otassium  (K) w as n o ted  in banana area 
w hile a d ecrease was noted in other system s 
and the decrease is significant in tapioca and 
p in e a p p le  in te r c ro p p e d  sy s te m s . A 
s ig n if ica n t in crease  in pH w as noted  m 
banana area (5.01) com pared to the initial 
v alue o f 4.81 w hile a decrease from 4.94 to 
4 .82  w as noted in pineapple area.

Table Ag. S. Change in soil nutrient status due to 
_____________ planting intercrops and cover crop

OC status (%)
Intercrop Initial After 6 5  years Significance

Cover crop 139 1.79 “

Tapioca 1.42 1.22 NS

Pineapple 1.55 1.32 NS

Banana 1.08 1.86

CD (P =» 0.05) NS NS

Av. P status (mg/lOOg soil!

Intercrop Initial After 6 5  years Significance

Cover crop 0.58 1.14 NS

Tapioca 051 1.42

Pineapple 0.25 1.03

Banana 051 0.91 NS

CD (P = 0-05) NS NS

Av. K status (mg/lQOg soil)
Intercrop Initial After 6 5  years Significance

Cover crop 10.32 10.01 NS

Tapioca 15.38 9.62

Pineapple 16.44 6.88

Banana 11.23 22.63

CD (P -  0.05) NS 9.10*

Av. Ca status (mg/IOOg soil)

Intercrop Initial After 6.5 years Significance

Cover crop 14.4 12.41 NS

Tapioca 12.68 12.23 NS

Pineapple 1 0 5 7 6.88 NS

Banana 10.37 9.78

CD (P = 0.05) NS NS

Av.Mg status (mg/lOOg soil)

Intercrop Initial After 6 5  years Significance

Cover crop 2.22 2.66 NS

Tapioca 2.44 2.29 NS

Pineapple 2.75 1.97

Banana 2.42 2.33

CD (P -  0.05) N S NS

Intercrop Initial After 6.5 years Significance

Cover crop 4.95 4.94 NS

Tapioca 4.94 4.93 NS

Pineapple 4.94 4.82

Banana 4.81 5.01

'Significant at 1 per ceiit  ** Significant al; 5 per cent



4. W eed m anagem ent

Th e pro ject on com parison o f rubber 
p lan tation s w ith  and  w ith o u t co n tro l o f 
w eed  flo ra  a t P a th a m p u z h a  v illa g e  in 
K o ttay am  D istr ic t w as co n tin u ed . So il 
sam ples w ere analyzed for C and N. Soil 
m oistu re content at 0-15 cm  and at 15-45 
cm w as higher in p lots w ith no control o f 
weed flora (Table Ag.9). C  and N  contents 
w ere also significantly higher in fields w here
no control o f weed flora wras undertaken.

Table Ag.9. Soil moisture content in fields with and 
without control of weed flora

Soil depth 
(cm)

Gravimetric moisture f%)Sienifiranrp 
Weeds Weeds not 

controlled controlled
0-15
15-45

10.13
11.97

12.24
14.65

* Significant;it 5 per cent.

5 . P lan tin g  tech n iq u es

The experim ent to study the effect o f 
p lanting densities viz; 4 2 0 ,4 7 9 ,5 4 9 ,6 3 8  and 
749 trees/ha, on grow th and yield  o f rubber 
w as continued. Plants in the low est d ensity  
o f 420 trees/ha recorded sign ificantly  higher 
y ield  (g/t/t) th an  o th er  trea tm en ts . T h e 
annual yield per hectare w as h igher in the 
h ighest density (749 t/ha).

The experim ent to  study th e  effect o f 
d ifferen t p lan tin g  g eo m etries  on canop y 
developm ent, grow th  and yield o f rubber 
w as in progress. G row th o f rubber in the 
tr ia n g u la r  system  o f p la n tin g  and  tw in 
system  o f p lan tin g  is su p erio r  to th at o f 
control (sq u are  system  o f p lan tin g ). Th e 
canopies in altered planting system s started 
to exhibit asym m etrical pattern o f grow th.

As a follow  up of earlier experim ent, a 
m u lti-location al trial was initiated in three

agro-clim atic  zon es to study the effect o f 
size o f plan tin g p its  on estab lish m en t and 
grow th o f  rubber in soils w ith a depth of 
m ore than lm . All p lan ts p lan ted  w ith and 
w ith o u t p its  e s ta b lish e d  w e ll an d  th ree 
m onths a fter p lan tin g, the g row th o f rubber 
w as no t sign ifican tly  in flu en ced  by size  of 
p lan tin g  pit in all the locations.

A n  e x p erim en t w as in itia ted  in 2010 to 
e v a lu a te  th e  e f fe c t  o f  m e c h a n iz e d  lan d  
p rep aration  on soil qu ality  and  gro w th  of 
ru b ber. T h e  tre a tm e n ts  in c lu d e  m an u al 
p ittin g  and  terrac in g  (co n tro l), p ittin g  by 
tr a c to r  a n d  m o u n d e d  h o le  d ig g e r  and  
m a n u a l te r r a c in g  b y  e a r th  m o v e r  an d  
tilling the e n tire  land, p ittin g  and  terracing 
by earth m over.

6. Developm ent of agromanagement
te c h n iq u e  fo r  re d u c in g  the 
gestation period

T h e  f ie ld  e x p e r im e n t  in i t ia t e d  to  
develop an agronom ic package to reduce the 
im m atu rity  p eriod  o f H evea  a t  M alan kara 
esta te  w as co n tin u ed . G ro w th  o f  ru b ber 
w a s p o s i t iv e ly  in f lu e n c e d  b y  th e  
m an ag em e n t p ractices. T h e  g ir th  o f the 
plants th rou ghou t the ex p erim en tal period 
under in tegrated  m an agem en t w h ich  is a 
c o m b in a t io n  o f  s e le c t iv e  m a n u r in g , 
e n h a n c e d  n u tr ie n t  a p p lic a t io n ,  
conservation-orien ted  tillage and  irrigation  
w as s ig n if ic a n t ly  s u p e r io r  to  a ll  o th e r  
treatm ents (Table A g.10).

A n o th er ex p erim en t in itiated  at CES, 
C h e th a c k a l o n  d e v e lo p m e n t  o f  
agrom anagem ent practices fo r  reducing the 
gestation period is being  continu ed . T h ere 
w as significant d ifference in the perform ance
o  the tw o types o f plan tin g m aterial. Th e 
g ro w th  o f  d ir e c t-s e e d e d  g r e e n -b u d d e d  
polybag plants was found to b e  su p erior to



Table Ag. 10. Effect o f agromanagement practices on 
___ _________growth of rubber (5 years after planting)

Treatment Girth (cm)
Standard practice 40.44

Selective manuring 43.55
Enhanced nutrient application 43.44
Conservation-oriented tillage 45.84
Irrigation 46.20

Irrigation* Enhanced nutrient application 47.04

Integrated management 50.19

S E 0.64

CD (P = 0.05) 1.95

th a t o f g reen  bu d d ed  stu m p s raised  in 
p o ly b ag s. T h e effect o f agrom anagem ent 
practices w as reflected in the grow th o f the 
p la n ts . T h e  g ir th  o f th e  p la n ts  u n d e r  
in teg rated  m an agem ent w as found to be 
s u p e r io r  to  th a t o f  r e s p e c tiv e  ty p e  o f 
p lan tin g  m aterial under standard practice.

T h e experim ent on the effect o f different 
typ es o f plan tin g m aterial (polybag - one- 
w horl, tw o-w horl and three-w horl and 
root tra in er - on e-w horl, tw o-w horl and 
th re e -w h o rl)  o n  g ro w th  o f ru b ber w as 
continu ed . T h ere w as significant d ifference 
in the girth o f the p lants betw een d ifferent 
stages o f the sam e type o f p lanting m aterial 
(p o ly b a g  - o n e -w h o rl, tw o -w h o rl and 
th ree-w horl and root trainer - one-w horl, 
tw o-w horl and  three-w horl). T hree-w horl 
p lan ts w ere significantly superior to two- 
w horl w hich in turn w ere superior to one- 
w h o rl p lan ts  irresp ectiv e  o f the typ e o f 

p lan tin g  m aterial.
T h e experim ent on age o f root stock and 

q u ality  o f p lan tin g  m aterials in itia ted  in 
2 008 w as continu ed . The g irth increm ent of 
d ifferen t typ es o f plan tin g m ateria ls was 
sign ificantly  influenced during the initial 6 
m onths o f  g row th. D uring the later phase 
o f g r o w th  (6 -1 2  m o n th s) s ig n if ic a n t  
d if fe r e n c e  in  g ir th  in cre m e n t w a s  not

noticed am ong different types o f planting 
m aterials.

7. S tress m anagem ent

The glass house experim ent to study 
th e  e f fe c t  o f s il ic o n  and  p o ta ss iu m  in 
a lleviating the adverse effects o f drought 
s t re s s  in  y o u n g  r u b b e r  p la n ts  w as 
con tin u ed . O b serv atio n s o n  ch lo ro p h y ll 
co n te n t in d ex and  le a f w ate r  p o ten tia l 
in d ica ted  p o sitiv e  e ffe c t o f s il ico n  and 
higher d ose o f potassium  (N: K = 1:1) in 
overcom in g m oisture stress effects . A fter 
im posing w ater stress for 35 days, all the 
plants w ere irrigated uniform ly and it w as 
observed th at p lan ts su p plem en ted  w ith  
h ig h e r  d o se  o f  K  r e co u p e d  fa s te r  an d  
showed better survival percentage.

A fie ld  e x p erim en t w as in itia ted  at 
Puthukkad estate, Trichur, a com paratively 
drought-prone area in the traditional rubber 
growing region to develop agrom anagem ent 
techniques to m itigate the adverse effects o f 
d r o u g h t . D if fe re n t ty p e s  o f p la n tin g  
m a te r ia ls , p o ly b a g  p la n ts  r a is e d  w ith  
budded stu m p s, in situ  bu d d ed  polybag  
p lan ts and  root tra in er p la n ts  a re  being  
com pared. O ther treatm ents include higher 
levels o f potassium , hydrogel and tillage of 
plant basin at the end of the rainy season.

Initiated a p olybag nursery experim ent 
to study the effect o f silicon  n u trition  on 
c o n tro llin g  p o w d ery  m ild ew  in  y o u n g  
r u b b e r  p la n ts  at tw o  lo c a t io n s ,  C E S , 
C hethackal and H M L, M undakayam .

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

T h e study on com p arison  of six  soil 
e co sv stem s viz. m atu re rubber, ru bber- 
M ucuna-c&r&r cropped, rubber-pineapple 
in te r c ro p p e d , c a ssa v a  m o n o c ro p , tea k  
m ature p lantation and  forest in Kottayam



Table Ag. 11 Total carbon content (g C /100 g soil) and its distribution to the three physical size fractions of 
_____________ different soil systems ___________________________ __________________________________________
System Carbon content in different fractions 

(g C/1 OOg soil)

2000-250 p 250-53 (.i < 53 p

Total carbon in soil 
(g C / 100 g soil)

Rubber 0.3213 0.1940 1.6282 2.14
Rubber * Mucuna 0.6373 0.4309 1.7505 2.82

Rubber + Pineapple 0.3107 0.3354 1.5287 2 .17
Cassava 0.2461 0.1689 0.9788 1.39
Teak 0.6931 0.4867 1.3944 2 .57
Forest 2.1873 1.2821 0.7591 4 .23
CD (P -  0.05) 0.139 0.156 0.371 0.371

district w as continued. Soil sam ples from 
these system s w ere analyzed to quantify 
organic matter, C and N contents in the three 
physical size fraction, viz. 2000-250 p, 250- 
53 p  and < 53 p. O rganic m atter, C and N 
contents in these size fractions w ere widely 
varying in soils of d ifferent system  (Table 
Ag. 11 and A g,12). In forest soils, m ajor 
portion o f  th e o rg a n ic  m atter, C  and  N 
c o n te n ts  w as a s s o c ia te d  w ith  b ig g e r  
physical fractions (2000-250 p & 250-53 p) 
or particulate organic m atter (PO M ), w hile 
in all cultivated soils and very prom inently 
in rubber soil, the observation w as vice versa, 
indicating that easily  m ineralizable carbon 
com pounds are m ore in forest soil.

Mucuna-cover cropped soil had higher 
W SO C , H W E C , PO M  and  h ig h e r  N

m ineralization rate and bacterial population 
than the pineapple-intercropped soil. In all 
th e  c u lt iv a te d  s o i l s  w h e re  fe r t i l iz e r  
application w as a regular p ractice , soil pH 
d ecreased . T h e  N m in e ra liz a tio n  ra te  of 
different system s w as found to b e p ositively 
a n d  s ig n if ic a n t ly  in f lu e n c e d  b y  th e  C 
co n te n t in PO M  or b ig g e r  s iz e  fraction s 
(2000-250 p & 250-53 p) as w ell as so lu b le  C 
com ponents o f a soil.

T h e  o b s e r v a tio n a l t r ia l  on 
establishm ent of M ucuna  (cover crop) and 
fodder crops in the later im m atu rity  phase 
of rubber, after the rem oval o f  p in eap p le 
intercrop was continued. It w as observed 
th a t M u cu n a  b e g a n  to  s p r e a d  in th e 
im m a tu re  f ie ld  (6 lh y e a r ) .  A m o n g  th e 
d if fe r e n t  fo d d e r  c r o p s , S te n o to p h r u m

T,M,As- 12 N ' ke ” u) ind "*  * ih'  “■ »  ■ * * * »  * e fractions of

Rubber

Rubber + Mucuna 
Rubber + Pineapple 
Cassava 
Teak 
Forest 
CD (P -

N content in different fractions 
(g N/kg soil)

-  (1.05)

2000-250 p 
0 .18 
0 .75 
0 .27 
0.10 

0.31
2.05

250-53 p 
0.10 

0.23 
0.19 
0.01 

0.37 
0.71 
0.13

0.97
1.49
1.46
0.81
1.35
0.63

Total Nitrogen in soil 
(g N / kg soil)

1~26
2.47
1.92

0.96
2.03
3.39



continu ed  to perform  well even in the 6,h 
year o f plantation. But the grow th of guinea 
grass w as less in the 6 ,h year than that in 
the previous.

9. D e v e lo p m e n t  o f  r u b b e r  
in fo rm a tio n  sy stem  u sin g  rem ote 
se n s in g  and G IS

P r o je c t  o n  d e v e lo p in g  ru b b e r  
in form ation  system  using rem ote sensing 
and G IS w as continued. Soil series attribute 
data bu ild  up  and  v ectoriza tion  o f road 
netw ork, rail netw ork, im portant locations 
an d  w a te r  b o d ie s  o f  K e ra la  s ta te  and  
Kanyakum ari d istrict o f Tam il Nadu were

c o m p le te d . G P S  r e a d in g  o f  r u b b e r  
p la n ta tio n s  an d  o th e r  v e g e ta tio n  w as 
co lle cted  from  a ll fo u rtee n  d istric ts  of 
Kerala and K anyakum ari districts o f Tamil 
N ad u  fo r  r u b b e r  a rea  m a p p in g  and  
accuracy assessm ent. Preparation o f rubber 
distribution m aps and accuracy assessm ent 
is in progress.

In itiated a su b -p ro ject on G eospatial 
an a ly sis  and  so il n u tr ie n t d y n am ics  o f 
rubber plantations in relation  to grow ing 
en v iro n m en t. R u b b er p la n ta tio n s  w ere 
identified in K anyakum ari and Kasargode 
districts for recording soil nu trient status 
and yield  o f trees.

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

G e n e t ic  im p r o v e m e n t  o f H ev ea  
brasilien sis  u sing  m odern tools is the m ajor 
goal o f  B io techno logy  research at RRII. The 
m a jo r  o n g o in g  research  p rogram m es in 
B io t e c h n o lo g y  D iv is io n  a r e  1) 
D e v e lo p m e n t  o f  in  v it r o  p r o p a g a tio n  
m e th o d s  fo r  e l i t e  H ev ea  c lo n e s  2) 
D ev e lo p m en t o f tran sg en ic H evea  plants 
for b e tte r  a d a p ta t io n  to en v iro n m en ta l 
s tress, tap p in g  panel dryness, latex yield 
and  d isease  to leran ce  3) D evelop m ent of 
in v itro  fertiliza tio n  tech n iq u es & em bryo 
r e s c u e  to  c o m p lim e n t  c o n v e n tio n a l 
breeding program m es 4) Study of molecular 
m echanism  and characterization o f genes 
co n tro llin g  to leran ce  to d iseases, abiotic 
s t r e s s e s ,  la te x  b io s y n th e s is  and  
ch a ra c te r iz a tio n  o f related  gen es and 5) 
Study of laticifer cell specific gene expression 
and characterization o f la ticifer cell specific 

p rom oters .

1. So m a tic  em b ry o g e n e sis

Experim ents w ere carried out to refine 
th e  s o m a tic  e m b r y o g e n e s is  a n d  p la n t 
regeneratio n  p ath w ay  d ev elop ed  earlier 
from cx vitro leaf explants o f H evea clone RRII 
105 . E m b ry o  in d u ctio n  w as tr ie d  w ith  
e m b r y o g e n ic  c a llu s  o b ta in e d  fro m  
proliferated friable callus o f new ly initiated 
lea f cu ltu res. V ariation  w as observed  in 
texture o f the em bryogenic callus obtained 
from  cu ltu res  in itia ted  d u r in g  d ifferen t 
s e a s o n s  an d  its  r e s p o n s e  in  te r m s  of 
e m b ry o g e n ic  co m p e te n ce . E x p erim en ts  
w ere also carried out to increase the rate of 
em bryo  in d u ctio n  from  th e p ro liferated  
e m bry o g en ic  ca lli . T h e  co n ce n tra tio n  of 
c a lc iu m  n itr a te ,  p h y to h o rm o n e s  an d  
p h y ta g e l w e re  v a rie d  d u r in g  fu r th e r  
subcultures accord ing to the textu re o f the 
callus to be subcultured . A ccordingly, the



h o rm o n a l c o m b in a tio n s  an d  
co n ce n tra tio n s  w ere a lso  ch an g ed  w ith  
inclu sion  o f A BA  (0 .2  mg/L) a lon g  w ith 
polyethylene glycol (5.0 g/L) and increasing 
th e  c o n c e n tra tio n  o f  p h y ta g e l. R ate o f 
em brvogenesis could be increased to  80 per 
cent. The influence o f different gelling agents 
on e m b r y o g e n ic  c a llu s  fo r m a tio n  and  
em bryo induction w as experim ented. Bacto 
agar (15.0 -  25.0 g  /L), phytagel (3 .0-10.0 g/ 
L) and agar (10.0 -20.0 g/L) w ere tried. It 
w as o b serv ed  th a t b a c to  a g a r  w as n o t 
s u i ta b le  fo r  b o th  e m b r y o g e n ic  c a llu s  
form ation  and em bry o  in d u ctio n , w h ile  
phytagel (5.0 g/L) and agar (18.0 g/L) w ere 
equally good. Experim ent w as also done to 
find the effect o f charcoal on em bryogen ic 
callus form ation and em bryo induction . It 
w as observed that inclusion o f  ch arcoal in 
the m edium  w as necessary for em bryogenic 
callus form ation. E m bryo in d u ction  w as 
o b ta in ed  in m ed iu m  w ith  a n d  w ith o u t 
charcoal. In m edium  with charcoal, e m bryo 
in duction w as obtain ed  a fter  50 d ays. In 
m e d iu m  w ith o u t c h a r c o a l ,  e m b r y o  
induction took m ore tim e (3-4  m onths) but 
the rate o f em bryo in d u ction  w as h igh w ith 
th e  w h o le  c lu m p  g e ttin g  co n v erted  in to  
em bryos. E m b ry o  m a tu ra tio n  and  p lan t 
regeneration w ere also  obtained  from  the 
induced em bryos.

L e a f  e x p la n t s  c o lle c te d  fro m  
physiologically  ju ven ile sou rce p lan ts gave 
g o o d  r e s p o n s e  to  in  v it r o  c u ltu r e . 
E xp erim en ts  w ere  d o n e  to  fin d  o u t the 
m olecu lar factors if  any, related  to tissue 
juven ility  and in v itro  response. W ork was 
d o n e  to  id e n tify  th e  p re se n ce  o f g en es  
con tro llin g  phase ch an ges in plants. PCR 
w a s a t te m p te d  w ith  s p e c if i c  p r im e r s  
designed based on gen es controlling phase 
ch a n g e s  in o th e r  p la n t s p e c ie s  u sin g  
gen om ic D N A  as the tem plate. T h e gene

coding for ch loroph yll a/b b in d in g  protein 
(CA B) w as su ccessfu lly  am p lified , cloned 
an d  s e q u e n c e d . R T  P C R  w ith  cD N A  
obtained  from  tissu es w ith  d ifferen t levels 
o f  m a tu r ity  sh o w e d  th a t  th e  g e n e  is 
d i f f e r e n t ia l ly  e x p r e s s e d  w ith  m o re  
ex p ression  in ju v en ile  tissues.

A ttem p ts w ere co n tin u ed  to develop  
p lan tlets from  u n fertilised  o vu les and  to use 
the em bryogen ic ca llu s a s a  target tissu e for 
g en etic  tran sfo rm ation  exp erim en ts.

2 .  In  v i t r o  a p p r o a c h e s  to  c o m p le m e n t  
c o n v e n tio n a l  b r e e d in g  p r o g ra m m e s

2.1. In  v itr o  fertiliza tio n  and  e m bry o  rescue

R e f in e m e n t  e x p e r im e n t s  by 
m anipulating the m edia com ponen ts, for the 
rescue o f im m ature em bryos (1-5 w eek) were 
co n tin u ed . M ore p ro m is in g  r e su lts  w ere 
obtain ed  w hen kin etin  w as rep laced  with 
zeatin in com bination w ith GA ,̂. R esu lts of 
the experim ent w ith zeatin are given in Table 
B io tech .!. A  steady in crease in the em bryo

Table Biotech. 1. Effect of zeatin concentration on
embryo recovery

Zeatin (mg/L) Embryo recovery (%)
1 16.2 (4.02)a

22.4 (4.73)b
42.2 (6.4)c
25.6 (5.06)d

5 20.4 (4.64)e
M eans follow ed by com m on le tters  are not
sig nifican tly  d ifferen t at l’ <0.05. T h e valu es in 
parenthesis are transformed values.

recovery w as observed w ith an  in crease in 
the concentration o f zeatin up  to 3.0 mg/L. 
F u rth er in crease  in z ea tin  c o n ce n tra tio n  
reduced  the em bry o  recovery. M axim u m  
em bryo recovery (42% ) w as achieved with 
a horm onal com bination o f 3 .0  mg/L zeatin 
and 1.0 mg/L GAr  Plants w ere recovered and 
established  in the field.



E x p e r im e n ts  fo r  th e  in d u c tio n  of 
p o ly e m b ry o n y  w ere  a lso  co n tin u ed . A 
protocol for the induction o f polyem bryony 
h as been  developed. M ultiple seedlings of 
sin gle origin  w ere developed, hardened and 
field planted. M olecular analysis was carried 
o u t in th ese plants along with the fem ale 
parent (R R II 105). RAP'D and m icrosatellite 
analyses could prove the genetic uniformity 
as w ell as zygotic origin.

Exp erim ents w ere also  conducted for 
the in duction o f em bryogenic calli from the 
im m atu re fruits. Em bryogenic calli could be 
successfully induced from im m ature ovules. 
T h e s e  c a ll i  co u ld  b e  c o n t in u o u s ly  
m u ltip lie d . G en etic  tra n sfo rm a tio n  w as 
attem p ted  u sing  th is calli as the explant. 
H ig h  f r e q u e n c y  tr a n s fo rm a tio n  w as 
obtain ed . T ransgenic cell lines and em bryos 
w e re  o b ta in e d  w ith  d if fe r e n t g en e 
constructs.

2 .2 . I s o la t io n  a n d  c u ltu r e  o f  p o lle n
p rotop lasts

T h e  len g th y  and  ted io u s p rocess of 
creatin g a pure line in  an open-pollinated, 
highly  heterozygous tree species like H evea  
ca n  b e  o v e r c o m e  by c u ltu r in g  h ap lo id  
tissues like pollen grains and unpollinated 
ovules and subsequent diploidization o f the

regenerated tissue. Proliferation and further 
developm ent o f m icrospores in culture has 
been observed  to  be ex trem ely  d ifficu lt, 
p ro b a b ly  th e  m ain  re a so n  b e in g  th e  
presence o f ex ine, the tou gh ou ter coat. 
P ollen  protoplast cu ltu re  is an attractive 
option for d eveloping hom ozygous lines in 
Hevea.

As an initial step tow ards this end, the 
effect o f d ifferent levels o f enzy m es and 
osm otica o n  pollen p rotoplast isolation w as 
experim ented. Th e y ield o f protoplasts was 
highest w hen a m ixture o f 0.5%  cellu lase 
and  0 .0 5 %  p e c to ly a se  w as u sed  in th e  
p r e s e n c e  o f 0 .6 M  m a n n ito l a n d  0 .3 %  
sorb ito l. For p u rification  o f the released  
p r o to p la s ts , tw o m e th o d s  v iz . d e n s ity  
gradient centrifugatio n  and sievin g w ere 
attem pted. D ensity grad ient centrifugation 
was not effective for separation o f the pollen 
protoplasts w hereas the protoplasts could 
be partially purified by sievin g through a 
64  i m m e sh . T h e s e  p r o to p la s ts  w e r e  
cultured in the nu trient m edium . Further 
work needs to be done for op tim ization  o f 
the m edia as w ell as a su itable nu rse tissue 
p ro m o tin g  c e ll d iv is io n  a n d  fu r th e r  
proliferation. Th e regeneration potential o f 
pollen at various d evelopm ental stages also 
needs to be assessed.
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3. G e n e tic  tran sfo rm atio n

G en etic  tran sfo rm ation  ex p erim en ts 
w ere  co n tin u ed  to d e v e lo p  tr a n sg e n ic  
plants w ith increased tolerance to abiotic 
stresses, tapping panel dryness and higher 
latex yield. The d ifferent constructs used 
w ere superoxide d ism utase gene u nder the 
co n tro l o f  C a M V  3 5S  a n d  FM V  3 4S  
p ro m o te rs , s o r b ito l-6 -p h o s p h a te  
d ehy drogen ase, isop en ten v l tran sferase , 
h m g r l  and  o sm o tin  p r o te in . E x te n s iv e  
optim ization experim ents w ere carried out 
to im prove the tran sfo rm ation  efficien cy  
and regeneration o f transgenic tissues. New 
Agrobacterium  in fection s w ere  perform ed 
using different explants viz; em bryogen ic 
callus o f anther, ovule and polyem bryony 
derived callus.

A ttem pts w ere continu ed  to develop  
m ore transgenic p lants incorporated  with 
M nSO D  gene under the control o f CaM V 35S  
prom oter, from  d iffe re n t tran sfo rm atio n  
events. In order to un derstand  the effect o f 
p r e -c u ltu re  o f  ta r g e t t is s u e s  in liq u id  
m edium , the em bryogen ic callu s derived 
from  im m a tu re  a n th e r  an d  o v u le  w ere  
cultured in liquid m edium  for different time 
intervals (1-5 days) and used as the target 
tissue for A grobacterium  infection. L iquid pre

culture o f the em bryogen ic callu s im proved
the freq u en cy  o f tra n s fo rm a tio n  (35% ). 
Em ergence o f new  transgenic cell lines was 
observed from the cultures. G U S positive 
o n e s  w ere  fu r th e r  s u b -c u ltu r e d  and  
proliferated.

Effect o f L -cyste ine on transform ation 
frequency was studied  by sup plem enting 
five different concentration s o f cysteine (0, 
5 0 ,1 0 0 ,2 0 0  & 300 mg/L) in the co-cultivation 
m edium . Results show ed that the inclusion 
of L -cyste ine in co-cultivation  m edium  had 
a p o s itiv e  in flu e n ce  on tra n sfo rm a tio n

frequency. A m o ng th e  five concentrations 
tried, m axim um  cell lin es em erged  in the 
m e d iu m  c o n ta in in g  1 0 0  m g/L cy ste in e . 
M ore or less sam e frequ en cy  w as obtained 
a t h ig h e r  c o n c e n tr a tio n s  a ls o . A t low er 
concentration s, in duction o f n ew  transgenic 
cell lines w as low. A fter tw o m onth s, 5 0  GUS 
p ositive cell lines w ere obtain ed .

E xp erim ents w ere  d o n e  to im p rove the 
tr a n sg e n ic  c a llu s  p r o life r a tio n  ra te  and 
te x tu re , w h ic h  in  tu rn  im p r o v e  the 
tra n sg e n ic  p lan t r e g e n e ra tio n  efficien cy . 
E ffect o f d ifferen t co n ce n tra tio n s o f  2 , 4-D 
(0.0-2.0 mg/L) and  N A A  (0 .0 -1 .0  mg/L) was 
assessed  on callu s p ro lifera tio n  in m odified 
M S m e d iu m . C a llu s  p r o l i fe r a t io n  w as 
favored by the addition  o f 2 ,4-D  (0 .4-1 .4  mg/ 
L) and N A A  (0.1- 0 .7  mg/L), w h ile  higher 
co n ce n tra tio n s o f 2 ,4-D  (ab o v e  1 .4  mg/L) 
induced hard and co m p act ca llu s. A  callus 
proliferation frequency o f around 8 0  percent 
w as o b ta in e d  w ith  a g r o w th  re g u la to r  
com bination  o f 2, 4 -D  (0.8 mg/ L) and NAA 
(0 .4  mg/L). It w as a ls o  n o tice d  th a t the 
proliferation rate o f tran sfo rm ed  callu s w as 
less com p ared  to th e  co n tro l ca llu s . The 
com bined effect o f au xin  and  cytok in in  (2, 
4 -D , N A A  a n d  B A ) o n  f r ia b le  c a llu s  
induction was also stu d ied . T h e  p roliferated 
tra n sfo rm e d  ca lli  w ere  s u b c u ltu r e d  on 
m e d ia  fo r t if ie d  w ith  d i f fe r e n t  
concentration s o f 2, 4 -D  (0 .0-1 .0  mg/L) and 
B A  (0 .0  to  0 .5  m g/L) k e e p in g  th e

Table Biotech. 2. Effect of 2 ,4-D and BA in presence of
f). 4 m rr/1 M A A _ t > i ■ t ■0 .4 mg/L NAA on I 
induction

r ia b le  c:allus

2 ,4-D 
_ _  (mg/L)

BA mg/L
0.2 0 .3

10 15 25 15 5’
15 20 35 20
35 40 70
25 30 45 25 20
10 25 30 15



concentration  o f N AA constant (0.4 mg/L) 
(Table B iotech .2.). Friable callu s induction 
frequen cy o f 7 0  per cent w as obtained with 
the horm onal combination 2, 4-D (0.6 mg/L), 
NAA (0 .4mg/L) and BA (0.3 mg/L).

T h e  tr a n s g e n ic  c e ll lin e s  o b ta in ed  
e a r lie r  fro m  th e  A g rob acter iu m  in fected  
im m a tu re  a n th e r  d e r iv e d  c a llu s  w ere  
p r o life r a te d  an d  s u b -c u ltu r e d  for 
em bryogen esis  in m edium  supplem ented 
w ith  PEG  and ABA and transgenic em bryos 
w ere induced at a frequency of 75 per cent. 
In a sep arate  experim ent, for the induction 
o f em b ry o g e n e s is  from  the p ro liferated  
em bry o g en ic  calli, the induction m edium  
w a s  d e s ic c a te d  w ith  d iffe r e n t
concentration s o f agar (0.3 - 0 .5% ). Embryos 
w ere in duced  w ith a frequency o f 50 per 
cent. M atu re em bryos w ere transferred to 
p la n t r e g e n e r a t io n  m e d iu m . P la n tle ts  
o b ta in e d  w e r e  tr a n s p la n te d  to  sm a ll 
po lybags filled w ith sand , soil and soilrite 
(1 :1 :1 )  for hardening.

A g r o b a c t e r iu m  m e d ia te d  g e n e tic  
t r a n s fo r m a tio n  w ith  b in a ry  v e c to r s  
contain ing  M nSO D  gene under the control 
o f FM V  34S prom oter w as also carried out 
u sing  em bryogen ic calli derived from the 
p oly  em bry o n ic  tissues. Effect o f vacuum  
in filtra tio n  on tran sfo rm ation  frequency 
w as assessed  u sing  th is system . Vacuum 
in filtra tio n  w as carried  out for d ifferent 
tim e in tervals (5, 10 and 20 m inutes) and 
also  at d ifferen t vacuum  pressures (20-40 
psu). Th e results revealed that 10 m inutes 
vacuum  infiltration at 3 0  psu w as ideal for 
g etting  transform ed cell lines. The infected 
c a ll i  a f te r  th re e  d a y s  c o -c u ltu r e  w ere  
tran sferred  to  se lection  m edium  and the 
ca lli w ere sub-cultured on fresh antibiotic 
m edium  at three w eeks interval. T ransgenic 
cell lines em erged 40 days after Agrobacterium  
in fection and transform ation frequency was

also enhanced. The G U S positive cell lines 
w ere sub-cultured for further proliferation.

N orthern blo t analysis w as repeated 
to assess drought-induced over expression 
o f M nSO D  gene in the transgenic plants. 
T ran sg en ic p lan ts (L I & L2) d ev elo p ed  
e a r lie r , n o n -tr a n s g e n ic  p la n ts  ra ise d  
through som atic em bryogenesis and RRII 
105 plants w ere m ultiplied by bud grafting 
and m aintained  in po lybags (filled  w ith  
garden soil) w ere used in this study. D uring 
sum m er season, the p lan ts w ere grouped 
into tw o sets, one set w as irrigated d aily and 
another set w as sub jected  to w ater stress 
by w ithhold ing irrigation  for tw o w eeks. 
At the end of the drought treatm ent, leaf 
s a m p le s  w ere  c o lle c te d  fo r  m o le c u la r  
analysis. A lthough equal am ount o f RNA 
(30|ig) w as loaded in each lane, significant 
difference in the M nSO D  m R N A  level w as 
observed  am ong the tw o tran sgen ic and 
control plants. Transgenic p lan t L I showed 
a higher M nSOD  transcript level than L2, 
w hereas the exp ression  p attern  w as very- 
low in the b ud-grafted RRII 105 p lan ts and 
in the so m atic  p lan ts o f the sam e clon e 
w hich served as the control. T h e transgenic 
plants L I and L2 w ere m ultip lied by bud- 
g ra ftin g  a lo n g  w ith  co n tro l p la n ts  fo r  
in itia ting  a field  trial. B iosafety  R esearch 
Level 1 (BRL1) at the R egional R esearch  
Laboratory, D apchari, M aharashtra.

A tte m p ts  w e re  a ls o  c o n tin u e d  to 
develop an Agrobacterium  m ediated genetic 
tra n s fo rm a tio n  an d  p la n t re g e n e ra tio n  
protocol using leaf exp lants as the target 
tis su e  fo r  A g rob acteriu rn  in fe c tio n . T h e 
p r o to c o l d e v e lo p e d  fo r  s o m a tic  
em b r y o g e n e s is  and  p la n t r e g e n e ra tio n  
fro m  le a f  e x p la n ts  w as u se d  fo r  th e  
regeneration o f transgenic tissues also, with 
su itable m odification. Earlier, the in fection, 
co cultivation and selection  m edium  were



m odified by including certain factors like 
L-cysteine, silver nitrate and the surfactant 
p lu ron ic F 68, th at help  to  in crease  the 
tran sfo rm atio n  e ffic ien cy , im p ro v e  the 
texture of the new ly em erging transgenic 
ce ll lin e s  an d  to  co n tro l th e  b a c te r ia l 
ov erg ro w th . T h e sa m e w ork  h as been  
repealed and found to be reproducible. T he 
transgenic em bry o g en ic  ca llu s ob ta in ed  
e a r lie r  in c o rp o r a te d  w ith  M n SO D , 
isopentenyl transferase (ipI) and TB antigen 
genes w ere further sub cultured for em bryo 
induction and p lan t regeneration. Em bryo 
induction and m atu ration  w as obtain ed  
from three tran sgen ic lines in corp orated  
with ipt, two w ith M nSOD  g en e and one 
w ith  TB a n t ig e n  g e n e . T en  tr a n s g e n ic  
plantlets incorporated with ipt, three with 
MnSOD and one plantlet incorporated w ith 
TB antigen genes w ere regenerated and to 
be hardened. The results show ed that callus 
derived from leaf explants can b e  used as 
target tissue for gen etic  transform ation .

The effect o f ABA, su crose  and  m altose 
on e m b r y o g e n e s is  w as e v a lu a te d  
in d iv id u a lly  and  in co m b in a tio n s . T h e 
tra n sfo rm ed  c e ll lin e s  in te g r a te d  w ith  
sorbitol -6- phosphate d ehy drogen ase gene 
were cultured in the m edium  containing five 
different concentration s o f ABA (0 ,0 .2 5 ,0 .5 ,
1.0 and 2 .0  m g /L) and  su crose  (2, 4 , 6, 8 & 
10%). The effect o f m altose w as m onitored 
by replacing it for su crose  (1, 2, 3, 4 &  5%). 
Com bined effect o f sucrose and m altose was 
studied by using five different com binations 
o f sucrose and m altose (0.5 + 0.5 %, 1+] %
1.5 + 1.5 % , 2 .0 + 2 .0  %, and  2 .5 + 2.5 % ) in the 
m edium . From  each  treatm ent, torpedo / 
h e a r t sh a p ed  e m b ry o s  w ere  se p a ra te d . 
Inclusion o f ABA in the em bryo induction 
m e d iu m  p o s itiv e ly  in flu e n ce d  so m atic  
em bryogen esis and m axim um  num ber of 
em bryos w as obtained at 2 .0  mg/ L. A m ong

th e  c o m b in a t io n s  o f  s u c r o s e  tes ted  
m axim um  em bryo  in d u ction  w as obtained 
a t 4%  su cro se . By in crea sin g  the sucrose 
level to 6%  and above, em bry o g en esis  was 
red uced . W hen m a lto se  w as used  as the 
carb oh y d rate  sou rce, a n eg a tiv e  -espon se 
was observed  at all co n ce n tra tio n s tested. 
Th e h eart-shap ed  em bry o s ob tain ed  from 
the above treatm en ts w ere  m atured  upon 
tr a n s fe rr in g  to  fresh  e m b r y o  in d u ctio n  
m edium . Th e m atu red  em bry o s w ere sub­
cultured  to the p lan t regen eratio n  medium 
contain ing  1.0 mg/ L BA and 2 .0  m g / L G A 3.

H ow ever, full p lan t reg en era tio n  was 
not satisfactory. PC R  a n a ly sis  w as carried 
o u t fro m  th e  G U S  p o s i t iv e  tr a n s g e n ic  
em bryos and also  from  the n o n-transgen ic 
ones. U sin g  S6P D H  g en e sp ecific  prim ers; 
3 6 0  bp  fr a g m e n t w a s  a m p lif ie d  in the 
transform ed tissues. In teg ra tio n  o f the uid 
A and  n p t  II g en e w as c o n firm e d  in the 
transform ed tissues by th e  p resen ce  o f 650 
and 800  bp fragm en ts respectivelv.

W o rk  w a s c o n t in u e d  to  d e v e lo p  
tran sg en ic ru b ber p la n ts  in teg ra ted  with 
h m g r  1 g en e  u n d er th e  co n tro l o f su p er 
p rom oter, u sin g  th e  e m b ry o g e n ic  ca llu s  
derived from  the p o lyem bryo n ic tissue. The 
s c r e e n in g  o f  th e  t r a n s fo r m a n ts  w as 
perform ed w ith h y grom ycin . P roliferated  
tr a n s g e n ic  c e ll lin e s  o n  fr e q u e n t  su b - 
cu ltu ring  produced  tran sg en ic em bryos at 
a fre q u e n cy  o f  8 0  p er  c e n t . T r a n sg e n ic  
p la n t le ts  w e r e  p r o d u c e d  fro m  th e se  
em bryos m the g erm in ation  m ed iu m . The 
requency of p lan t g erm in ation  w as 2 8  per 

c e m  (T a b le  B io t e c h .3 ) .  T h e  tr a n s g e n e  
in te g r a tio n  w as c o n f ir m e d  u s in g  PC R  
analysis and the p lan tlets  w ere successfu lly  
acclim atized and  m aintained  in polybags.

is is t e  first report on the regeneration 
Of tran sg e n ic  p lan ts  in te g ra te d  w ith  (he 
Im g r  1 g ene in H. brasilim sis.



Table. Biotech. 3 .Effect of growth regulators on embryo induction and plant germination on transgenic 
________________embryogenic callus integrated with hm grl gene_________________ _________________________
Treatment Growth 

G A ,
regulators (mg/L) 
Kin BA

Embryo germination 
(Mean %)

Embryo Induction 
(Mean %)

T1 0.1 0.1 0.2 32.75 7.62

T2 0.2 0.25 0.25 66.62 13.0

T3 0.3 0.5 0.3 80.75 16.87

T4 0.4 0.75 0.35 68.25 19.75

T5 0.5 1.0 0.4 45.62 27.5

T6 0.6 1.5 0.45 27.0 13.87

CD (P -  0.05) 2 .05 1.52

Five tran sgen ic lines in tegrated with 
h m g r l  w e re  d ev e lo p e d  ea rlie r  from  the 
A grobacteritu n  in fected  im m atu re anther 
derived callus. O n repeated sub-culture, one 
lin e becam e em bryogenic w ith em ergence 
o f tr a n s g e n ic  e m b ry o s . T h e  tra n sg e n ic  
e m b r y o s  w e r e  s u b -c u ltu r e d  to the 
m aturation m edium  and em bryos showing 
bipolar d ifferentiation  w ere observed.

G en etic  tran sfo rm atio n  experim ents 
w ere carried  o ut using different explants for 
the in tegration o f osm otin  gene follow ing a 
m o d if ie d  p r o c e d u r e .  T ra n s fo r m a tio n  
frequency h as b een enhanced to 40  per cent 
by ad opting  liquid co-culture. From the 70 
transgenic cell lines obtained, 50 could be 
proliferated in M S m edium  supplem ented 
w ith 1.0 mg/ L N AA along with 1.5 mg /L

2,4-D. From the proliferated cell lines, five 
lin es w ere ran d o m ly  se le c ted  and  PCR 
analysis w as carried out using gene-specific 
primers and all the lines tested were found to 
be positive. Experim ents w ere performed by 
m anipulating the m edia com p on en ts for 
e m bry o  in d u ctio n . E m b ry o  in d u ctio n  
frequency was enhanced from 36 to 50 per 
cen t w hen th e  m ed ia  w a s  a d d itio n a lly  
supplemented with Kin and ABA. A growth 
regulator combination o f 0.3 mg/ L Kin, O.lmg/ 
L A BA and 2.0 mg/L NAA along with 10 g/L 
mannitol w as found to be ideal for embryo 
induction (Table Biotech. 4). Em bryos were 
matured (15%) and a few has been germinated 
(2%) and are in the process of hardening. More 
em bryos are being sub-cultured for further 
development and planting out.

Table Biotech. 4 .Effect of K in .B o  »nd ABA on emb„-o M o c .io n  (*>  ™ °<  N *A  <*» ^  «  * " d
mannitol (lOg /!•)_________  ___ ._________ _______ —

ABA
(mg/L)

Kinetin (mg/ L)

0.1 0.3 0.5

s w I k W  2S 5 (3 2 .2 0  50.00 (45.00) 42.0 (40.40) 37.50 (37.76)

15 25 (22.98) 30.5 (33.50) 42.00 (40.39) 39.5 (38.94) 26.25 (30.76)

■'ii 00 (26.56) 34.5 (35.97) 39.50 (38.09) 33.5 (35.30) 21.50 (27.62)

17.00 (24.32) 27.0 (31.30 ) 32.75 (34.91) 24.5 (29.66) 20.00 (26.55)

,o  50 CO 691 16.0 (23.55) 28-50 (32.26) 15.0 (22.76) 12.00 (20.23)----------- ---------- - T5
CD (P = 0.05)
T h e  values in parenthesis are sine transformed values.



4. M o lec u la r  stu d ies

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

Th e e a rlie r  stu d ies on iso lation  and 
ch aracterization  o f (3-1,3-glucanase gene 
in vo lv ed  in  ab n o rm al le a f  fa ll d ise a s e  
tolerance lead to the identification o f five 
isoform s o f p -l,3-glucan ase g ene in a s in gle 
clone RRII 105. A ttem pts w ere continued to 
study the fu n ction al p ro p erties  o f th ese 
different prom oters to drive the respective 
genes by d eveloping p rom oter: G U S fusion 
b inary  vectors and m e a su rin g  th e  G U S 
e x p ress io n  in th e  h e te r o lo g o u s  sy stem  
through transgenic approaches. In ord er 
to  stu d y  th e  e f f ic ie n cy  o f  p ro m o te rs  o f 
d ifferent form s o f g lu can ase  gen e, upon 
induction and  n o n -in d u ction , the vector

p C A M B IA  1381 Z  h a s  b e e n  c h o s e n  for 
d ev elop in g  P rom o ter: G U S  fu sion  binary 
vectors fo r  A grobacterium  m ed iated  genetic 
tr a n s fo rm a tio n  in  to b a c c o . T h is  b in ary  
v ecto r  fea tu res a p ro m o terless  v ersio n  of 
G U S A with the cata lase  in tron im m ediately  
d ow n sream  o f a tru n cated  lacZ a containing 
th e  p U C  8 p o ly l in k e r . It is  h a v in g  the 
h y g ro m y cin  a s  p la n t s e le c tio n  g e n e  and 
c h lo r a m p h e n ic o l  / k a n a m y c in  fo r  the 
bacterial selection . T h e  p ro m o ter  fragm ents 
has been  cloned in pC A M B IA  1381 Z  TD N A 
vecto r  u p stream  to the G U S A  g e n e  (Fig 
B iotech.2.). A ll the fiv e  p rom oters identified 
w ere clon ed  in to  the b in ary  v ecto r  with 
and  w ith ou t d eletion . Total e lev en  binary 
v e c to r s  w ith  d i f f e r e n t  s iz e s  o f  th e  
characterized  p rom oter w ere d evelop ed  for 
tobacco  tran sfo rm ation .

PCAMB1A1381Z T-DNA
46S4 bp

EcoRl Bglll

198
Fig. Biotech.2  Schemati.

«< G U S ,™ , to v



A fter confirm ing  the p resence of the 
in serts  o f d iffe ren t len gth s in the above 
m e n tio n ed  b in a ry  vector, th e  constru cts 
have been  transform ed into the com petent 
A grobacterium  strain E H A 105 and grown in 
LB a g a r  p la te s  c o n ta in in g  50  pg/ ml 
kan am ycin  and 20 pg/ml rifam picin. The 
p ositive transform ants has been confirm ed 
th rou g h  co lon y  PC R for the p resence of 
v e c to r  c o n s tru c ts  w ith  the in sert. L ater 
to b a c c o  tra n sfo rm a tio n  w as carried  out 
and the results aw aited.

4 .2 . T iss u e  sp e c if ic  gene exp ression  and 
characterization  o f prom oters

4.2.1. C h aracteriza tio n  o f c is  prenyltrans 
ferase gene isoform s from H evea  

T h e  r e la t iv e  co p y  n u m b e r  o f c is -  
p ren y ltra n sfera se  g en e iso fo rm s 1 and 2 
gen es w as studied  through — "C T method 
in a high yield ing H evea  c lone, R RII 105 and 
a low  y ield ing  clone RRII 33. A  C,. difference 
of “ 1" w as observed betw een cis - 1  & 2 gene 
isoform s. Cis-2  gene has show n a high C j 
valu e ind icatin g  that the copy num ber of 
c is-  2  is only h a lf o f c i s - 1.

T h e absolu te copy num ber o f cis-1 and
2 g e n e  is o fo rm s  w ere  stu d ied  th rou g h  
standard  curve m ethod. Plasm id carrying

cloned c/s-prenyltransferasel gene w as used 
as the standard. The m ass o f the plasm id 
w as calculated from the form ula :-

m = [n ][1.096e-21 g  ]

w here n = genom e size (bp)

bp m  = m ass 

e'2' -  x 1 0 11

A single plasm id contains a single copy 
of our target gene. U sing the m olecular mass 
of a single plasmid total copy num ber in the 
sam ple is calculated. Serial dilutions o f DN A 
with 300,000 ,30 ,000 ,3 ,000 ,300  and 30 copies 
respectively w ere m ade and used to develop 
a s tan d ard  cu rv e. T w en ty  n an o g ram  of 
genom ic DNA from the clone RRII 105 was 
used along with the plasm id standard to find 
out the copy number. Cis 1 and cis 2  w ere 
am plified together in the standard  curve 
ex p erim en t w ith  p lasm id  and  the copy 
num ber o f risl was found to be double of cis 
2. According to Leitch et al (1998), the genome 
size o f Hevea is 4 .3 pg (2C). Therefore, the 
haploid genom e of Hevea contain four copies 
of cis-1 and 2 copies o f cis-2.

An a ttem p t has b een  m ad e to PC R  
amplify cis- prenyltransferase gene isoform s 
from different H evea  clones. G enom ic D NA

table Biotech. 5. The sequence identity of different 
Clones Colony Sim ilar genes in

No. GenBank / cultivar

RRII 105 1 HRT2 / RRIM 600

2 c/s-prenyltransferase2/ RRII

RRII 33 1 cis-prenyltransferasel/ RRII 10?

2 HRT1/ RRIM 600

RRII 430 1 HRT2/ RRIM 600

2 hpt9/ PR 255

RRI I 414 1 HCPT2/ RR I600

2 cis-prenyltransferasel/ RRII 105

RRII Tjir 1 1 HRT2 / RRIM 600

cloned fragments of cis-prenyltransferase gene

Similarity NCB1 Acc. No. &References

100 AB0646612 .  Asawatreratanakul ct al. 2004

100 EU675683.1, Saleena et al. 2007

100 EF587242.1, Saleena ct al, 2007

99 AB061234.2, Asawatreratanakul el al, 2004

99 AB064661.2, Asawatreratanakul et al. 2004

99 AY 124472.1, Coldren et al, 2002

99 AB061237.2, Asawatreratanakul et al, 2001

99 EU675683.1. Saleena et al, 2007

100 A B064661.2, Asawatreratanakul et al, 2004



was isolated from RRII 105, RRII 33, RRII 
430, RRII 414  and T jir l .  To am p lify  c is- 
p ren y ltran sferase  1 gen e, p rim ers w ere 
designed based on the sequence deposited 
earlier in GenBank (N CBI acc no: EF587242).

The amplified fragm ent w as cloned in 
plasmid vector. Two bacterial colonies each

from  th e clon ed  b acteria l p lates o f clones 
RRII 105, RRII 33, RR II 430 , RR II 414 and 
T j i r l  w e r e  r a n d o m ly  s e le c te d  and 
sequenced . U pon seq u en cin g  it w as found 
th a t th e  s c r e e n e d  c o lo n ie s  c o n ta in e d  
d ifferent c is-  p ren y ltran sferase  genes. The 
results a re  given  in T ab le  B iotech .5.

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

P a r t ic ip a to r y  p r o g ra m m e s  fo r  
ev a lu a tio n  o f  p r o m is in g  c lo n e s  in th e  
pipeline with the in vo lvem en t o f  rubber 
planters in various agro-clim atic zones of 
th e  tr a d itio n a l a r e a  w a s  c o n t in u e d . 
Evolving new  and im proved rubber clones 
incorporating a w ider genetic base, breeding 
for d r o u g h t to le r a n c e ,  n e e d -b a s e d  
investigations on propagation aspects and 
studies on the anatom y o f bark and wood 
w ere the thrust areas o f w ork in the Botany 
D iv is io n . P o s t - r e le a s e  fo llo w  up 
observations on the yield o f the RR II 400 
series clones planted in sm all ho ld ings w ere 
also continued.

1. E v o lv in g  h ig h  y ie ld in g  clo n es fo r
the traditional area 

1.1 H ybrid ization  and clon al selection

In order to w iden the gen etic  base o f 
b re e d in g  p o p u la t io n s  W ick h a m  x 
Am azonian hybrids (W  x A) with the RRII 
400 ser.es clones and RRII 105 having high 
yield , hand pollinations w ere carried  out 
d u rin g  th e  y ear  20 1 1 (H P  2 011). Fem ale 
parents used w ere RRII 105, RR II 414 RRII 
422, RRII 429  and m ale parents include three 
W x A hybrids viz., 90/10, 90/34 and 90/274 
Nine cross com binations w ere attem pted in 
21/y pollinations (Table B o t.l).

Female Male (VVXA)
90/10 90/34 90/274

RRII 414 476 54 240
RRI I 422 92 118 162
RRII 429 0 202 0
RRII 105 48S 347

A m o n g  th e  42  p r o m is in g  se le c tio n s  
from  200 hybrid  clon es resu ltan t o f the 1986 
hybridization program m e w hich  w ere in the 
13" year o f tapp ing in fou r sm all-scale  trials 
laid out a t C ES, 3 7  hybrid  c lon es m aintained 
higher annual m ean y ield  and  su m m er vield 
than RRII 105.

O u t o f th e  3 7  p r o m is in g  s e le c tio n s  
am ong 196 hybrid clon es un d er observation 
in e igh t sm all scale  trials p lan ted  in 1990, 21 
m aintained h igher yield than R R II 105 in the 
12* year o f tapp ing. O f the 21 hybrid  clones 
under ev aluation  in tw o sm all-sca le  trials 
p la n te d  in 1 9 9 2 , f iv e  c lo n e s  r e c o rd e d  
superiority in yield  o ver the check  (RRII 105) 
m  the l l lhyear  o f tapp ing.

In the S ST  o f 34 W  x W  hybrids planted 
>n 1995 at C E S, C h e th a ck a l, n in e  c lon es 
recorded higher yield  than the control RRII 

05 in the 8"' year o f tapping. Yield and girth 
of prom ising clones are given  in T able Bot. 2.



Table Bot. 2. Yield and girth of promising hybrids
Clone Girth (cm) Yield (g/t/t)
89/7 77.66 87.94
89/27 84.58 12332
89/79 68.24 80.91
89/95 7231 81.01
89/102 68.39 86.13
89/124 70.79 93.04
89/309 70.71 84.82
89/349 72.54 77.42
89/356 74.00 77.70
RRII 105 57.13 74.04
*CES 1995 planting

A m o n g the 4 2  W  x A hybrid  clones
un d er evalu ation  in tw o SSTs planted in
1995,16  clones showed higher yield than the
control clon e RRII 105 (Table Bot. 3.) in the
8 lh year o f tapping.

Table Bot. 3. M ean girth and yield of promising
W  x A clones

Clone Girth (cm) Yield (g/t/t)
90/10 82.5S 89.48

90/21 86.39 5051

90/25 64.59 56.09

90/29 89.75 64.26

90/34 77.00 48.78

90/170 72.88 63.60

90/171 86.88 53.57

90/174 85.17 56.81

90/193 76.03 78.35

90/271 80.21 82.63

90/340 61.96 59.14

90/352 71.25 52.60

90/55 85.50 46.88

90/109 80.00 65.87

90/132 74.08 47.40

90/274 71.58 44.81

RRII 105 56.46 39.01

*CES 1995 planting

In the c lon al nursery planted at C ES in 
2003, based on test tap yield and secondary 
characters, c lones 97/4,97/47,97/182,97/213

and 97/300 weTe id en tified  as prom ising 
selections and sou rce bush nursery o f these 
clones w ere planted for further participatory 
field evaluation trials.

A m ong the 21 hybrid clones and their 
parents under evaluation in the tw o trials 
planted in 1998, two clones w ere superior 
and 13 clones w ere on par with RRII 105 in 
terms of m ean yield  over six years. O f the 
top six clones, clone 93/98 had sum m er yield 
c o m p a ra b le  to  an d  p eak  s e a so n  y ie ld  
significantly higher than the parent clones 
(Table Bot. 4).

Table Bot. 4. Yield (g/t/t) of the clones in 1998 SST

c ° ”
Summer season 

yield (g/t/t)
Peak season 
yield (g/t/t)

93/56 3 3 .4 * 57.4b:J

93/98 38.9“ 120.4*

93/194 20.8b 34.6d

93/163 19.0b 46.7,d

93/243 3 8 .1J 66.2bc

RR1M 703 41.4 ' 53.6“’

RRII 105 - 79.3b

GM 31.9 65,5

CD (P = 0.05) 15.9’ 24.8"

CV (%) 27.4 21.2

*CES 1998 planting

In th e  1 9 9 8  SS T , 14 c lo n e s  had  
significantly sup erior girth than the check 
clone RRII 105. T h e yield  data show ed that 
the clones 93/37 and 93/2 had significantly 
higher sum m er yield  than the check clone 
RRII 105 and o th er parent clones (Table Bot 
5). Nine clones (93/2, 93/7, 93/37, 93/39, 93/ 
48 , 93/172, 93/ 247, 93/250 an d  93/263) 
showed com parable peak season yield to the 
check clon e RRII 105.

In the clonal nu rsery evaluation (2007 
B) at RRII, 24 c lones w hich are the selections 
from P araliar: 10 (H y b rid s -5 , O rtets-5 );



Table Bot. 5. Girth and yield of the clones in 1998 SST
Summer Peak season

Clone
(cm)

yield
(g/t/t)

yield
(g/t/t)

93/2 72.20 * * 2 8 .3  * 61.0

93/5 63.50 M 18.0b 46.5
93/7 64.70 *“ 22 .2  M 71.3 * ' *
93/17 74.20 * 2 2 .7  M 49.8
93/22 67.40 06 .9  ' 2 9 .3 *
93/27 74.00 “ 22.9 ^ 5 3 .2 " ^
93/37 67.20  ^ 3 5 .5  • 62.8
93/39 6 9 .1 0 * * 26 .9  * 7 7 .5 *“
93/45 7 1 . 5 0 " 19.1 * * 57.1 ^
93/48 80.60 * 2 7 .3 *“ 94 .8  *
93/172 76.50 * 21.4 “ 98 .3  *
93/179 6 1 .1 0 ” 1 4 .7  * ' 4 2 .5
93/247 5 9 .7 0 " 15.1 " 7 7 .8  * *
93/248 68.10-^- 1 4 . 7 " 2 0 .9  8
93/250 69 .50  “‘"s 17.8 ^ 67.1
93/263 74 .30  * 17.2 bcd" 81..9 *■
A W  73 63.90  « 09 .8  d 38 .2  -»
PB 252 58.90 * 1 1 .5 * " 60 .7
RRI1105 59 .60  » 16.4 ak< 7 0 .3 *“*
RRII 118 68 .90** 18.3*°™ 4 4 .2
RRIM 600 57 .20  * 09 .6  * 4 8 .2  «***

G u w a h a ti: (6  o r te ts )  an d  4  o r te ts  fro m  
P a d iy o o r  (A m b a la v a y a l) ,  a re  b e in g  
evaluated with th ree check c lon es R RII 105, 
RR II 414 , and R R II 430 . S e lec tio n s  from  
Paraliar (ortets and hybrids) recorded high 
juven ile vigour. T h ree p olyclonal selections 
from  G uw ahati also recorded high vigour 
(Table Bot. 6). 8

D ata on grow th and yield  o f 24  hybrid 
clones in the SST  1999 at 11**- year show ed 
that tw o hybrid clones (94/92- RRII 105 x 
M il 3/2; 94/87: R R II1 0 5  x RRIM  703) w ere 
s ig n if ic a n t ly  su p e r io r  to  co n tro l (R R II 
105) w h ich  record ed  an y ie ld  o f 76 e/t/t 
and  88  g/t/t respectively which w as h igher 
than RRII 105 (36 g/t/t).

Table Bot. 6. Mean girth of ortets and hybrids'
Clone Mean girth 

(cm )
C lone M^ n  girth 

(cm)
Par O 10 19.13 Gw 5 12.65
Par O 18 17.71 Par Hy 14 12.14
Par O 11 15.65 Pad 1 12.01
Par Hy 3 15.08 Gw 3 11.98
Gw 1 14.66 Gw 6 11.50
Par O 17 14.60 Iritty 10.50
Par Hy 19 13.85 Pad 213 9.99
Par Hy 4 13.74 Pad 280 9.54
Par Hy 15 13.61 RRII 414 15.07
Gw 9 13.31 RRH 430 13.01
Gw  4 13.22 RRII 105 10.58
Pad 270 13.05 G M 13.31
Par 0  9 12.83
* RRII 2007 planting

In  th e  S S T  2001 (T r ia l I)  d o n e  95/ 
131 (RRII 105 X PB 235) reg istered  h igh  yield 
o f 55 .6  g/t/t. G ro w th  o f all c lo n es  in the 
n in th  y e a r  a f te r  p la n t in g  w a s  fo u n d  
sup erior than control R R II 105. C lo n e  95/63 
(PB 242 X RR II 105) record ed  the h ighest 
girth o f 62 .6  cm  com pared  to  th at o f RRII 
105 (46.1cm ). D ata o n  gro w th  o f 14 hybrid 
clon es in the S S T  2001 (Trial II), in the 9 th 
year, sh ow ed  th at 12 h y b rid  c lo n e s  w ere 
su p erior to  control (R R II 105).

A m ong the 2 2  clones o f fu ll-sib  and half 
s ib  o r ig in  g e n e ra te d  d u r in g  th e  2 0 0 2  
h y b r id iz a tio n  a n d  p o ly c r o s s  b re e d in g  
program m es, w hich are u n d er e valuation  in 
a clonal nursery planted in 2008 a lon g with 
the check c lones R RII 105, RR II 4 14 and RRII 
429, three c lones o f the cro ss com binatio n  of 
I B 330 x RRII 414 show ed h ighest grow th 
(20.8, 19.7 and 19.4 cm ) in the second year 
after planting (Table Bot. 7). T h ey  exhibited 
good secondary traits also.

Th irty  five prom ising  p ro g en ies from 
the h y b rid iza tio n  p ro g ram m e 2 0 0 5  w ere



Table Bot. 7. Girtl> o f clones in clonal nursery trial 
________ 2008___________

Clone code Parentage Girth
(cm)

02/286 RRII 105 OP 16.0
02/683 PB 330 x RRII 414 17.3
02/700 PB 330 x RRII 414 15.4
02/638 PB 330 x RRII 414 19.7
02/688 PB 330 x RRII 414 20.8
02/477 RRII 414 x PB 330 16.1

02/575 RRII 414 OP 12.3
02/690 PB 330 x RRII 414 19,4
02/822 PB 330 OP 16.6
02/512 PB 330 x RRII 414 17.4

02/514 PB 330 x RRQ 414 16.6

02/881 PB 330 x RRII 429 16.3

02/701 PB 330 x RRII 414 14.8

02/704 PB 330 x RRII 414 14.6

02/712 PB 330 x RRII 414 17.2

02/445 RRII 429 OP 15.8

02/342 RRII 414 OP 13.9

02/844 PB 330 OP 18.4

02/848 RRII 429 OP 7.3

02/843 PB 330 OP 12.0

02/335 RRII 414 OP 16.3

RRII 105 12.6

RRII 414 18.0

RRII 429 17.4

PB 330 16.1

CV 12.4

CD (P = 0.05) 3,2
* CES 2008 planting

selected  based on grow th and test tap yield 
in the seed lin g  nursery stage. T he selections 
w ere m u ltip lied  for further evaluation.

1 .2 . O rte t se lection
T im b e r  y ie ld  in term s o f clear  bole 

volum e of trees o f 14 ortets planted in 1993 
w as com puted . It was found that 10 ortet 
c lo n e s  r e c o r d e d  b e tte r  tim b e r  y ie ld  
co m p a red  to  R R II 105 w ith  the highest

Table Bot. 8. Girth, crotch height and timber yield of

Clone Girth Crotch height Timber yield
(cm) (m) (m5)

KnO 28 90.31 3 .97 0-28
KnO 11 83.29 4.30 0.19
KnO 59 77.51 3.43 0.14
KnO 54 87.60 4.05 0.18
KnO 63 66.07 3.18 0.11
KnO 75 85.93 3.63 0.19
KnO 22 72.51 3 .97 0.15

KnO 25 70.58 3.52 0.11
KnO 01 63.54 3.43 0.09
KnO 12 81.22 3.50 0.18

KnO 39 84.00 4.08 0.21

KnO 74 77.43 3 .83 0.14

KnO 27 71.17 3.20 0.11

KnO 19 76.21 4.57 0.18

RRIM 600 71.13 4.00 0.12

RRII 105 67.39 3.67 0.11

SE 5.96 0.35 0 .030

CV 13.48 16.25 38.48

tim ber volum e o f 0 .2 m3 recorded  by the 
clone KnO  28  (Table Bot. 8). Crotch height of 
the h ig h est y ie ld in g  c lo n e  K nO  39 w as 
4 .08m , w hereas cro tch height o f RR II 105 
was 3.67m . C onsequently, tim ber yield o f 
th e  K n O  3 9  w a s  0 .2 1 m 3, w ith  an 
im provem ent o f a bout 90%  over RRII 105.

Source bush nu rsery  o f five potential 
ortet selections from  PC K  Kodum on Estate 
w as e s ta b l is h e d  a t  C E S  C h e th a c k a l. 
Budwood o f eight prom ising ortet selections 
from sm all holdings, H M L Kalivar estate, 
Thodupuzha and Vim ala estate, Kasargod 
w as g e n e ra te d  fo r  ra is in g  so u rc e  bush 
nurseries. T h e p rom ising latex-tim ber clone
O 73 (selection from  A anathanum  Estate, 
Kanjirappally) and O  72 (selfed  progeny of 
RRII 105) m aintained better perform ance in 
term s o f y ield  and girth during  the sixth 
year o f tapping a lso. A m ong nine clones 
u n d er ev a lu a tio n  in the K u th attu k a lam



Table Bot 9. Mean girth and yield i 
tapping

n the (>“' year of

Clone Girth Yield
(cm) (K/t/t)

0  32/6 59.69 51.24
RRIM600 57.23 51.84
RR1C110 69.27 58.64
0 1 2 76.10 87.83
PR 261 575 7 52-71
0 4 73.00 69.23
BPM 24 60.10 63.98
0 3 3 /8 80.64 74.02
0 3 5 65.11 73.40
RRII 105 68.10 63.34

estate at C hittar, five clon es show ed higher 
yield  th an  the control clon e RRII 105 in the 
6lh year o f tapp ing (Table Bot. 9).

Y ield  and  g irth  o f 23  fin ally  selected  
elite  m other trees from  Sou th  A ndam ans, 
the oldest PB 161 seedling plantation in India 
planted during  the y ear  1965-'6S  are given 
in  T a b le  B o t 1 0 . B u d w o o d  c o u ld  b e  
gen erated  from  13 trees o f w hich 11 trees 
w ere su ccessfu lly  m u ltip lied . T h e polybag 
plants w ere m aintained  u n d er polyh ouse 
established  at C ES C hethackal.

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

2 .1 . Large-scale evalu ation

Yield o f the 21 clon es in the tw o LSTs of 
RRII 400 series clon es planted in 1993 was 
recorded at fortnightly  in tervals during the 
10u’ year o f tapp ing. T h ere was significant 
clonal variation in annual m ean yield in both 
the trials. C lon es RRII 417  and RRII 403 in 
Trial 1 and  c lon es RRII 430 and PB 330 in 
Trial 2  w ere com parab le in y ield to R R I1105, 
in the 10lh year o f tapp ing. In general, RRII 
105 perform ed better than in the previous 
years, w ith a y ield  o f 72 g/t/t. M ean yield 
data over 10 years o f tapping, proved that 
RRII 414 and  RRII 417 in Trial 1 and RRII 
4 3 0  an d  R R II 4 2 2  in T r ia l 2 w ere

Table Bot. 10. Yield and girth of selected mother trees 
______________from Andamans
Tree No. Girth

(cm )
Average yield 

(g/t/t)
1 120 100.00
2 172 107.22
3 149 130.56
4 203 143.33
5 150 127.78
6 140 132.22
7 167 148 .57

8 139 147.06

9 150 134.44

10 142 144.38
11 135 112 .67
12 140 123.53
13 145 114.44
14 140 142.94
15 180 175.50
16 188 104.00
17 170 137.89
18 124 150 .00
19 175 118.42
20 148 151.50
21 152 159.50
22 168 150.71
23 149 135.26

significantly superior to R RII 105. T h e clones 
in general show ed T P D  incidence to the tune 
o f 11%  in Trial A and 10.5%  in Trial B. C lone 
RRII 429 had the h ighest in cid ence o f 27 .8  % 
affected trees, fo llow ed by RRII 5 2  and  RRII 
417 w ith 17%  T P D  affected  trees. T h e  TPD  
incidence in RRII 430, RRII 414  and RR II 422 
w ere c o m p a ra b le  w ith  th at o f  R R II 105 
w here the m ean TP D  in cid ence in the two 
trials w as 10.2% .

In the 1999  LST, g ir th  an d  m o n th ly  
yield w ere recorded  from  the n in e  clones 
under evaluation . Yield  in the th ird  year 
ranged  from  26 .8  (c lo n e  26 ) to 4 6 .3  g/t/t 
(clone 12). Average girth o f the clones ranged 
from 49.3 to 64.8 cm . A verage girth and yield 
in the third year o f tapp ing is as sh ow n in 
Table Bot. 11.



Table Bot. 11.Mean girth and yield in the third year 
_____________ of tapping______________________

Girth (cm) Yield (g/t/t)
3,d year 3 -  year of Upping

Clone Girth Clone Yield
4 64.84 * 12 46.3J
12 61.2 ■* RRII 105 43.6 J
RRII 105 57.07 u 22 40.4 *
11 55.29 “■ 4 38 J *
46 5 1 .7 5 * 46 36.4 "•
BPM 24 5 1 .7 3 * RRIM 600 34.5 *
26 51.41 * BPM 24 33 .5 *
RRIM 600 50.54' 11 3 1 .7 *
22 49.33 ' 26 26.8 k
The averages followed by the same letter do not 
differ statistically at 5% level of probability.

In the m u ltid iscip linary evaluation of 
26 clones in the 13"’ year o f tapping in two 
large-scale trials planted in 1989, in Trial 1, 
RRII 118 (70.3 g/t/t) w as the highest yielder 
follow ed by RRII 105 (65.5 g/t/t) and RRII 5 
(64.3 g/t/t). In Trial 2, the y ield perform ance 
of all the clon es except KRS 128 was better 
than RRII 105. PB 255, PB 235 and PB 280 
w ere the top y ielders. In another large-scale 
trial o f the sam e c lones at C ES, clone PB 280 
w as sup erior to the rest o f the clones in both 
annual m ean yield  (136.4 g/t/t) and yield in 
su m m er (108.0 g/t/t). This clone recorded a 
high g irth o f 105 cm after 14 years o f tapping. 
C lo n es  PB 314 , PB 311 and  PB 217  also 
recorded h igher annual m ean and sum m er 
yields com pared  to RRII 105 w hich yielded
61.9 and 44 .3  g/t/t respectively in the 14,h 
year o f tapping.

C lon e 86/44, w hich  recorded highest 
yield in large-scale trial at C ES w as found 
to be the highest y ielder a t RRS Padiyoor 
too , reco rd ed  68 .1  g/t/t in the th ird year 
o f ta p p in g . In the tria l, RRII 105 recorded 
5 9 .4  g/t/t. (T a b le  B ot 12 ). C lo n e  86/61 
recorded the highest girth of 76.3 cm with 
com p arab le y ield  o f R RII 105.

Table Bot. 12. Mean yield and girth of clones*
Clone Girth Yield

(cm)______________(g/t/t)
75 55.98 46.20
428 67.97 5Z58
191 64.05 55.04
109 64.40 50.79
300 56.50 54.44
86/44 6137 68.13
70 57.19 40.03
RRII 105 61.98 59.45
68 63.45 43.11
86/61 76.35 53.71
244 61.86 43.98
59 72.45 44.92
400 66.04 57.31
CD (P = 0.05) 6.92 13.40
*RRS, Padiyoor

In another LST com prising 12 clones at 
RRS Padiyoor, clone H P 468 continued to be 
perform ing better (64.2 g/t/t) than RRII 105 
(62.6 g/t/t). In the fifth  y ear o f p lanting, 
am ong 12 ortets selected from  H M L Koney 
and M undakayam  estates, M O  28  recorded 
the highest g irth w ith 40.1cm . C hyO  48  and 
ChyO 35 are the two vigorous ortet clones 
selected from HML, Cheruvally estate with
41.0 cm  and 40.4 cm  respectively.

2 .2 . O n-farm  evaluation

In the on-farm trial at Sasthamkotta, nine 
clones including 2 indigenous and 7 introduced

Table Bot. 13. Mean girth and yield over 8 years 
Clones Mean Girth Mean yield (kg/ha/yr)

_______(cm)________ S'" year Over 8 years
RRII 105 61.7 2579 2230
GT1 63.8 1992 1526
RRII 203 66.3 2433 1713
PB 217 64.7 1927 1618
PB 255 69.6 2268 2029
PB 260 62.9 2047 1761
PB 311 63.4 2486 1985
PB 314 61.7 2291 2127
PR 255 65.7__________2348___________2008



clones w ere evaluated. Mean yield over eight 
years is given in Table B o t.l3. RRI1105 was the 
highest yielder followed by PB 314.

In an o n -fa rm  e v a lu a t io n  (19 9 2 ) at 
Shaliacary estate Punalur, PB 280 registered 
an yield o f 3109 kg/ha followed by PR 255 
(2720 kg/ha) w hile RRII 105(control) gave2138 
kg/ha in the I I 111 year o f tapping. In another 
on-farm evaluation (1993) in the sam e estate, 
of the five clones, RRII 176 and RRII 51 showed 
more yield com pared to RRII 105 (2822 kg/ha) 
in the 13lh y ear  o f tapp ing. C lon e PB  280 
recorded higher yield (1451 kg/ha) compared 
to RRII 105 (1214 kg/ha) in the th ird  year of 
tapping in an on-farm evaluation at Punalur.

On- farm evaluation for the post-release 
follow  up on the RRII 400 series clones in 
sm all-h o ld in gs w as u n dertaken  in N orth, 
Central and South K erala. In North Kerala, 
at P allarm angalam  (O ttap alam ), RRII 417 
show ed better yield and grow th (39.2 g/t/l) 
com pared to RRII 105 (35.4 g/t/t) in the first 
y e a r  o f  ta p p in g . A t M a la p p u ra m  and 
Kunnam kulam , am o ng the RRII 400 series 
clones, RRII 414 sh ow ed  b etter perform ance 
than RRII 105.

D a ta  o n  g ir th ,  y ie ld  a n d  d is e a s e  
in cid en ce w ere co lle cted  from  five sm all 
g r o w e r s ' f ie ld s  in  C e n tr a l  K e ra la . In 
M alayatoor, c lon es RRII 417, RRII 422 and 
RRII 429 record ed  h igher yield than RRII 
105. In O onn ukal, RRII 429  and RRII 430 
w e re  fo u n d  b e tt e r  th a n  R R II 1 0 5 . In 
Ponkunnam , tapp ing w as in itiated in 100 % 
tre e s  o f RR II 4 1 4  in th e  fifth  y ear  a fter 
p lan tin g  and yield  w as p rom isin g  w hile 
RRII 105 (control) trees did not attain the 
required tapp ing girth.

In Sou th  Kerala, at Ayur the five RRII 
400 series clon es a lon g with RRII 105 w ere 
under evaluation . In general, the RRII 400 
series reg istered  better grow th and yield

com pared to RR II 105. Y ield  o f clon e RRII 
422 w as the h ighest (80  g/t/t), w h ile  RRII 
105 recorded 45 g/t/t. In an o th er on-farm  
trial at K anjirappally, RR II 422  recorded  the 
h ighest g irth and un iform ity  follow ed by 
RRII 4 30 and RRII 414 w hereas, only 2 0  % of 
check clone (RRII 105) atta ined  tappability.

2.3. G en etic  stu d ies  and  in v e stig a tio n s  on
g en otyp e x e n v iro n m en t in teraction s

In order to a ssess g en etic  v ariation  and 
h e r ita b i l i ty  o f w o o d  tr a its ,  w o o d  co re  
sam ples w ere collected  from  fu ll-sibs and 
their parent clones. T h e w ood sam p les w ere 
used for estim ation  o f w ood sp ecific  gravity 
o f the progenies and th eir p arental clones. 
It ranged from 0.63  to 0.70  in the progenies 
com pared to m id -p aren tal va lu es o f 0.63 to
0.68. N arrow  sen se h eritability  (h 2) for w ood 
specific gravity  based on p arent-o ffspring 
m ethod was estim ated as 0 .32 b ased  on mid­
parent value. T his show ed a p p reciab le  level 
o f gen etic control for th is trait, and th is can 
be used for gen etic  im provem ent. T h e  wood 
cores w ill be used for an alyzin g  the fibre 
characteristics. D ata w as a lso  collected  on 
the occurrence o f TP D  am o ng the full-sibs 
and their parent clones. T h e observation w ill 
be repeated for fu rth er statistica l analysis.

Tw o clonal nu rsery exp erim en ts were 
laid out at RRS, A gartala and RRS, Dapchari 
to assess perform ance o f 4 7  pipeline clones 
u n d er co ld  an d  d r o u g h t c o n d itio n s , 
respectively.

P e r fo rm a n ce  o f c lo n e s  in th e  m u lti 
location trials laid out in 1996 in corporating 
RRII 4 00 series c lones continu ed  to  sh ow  the 
sam e trend  d u rin g  th e  s e v e n th  y e a r  o f 
ta p p in g  in  th re e  lo c a t io n s  v iz .  
K anyakum ari, A gartala and  N agrakata . In 
K anyakum ari, RR II 203  and RR II 417  w ere 
the top y ie ld ers  w ith  73 .9  and  71.1 g/t/t 
follow ed by RRII 105 (69.9 g/t/t. RRII 422



sh o w ed  the h ig h est y ield  (64.1 g/t/t) in 
A gar tala w hereas in N agrakata RRII 429 
recorded the h ighest yield (76.02 g/t/t). In 
Padiyoor, during the fifth year o f tapping, 
RRII 430  w as sign ificantly  superior to that 
o f RRII 105. A t Bhubanesw ar, RRII 430 and 
RRII 429 w ere the top yielders followed by 
RRIM  600 and RRII 417 during the second 
year o f tapping.

3 . P a r t i c ip a t o r y  e v a lu a t i o n  o f
ru b b e r  c lo n es

U nder Phase 1 o f the project, 20 pipeline 
clones and three high yielding check clones, 
viz. RRII 105, RRII 414 and RRII 430 are under 
ev aluation  in 14 field trials spread across 
13 locations. G irth o f clones w as recorded 
in th e  th ird  y e a r  a fte r  p la n tin g . 
O bservations on d iseases \vere recorded by 
the crop  protection team  and soil sam ples

collected from the various locations w ere 
analysed  by the crop  m an agem ent team . 
A m ong th e ch eck  c lo n es , RR II 414 w as 
su p erior in girth in a ll the 13 locations. 
W hereas superior grow th was recorded by 
RRII 430 in 11 out o f the 13 locations. Clones 
P010, P 026, P 067, P 072 and P 074 exhibited 
good grow th in m ost o f the locations.

Phase 2 of the project w as initiated in 
the year 2010 w ith plan tin g o f 17 clones 
comprising 14 pipeline clones and three check 
clones in on-farm trials in eight locations and 
in the Central Large-Scale Trial at CES.

4 .  B r e e d i n g  fo r  o th e r  s p e c i f i c  
ob jectiv es

4 .1 . C om pact canopy

In the 2001 SST, clon al progenies o f 
crosses betw een com pact canop y m utant 
and popular clones (RRII 118, RRIM  600)

Table Bot. 14. Yield of hybrid clones over 2 years o f tapping

Clone code Cross combinations Girth (cm) 
2011

Mean yield 2010 
(g/t/t)

Mean yield 
Over 2 yrs (g/t/t)

GV(C) Genetic variant 19.3 0.0 9.6

RRII 118 (Q RRII 118 62.5 36.5 30.8

94/76 RRII 105 x Genetic variant 60.5 19.4 16.1

94/70 RRIM 600 x Genetic variant 51.1 33.8 16.9

94/210 RRIM 600 x Genetic variant 45.9 183 13.3

94/600 Genetic variant x RRII 118 50.8 35.0 33.6

94/179 Genetic variant x RRII 118 54.5 11.1 13.7

94/82 RRII 105 x Genetic variant 57.9 27.4 22.2

RRII 105 (C) RRII 105 51.0 47.2 45.9

94/171 Genetic variant x RRII 118 64.9 31.4 26.7

94/147 RRIM 600 x Genetic variant 49.8 16.2 14.5

94/20 RRIM 600 x Genetic variant 57.0 29.2 24.4

RRIM 600 (Q RRIM 600 55.4 38.8 32.9

94/170 Genetic variant x RRII 118 55.0 30.3 2 7 5

94/587 RRIM 600 x Genetic variant 52.4 15.0 7.5

94/24 RRIM 600 x Genetic variant 41.7 27.9 21.7

94/86 RRII 105 x Genetic variant 49.0 22.6 20.5

94/78 RRII 105 x Genetic variant 62.9 32.4 29.9

CV
CD (P » 0.05)

10.9
9.4

25.9
113

55.3
15.1

*CES, 2001 planting



w ere u n d er ev a lu a tio n . T rees ex h ib ited  
norm al grow th with com pact canopy in the 
third year after tapping (Table Bot. 14).

4.2, D rou ght toleran ce

T here w as sign ificant clonal variation 
w ith respect to annual m ean yield , sum m er 
yield and girth in the tw o SSTs planted in 
1998 a t  C E S. Y ie ld  in th e  six th  y ear  o f 
tapping ranged from 38.2  to 70.9 g/t/t. One 
clone, 93/214 in Trial A recorded superior 
yield than RRII 105 w hereas perform ance 
o f e ig h t hy b rid  c lon es w ere com p arab le  
over six y ears o f tapping. The p arent clones 
PB 217 , R R IC  104, and  PB 260  record ed  
higher yield than RRII 105 in the sum m er 
m onth s. In T rial B, one clon e, 93/58 was 
su p erio r  to R R II 105 in term s o f annual 
m ean y ield  o v er 6 y ears o f tap p ing  and 
clones 93/92, 93/110, 93/75 and  93/272 were 
com parable. In term s o f sum m er yield, all 
the clones w ere com p arab le to the check.

D a ta  fro m  th e  5 6  c lo n e s  u n d e r  
e v a lu a t io n  in  th e  1 9 9 9  S S T  re v e a le d  
sig n ifican t clon al variation  for y ield  and 
girth . A m o ng the hybrid s, 15 clon es and 
RRII 118 w ere significantly  superior in terms 
o f annual m ean yield  and 18 hybrid clones 
along w ith RRII 118 w ere sup erior in terms 
o f  su m m er y ie ld  co m p a red  to th e  high 
yield ing check  clon e RRII 105 in the fifth 
year o f tapp ing. A nnual m ean yield o f the 
56 c lones ranged from  26.8 to 98.2 g/t/t with 
a gen eral m ean o f 47 .44  g/t/t. S ign ifican t 
clonal variation  w as e v id en t for m ean yield 
over five years o f tapping and 13 clones were 
sup erior in yield to clon e RRII 105.

A m ong the 14 hybrid  clones from the
1994 H P p rogeny under evaluation along 
with six parental clon es in Sm all Scale Trial 
1 planted in 1999 at C ES, in the fifth year of 
tapping, th ree clones (94/23, 94/44 and 94/ 
50) exhibited p rom ising yield  com pared to

RRII 105 and three hybrid  c lon es viz. 94/90, 
94/23 an d  94/44 r e c o rd e d  s ig n if ic a n t ly  
sup erior g irth over RR II 105 (Table Bot. 15).

Table Bot. 15. Girth and yield of clones
Clone Mean girth 

(cm)
Clone Yield

(g/t/t)
94/90 73.54 J 94/23 74.7 ■
94/23 72.55 • 94/44 71.9 *k
PB 260 71.33*" 94/50 68.5
94/44 70.75 RRII 105 60.5 *
94/50 63.89 ^ PB 217 59.9 'b
PB 217 61.75 ■‘b“lc 94/101 58.2 *
94/19 61.39 RRIM 703 56.6
94/8 61.00 94/90 52.0 *
94/101 58.50 ̂ 94/66 5 1 .3 *
94/41 57.75“* ' 94/25 41.1 °*
RRII 105 57 .61* 94/8 39.9 “*
94/25 56.69*’ 94/84 38.3 *
AVT73 54.61 d>' 94/41 37.8
94/34 54.46d" 94/12 37.1
94/12 53.83 d' 94/19 34.6'*
RRII 208 52.94 * 94/34 33.4'«
94/84 52.53 ■b RRII 208 31.4'*
RRIM 703 50.25 • PB 260 31.1 '«
94/66 48.91 • AVT 73 21.0 *
M eans follow ed by a com m on le tter  are not
significantly different at 5% level

A m o n g  th e  d r o u g h t to le r a n t  o rte ts  
from D apchari, b ein g  ev a lu ated  for yield 
potential a t C E S th ere w as s ig n ifican t clonal 
v a ria tio n  in a n n u a l m e a n  a n d  su m m er  
yields in the sixth year o f  tap p in g  and  in 
term s o f the p ooled  m ean  o v er six  years. 
The clon e D i l l  recorded  the h ig h est yield 
o f 107.8 g/t/t follow ed by RRII 105 (99.2 g/t/ 
t). C lone D i l l  recorded a s ig n ifican tly  high 
sum m er yield  com pared  to the check  and 
exhibited no signs o f TPD . D  37, D 173, D 95, 
D 236 and D 35 w ere th e  oth er h igh y ielders. 
Tw o clones, D 111 and D 3 7  recorded  high 
volum e o f latex i.e., 140 and 126 ml/t/t as 
com pared to 103 ml/t/t record ed  for RRII 
105 during the peak season.



4.3. P o lycross p rogeny evaluation

S ig n ifica n t v a ria tio n  ex isted  am ong 
an d  w ith in  p ro g e n ie s  in th e  p o ly cro ss  
p ro g en ies  c o m p ris in g  150 clo n es w hich 
w ere in the 10lh year o f evaluation. A total 
o f 69  c lo n e s  am o n g  the 150 ex h ib ited  a 
h igher yield  than RRII 105. Th e mean yield 
o f the progenies in Trial 1 in the 10,h year 
ranged from  52.2  to 71.3 g/t/t. A progeny of 
clone PB 215 gave the h ighest mean yield, 
follow ed by that o f PB 242 and RRII 105. 
T h e m ean yield  o f the progenies in Trial 2 
ranged from 46.1 to 88.8 g/t/t in the 10th year 
o f tap p in g . T h e h ighest m ean yield  and 
r e c o v e r y  o f  h ig h  y ie ld in g  c lo n e s  w as 
recorded by the p rogeny of PB 252, followed 
by that o f Ch 26.

Tw enty four clones selected from half- 
s ib  p ro g e n ie s  w ere  in th e  th ird year of 
grow th in a clonal nursery planted in RRII 
in 2007. Progen ies o f LCB 1320 and BD 5 
continu ed  its su p eriority  in grow th when 
com pared to the check clones (RRII 105, RRII 
414, RR II 430 and PB 235).

In the observation al trial o f polycross 
p ro g en ies  p lan ted  in 2005 a t C ES, girth 
record in g w as continued. W ith reference to 
g ro w th  p aram eter, p o ly clo n a l seed lings 
show ed b etter g irth (43.6 cm at 50  cm height 
and 32.9 a t 150 cm  height) com pared to RRII 
105 (27.1cm ) in the fifth year o f planting.

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

For th e  first tim e, a tim e dependant 
c h a o t ic  a n d  l in e a r  sp a t ia l d isp la y s  o f 
patterns w ere observed in the sieve tubes 
o f H. brasiliensis. A large num ber o f globular 
objects w ith kinetics w ere found. Sieve tubes 
recen tly  d ifferen tia ted  from  the cam bial 
zo n e in th e  tree  trun k  o f H evea  show ed 
uniform  distribution o f globular objects in a 
continuous state o f motion, when 40-50 pm

thick tan gentia l lon gitu d in al section s of 
both fresh and long-term  preserved bark 
w ere view ed under light m icroscope. The 
object w ith an average diam eter o f 1.6pm 
dispersed with a density of 200 per 1000 pm : 
in a viscous m edium . A t a tim e, patterns 
developed at different loci w ere different 
and w ere not repeated and but across the 
loci the displays w ere chaotic. As the pattern 
repeats interm ittently in a regular m anner 
w ithin a block, the m otion along the block 
w as linear. T h e d irectio n  o f the m oving 
objects to form interm ittent oscillations in 
a block gave an indication o f the direction 
o f sp a tia l p a tte rn  to  b e  fo rm ed  in th e  
fo rth co m in g  b lo ck . T h e  m o vin g  o b jects  
(average diam eter o f 2.1 pm ) w ere found in 
the sieve tubes aw ay from  the cam bium , 
w ith in  th e  so ft b a rk  o f th e  sa m e  b ark  
identified as starch grains.

A sim ple and specific stain w as used to 
identify' the sieve tubes in cross sections of 
the bark. Bark sam ples from  m ature trees 
w ere collected and fresh sections o f 20-30 
pm  th ickness w ere cu t and  fixed  in 4%  
g lu ta ra ld e h y d e  fo r  1 -2  h . u n d e r  4°C 
refrigeration . S ectio n s w ere then treated 
w ith a m ixture o f O -dianisid ine (Img/ml) 
an d  1%  h y d r o g e n  p e r o x id e  in  0 .1 M  
phosphate buffer (pH 7) for 0.5-1 minute. 
Th e present tech n iq u e facilita tes an easy 
localization o f sieve tubes in the bark.

6. S tu d ies  o n  p rop ag ation

P lants raised from various budw ood 
stocks show ed high variability com pared to 
plants from young b udw ood stocks though 
the mean girth o f plants is com parable, in 
th e  fo u rth  y e a r  a f te r  f ie ld  p la n tin g  
irrespective o f the age o f the stock plant. 
Plants d evelop ed  from  ligh t green buds 
taken from the brow n budw ood and buds 
directly taken from m ature trees also showed



lower girth coupled with higher variability 
than other types o f buds.

T w o s e p a r a te  p o ly  b a g  n u rse ry  
experim ents (using green-budded stum ps 
and brow n-budded stum ps) w ere laid out 
a t  th e  C e n tra l E x p e r im e n t S ta t io n  at 
Chethackal w ith the o b jectives to com pare 
s p r o u t in g  a n d  g r o w th  o f  g r e e n  an d  
b ro w n -b u d d e d  s tu m p s  p la n te d  in 
polybags kept in polyh ouse and outdoor. 
Budded stum ps generated from both green

and b ro w n -b u d d in g  tech n iq u es  recorded 
early em ergen ce o f buds an d  better growth 
o f scion in polyh ouse condition s (Table Bot. 
16). P lants in p o ly h o u se  im p arted  better 
grow th in term s of h eig h t o f scion , diam eter 
o f stem , n u m ber o f w horls, n u m ber o f lateral 
roots and total b iom ass and show ed lesser 
d ise a s e  in c id e n c e  th a n  th o s e  g ro w n  in 
ou tdoor con d ition s. T h e  s tu d y  has shown 
that grow ing p lan ts in sid e p olyh ouse could 
im prove the qu ality  o f p lan tin g  materials.

Tabic Bot. 16. Characteristics of plants after seven months 
Types Experiment No. 1 Experiment No. II

Height o f scion (cm) Polyhouse 53.1“ 23.13 3.55 5 7 .2 0 " 17.48

Diameter of scion(mm)
Outdoor 26.75 36 .13 2 .77 34 .10
Polyhouse 7.45 22.38 0.48 8.04 2 5 .77

No.of whorls
Outdoor 6 .16 38.16 0 .68 7 .48
Polyhouse 2.47* 26.56 0.19 2 .58

No.of lateral roots
Outdoor
Polyhouse

1.83
29.04*'

39.15
15.02

0.21
1.24

2 .17
29 .70 ’ *

33 .13 0.22

Total biomass (gm)
Outdoor
Polyhouse

21.17
126.38*'

27.70
24.39

1.69
8.91

23.41
162.08*

13.44
22 .80

0.98

Outdoor 75.83 31.05 6.80 126 .67
* Significant at P = 0.01

G E R M PL A SM  D IV ISIO N

T h e 1981 1RRDB w ild  H evea brasiltensis 
germ plasm  collection , dom esticated clones 
derived from  the original W ickham  origin 
an d  fiv e  o th e r  H evea  sp e c ie s  a re  being  
m a in ta in e d  a t  R R II. A p a r t fro m  the 
c o n s e r v a t io n  o f  th e  g e r m p la s m , its 
a g r o n o m ic  e v a lu a t io n , s c r e e n in g  for 
d iseases, abiotic (drought and cold) stress 
r e s is ta n c e  a n d  tim b e r  la te x  tra its , and 
utilization o f the usefu l wild germ plasm  in 
c r o p  im p r o v e m e n t ,  a r e  th e  m a jo r  
a c tiv it ie s  o f the D iv ision  Form ulation of

D istin ctiv en ess, U n ifo rm ity  and  S tab ility  
(D U S ) te s t in g  n o rm s  fo r  H e v e a ,  and  
g en era tio n  o f a m a p p in g  p o p u la tio n  for 
H evea  are o th er a ctiv ities.

1- Introd uction, con serv ation  and 
docum entation

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

O n e  h u n d r e d  a n d  e ig h ty  th re e  
W ickham  clones are being conserved  in field
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gene banks w ith one c lon e m useum  at RRII 
F a rm , K o tta y a m , an d  tw o g erm p lasm  
gardens at C ES, C hethackal,

S ig n if ic a n t c lo n a l d iffe re n ce s  w ere 
recorded for yield, girth, bole height and bole 
v o lu m e  in  th e  G e rm p la sm  G ard en  IV 
consisting o f five 1RCA clones (Table G er.l). 
IRCA 130 continued to be far superior to all 
the other clones in term s of yield, w hile IRCA
111 and IRCA 109 w ere on par with RRII 105. 
IRCA 111 and IRCA 130 w ere superior to all 
others for girth and bole volume.

Table Ger. 1. Performance of IRCA clones_____
Clones Girth in the Bole Dry rubber yield** 

19"’ year of volum e*' (9"' year of 
planting" (mJ) tapping)

_______________ (cm) _________________
IRCA 130 75.91 0.25

IRCA 109 65.77 0.17 43.27

IRCA 111 77.27 0.21 50.60

IRCA 18 69.88 0.16 35.89

IRCA 230 66.36 0.14 39.20

RRII 105 69.84 0.12 56.90

CD (P = 0.05) 6.70 0.05 14.65
** Clonal differences significant at P -  0.01

T h e s u p erio r  c lon es such as IRCA  130, 
IR C A  111 and  IR C A  109 id en tified  from 
th e  ab o v e  s tu d y  w ere  p lan ted  in five on-

farm  ev a lu a tio n  tr ia ls  a t  fiv e  d iffe re n t 
lo cation s.

In the G erm plasm  G arden V, am ong 
the 2 0  clones, RRII 23, RRIM  609 and RRIC 
100, continued to be the best clones in terms 
o f yield (79,4 -  63.7 g/t/t), w hile the control 
clone RRII 105 had an yield  o f 54 .8  g/t/t 
(Table Ger. 2). These three clones also had 
higher girth ranging from 92.8 cm  (RRIC 
100) to 88.8 cm (RRIM  609), w hile the control 
clone RRII 105 had a girth o f 71.6 cm.

In order to form ulate D istinctiveness, 
Uniformity- and Stability  (D U S) norm s, 50 
W ickham clones w ere m ultiplied and raised 
in p o ly b a g s a t  C E S , C h e th a c k a l, R R S, 
D a p c h a r i an d  R R S , A g a r ta la , fo r  a 
m ultilocation project. T his is to validate the 
traits identified for D US testing and also to 
identify additional traits for this purpose 
and to docum ent a database o f the popular 
clones. D ata w ere recorded on the wintering 
pattern in a set o f 25 m ature clones.

1.2. IR R D B  1981 w ild  g en e pool
W ild accessio ns n u m berin g  3576 are 

b e in g  m a in ta in e d  in d if fe r e n t  fie ld  
co n serv atio n -cu m -so u rce  b u sh  nu rseries 
(S B N s). R e -e s ta b lis h m e n t  o f  th e

Table Ger. 2. Performance of 20 Wickham clones in the seventh year of tapping

Clone

RRII 23 
RRIM 609 
RRIC 100 
RRIC 148 
RRn 105 
RRII 178 
RRIC 102 
SCATC 93-114 
RRII 20 
RRIC 36 
RRII 108

Yield * 
(g/t/t)
79.4 

' 70.9
63.7
56.6
54.8
54.4
53.3
47.3
44.6
39.9

Girth *' 
(cm)

86.7
92.8 
88.1
71.6
87.7
76.9 
67.4
70.7
71.9 
753

** Significant at P • 0.01

Yield *’ 
(g/t/t)

Girth ** 
(cm)

PR 255 37.9 63.0

Haiken 1 37.8 76.0

RRn 15 37.8 76.3

RRII 27 34.0 62.7

RRII 22 25.0 58.1

SCATC 88-13 19.8 74.9

PB 255 17.5 91.3

RRIM 618 13.9 64.3

RRII 12 12.2 76.0

CD ( P -  0.05) 24.94 12.69



conservation nurseries has been carried out. 
T h e first th ree  re -esta b lish ed  n u rse r ie s  
(SBNs 2003, 2004 and 2005) com prising o f 
550 , 9 7 5  an d  701 w ild  a c c e s s io n s  
respectively w ere cut back, after ensuring 
p ro p er id en tity . T h e fo u rth  s e t  o f  806 
accessions planted in conservation nursery 
2006 in an augmented RBD with four controls 
is maintained properly. Second round o f test 
tapping in 63 access io n s  o f  th is n u rsery  
having m ore than 50%  test tap yield with 
that o f R R IJ105 will be done during next year 
for reconfirm ation o f their yield potential. 
The conservation nu rsery 2007 com prising 
of 500 accessions was m onitored for early 
grow th and recorded  test tap  y ield . The 
accessions AC 4130, RO  2008 and RO  857 
recorded the highest girth (27 -  27 .2  cm).

1.3. Other H evea  species

The arboretum  com prising six species 
o f H evea and their hybrids a v ailab le at RRII 
(H. bentham iana, H. spruceana, H. nitida, H. 
c a m a rg o an a  a n d  tw o  a c c e s s io n s  o f  H. 
pau ciflora , tw o H. brasilien sis  c lon es, five 
natural putative in terspecific hybrids and 
an F v 516, an in ter-sp ecific  cross betw een H. 
brasiliensis and H. benthamiana) planted at CES 
in 2006, was m aintained.

2. Characterization and p relim in ary
evaluation

In P E T  (O rtets) 99, n o ne o f the w ild 
accessions w as high yielding. Th e controls 
y ielded an average o f 104.0 g/t/t (PB 260)
53.9 (RRII 105) and 49.3 (RRIM  600). T he best 
wild a ccessions w ere O M  1116 and O M 1109 
w ith  y ie ld  le v e ls  o f  3 6 .7  an d  25  1 g/t/t 
resp ectiv e ly  (T ab le C er. 3 ). In tra-clonal 
variation w as high for this trait.

A m o n g th e  4 6  w ild  accessio n s, OM 
1105 had the highest girth, follow ed by OM  
1107. O M  1105 also had good tim ber clone

Table Ger. 3. Top ranking wild accessions for yield

Accession Yield (g/t/t) 
2 nd year 

of tapping

Accession Girth (cm) 
12* year 

of growth
PB 260 104.0 OM 1105 85.3
RRII 105 53.9 PB 260 83.8
RRIM 600 49.3 OM 1107 80.0
OM  1116 36.7 RRII 105 76.5
OM 1109 25.1 RRIM 600 74.9

OR 1149 73.5
OM 1109 72.8
OM 1116 55.3
OR 1166 57.8

c h a r a c te r is t ic s  (s tr a ig h t tru n k  an d  clear  
b o le  volu m e), th ough the y ie ld  w as very 
poor. Th e girth o f the con tro ls  ranged  from 
83.8 cm  (PB 260) to 74 .9  cm  (R R IM  600). OR 
1149 (73.5 cm ) and  O R  1109 (72.8 cm ) also 
had relatively  high g irth  am o n g  th e  wild 
a ccessio ns.

S ix  o u t o f  4 7  w ild  a c c e s s io n s  in 
p relim inary evalu ation  trial (P E T ) 2 000  had 
girth rangin g from  65 .0 -77 .4  cm , w h ile  that 
o f the contro ls RRII 105 a n d  R R IM  600 were 
5 8 .6  an d  4 5 .5  cm  re sp e c tiv e ly . T h e  tw o 
accessions R O  4599 and M T 4788, continued 
to sh ow  prom ising yield  levels com pared  
to RR II 105 (Table G er. 4).

M o n th ly  y ie ld  a n d  a n n u a l g ir th  
recorded in P E T 2 0 0 0 A a tR R S , Padiyoor.The 
access io n  A C 2 5 3 7  (5 9 .7 5  cm ) r e co rd e d

Table Ger. 4. Performance o( top accen.iom  in PET

Accession GirthGirth
(cm)

Accession Yield
(g/t/0

77.4 RO 4599 44.4
M T 4788 41.2
RRII 105 23.0
AC 4937

65.0
65.0
58.6
45.5
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m axim um  girth follow ed by R 0 2 1 7 1  (55.75 
cm ) and 3609 (53.50 cm ), w hile the control 
c lon es RRII 105, RRII 208  and RRIM  600 
r e c o rd e d  3 7 .9 1 ,  4 5 .2 0  a n d  4 0 .0 7  cm 
respectively. In PET 2000 B at RRS, Padiyoor, 
m o nth ly  y ield  w as recorded  in 166 wild 
accessions. A ccession M T 4351 (26.38 g/t/t) 
w as the h ighest yielder followed by AC 2004 
(22.5 g/t/t). T h ese tw o accessions recorded 
80%  yield o f RRII 105 in which the monthly 
yield recorded w as 29.8 g/t/t. Five accessions 
(AC 341, A C 3638, RO 3795, AC 1049, R 0210) 
recorded m ore than 50%  yield o f RRII 105. 
A nnual girth w as the highest in the accession 
R O  2883 (63.25 cm ) followed by M T 39 (60.0 
cm ), w hich indicated the timber potential of 
these accessions w hereas the annual girth of 
RRII 105 w as 4 8.48 cm . In PET 2002, AC 567 
recorded the highest girth followed by AC 
1964 and A C  824.

3 . F u rth e r  ev a lu a tio n  and se lec tio n

3 .1 . C lon al nu rsery evaluation

Potential half-sibs (115) w ere derived 
from  fam ily b locks o f nine pre-potent clones 
o f polyclonal seed garden at HBSS, Nettana, 
w h ich  w e r e  id e n tif ie d  as h a v in g  h igh  
sum m er test tap yield . O ut of this, 50 w ere 
m u ltip lied  and raised in polybag nursery 
d u rin g  last y ear  at R RS, D apchari. They 
w ere field -p lanted  during this year along 
with three checks viz. RRII 105, RRII 430, 
RRII 414 at a sp acin g o f 2 .5 x 2.5 m. These 
clon es w ill b e  evaluated for their drought 
to leran ce potentia l for five years and the 
selected  ones w ill be subjected to large-scale 
e v a lu a tio n  at RRS, D ap ch ari w hich  is a

drought prone area in the traditional belt 
adopting a spacing o f 2 .5 x 2.5 m.

The third clonal nursery evaluation at 
C ES, C hethackal, com p ris in g  15 selected 
wild accessions from SBN  2004 having 50- 
80% test tap yield o f RRII 105 w as planted 
along w ith three check clones at a spacing 
of 2 .5 x 2 .5  m for ev a lu atin g  th eir yield 
potential.

3 .2 . Further evaluation trials

The annual girth, dry rubber yield and 
volum etric timber (bole) yield w ere recorded 
and analyzed at the age o f 16 years (7,h year 
a fte r  ta p p in g ) in F E T  9 5 . G ir th  w as 
maxim um  for the accession M T 1032 (79.61 
cm) and minim um  for M T 188 (39.5 cm ). The 
mean girth o f RRII 105 w as 58.51cm . Seven 
accessions (M T 1032, M T 941, M T 1674, M T 
1599, M T 915, M T 1707 &  M T 919) showed 
significantly h igher g irth  than that o f the 
control clon e (Table G er. 5 ). S ix ty  seven

TnHf* S r.irth of potential wild accessions
A ccession Girth ( cm)

MT 1032
79.35

MT 1674 75.55

MT 1599 75.22

MT 915 74.06

MT 1707 71.21
70.29

RRH 105 58.51
12.32

accessions had the girth statistically  on par
w ith the control clone.

d rought-pron e area.
A no ther clonal nursery evaluation trial 

com prising o f 31 clones selected from the 
ab o v e  se t o f  115 p o ten tia l h a lf-sib s was 
p la n te d  la s t  y e a r  a t  R R S , P a d iy o o r  a

A m ong the accessions AC 166 had the 
highest dry rubber y ield  (63.67 g/t/t) w hich 
is on par w ith the y ield  o f RRII 105 (63.47 g/ 
t/t) in the seven th  y ear  o f tapp ing. This 
accession show ed 99.70% o f the y ield o f the



control c lo n e  RRII 105. F iv e  a c ce ss io n s  
show ed abov e 80 %  o f th e  y ield  and 10 
accessions had 50%  to 74%  o f the yield  of 
R R II 105 (T a b le  G er. 6 ). A C  166  w as 
multiplied for the on-farm  evaluation trials

Table Ger. 6. Accessions showing better performance

Accession Dry rubber yield 
(S/t/t)

% of the yield of 
RRII 105

AC 166 63.67 99.70
AC 2004 57.90 90.65
RO 23S5 57,09 89.3S
RO 290S 54.84 85.89
AC 155 54.18 84.83
MT 1020 47.25 73.98
AC 650 46.25 72.41
AC 635 46.02 72.05
AC 638 45.72 71.58
MT 922 42.74 66.92
AC 655 42.68 66.82
AC 692 40.49 63.34
AC 685 32.88 51.00
MT 941 31.93 50.00
MT 999 31.76 50.00
RRII 105 63 .87
CD (P = 0.05) 17.99

Table Ger. 7. Accessions showing polenlial h ir t
________ timber yield
A ccession

MT 941 
MT 1032 

AC 650 
MT 399 
RO 141 

MT191 
AC 638 
MT 999 
RRII 105 
CD (P -  0.Q5)

Bole volume 
(mJ)

CU6
0.16
0 .15

0 .14
0.13
0.13
0.13

0.13
0.08

in f iv e  lo c a t io n s  u n d e r  d iffe r e n t 
env iron m en ts.

Four a ccessio n s (M T  941, M T 1032, AC 
650 & M T  399) sh ow ed  s ig n ifican tly  higher 
vo lu m etric  tim ber in term s o f  bole volum e 
than th at o f R R II 105 (Table G er. 7).

G irth  w as record ed  in the eigh th  year 
o f grow th in the FE T  2003, com p rising  22 
w ild accessions and th ree controls. RO 2629 
(5 4 .2 5  cm ) r e c o r d e d  th e  h ig h e s t  g irth  
follow ed by A C 4149 (50 .19  cm ) and A C 626 
(47 .17  cm ). S ig n ifica n t c lo n a l d ifferences 
w ere seen for g irth  in F E T  2 00 5  com prising 
22  w ild  accessio ns and  th ree  contro ls. AC 
2004 and M T  4788 had the h ig h est g irth in 
the sixth y ear  o f g row th (40.9 and 35 .6  cm 
respectively), on p ar w ith  th e  contro ls PB 
235 (36.5 cm ) and R R IM  600  (31 .3  cm ), while 
M T 185, RO 2731, M T  182 and  R O  3012 (33.3 
-  31.6 cm ) w ere a lso  on p ar w ith the best 
control.

A ccession M T 7 7 , RO  2 846 an d  A C  4104 
recorded the h ighest g irth ou t o f the 26  wild 
accessions in F E T  2008.

T hirteen w ild accessio n s in F E T 2010A , 
selected from SBN  2004 h av in g  m ore than 
80%  test tap yield  o f R R II 105 w ere field 
planted at C ES, C h eth ackal a lon g  w ith the 
check clones RRII 105, RR II 430  and  RRII 414 
and w ere m aintained  properly. T w en ty  two 
selected  w ild  accessio n s a lo n g  w ith  three 
control c lones w ere p lanted in sim p le  lattice 
design a t C ES, C hethackal (F E T  2010B ) and 
another set o f 11 se lected  w ild accessio ns 
along with tw o c ontrol clon es w ere planted 

,n RBD at RRS- D ap ch ari (F E T  2010C ) and 
m aintained w ith p ro p er care.

3.3. O n-farm  ev a lu atio n  tr ia ls

O ne prom ising w ild  accession (A C  166)

iRr l TnnIRCA Cl°neS (IRCA 130' ,RCA 1
109) w ere fie ld -p lan ted  a lo n g  with
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three check clon es RRII 105, RRII 430 and 
RRII 414 at five locations viz. B.C. Chenivalty 
e s ta te ,  E ru m e ly , M a la n k a ra  e s ta te , 
T h o d u p u z h a , M o o p ly  e s ta te , T rissu r, 
C a licu t e s ta te , K o z h ik o d e  and B eth any  
estate, K an yaku m ari for evaluating their 
perform ance in d ifferent agroclim ates.

4. S c re e n in g  fo r  s tress  tolerance

4 .1 . A b io tic  stress resistance

4.1.1. D rought to leran ce

Seven potential accessions out o f 130 
identified  based on d rought related growth 
param eters and rubber yield  from the field 
screening trial 2003 at RRS, D apchari were 
field -p lanted  alon g w ith check clones RRII 
105, RRII 414, RRII 430, RRIM  600 and Tjir 1 
fo r  fu r th e r  e v a lu a t io n  o f th eir d rou gh t 
to leran ce  p oten tia l in the drought-prone 
area at RRS, D apchari.

In  th e  fu r th e r  f ie ld  e v a lu a t io n  o f 
selected  H evea  c lon es at RRS, D apchari in 
co lla b o ra tio n  w ith  B otan y  D iv ision , the 
grow th d uring the sum m er and peak period 
of grow th w as assessed in the 34 selected 
H evea  c lones com prising 23 wild accessions,
5 H P clones and 6  check clones viz., RRII 430. 
RR II 414, RR II 105, RRIM  600, RRII 208 and 
T jir  1. A m o n g  th e  23  w ild  access io n s , 
access io n  M T 4 788  record ed  the highest 
g ir th  a n d  it sh o w e d  co n s is te n t 
p e r fo r m a n c e  th ro u g h o u t th e  g ro w th  
period . A fter experiencin g sum m er periods 
o f 2010, eigh t w ild  accessions out of 23 and 
o n e  a m o n g  th e  h y b r id  c lo n e s  (93/270) 
reco rd ed  h ig h e r  g ir th  th an  the proven 
drought tolerant clone RRIM  600. Am ong 
the th ree  year o ld  plants o f w ild accessions, 
the h ig h est girth w as obtained by M T 4788 
(18.55 cm ) follow ed by M T 1616 (16.46 cm ) 
w hereas the c lon e RRII 430  had the girth o f 
17.57 cm . A m o n g the five hybrid clones, 
c lo n e  93/270 ex h ib ite d  the h ig h est g irth

(16.23 cm). A m ong the six check clones, RRII 
430 was superior in term s o f absolu te girth 
at the age o f three years.

4.1.2. C old  tolerance
A total o f 64 w ild accessions are being 

evaluated for cold resistance in tw o trials 
at R egional Experim ent Station, Nagrakata, 
W est Bengal. G irth o f the eleven-year-old 
accessions w as recorded during pre- and 
p o s t-w in te r  p e r io d  a n d  it  sh o w ed  
sign ificant v ariation . M o n th ly  yield  was 
also  record ed . H ig h er an n u al g irth  w as 
observed in RO 2902 (77.92 cm), M T 5105 
(7 6 .9 2  cm ) an d  R O  2 3 8 7  (76 .31  cm ) as 
com pared to clones SCATC 93/114 (64.64 cm) 
and RRIM  600 (62.04 cm ) in trial 1. In trial 
2, clone M T 9 15 recorded the h ighest girth 
of 79.43 cm follow ed b y RO  2727 (78.88 cm ) 
and M T 900 (75.03 cm ), w hile the controls 
H aiken 1 and RRIM  600 recorded 73.90 cm 
and 61.60 cm, respectively.

5. Screening for timber characteristics

5.1. Field screening
A n n u a l g ir th , m o n th ly  y ie ld  an d  

tim ber v olum e w ere estim ated at the age o f
10 years. A m ong the w ild  accessio ns, 11 
accessions show ed girth on par w ith RRII 
105; one accession on par w ith PB 235; two 
accessions on par w ith PB260; four accessions 
on par w ith RRII 33; sue accessions on par 
with RRII 118 and 15 accessions on par with 
RRIM  600. Three accessions had the tim ber 
volum e significantly higher than that o f PB 
260, RRII 33, RRII 118, RRII 105 and RRIM 
600 (Table Ger. 8).

6. U tilization of H evea  germplasm

6 .1 . H and p o llin a tio n  program m es

A h an d  p o ll in a t io n  p ro g ra m m e  
conducted during 2009 at CES, Chethackal 
in volving th ree w ild  accessio n s show ing



Table Ger. 8. Performance of wild accessions for
girth, yield and timber volume

Accessions Girlh Dry rubber Bole volume
(cm ) yield (g/t/t) (m )

MT 941 55.36 6.43 0.10
MT 915 54.73 11.51 0.10
AC 650 54.23 1.01 0.10
MT 922 53.72 12.63 0.05
RO 255 53.26 26.69 0.05
MT 919 52.31 7.40 0.06
MT 1032 50.35 8.35 0.04
AC 635 50.35 14.25 0.08
MT 999 49.58 1.95 0 .06
AC 1021 49.21 14.04 0.06
RO 322 49.06 3.85 0 .07
MT 1020 45.80 6.99 0.04
MT 935 45.35 4.02 0.04
AC 655 45.07 1.93 0 .03
AC 707 43.87 37 .26 0.04
AC 637 41.41 1.73 0.03
AC 6S5 39.41 45.61 0.03
AC 651 37.88 2.50 0.03
RO 879 34 .83 1.00 0.03
Wickham clones
PB 235 62.17 63.22 0.08
PB 260 61.36 25.28 0.05
RRII 33 60.80 36.18 0.08
RRII 118 59.12 30,01 0.06
RRII 105 53.76 47.26 0.06
RRIM 600 50.00 40.46 0,06
CD (P = 0.05) 14. 56 22.22 0.03

p o te n tia l fo r  y ie ld  a n d  s ix  p o p u la r  
W ick h a m  c lo n e s  r e s u lte d  in 10 c ro ss  
co m b in a tio n s . S e v e n ty  f iv e  su c c e s s fu l 
hybrid progenies w ere established  in the 
field at CES, Chethackal and early  growth 
w as m o n itored . T w en ty n ine progenies 
d e r iv e d  fro m  tw o  c r o s s e s  an d  25  O P 
seed lin gs are  m aintained  in the seedling 
nu rsery  at RRS, Padiyoor, w hich w ill be 
subjected to test tapping during next year.

6 .2 . G en era tio n  o f m ap ping  popu lation

The progeny o f the in terspecific cross 
betw een the popular H  b m il ie m il  clone RRII 
105 and the d isease tolerant H tm lh a m ia m

c lo n e  F 4 5 4 2  w ere  ra is e d  in  a seed lin g  
n u rse ry . E ig h ty  fo u r  p r o g e n ie s  w ere 
screened using 12 R A P D  p rim ers to confirm 
th e ir  h v b r id ity , a n d  th re e  n o n -h y b rid s  
w ere identified  and  rem oved .

7. O th e r  s tu d ie s

7.1. F e a sib ility  o f  ra to o n in g  in  H ev ea

R ato on s co n tin u ed  to  b e  su p erio r  to 
th e ir  c o r r e s p o n d in g  p o ly b a g  grow n  
coun terparts in the ten th  y e a r  o f g row th in 
term s o f g irth . (Table Ger. 9)

Table Ger. 9. Growth and yield of raloon plants

Ratoons
plants

Polybag

Number 137 187
Girth range (cm) 15-104 18-78
Mean girth (cm) 69.4 47
>50 cm 134 (97.85% ) 71 (38%)
Yield (g/t/t) 45 .3 31 .2
Range (g/t/t) 158.7- 5.4 55.6- 3.8

7 .2 . E ffect o f s t im u la tio n  in  th e  laticiferou s 
tissues o f  H. b r a s i l ie n s is

Bark sam p les w ere co llected  from  BO- 
1 an d  B l - 2  p a n e ls  b e fo r e  a n d  a fte r  
stim ulation  (C lon e-R R ll 105) and  recorded 
the bark th ick n ess, n u m b er  o f functional 
an d  d is o r g a n iz e d  la t ic i f e r s  . T h e  b a rk  
th ick n e s s  in c re a se d  in B O -1  p a n e l and 
decreased in B l-2  p anel during  stim ulation .

ne n u m ber o f both d isorgan ized  laticifers 
increased in BO-1 panel an d  d ecreased  in 
B l-2  panel due to stim u la tio n  w h ereas the 
nu m ber o f fu n ctio n a l la tic ife rs  and  total 
n u m b er  o f  la t ic ife r s  d e c r e a s e d  in  both  
panels due to stim ulation .

7 .3 . Evolving location  sp ecific  H ev ea  clones 
through ortet se le c tio n  p rogram m e

T h e  o b je c t iv e  o f  th e  s t u d y  w as



screen in g  and  id en tifica tio n  o f potential 
ortet c lon es from  the selected poly-clonal 
p r iv a te  h o ld in g s  o f se le cted  farm ers in 
R a m p a c h o d a v a ra m , A n d h ra  P rad esh  
(C o lla b o ra tio n  w ith  R u bber P roduction  
D epartm ent).

7 .4 . A ssessm en t o f the perform ance o f new 
ru b b e r  p lan ta tio n s o f ITD A , AP.

T h is  is a c o lla b o ra tiv e  p ro ject w ith 
ITDA, RC V aram , A P and RRII (Germplasm 
D ivision and Agronomy/Soils Division). The 
study w as taken up with the objective of 
m o n ito r in g  g ro w th  o f new  larg e  sca le  
plantings in Andhra Pradesh by the ITDA in 
2008. Tw elve farm ers' fields were inspected 
in association  w ith the soil scientist, GPS 
readings recorded and soil profiles collected 
to estim ate soil fertility status.

8. P a rtic ip a to ry  d o n e  evalu ation

8 .1 . O n-farm  evaluation o f p ipeline clones- 

P h ase I
T w e lv e  p ip e l in e  c lo n e s  and  th ree  

controls w ere evaluated in AVT, Shaliacary

estate, Punalur. C lon e P 66  recorded  the 
highest girth of 18.48 cm  follow ed by P 15 
(17.88 cm), P  72 (16.83 cm ), w hile the control 
clon es RR II 414 , R R II 4 3 0  and RR II 105 
recorded girth 20.88 cm , 18.15 cm  and 13.44 
cm , respectively. A m ong th e  11 test clones 
at M ooply estate, clon e P 15 recorded the 
highest girth o f 18.88 cm  at third year of 
planting and am ong the three check clones, 
clones RRII 430 and RRII 4 14  recorded girth
19.1 cm  and 19.03 cm  respectively. D isease 
incidence was evaluated in the test clones 
and three controls, w ith RRII 105 being used 
for covariance analysis in each plot. Am ong 
the 11 clones a t T R & T  estate, P 74 and P 10 
had the h ig h est g irth  (19 .2  and  18.3 cm 
respectively), w hile the control clone RRII 
430 had the highest overall girth (19.4 cm).

8 .2 . On-farm  evaluation o f  p ip elin e  clones- 

Phase II
Field p lanting o f 14 test clones along 

with three check clones (RRII 105, RRII 414 
and RRII 4 30 ) w as ca rr ie d  ou t at B. C. 
C heruvally 'estate, Erum eli and M alankara 
Estate, Thodupuzha.

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

The D ivision is primarily concentrating 
on the economic and eco-friendly management 
of diseases and pests of H eim  using chemical 
and biological agents. Evaluation of sp“ y<®- 
and spray oils, assessment of yield loss due to 
diseases, evaluation o f newly evolved clones 
for d isea se  resistance, studies on <a PP‘nS 
p a n e l d ry n e ss , b ee  k eep in g  in rubber
plantations, u s e o f  b e n e fic ia l microorganisms

for p lan t gro w th  and treatm ent o f sheet

processing effluents w ere the other areas of 

research.

1. L e a f d iseases
1.1 A bnorm al lea f fa ll d isease

A field  e x p erim en t w as in itia ted  at 
C him ony Estate, T rich u r to im p rove the 
disease control efficiency o f the c lones RRII 
105  an d  R R IM  6 0 0 . F ir s t  y e a r 's  re su lt



indicated th at tw o rounds o f spraying at 
1:5 ratio (CO C: spray oil) at 4 kg: 20  L per 
h e c ta re  p er  ro u n d  y ie ld e d  b e tte r  le a f 
retention in the clones studied.

A study on the genetics o f resistance in 
rubber plants to Phytophthora  was worked 
out based on the response of a com m on set 
o f Phytophthora isolates to tw o fungicides viz 
m e ta la x y l (R id o m il)  an d  c o p p e r  
oxychloride (Fytran) and their virulence on 
h o s t g e n o ty p e s . C e rta in  iso la te s  w ere  
sensitive to R idom il but resistant to I vtran. 
The iso la te s  sh ow ed  v ary in g  sen sitive , 
tolerance reaction to both the fungicides. 
Variation in the aggressiveness o f d ifferent 
isolates o f Phytophthora  w as also observed. 
As both m ating types have been  reported 
fro m  P h y to p h th o ra  in fe c t in g  ru b b e r, a 
correlation  with the m ating typ e and the 
e v o lu tio n  o f  v iru le n t iso la te s  w as a lso  
attem pted to gain a better understanding ot 
w h e th er  v iru le n ce  is ev o lv in g  th rou g h  
sexual recom bination.

For d ev elo p in g  a SC A R  m ark-,, 
Phytophthora  tolerance in Hevea. seven clones 
w ere selected. A m ong the clones, C l 1, RRII 
10a and F4542 a ro  Phytophthora  tolerant Im, ,
an d  T jir  I,  RR|C  100, R R IM  .......
su scep tib le  lines. ONA was isolated am i 
RA PD  analysis w as Carried out with 1 '• 
ra n d o m  p r im e r s . O f th e l2 0  p r im e , 
s c r e e n e d , O PA  4 an d  O P F  13 sh o w ed

Fig. Path ! RAI'D OPF-13

p o ly m o r p h ic -  b a n d in g  p a tt e r n  w ith 
susceptib le parent (Fig . P a th .l) .

To ch eck  the b io co n tro l p o ten tia l of 
a n ta g o n is t ic  e n d o p h y te  A lc a l ig e n e s  sp. 
against P  m eadii, b ioassay  w as d on e with 
m ature leaves o f to leran t c lon e RRII 105 and 
su scep tib le clon e RRIM  600. In  v itro  assav 
sh ow ed  less in fectio n  o f  P  m ead ii  in leaf 
tissues o f an tagon ist-treated  p lan ts (lesion 
size,3.30  m m ) com pared  to m edia-sprayed  
control (lesion size, 5 .89 m m ) an d  untreated 
control (lesion size, 6 .30  m m ). In v ivo  assay 
show ed no sign ifican t d ifferen ce  in p er cent 
lea f fall by P. m ead ii  b e tw ee n  en d o p h y te  
inoculated and control RRII 105 p lan ts (Chi- 
sq u a re  v a lu e  0 .5 3 )  w h ile  in R R IM  600, 
e n d o p h y te  in o c u la te d  p la n ts  sh o w e d  
s ig n ifican t d ifferen ce  w ith  co n tro l p lants 
(C hi-sq uare value 5.38, s ig n ifican t at 10% 
level).

The biochem ical co m p ou n d  extracted 
from potato  d ex tro se  broth  (P D B ) culture 
su p ern atant o f the an tag o n istic  end o phyte 
u s in g  d ie th y l e th e r  sh o w e d  g r o w th  
in h ib it io n  o f P. m e a d i i  u n d e r  in  v itr o  
conditions. T h e com pound w as separated 
by thin layer chro m ato g rap h y  (T L C ) and 
one o! the com p on en t sh ow ed  an tifu n gal 
activ ity  again st P. m eadii.

I h e  ex p erim en ts  la id  ou t in 200 4  to 
assess the im pact o f abnorm al leaf fall (A LF) 
disease in clone;, like RRII 414, RRII 422, RRII
4 2 9  a n d  PB  2 6 0  a r e  in  p r o g r e s s .  T h e  
assessm en t o f d isease  situ a tio n  in d icated  
m ild  s e v e r ity  o f  A L F  (u n d e r  s p r a y e d  
situation) in test clon es, m o d era te  seveity  
o f O uiw m  in RRII series d o n e s  bu( 

severe in PB 260 . 7'he gro w th  assessm en t 
in d ica ted  p o ss ib ility  a tta in in g  ta p p a b le  
girth by seventh year in all clon es.

T h e ex p erim en t on cro w n  b u d d in g  to 
av oi sp r a y in g  a g a in s t A L F  d is e a s e  in



clon e PB 311 at M alan kara estate resulted w as transform ed in the strain BL21(DE)/BL 
good p rotection  o f canopy from the d isease 21(D E 3). The expression o f targeted protein 
in tr e e s  c ro w n -b u d d e d  w ith  d ise a s e -  was induced by addition  o f 1PTG to the
to le ra n t c lo n e s  lik e  R R II 33  and Fx516. g ro w in g  c u ltu r e . C o n tro l c o lo n ie s
A n o th er  ex p erim en t in itia ted  in 2004 in containing the vector w ithout insert w ere
clon e PB 260  for testin g  the feasib ility  or also m aintained. T h e in duced  cells  w ere
cro w n  bu d d in g  at nu rsery stage indicated harvested after 3 h.
gro w th  p arity  in field  in crow n-budded The targeted recom binant protein w as
tr e e s  c o m p a r e d  to  c o n tr o l  (n o  cro w n  p u rified  from  th e ce lls  u s in g  H is B ind
b u d d in g). p u r if ic a t io n  k it (N o v a g e n , U S A ). T h e

purified protein w as tested on 10 per cent
1.2. Pow dery m ildew  d isease 5D S pA Q g  j n p £ T  v e c to r  a v ery  h igh

T h e  stu d y  a t  N ew  A m b ad i E sta te , induction o f the fusion protein (Trx + target
K an yakum ari to  evaluate crop loss due to gene) was detected A ~ 49  kD  band w as
pow dery m ildew  disease in the clones RRII o b serv ed  in a ll in d u ce d  s a m p le s  (F ig .
105 w as continu ed  for the third year. One path.2).
p lo t each  w as m aintained  as dusted and a n tifu n gal a c tiv ity  o f p u rified
u n d u ste d . A p p lic a tio n  o f su lp h u r w as reco m b in a n t c h i tin a s e  p r o te in  a g a in s t
u n d erta k en  at recom m end ed  dose at an q  cassiiqolfi w as assay ed  on PD A  plates,
in terval o f 7 - 1 0  days in the dusted plots. D is tin c t  g ro w th  in h ib it io n  z o n e s  o f
V ery lig h t and  ligh t to m oderate disease 
in te n s ity  w as o b se rv e d  in d u sted  and 
u n d u ste d  p lo ts, resp ectively  during  the 

th ird  year.

1.3. C ory n esp ora  le a f disease
C o-existen ce o f different pathogens in 

r u b b e r  p la n ta tio n s  o f K a r n a ta k a , w ith  
s e v e r e  C o ry n e sp o ra  d isea se  d u rin g  the 
s e a s o n  ( Ja n u a r y  to  M a rch  2 0 1 1 )  w as 
assessed . T h e fungal pathogens Corynespora 
c a s s i i c o la ,  C o l le t o t r ic h u m  ac u ta tu m , C. 
g lo e o s p o r io id e s ,  A lte rn a r ia  alternate!  and 
G u ign ard ia  w ere isolated from the leaves 
sh ow in g  d isease sym ptom s. T h e frequency 
o ccu rren ce  o f C. cassiicola, C  acutatum , C. 
gloeosporioides,  A. altem ata  and Guigm rdia  was 
75 .3 9 , 5 .41 , 6 .72 , 12.10 and 0.37  per cent, 

respectively .
C h itin ase  gene from G T 1, the tolerant 

clon e w as cloned  in expression vector P E I 
3 2 a 1 and  th e  o r ie n ta tio n  w as confirm ed  
th rou gh sequencing. The expression vector

250
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Fusion 50

protein —■
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Fie Path. 2- PAGE analysis of total cell protein from 
induced and uninduced sam ples 
showing recombinant protein expression 
with pET vector in BL21, D O  host cells
M - Protein marker; Lane I - Induced (3h_); 
L.ane 2 - Induced ( l ,5 h .) ;  Lane 3 - 
Uninduced control



C. cassiicala were displayed around the filter 
p a p er d isc s  so ak ed  w ith  IQ^ig o f  
re co m b in a n t p ro te in  co m p a re d  lo  th e  
control discs dipped with protein extraction 
buffer (Fig. Path. 3).

Recombinant protein 
showing inhibition

Fig. Path.3. The anti fun gal activity  o f  purified  
recombinant chitinase protein against 
C. cassitcola

A m ong the 21 end o bacteria l isolates 
from culture collection o f R RII, the isolates 
Jp tf, Jp te  and G p ta  sh o w ed  a n t ifu n g a l 
activity against C.cassiicola  in dual cu lture 
and w ere identified as Bacillus subtilis (Gpta).. 
P seu d o m o n a s  f lu o r e s c e n c e  ( Jp te )  a n d  P 
fluorescence  (Jp tf) (Fig. Path. 4).

16 0 0  bp

Rg Path.4 16s rDNA o f antagonistic endophyt?
M - -M a rte . 1 . Gpta, 2. | p lc. 3.

1 .4 . C o lle to tr ich u m  le a f  d isease

For gen otypin g and  D M A barcodingfor 
s p e c ie s  id e n tif ic a t io n  o f  C o lle to tr ic h u m  
ac u ta tu m  an d  C. g to c o s p o r io id e s ,  cau sin g  
C o l le t o t r ic h u m  le a f  d ise a s e , 
ph y logen etically  in fo rm ativ e  regions (ITS 
A ctin , P -tu bu lin , C a lm o d u lin , G lutam in e 
sy n th etase , G ly c e ra ld e h y d e  3 -p h o sp h ate  
d e h y d r o g e n a s e )  w e r e  d e te rm in e d . 
Su fficient sequence data are being  generated 
for v alid atin g  b oth th ese sp ecies. M ultigene 
p h y lo g e n e t ic s  a r e  b e in g  a tte m p te d , 
fo llo w ed  b y  search in g  for a su itab le  gene 
fo r  b a rco d in g  an d  d e v e lo p in g  b arco d e s 
w ith  low  h eterogen eity  w ith in  sp ecies, yet 
w ith eno ugh variation  to a llo w  m axim um  
sep aratio n  o f  d ifferen t sp ecies.

2 . P a rtic ip a to ry  c lo n e  e v a lu a tio n  for 
d is ea s e  a s s e s s m e n t

P o w d ery  m ild ew , C o lle to tr ich u m  
lea f d ise a s e , sh o o t ro t an d  p in t  d isease  
a s s e s s m e n t  in  th e  p a r t ic ip a t o r y  c lo n e  
evalu ation  trial a t six  location s w as carried 
out. P ow dery m ild ew  d isease  w as m ild in 
ail the lo ca tio n s . C o lle to tr ich u m  d isease  
w as n o t o b serv ed  in T h a ru v a y a r  esta te , 
K an yakum ari. M ooply and C a licu t estates 
r e c o r d e d  m o d e r a te  to  s e v e r e  d is e a s e  
intensity. All the o th er location s recorded 
m ild d isease intensity. Very m ild  in cidence 
o f shoot rot w as recorded  in M ooply estate.

out 5 - 1 0  p e r c e n t in cid en ce o f  p in k was 
observed  at C alicu t and  M ooply  estates.

3- D eterm ination o f the etiology of 
la p p in g  panel dryness (T P D ) of 
rubber

T P n PI? ntS budded w ith  scion taken from 
U-a fleeted trees as w ell as healthy trees 

w ere test-tapped to study the appearance of 
T P D  sy m p to m s. T h e re su lts  o f  o n e-y ea r



Table Path.1. Occurrence of entomopathogenic nematodes in robber growing soils of Kerala
District No. o f No. of sam 

Heterorlwbditia
iples positive for EPN

Steinemema spp. Total

Thiruvananthapuram 40 06 (15%) 2 (5%) 08 (20%)

Kollam 25 03 (12%) - 03 (12%)

Pathanamthitta 45 04 (09%) - 04 (09%)

Kottayam 35 07 (20%) 2 (6%) 09 (26%)

Emakulam 35 02 (06%) - 02 (06%)

Thrissur 35 10 (29%) 2 (6%) 12 (34%)

Palakkad 40 10 (25%) 3 (8%) 13 (33%)

Kozhikode 30 09 (30%) 1 (3%) 10 ( %)

Malappuram 30 07 (23%) 2  (7%) 09 (30%)

idukki 30 03 (10%) -

Total 345 61 (18%) 12 (3%) 73 (21%)

* Figures in parenthesis are per cent values.

tapping show ed occurrence o f TPD in both 
group of plants, nam ely sdon taken from TPD 
as w ell as healthy trees. Out o f eight partial 
TPD  trees in the TPD  scion group, five turned 
to full TP D  whereas, in the case of plants with 
h e a lth y  sc io n , a red u ctio n  in  T P D  was 
observed. O ut o f the 11 TPD trees none of them 
turned to full T PD  after one year.

4 . P e s ts  o f  ru b b er
Stand in g  rubber trees in the field partly 

affected  by panel dryness, lightning injury, 
root and  stem  d iseases w ere invaded by 
c e r ta in  in s e c t  b o re r  b e e tle s  v iz . 
Heterohostn/chus aequalis, Synoxylon conigerum, 
D inoderus 'bifoixolalus, A f o f f l r W M P ®  and 
Platipus latifnus. Experim ents Conducted at 
P a ta m p r a  e s t a te ,  K a n jir a p p a lly  w ith  
d iffe re n t co m bin atio n s o f in secticid es to 
control these beetles showed that a single 
sw a b b in g  of the com binatio n  o f carbaryl
0  50%  an d  lam d acvh alo th rin  0.02%  gave 
satisfactory  control (97.00%  ) than single 
in secticid es. T h e attack w as predom inant 
in the post-m onsoon season until October.

Survey conducted in different locations 
recorded the ocain 'ence of entomopathogenic

nem atodes in rubber grow ing soils (Table 
Path.l) for the first time.

T h e  r e s u lt s  o f  th e  s tu d y  o n  the 
m anagem ent o f leeches using repellants at 
Rajagiri Estate, P athanam th itta indicated 
that Cydea peltate (Padakizhangu) in coconut 
oil, C  peltala  in neem  oil, od om os (direct 
a p p lica tio n ), m ix tu re  o f n ee m  o il  and  
c itr o n e lla  o i l ( l : l )  w ere  th e  e f fe c t iv e  
repellents, w here the leech d id n 't clim b on 
legs. M aterials viz. sodium  hypochlorate, 
glyphosate and copper sulphate reduced the 
num ber o f leeches in the soil for o ne w eek.

5 . Im p r o v e m e n t  o f  s p r a y in g  
tech n o lo gy  fo r  p est and d isease  
m an ag em en t o f n atu ra l ru b b e r

Mini tractor-m ounted m ist blow er (Fig. 
Path. 5) was com pared for its efficiency to 
m anage the A LF d isease  prop h ylatica lly  
with the conventional m icron sprayer. The 
leaf retention after the d isease season was 
assessed and found to be com parable with 
th e  c o n v e n tio n a l m ic ro n  s p r a y in g . 
H ow ever to im prove e fficiency further and 
to obtain m axim um  throw  height, certain



Fig. Path. S. Mini tractor-mounted mist blower

su g g e s te d  m o d if ic a t io n s  w e r e  to  b e  
im plem ented before further trial.

A sin g le m an carry in g  m ist b lo w er 
(Fig. Path. 6), developed by M/s. O leo-M ac 
Com pany Ltd. w as also tested. T h e throw  
height was found to be above 45 ft. in the 
field conditions.

_  b a ttery -o p e ra te d  back  pack  sp ra y er  
(Fig. Patti. 7) developed by M/s. ASPEE gr, mp 
of Companies. M um bai, was field tested and

sprayer

\
Fig Path.6. Mist blower

Fig. Path. 8. T e le sco p ic  lan ce



found to be effective in m anaging nursery 
d iseases.

A telescopic lance (Fig. Path. 8) was also 
tested  for the spray height and found to 
obtain  15 ft.

6. B ee  k e ep in g  in  ru b b er plantations

C ondu cted  a field study on the effect of 
su p p le m e n ta r y  o ff-se a so n a l feed in g  on 
brood rearin g acti v ities o f Indian honey bee 
A pis c eran a indica  in rubber plantations. The 
h ig h e s t  c o lo n y  p o p u la tio n  w as (8919) 
record ed  in  co lo n ies  fed w ith sugar and 
pollen (SPF). T h e p opu lation in colonies fed 
w ith  su g ar (SF), pollen  (PF) and control 
averaged 8620, 7290 and 5477, respectively. 
T h e  c o m b -b u i ld in g  an d  b ro o d -re a r in g  
a c tiv ity  w as n o tice d  h ig h e r  in SP F-fed  
colon ies. A percentage increase o f 29.20 in

com b building and 65.24 in brood-rearing 
activity w as recorded in SPF-fed colonies 
over control. Th e w orkers w hich received 
SPF and SF w ere m ore active in collecting 
pollen and n ectar and in com b-bu ild in g  
activ ities than the o th er treatm en ts. Th e 
queens in these colon ies w ere also  m ore 
active (Table Path.2 &  3).

7. M icro o rg a n is m s fo r im p ro v in g
grow th o f ru b b er and cover crop s

Biochem ical characterization o f three 
bacterial isolates that nodulate M . bracteata 
selected from North East India and Kerala 
viz. NE 2 (from  A gartala), N E4 (from  Tura), 
and RRI1-M (K erala) w as carried  o u t by 
studying their reaction to 18 biochem ical 
tes ts . T h e n o rth  e a s t  iso la te  N E 4  w as 
multiplied and inoculated to M ucuna  p lants

Table. Path. 2.Effect o f supplementary feedings on comb-building and brood-rearing activities of A. cerana
india  during off season_____________________ _____________________ —----------------------------------- -

-----------Average area Average area Average Average area Average
ment before feedings after 6 feedings development after 12 feedings de^ 'loP ^ " t

(sq.cm ) (sq.cm) percentage__________ (sq.cm)_________ percentage____
Tnm h Rrood Comb Brood Comb Brood Comb Brood Comb Brood

area area area area area area area area area

210 22.46 23.53 280 219

264 200 8.1 17.64 289 205 22.54 20.58

SPF 226 164 280 264 23.89 60.98 292 271 65.21

Control
226 63 0.8 -64.20 259 65 -15.62 -63.06

SF -  sugar feeding; PF -  pollen feeding; SPF-sugar and pollen feeding

Table Path. 3. Effect 
season

„ l supplementary fad in g s on Ik . bee population in A. c m m  * • * »  « * » * "  * “ *• * " "

Treatment

 ---------------------------------- -------------------------------- S i - )  9500 (74 .3 !)  86.20(57.38)

I  S  w 9 2  »> 72 ,0 f”  '0 >
12;01 n m M )  iM BM i)

Colony population ( number of bees) 

luly August Mean

5013Control (no feeding) 5968  _________
Figures in parenthesis are sine transformed values.

5450 5477



r a is e d  in  p o ly b a g s . In o c u la te d  p la n ts  
sh o w e d  m o re  g ro w th  th a n  th e  
uninoculated in polybags. They w ere field- 
p lan ted  (100  p lants/acre) to stu d y  th eir 
p erform ance under K erala conditions.

A standard isolate o f Azospirillum  (A. 
brasiliense CD 4) was collected from  IAR1 and 
a polybag study was in itiated to  com pare 
the efficiency o f tw o selected RRII isolates 
o f  A z o s p ir il lu m  w ith  th e  s ta n d a rd  in 
prom oting the grow th o f rubber seedlings 
a t  d iffe ren t lev e ls o f n itro g en  fertilizer. 
Periodic girth and height o f the p lants w ere 
recorded.

The beneficial activ ities o f 12 selected 
rhizobacteria from rubber p lantations were 
com pared with the standard PG PR isolate 
(Bacillus  sp  R5) received from  LARI. N ine 
isolates produced m ore in dole acetic acid 
in s u c r o s e  m in im a l s a lt  m e d ia . S e v e n  
iso lates had  m ore phosp h ate-so lu b ilisin g  
efficien cy (SE% ) than the standard  PG PR 
is o la te . T h e  S E %  o f  fo u r  is o la te s  w as 
c o m p a ra b le  to th e  s ta n d a rd  
phosphobacteria (Pseudom onas striata  M 27). 
A polybag study w as initiated to com pare 
th e  e ff ic ie n c y  o f  R R II iso la te s  w ith  the 
standard to prom ote the grow th of rubber 
seed lings upon inoculation.

T h e  in tr in s ic  a n t ib io t i c  r e s is ta n c e  
le v e ls  o f  th e  v a r io u s  is o la te s  u se d  in 
d ifferen t ex p erim en ts to  th e  an tib io tics  - 
kanam ycin and rifam picin w ere studied to 
m o n ito r  th e ir  s u r v iv a l  in  s o il .  F o u r  
Pseudom onas  isolates w ere tolerant to higher 
co n cen tra tio n s (>300 ppm ) o f kanam ycin 
w hile o th ers w ere sen sitive even to 5 ppm 
of the antibiotic. T h e isolates w ere generally 
sen sitive to rifam picin even at 5  ppm.

T h e  v a r io u s  a n ta g o n is tic  b a c te r ia l 
is o la te s  o f  r u b b e r  p a th o g e n s  w ere  
com pared with the standard antagonist o f 
fungal pathogens (B. subtilis). Isolates having

m ore g row th in h ib ition  o f th e  pathogens 
th an  the s tan d ard  in d u al cu ltu re  plates 
w ere selected  for fu rth er studies.

Th e SE %  o f n in e  p h o sp h o fu n g i from 
rubber p lan tations varied  from  100 to 220% 
(Table Path. 4). So lu b iliza tio n  o f FePO^was 
m ore by the s ta n d a rd  iso la te  A sperg illu s  
aw am ori w hile RR II iso lates sh ow ed  better 
solu bilization  o f A lPC^and C a3( P O J 2. The 
iso la te  Pf4 on ly  sh ow ed  so lu b ilisa tio n  of 
R a jp h o s , th e  s p a r in g ly  s o lu b le  fo rm  of 
p hosphatic fertilizer. A  p oly -b ag  study was 
in itiated to com p are the e fficien cy  o f RRII 
isolates w ith the stand ard  in prom oting  the 
grow th o f ru bber seed lings.

Table Path. 4. Ph o sp h ate  s o lu b i liz a tio n  by 
phosphofungal isolates (jig P released/ 

_____________ ml culture broth)
Isolate SE% F e P 0 4 A IPO, C a ,(P O J, Rajphos
Pf 1 128 35 136
Pf 2 196 184 31
Pf 3 197 207 73 24
Pf 4 150 143 94 13
Pf 5 111 18 233
Pf 6 190 170 8 6
Pf 7 100 171
Pf 8 220 149 135
Pf 9 157 173 108
Std Pf 127 286 77

A nnual g row th m e asu rem en ts o f the 
plants in the b iofarm in g trial w ere recorded. 
T h e g irth  and height o f  the p lan ts in the 
in tegrated  treatm en t w ere m o re  th an  bio 
and chem ical treatm ents after on e year of 
planting. T h e  p lan ts w ere a lso  protected  
from sh oot rot and C olleto trich u m  lea f fall, 
during the rainy season. For the p lan ts in 
th e  in te g r a te d  tr e a tm e n t s ,  a lt e r n a te  
application  o f chem ical and b io -agen t was 
given. D isease in cidence w as very less in all 
the treatm ents.



B acteria l iso la tes  (122 nos.) collected 
from Padiyoor and Andhra Pradesh were 
checked for A C C  deam inase activity which 
give stress to leran ce to inoculated plants. 
Five isolates w ere selected for further studies.

8. W a s te  m a n a g e m e n t  in  ru b b e r
p ro c es sin g

T h e  e v a lu a t io n  o f in teg rated  w aste 
w ater trea tm en t system  at Palakkad was 
continued. H ybrid anaerobic digester - reed 
bed  s y s te m  c o m b in a tio n  w as u n d er 
ev a lu atio n . H y b rid  reacto r  in its second 
season o f operatio n  could reduce chemical 
o x y g e n  d em a n d  (C O D ) by 94 .65%  and 
biological oxygen dem and (BOD) by 94.37%. 
The pH a fter b iom ethan ation  w as 7.0- 7.2. 
The rea cto r  cou ld  red u ce total solids by 
73.12%  and d isso lved  solids by 75.30 % . The 
reactor y ielded  3.5 4  m 3 b iogas /day.

I n i t ia l ly  th e  s y s te m  sh o w ed  h igh  
degrees o f fluctuations in its perform ance 
in te r m s  o f p o llu tio n  red u ctio n  o f the 
e fflu en t; hen ce  som e correction measures 
w ere taken. M odification s m ade in the reed 
bed system  im proved  its functioning/ even 
th o u g h  th e  s y s te m  w a s  p a r tia lly

operational. The reed bed could reduce BOD 
and CO D  at an average efficiency o f 54.88%  
and 63.20%, respectively. The pH after the 
trea tm en t ranged  b e tw e e n  7 .1 -7 4 . T h e 
entire system was running w ith zero energy 
consumption and zero operational cost. To 
im prove the efficiency o f reed bed system , a 
new  im proved design was adopted  and 
based on that new system  w as constructed 
which is yet to be evaluated.

8.1 Integrated  w aste  w ater treatm en t
system

The integrated w aste w ater treatm ent 
system (IWWTS) consisted o f initial filtration 
unit, hybrid reactor and the reed bed could 
reduce COD by 97.86 %  and BO D  by 98.22 % 
of the raw  efflu ent, i.e. final stren gth  o f 
245 mg/1 and 99 mg/1, respectively- The BOD 
value w as not within the lim it specified for 
safe disposal, and the CO D  w as m arginally 
inside the limit. The pH of the treated w ater 
was in the rage of 7.1-7.4, within the lim it 
for safe disposal. The overall reduction in 
solids was 78.18 %  (TS) and 77.78%  (D S). 
These two parameters were not in the limit 
for safe disposal (Table Path. 5).

Table f t * .  5 P e r f o r m s . /
*  Reed k.— ------------------------------ ~  17 n .„ . Efficiency Ov erall

Parameter

+ Reed
Raw

effluent

bed)
Filtered
effluent

Post
biome­

thanation

Efficiency of 
hybrid reactor 
(% reduction)

Post reed bed 
treatment 

(Final)

Efficiency 
of reed bed 
(% reduction)

Overall 
efficiency of 

the system 
(% reduction)

pH
COD
BOD
TS
D S

5.4-6.0 
11463 

5563 
14427 
13172

5.5-6.1 
10153 
4776 

12623 
11728

7.0-7.2 
543 
269 

3393 
2897

94.65
94.37
73.12
75.30

7.1-7.4 
245 

99 
3148 
2927

54.88
63.2
7.23
-1.04

97.86
98.22
78.18
77.78

Units are in mg/l, except pH



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

T h e m a jo r  r e se a rch  a r e a s  o f  C ro p  
P h y sio lo g y  D iv is io n  are en v iro n m en ta l 
physiology, physiology o f grow th and yield, 
s to c k -s c io n  in te r a c tio n , ta p p in g  p an e l 
d r y n e s s , n u tr it io n  p h y s io lo g y , g e n e  
expression studies, secondary m etabolites 
and ecological im pact o f natural rubber (NR) 
cultivation .

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

1.1. S t ru c tu r e  an d  fu n c t io n  o f  
p h o to sy n lh etic  ap p aratu s o f  natu ral 
ru bber in relation  to its adaptation to 
high ligh t and  drought stress 

E x p re ss io n  o f  a c h lo r o p la s t  s t r e s s  
protein in six clones (RRII 105, RRIM  600, 
RRII 414, RRII 417, RRII 422 and  RRII 430) 
w as an a ly z ed  u n d er n o rm a l an d  ea r ly  
drought conditions. A 23 k Da chloroplast 
stress protein level w as m ore prom in ent in 
drought tolerant clones like RRIM  600 and 
RRII 430 than su scep tib le clon es. Further 
protein purification steps w ere in itiated to 
raise antibodies ag a in st th is protein . The 
effective quantum  yield  o f PSII (<J> PSII) was 
also checked in these clones. The clones RRII 
430 and RRIM  600 recorded less inhibition 
in PSII than RRII 105 and RRII 414 under 
drought conditions. From  this study on the

basis o f  P S  II  a c tiv ity  and  s tre ss  protein 
expression  the c lon es su ch  as R R II 414, R R jj  

417  and RR II 4 22  w ere sh ow n  to  b e  drought 
su scep tib le .

1.2. M o le cu la r  b a sis  fo r  d ro u g h t tolerance
in  H ev ea

T h ree  y ear  old  fie ld  g row n  p lan ts of 
clones RRII 105, R R IM  600, R R II 208 and RRII 
4 30  at R eg io nal R esearch  S ta tio n , D apchari, 
w ere subjected  to d ro u g h t stress for fifteen 
d ays d u rin g  th e  su m m er p erio d  o f  2010. 
Leaf sam ples w ere collected after confirm ing 
th e  m a g n itu d e  o f  s t r e s s  e f fe c t  o n  th ese 
p la n ts  b y  m e a s u r in g  g a s  e x c h a n g e  
p aram eters like stom atal co n d u ctan ce  (gs) 
and n et C 0 2 a ss im ila tio n  rate . T h is  w as 
fo llo w e d  by m R N A  is o l a t io n ,  cD N A  
sy n th es is  and  q P C R . T h e  q P C R  analyses 
w ere carried  o u t for se v e n  g e n e s  w hich 
w ere iden tified  to b e  d ro u g h t resp onsive in 
a r ra y  h y b r id iz a t io n  a n a ly s e s .  
G ly c e r a ld e h y d e  3 -p h o s p h a t e
d ehy drogen ase (G A PD H ) g en e w as used as 
end o genou s control for no rm alizatio n  and 
q u an tita tive  ex p ressio n  o f ea ch  g en e had 
been analyzed  w ith  referen ce  to irrigated 
p lants o f RR II 105. S tatistica l a n a ly sis  was 
p erform ed w ith the re la tiv e  q u antification

^ PhV ' under d' ° u8h ‘ conditions (D , with
G enes RRJ1 r r j j —......  " -------------------------

105 C 105 D
HbDRT 5b 
HbTPD 24 
H bTPD 27 
HbDRT50 
H bN RGl8 
HbNRG 21 
HbDRT 82b

1.04
0.89

0.47
1.28
0.99

RRIM 
600 C 
1.44

1.34 
2.99 
4.58 *•
4.34 
4.93 
1.40

RRIM 
600 D 

14.26 M 
14.41 ** 

1.99 
3.75 ’
5.23 *
3.23 

1.37

RRII 
208 C 
1.11 
0.69  
4 .5 8  ** 
3 .9 0 *  

74.39 ** 
6 .24  "  
2 .50

RRII 
208 D 
7 .16** 
3 .82  ** 
4 .97  *’ 
3 .15 
7.22 '* 
4 .27 
1.10

KRri RRII 
_430 C 430 D C D  (P -0 0 5 )
0.61 
0.60 
3.04 
2.20 
3.25 
5 .3 9  *■ 
0.95

4 .3 0  ’’ 
3 .4 7  ** 
9 .8 3  "  
4 .7 2  ** 

2 9 .65  «  
1 6 .4 5 ** 

1.66

2.10

1.90
3 .50
2.41
3.63
4 .13



data u sin g  A N O V A . Th e ratio with a P- 
value d " 0.05  w as a dopted as significant for 
dow n- or u p -regulation .

Th e qP C R  data o f seven gene transcripts 
are given in Table Phy.l. A m ong the seven 
tra n scrip ts  a n a ly se d , N A C  transcription 
factor (H bD R T 5b  and H bTPD  24) was found 
to be up-regulated significantly in drought 
experienced plants o f RRIM  600, RRII 208 and 
RRII 430  w hen com pared  to RRII 105 control 
plants (Table P h y .l). This significant level of 
up-regulation indicated a close association 
of N A C transcrip tion  factor with drought 
s tre s s . E x p re s s io n  o f  H b T P D  2 7  w as 
sign ificantly  h igh  only in drought treated 
plants o f RRII 430 and RRII 208. All the six 
genes excep t H bD R T  82b w ere significantly 
up-regulated in drought im posed plants of 
RRII 430 com pared  to RRII 105 control plants 
(Table P h y .l).

1 3 . M olecu lar studies o n  cold stress in H evea  

A ttem p ts w ere m ade to investigate the 
m olecular basis o f cold tolerance in Hevea 
w ith sp ecia l re feren ce  to identification of 
g en es/ regu latory  factors associated  w ith 
cold to leran ce  th at could  be em ployed for 
se le c tio n  o f  g e n o ty p e s  su ita b le  for low 
tem perature reg ions o f India. S ix  month 
old p lan ts  (g ro w n  in po ly th en e bags) of 
clones RRII 105 (cold susceptible) and RRIM 
600 (co ld  to lera n t) w ere exposed  to low 
tem perature in a grow th cham ber. T he cold 
s t r e s s  w a s  c o n f ir m e d  by c o n s id e ra b le  
red u ctio n  in  p h o to sy n th e sis  by u sing  a 
p o rta b le  p h o to sy n th e s is  system . cD NA 
obtained  from  m R N A  of lea f sam ples were 
used  as te m p la te  for q u a n tita tiv e  PCR 
analysis em p loyin g  G A PD H  as endogenous 
control g en e (Table Phy.2).

O u t o f th e  tw e n ty  gen es attem pted 
expression  o f LEA  5 protein and peroxidase 
was found to b e  up-regulated in RRIM  60

Table Phy. 2. Relative gene expression (fold change) 
of twenty one genes in low temperature 
treated plants of RRI1105 and RRIM 600 
(LT) using R R II 105 control (C) as 

________  calibrator_______________________ __
RRD RRII RRIM RRIM

Gene 105 105 600 600
Control LT Control LT

WRKYtf 1 164.3 64.3 5.00
ABCT 1 3.19 3.65 9.77
TfMBF 1 6.13 0.64 0.89
LEAS 1 1.48 5.98 58.9

CRT/DREBF 1 0.57 0.44 0.03

GPX I 4.51 3.16 1.90

33HP 1 10.48 2.26 0.97

DnaJ protein 1 1.36 1.53 0.85

PEROXIDASE 1 9.48 19.87 158.3

ETR1 1 1.38 4.00 15.97

ETR2 1 1.18 2.13 5.13

A C 02 1 2.37 17.85 12.86

20 HP 1 1.88 1.02 1.14

22 HP 1 2.82 1.58 2.06

Cysteine protease 1 0.82 4.46 3.20

Chitinase 1 2.13 0.57 0.72

Annexin 1 3.10 1.31 4.18

SUMO 1 2.03 0.84 1.49

DRT 5b 1 5.20 0.60 15.48

TPD 24 1 4.34 0.53 9.86

DRT 50 1 16.03 12.13 9.87

when com pared to RRII 105, indicating that 
these proteins m ight be con tribu tin g  for 
cold tolerance in clone RRIM  600. ETR1, 
ETR2 and NAC transcription factor (D RT 
5b and TPD  24) w ere also found to be highly 
up-regulated in tolerant clone.

1.4.1. D evelop in g  a m icroarray o f stress 
re sp o n s iv e  g en es from  H ev ea  
brasilien sis  

The m ain objective o f the study is to 
identify and characterize genes expressed 
d u r in g  d ro u g h t an d  low  te m p e ra tu re  
s tre sse s  in H ev ea  a n d  to  d e v e lo p  a 
m icro n rra y  u s in g  th e s e  g e n e s  for the 
eventual identification o f candidate genes



that are responsible for im parting tolerance 
to various stresses. For th is purpose, leaf 
sam ples w ere collected from drought and 
cold treated sam ples o f c lon e R RIM  600 and 
m R N A  is o la tio n  w a s  c a rr ie d  o u t. 
A r ra n g e m e n ts  a r e  m a d e  to  g e t th e  
transcriptom e sequencing d one with an aim  
to sequence and identify stress responsive 
transcrip ts and  ev en tu a lly  to sy n th esize  
corresponding o ligo probes for spotting on 
m icroarray.

1.4.2. Investigations on microRNAs in H evea  
bras ilien s is :  R ole in gene regulation 
during ab iotic stresses

This project is conceived w ith an aim  
to isolate and id en tify  if m icroR N A s are 
involved in gene regulation during abiotic 
stress conditions in Hevea. For this purpose, 
p la n ts  w e re  (R R II 105  an d  R R IM  6 00) 
su bjected  to d ro u g h t s tre ss  and  m iRN A  
isolation  w as attem p ted  in lea f sam p les 
u s in g  m irV an a  m iR N A  Is o la t io n  K it 
(Am bion, U SA). T h e m iRN A  obtained w ere 
g e l-e lu te d  a n d  a d a p te d  w ith  lig a to r . 
A m p lifica tio n  o f m iR N A  from  a d ap to r  
ligated m iRN A is being  standardized .

1.5. M easu rem ent o f  C O z and w ater vapour
flux in  rubber

Ecosystem  le v e l carbon  d ioxid e (Fc) 
and w a te r  flu x  (L E ) w ere  co n tin u o u sly  
m easured  (A pril 2010  to M arch 2011) by 
using an eddy covariance system  inside a 
five year old im m atu re rubber p lantation 
(T a b le  P h y .3 ). T h e  a n n u a l m e an  n et 
ecosystem  ex ch an ge (N EE) by the rubber 
ecosystem  was 12 g O ty m V d a y  which is 
equivalent to 36  tons CO/ha/year. M ost of 
th e  d ays re co rd e d  C 0 2 in flu x  in to  the 
plantation; except a few heavy rainy days 
with net carbon efflux from the plantation 
to atm osphere. T h e evapotranspiration (ET) 
rate was calculated from the latent heat of

Table Phy. 3 D aily net carbon dioxide (g/m!/day) and
water vapour (miWday) flux in a five 
year-old im mature rubber plantation al 

_____________ CES, Chethackal____________
Monthly
mean

Carbon dioxide flux 
(Net ecosystem  

exchange) 
NEE (g/mVday)

Water vapour 
Flux 

Evaporation
(mm/day)

April 2010 15.3 ± 0.9 3.80 ± 0.20
M ay 17.6 ±  1.0 3.50 ± 0.20
June 09.6 ± 0.6 3.90 ± 0.30
July 13.0 ± 1.2 3 .30 ± 0.34
August 11.0 ± 1.5 2.80 ± 0.20'
September 13.0 ± 1.1 2.90 ± 0.15
O ctober 15.0 ± 0.8 2.90 ± 0.20
Novem ber 12.6 ±  0.9 2.30 ± 0.25
D ecem ber 10.2 ±  1.2 2.35 ±  0.20
January 2011 11.0 ±  1.0 2.60 ± 0.15
February 10.0 ± 0.9 2.70 ± 0.10
March 14.3 ± 1.2 3.50 ± 0.25

vapourization  (L E ) and  the an n u al mean 
w a s  3 .2  m m / d ay  in  th e  im m a tu re  
p lan ta tion .

1.6. S tu d ie s  on a d a p tiv e  m e c h a n is m s  in 
H ev ea  fo r  d ro u g h t a n d  cold  stresses 

U nder the cu rren t flu ctu atin g  clim atic 
c o n d it io n s ,  an  u n d e r s t a n d in g  o f  the 
com m on m echanism  o f stress  to leran ce is 
very m uch essentia l to know  th e responses/ 
behavior o f the p lant sp ecies u n d er different 
e n v ir o n m e n ta l  c o n d i t io n s .  A p o ly b a g  
nursery o f eigh t d ifferent H evea  c lon es (RRII 
414, RRII 430, RRII 429 , RR II 105, RRII 208, 
RRIM  600, and R R IC  100 &  SC A T C  88/13) 
w as established  at RRII. D rou gh t stress was 
im posed and p h y sio log ical m easurem ents 
w e r e  ta k e n  fo r  a s s e s s in g  th e  p lan t 
perform ance. L eaf w ater p oten tia l (*PL) was 
found s ig n ifican tly  d ecreased  in drought 
im posed plants. S ig n ifican t reduction  was 
o b se rv e d  in  d a rk  Fv/Fm  a n d  e f fe c tiv e  
quantum yield o f P S II(® P S II) upon exposure 
to drought in all the clon es.
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1. 7. Evalu ation  o f m odern H evea  clones 
for d rou gh t to leran ce

(a) P h y s io lo g ic a l ev a lu a t io n  o f  R R II 400 
s e r i e s  c lo n e s  f o r  d rou g h t to lera n c e-  
F ie ld  tr ia l a t  CES C h eth acka l 

G a s  e x c h a n g e  and  ch loroph yll 
fluorescence measurem ents of RRII 400 series 
clones (one year old) were carried out in field 
grown plants at CES Chethakkal. RRII 414 and 
RRIM 600 showed maxim um photosynthesis 
(P ,) and stom atal conductance (gs) under field 
conditions during stress free period. RRII 105 
showed the highest level o f chlorophyll content 
whereas RRIM 600 had the lowest chlorophyll 
content. Soil m oisture content in the field was 
around 20  %  under stress free conditions. Due 
to pre-field m onsoon showers during this year, 
photosynthetic m easurem ents could not be 
carried out for drought period.

(b) S tu d ies  on  R R II  400 ser ies  c lones f o r  
d rou ght to leran ce-P lau ts  in p o ly b ag  

Polybag plants o f five modem Hevea clones 
viz. RRII 414, RRII 417, RRII 422, RRII 429 and 
RRII 430 and three check clones RRII 105, RRIM 
600 and T jir  lw e re  subjected to drought by 
w ithhold ing irrigation continuously for 10 
days w hile irrigated plants of the respective 
clones served as control. Plants were grown 
both in open and glass house conditions.

Am ong d ie400 series clones, RRII 422 had 
the highest C 0 2 assimilation (PN) and stomatal 
conductance (g j  while clone Tjir 1 recor e 
the lo w est v a lu es . S im ila r  resu lts w ere 
obtained in the glass house experiment also. 
Effective quantum  yield (OPSI1) values were 
higher for 400 series clones under drought 
com pared to the check clones. 'ILie <1> PSHwas 
com paratively stable in clones such as RRII 
430 and RRIM 600 under drought condition. 
Chlorophyll content decreased in all the clone;, 
u n d er d ro u g h t ho w ev er, th ere  w as no 
significant variation among clones.

(c) Studies on drought e ffects  on  Hevea in 
relation  to  o x idativ e  stress  an tiox idan t  
respon ses

A study is being carried out to find out 
the role of xanthophylls cycle pigm ents in 
non photochem ical quenching (qN) during 
drought in H evea clone. Leaf pigm ents w ere 
e x tra c te d  fro m  c o n tro l a n d  d ro u g h t 
imposed plants of tw o Hevea clones (RRII 
105 and RRIM  600) and subjected to HPLC 
an a ly ses . T h e  p h o to sy n th e tic  p ig m en t 
separation method was standardized. Peak 
id en tifica tio n  w as a tte m p te d  based  on 
sp ectru m  of each  in d iv id u a l p ig m en ts, 
neoxanthin, chlorophyll a  & b, a - carotene. 
Identification violaxanthin and lutein peak 
was found d ifficu lt d u e to o v erlap p in g  
sp e c tru m . H o w ev er, u n d e r  d ro u g h t 
conditions prom inent zeaxanthin peak was 
identified. Pigm ents w ere sep arated  into 
different fractions and w ork is in progress 
for quantification o f the epoxidation level 
of the xanthophylls cycle pigm ents.

1.7.1. P h otosy n th etic  m easu rem en ts a t  RRS, 
D apchari

Param eters such as p hotosynthetic C O , 
a s s im ila t io n  (A ) r a te  an d  s to m a ta l

4 .C O , assim ilation
conductance (£5) of two year old field

irnnaipd and drought treatment
CO, AssimilationStomatal conductance

n vV ) (nmol m V )

Control Drought Control Drought

RRII 430 10.8 10.2 0.28

RRIM 600 10.6 7.5 0.27

9.4 5.5 0.21

RRII 208 11.0 7.5 0.31

11.8 10.2 0.29

12.0 6.0 0.23

12.0 5.7 0.43

0.6 0.8 0.03

CD (P -  0.05) 1.6 2.3 0.09



conductance (gs) w ere analyzed in two year 
old  fie ld -g ro w n  o r te t and  ch eck  c lo n es  
under irrigated and drought treatm ent at 
RRS D ap ch ari d u r in g  M ay 2 0 1 0 . D ata 
revealed that o rtet O S !35  follow ed by RRII
430 recorded m axim um  A  and g t under field 
conditions. O ther tw o ortets tested w ere also 
on p ar w ith  th e  d ro u g h t-to le ra n t c lo n e  
RRIM  600 (Table Phy. 4).

1.7.2. Drought survey

With the ob jectives o f finding out the 
susceptibility o f youn g plants to drought 
incidence in the chan ging clim atic scenario  
and study various m an agem ent practices 
ca rr ie d  o u t b y  fa r m e r s  to c o m b a t th e  
drought s ituation, a survey w as conducted 
in one year old youn g p lan tations during 
March 2011 in the northern Kerala under 
S r e e k a n ta p u r a m , T a lip a ra m b a  an d  
T h a la sse ry  R e g io n a l o ff ic e s  o f  R u b b e r  
Board. Inform ation from each ho ld ing was 
collected using a  standard  qu estio nnaire by 
v isiting the plot and by visual scoring  of 
th e  d ro u g h t in ju ry  p a ra m e te rs . N early  
h u n d red  h o ld in g s  w e r e  s u r v e y e d  at 
random  in w hich about 25  per cent o f the 
h o ld in g s  re so rt to  ir r ig a te  th e ir  y o u n g  
rubber plants in sum m er m onths.

1.8. R apid  screen in g  o f  H e v e a  germplasm 
lin es  fo r  in tr in s ic  d ro u g h t tolerance 
traits

1.8.1. L a b o r a t o r y  s c r e e n in g  o f  g erm p lasm  
a c c e s s i o n s  f o r  i n t r in s i c  d rou g h t  
to le ra n c e

A rou nd  55  top  and  11 bottom  ranking 
germ plasm  accessio n s w ere  id en tified  from 
SB N  2 003  fo r  in trin sic  d ro u g h t tolerance 
based on field sco rin g  p aram eters such as 
lea f y e llo w in g  and  lea f sen escen ce . They 
w e r e  fu r th e r  s u b je c t e d  to  la b o ra to ry  
screen in g  a t C ES, C h eth ack a l. T h e leaf discs 
p u n c h e d  fro m  m id d le  le a f le ts  w ere 
incubated  in  60%  p oly eth y len e g lycol (PEG) 
solution and exposed to ligh t (350 fimol/m2/s) 
for four ho u rs and  resp ectiv e  control leaf 
discs w ere in cu bated  in  w ater. T h e effective 
q u an tu m  y ie ld  o f  P S  II (cj> P S II) o f  PEG 
t r e a te d  a n d  u n tr e a te d  s a m p le s  w ere 
m e a su red  u s in g  P A M  2 1 0 0  ch lo ro p h y ll 
fluorom eter. T h e p er c en t red u ctio n  in <1> PS
II in d ro u g h t s tre sse d  le a f  sa m p le s  was 
estim ated  and  the access io n s  w ere  sorted 
and ranked. T h e ex ten t o f red u ctio n  varied 
from  5%  in access io n  A C  3 9 6 4  to 84%  in 
a c c e s s io n  M T  4 1  (T a b le  P h y .5 ) . T h o se  
accessions exhib iting  c o m p arativ ely  a small

-  Fhy *  S" I " P' ,Sm  ‘ C™ ° m  ‘“ J g M g ic d E S g h .  tolerance bv lab scree n !,,,
__ j? P  ranking accessions „ . . ----------- ------------------------ --------------

r  : --------------------- Bottom ranking accessionsRank

1

A ccessions

AC 3964 
RO 2432 
RO 3157 
RO 3976 
RO 3261 
MT 62 
RO 1425 
RO 3271 
AC 1840 
RO 4393

% reduction in 
*  PS II 

5.4

Rank

1

A ccessioi

AC 4149 
RO 2286 

RO 1495 
AC 4067 

RO 2487 
RO 4363 
RO 3662 
AC 164 
MT 76 

AC 4409

% reduction ir 
<1> PS II 

82.8 
8 1 .0
75.1
64.3
61.3
55.6 
4 0 .9

38.6
33.2
26.2



red u ctio n  u n d e r  in -v itr o  d ro u g h t w ere 
selected as m ost in trinsic tolerant ones and 
vicc-versa. T h e  top  ten m ost tolerant and 
bottom  ten m o st susceptib le accessions are 
given in T able Phy. 5.

1.8.2. F ie ld  sco r in g  o f  R R II 400 series clones  
f o r  in tr in sic  d rou ght to leran ce traits a t  
CES, C h e th a c k a l  

F ive clon es o f RRII 400 series and two 
check c lon es (RRII 105 and RRIM  600) were 
planted at C E S, Chethackal in 2009. They 
w e re  e m p ir ic a l ly  sc o r e d  fo r  in tr in s ic  
drought to leran ce traits viz. leaf yellowing 
and leaf sen escence in sum m er. The scored 
values w ere sorted  and  ranked accordingly. 
C lones th at w ere exhib iting  low drought 
in jury i.e. le ss  y ello w in g  and senescence 
w e re  s e le c te d  a s  to p  ra n k in g  d ro u g h t 
tolerant clon es and vice-versa. Am ong the 
sev en  c lo n e s  s c re e n e d , c lo n e  RRIM  600 
followed b y clone RRII 430 em erged as more 
in trinsically  tolerant than clones RRII 105 
and RRII 414  in field scoring (Table Phy.6).

a non- traditional drought prone region were 
fu rth er  e v a lu a te d  for le a f  ch lo ro p h y ll 
reduction during sum m er period. T h e total 
chlorophyll content in leaves w as measured 
both in stress free period (October) and in 
stressed period (April) using a chlorophyll 
content meter (CCM -200). The chlorophyll 
content index m easured was converted to 
actual chlorophyll content using a regression 
eq u ation . Th e ch lo ro p h y ll red u ctio n  in 
sum mer ranged from 9.9%  in accession M T 
1627 to 32.8% in clone RRII 105. Based on per 
cent reduction in chlorophyll content the 
accessions w ere sorted out and ranked for 
intrinsic tolerance. A ccessio ns exhibiting 
less chlorophyll reduction in sum m er were 
identified as the m ost tolerant ones and vice 
v ersa . A m o n g 2 0  te s te d , f iv e  to le ra n t 
accessions and three susceptible accessions 
w ere se lected  for fu rth er  ev a lu a tio n  at 
nursery stage (Table Phy. 7).

Table Phy. 7. Variation in chlorophyll content of wild
germplasm accessions ______________

Rank A ccessions Chlorophyll, 
g  ■ fr.wt.

Table. Phy. 6. R an king  o f RRII 400 series clones 
' based on em pirical scoring for leaf 

y e llo w in g  and leaf senescence in

Yellowing Sen escence Combined ranking

RRII 430 RRIM 600

RRIM 600 RRII 430
RRII 417 RRII 417

RRII 429
RRII 414
RRII 422 RRII 105

RRII 414 RRII 105 RRII 414

reduction
Control Stressed

Top ranking accessions
1 MT 1627 2.68 ± 0.042.41 ± 0.03 09.9
2 RRIM 600 3.10 ± 0.032.60 ± 0.03 16.5
3 MT 1623 3.21 ± 0.072.61 ± 0.02
4 RO 2387 2.88 ± 0.032.30 t  0.02
5 RO 2153 2.97 ± 0.042.32 ± 0.02
6 HP 105 3.05 ± 0.052.31 ± 0.01
Bottom ranking accessions
1 RRII 105 3.31 ± 0.062.22 ± 0.0?
2 MT 41 2.98 ± 0.032.04 *  0.02
3 RO 85 3.05 ± 0.032.14 ± 0.06
4 MT 1616 3.10 t  0.052.34 t  0.05

20.7 
22.0 
24.2

32.8 
31.5

1.8 .3 . f i e l d  s c o r in g  o f  M  g e r m p b s m
access io n s  f o r  drought toleran ce traits

a t  RRS, D apchari 
The germ plasm  accessions selected from 

field by em pirical scoring at RRS Dapchari,

1 9 E x p e rim e n ta l c u lt iv a t io n  o f  h ig h  
y ie ld in g  c lon es at h ig h  elev ation  in  
Kerala
In H a ile y b u r ia  T ea  E s ta te  L td ., 

Elappara, a h igh a ltitu d e  lo cation  in the



tr a d it io n a l  b e lt ,  tw o  f ie ld  tr ia ls  w ere  
initiated during 2006 and 2007, respectively 
to evaluate th e  p erform ance o f Hevea plants 
in high elevation. T h e c lones PB 260 and  G T
1 sh ow ed  higher g irth  follow ed by clone 
RRIM  600 w hereas PR 261 recorded the least 
girth in clon e trial 2006 (Table Phy.8). In 
trial 2007 the clon e RRIM  600 and RRII 208 
reached m axim um  girth  (13 cm ) w hereas 
clon e RRII 105 and RRII 414 w ere the poor 
(7  cm ) p e r fo r m e r s  (T a b le  P h y .9 ). T h e 
p o ly c lo n a l  s e e d l in g s  p la n te d  in tea 
p lantation m easured 15 cm  girth after five 
years w hereas the traditional sh ad e trees, 
silver oak show ed m ore than 25 cm  grow th.

2. Physiology of growth and yield

2.1. S tu d ies o n  y ield  and y ield  com ponen ts

G row th  and  y ield  o f 12 clo n es w ere 
evalu ated  at C E S, C h eth ack a l and  sh oot 
b io m a ss  a c c u m u la tio n  w as s tu d ie d  in 
u n ta p p e d  tr e e s . G ir th  a n d  b io m a ss  o f 
ta p p e d  tr e e s  w e re  a lw a y s  le s s e r  th an  
untapped tress irrespective o f clones (Table 
Phy.10). C lone PB 235 followed b y clone RRII 
118 attained the highest girth and biom ass 
p er  tre e . T h e r e  w as 5 7 %  r e d u c tio n  in 
b iom ass in clon e RRII 105 and 8%  in clone

Table Phy. 8. Clonal variation in growth (fourth year) 
at H a iley b u ria  Tea E state Ltd., 
Elappara

Clone Girth (cm)
PB 260 16.7 ± 0.26
RRIM 600 15.0 ± 0.27
PB 235 13.2 ± 0.26
G T 1 16.0 ± 0.25
PR 261 11.3 ± 0.28

Table Phy. 9. Clonal variation in growth (third year) 
at H a iley b u ria  Tea E sta te  Ltd.,

Clone Plant girth (cm)
RRIM 600 12,6 ±  0.28
RRII 208 13.3 ± 0.50
RRII 105 06.6 + 0.28
RRII 422 07.2 ± 0.51
RRII 414 06.3 ± 0.38
PB 311 09.7 ± 0.54
PB 260 10.5 ±  0.44
PB 235 07.6 ± 0.48
G T 1 07.1 ± 0.53
PR 261 07.5 ±  0.71

PR 107 due to tapping. For evaluation o f long 
term yield ou t p u t the trees w ere tapped 
initially for 16 years u n d er the S/2 d2 6d/7 
system  of tapping and shifted to controlled 
upw ard tapping (CU T) w ith stim ulation . A 
considerable increase in y ield  w as observed

_ .  .. Table Phy. 10, C ^ n s o n  . f  BiHh, , h . . . 1Z d on„  ,Jp p g j m J  ^

----- — ■ ----------  Biomass (kg/tree)

RRII 300 

PB 235 
RRII 105 
RRIM 600 
GT 1 
PR 107 
GI 1
RRIM 501 
RRII 118 
RRIM 703 
T ji r l  
RRIM 612

Tapped
097.6 i  4.2
109.3 ± 6.3

095.5 ± 3.3
091.3 ± 3.3
083.1 ± 3.0
085.4 ± 2.5
073.3 ± 2.3
108.9 ± 3.6
080.2 ±  3.5
083.6 t  3.8
091.2 ± 4.4

Untapped 
120 ± 10.0
137.5 t  7.0
116.9 ±  8.0
105.1 ± 8.0
115.6 ± 5.0
085.6 ± 8.1
095.9 ± 5.4
082.5 ± 6.6
113.9 ± 9.0 

093.8 ± 4 .6
086.6 ± 10

Tapped
970.0 

1492 ±  265 
681.5 ± 67.9
936.0 ± 93.5
819.3 ± 80.9
633.4 ± 78.6
661.5 ±  57,1

436.3 ± 53.6 
1317 ± 109

583.5 ± 78.9
656.7 ±  94.7
869.1 ± 117

Untapped
1735.3 ± 400
2394.4 ± 327
1601.9 ± 302 
1209.7 ± 244

1493.3 ± 202
690.4 ± 162
900.8 ±  121.6
588.6 ± 142

1476.1 ± 332
824.5 ± 86.3
755.1 ± 290



Table Phy. 11. Comparative yield in twelve clones in
*!... i f v ir  n f tnnninp im d p rl IJ I

Clone Mean yield (g/t/t)
CUT I *1 year CUT 4"’ year % 

HO- 1(1) HO- 1(4 ) reduction

RRII 300 093.6 ± 08.1 24.7 ± 0.74 /3.S

PB 235 187.2 i 17.9 32.3 ± 0.83 82.7

RRII 105 097.5 ± 10.2 43.4 ± 1.50 55.4

RRIM 600 090.8 ± 07.3 49.0 ±  1.10 45.9

GT 1 132.3 ± 10.7 61.4 ± 1.50 53.5

PR 107 062.5 ± 04.2 38.1 ± 100 39.0

G11 071.0 ± 0 3 3 38,5 ± 1.10 45.6

RRIM 501 067.0 ± 06.2 25.8 ± 0.80 61.4

RRII 118 136.6 ± 08.2 80.1 t  1.90 41.3

RRIM 703 067.5 ± 05.9 31.6 ± 1-10 53.0

Tjir 1 074.0 ± 08.7 34.6 ± 1.10 53.1

RRIM 612 056.3 i : 06.1 48.0 ± 1.80 13.0

in th e  fir s t  y e a r  o f  C U T  and th ereby  a 
decrease in y ield w as noticed (Table P hy.ll). 
An overall 43%  increase in yield from normal 
tapping and  55%  reduction from the first 
year of C U T  w as noticed. Clones RRIM 612, 
R R II1 18 show ed m axim um  increase in yield 
w h e re  a s , c lo n e s  R R II 105 , PB  235 and 
RRII 300 show ed considerable reduction in 
y ield . H o w ev er, C U T  trees continu ed  to 
record higher yield over norm al tapping even 

in the fourth year o f tapping.

2.2. In v estig atio n s  on th e  m echanism  of
tapping induced loss of biomass

T h e  m e ch an ism  of tapp ing induced 
u n a c c o u n ta b le  b io m a s s  lo ss  is b ein g

investigated in five clones o f Hei>ea at HBSS, 
Nettana. The clone RRII 105 is proved to be a 
tap p ing  se n sitiv e  c lo n e  as it record ed  
consistently less annual biom ass increment 
upon tapping by d2 system. It lost around 
39%  o f sh oot b io m a ss  in  d2 system  
compared to the respective untapped and 
d3 system of tapping (Table Phy.12). The 
annual biom ass increm ent in d3 tapping 
system was higher than d2 system in clones 
such as RRII 105, PB 235, RRII 300 and PB
311. PB clones recorded better shoot biomass 
increment than RRII clones upon tapping. 
The clones PB 235 and PB 260 consistently 
recorded better shoot biom ass increm ent as 
well as high yield, therefore they are likely 
to be L-T clones for the South Karnataka 

region.

2.3. On-farm trial for the selection of latex-
timber clones
W ith  an o b je c tiv e  o f s e le c tin g  L-T  

clones, four clones planted during 1993 and
1995 were selected in M alankara estate to 
find out the existence o f any relationship 
between yield and annual girth in crem en t 
The clones w ere under tapping on S/2 d3 
system . Th e ann ual g irth  in crem ent and 
annual block yield during 2010-2011 w ere 
record ed . I n ‘g en era l, R R II 105  w as the 
highest y ielder in previous years. H owever, 
during the reporting period , PB 235  was

ament <WU«> B PPtd  " d “nl* pped l201“
Table Phy. 12. Difference in M i l  b » « »

H BSS. Nettana ----------------------------s i d i n g  shoot biomass & standing b«

Clone Annual shoot biomass
increment
(kg/tree)

(kg/tree)
(22 yrs old plant)

% standing biomass 
loss with respect to 

untapped trees

____  ___________—-
RRII 105 23.5 ± 4.0 H -0 * “  *
RRII 500 19-5 ± 7.0 15 5 ± 4 .
PB 235 51.0 *  7.8 50.0 1 8.0 »
PB 260 42.0 .  9.0 41.0 1 7.5 45
PB 311 42.0 *  U 39.0
± SE is shown

d/2
436
427 560

890

1010 709
597

d/3
28

d/2 
39
22 0
2 7  23
30 31
26  24.5



sh ow n to be th e  h ig h e st y ie ld in g  c lo n e  
fo llo w ed  by PB 2 1 7  (T ab le  Phy.13). Th e 
annual shoot biom ass increm ent w as also 
the highest in PB 235.

Table Phy. 13.AnnuaI shoot biomass increment and 
rubber yield in  four clones under d3 

___________  tapping system______________________
Clone Shoot bionvass 

increment 
(kg/tree) 
2010-11

Annual block 
yield 

(kg/ha) 
2010-11

RRII 105 12 ± 1.2 1843 ± 160
PB 235 24 ± 1.8 2116 *  17
PB 260 16 ± 1,6 1857 *  80
PB 217 22 ± 3.0 1984 ±  40
n-/5

2.4 . Relationship  o f latex ATP status, lutoid 
m em b ran e co m p o sitio n  and  ATPase 
activity w ith ru b be ry ie ld  

In  c o n t in u a t io n  o f  th e  s t u d ie s  on 
correlation  o f  la tex A TP in yo u n g  p lan ts 
with their m ature yield , analysis o f A TP in 
10 clones with d ifferent yield potentials (five 
year old plants) w ere done and  correlated 
with m ature y ield  data o f sam e clones over 
five years. Th e data show ed high latex ATP 
in h ig h  y ie ld in g  c lo n e s  a n d  m e d iu m  
yielding clones com pared  to low  yielders.

Table Phy. 14. Latex ATP content in different clones 
_____________ (five year old plants)
Clone Latex ATP 

(HM)
Yield (g/t/t) 

(Mean over five years)
357,4

GT-1 349.3
PB 260 307.5
RRIM 600 300.3 46,32
PB 235 299.8
T jirl 270.1
PB 217 252.8
PB 5/51 200.9
RRII 33 192.4
RRII 38 176.8 11.72

21.8

Positive correlation  (r^O .70) b etw een latex 
(A T P ) o f im m a tu re  p la n ts  an d  y ie ld  of 
m ature trees o f the sam e clo n es w as also 
observed (Table Phy. 14).

2 .5 . C lo n a l v aria tio n  on  la tex  regeneratio n
m e ch an ism

Protein b iosyn th etic  cap acity  o f latex in 
high and  low  y ie ld in g  c lon es w as studied 
by m e a s u r in g  th e  in c o r p o r a t io n  o f  MC 
labeled  a m in o  a c id s (L eu cin e , A rgin in e, 
L y s in e  an d  P h e n y la la n in e )  in to  cy to so l 
proteins. In corp o ration  o f l4C  labeled  am ino 
acid s into protein  in the C -seru m  show ed 
d iffe re n ce s  b e tw ee n  c lo n e s . T h e  h ig h est 
in corporation  w as noticed  in clon es RRIM  
600, G T 1 and  PB 260  com p ared  to RR II 105. 
Low  y ie ld in g  c lon es RR II 33  and  RR II 38 
show ed relatively  low  p rotein  b iosyn thetic  
capacity  (Table Phy. 15). Protein b iosynthesis 
is an in d irect m easu re o f latex regeneration 
cap acity .

Table Phy. 15. Incorporation of " c  am ino acids into 
protein in different clones

Clone Square root 
transformation values

Counts/

51.20
RRIM 600 56.03 3153.0

55.51
PB 217 51 .59
PB 260 59.39
RRII 33 43 .38 1885.0
RRII 38 41 .72 1740.6

(P -  0 .0b) 9 .42

2.6. Stud ies on ru b ber b io sy n th esis  in  H ev ea  
c lon es

P ren y ltran sferase  e n z y m e activ ity  in 
th e  w h o le  la tex  w as s tu d ie d  u s in g  l4C- 
abelled IPP a s the su b stra te  in m atu re trees 

of Hevea c lones w hich show ed vary in g  yield 
potential. T h e clon es selected  w ere five high 
yielding (RRII 105, RRIM  600, PB 217, PB 235



and PB 260), th ree m edium  yielding (G T 1, 
T jir  1 and PB 5/51) and tw o low  yielding 
(RRII 33  and RRII 38). Along w ith this, five 
RRII 400  series clones w ere also included. 
P r e n y ltr a n s fe r a s e  e n z y m e  a c tiv ity  w as 
sign ifican tly  high in high yielding clones 
(RRII 414 , RR II 429, RRII 105) and low in 
low  yield ing  clon es (RRII 33, RRII 38). The 
high y ield ing clones had 3-6 fold increase 
in the enzy m e activity than the low yielding 
clones and RR II 429 recorded the highest 
prenyltran sferase enzym e activity. Studies 
rev ea led  th a t p ren y ltra n sfera se  enzym e 
co u ld  b e  u se d  a s  an in d ica to r  o f y ield  
potential in H evea.

2.7. C lo n in g  and  p roduction  o f H M G -CoA 
p r o te in  o f  H e v e a  fo r  Im m u n oassay  
an alysis
In vestigations are progressing w ell by 

s tu d y in g  th e  3 -h y d r o x y -3 -m e th y l-  
glu taryl-CoA  reductase (H M G R enzym e) in 
the b ark  tissues o f different Hevea clones in 
re la tio n  to v ary in g  yield  p otentia l. The 
coding region o f H M G R from Hevea was PCR 
am p lified , ligated into a TA cloning vector 
an d  tr a n sfo rm e d  in to  £ . c o li  ce lls . T h e 
tran sfo rm ed  co lo n ies w ere confirm ed by 
co lo n y  PC R  a n a ly sis  and the confirm ed 
colon ies w ere seq uenced . A fter analyzing 
the seq u encing  results one clone is selected 
and  iso la te d  th e  p lasm id . T h e  p lasm id  
(pG EM T/ H m g r) an d  ex p ressio n  vector 
(p R S E T - A ) w as d o u b le  d ig e s te d  w ith  
sp ecific  restriction  enzym es. Attem pts are 
being m ade to get the protein purified from 
the c lones selected.

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

3 .1 . E ffect o f e th y len e com pounds on yield 
and  stress resp onses in  tissue 
Effect o f lon g  term  stim u lation  with 

ethephon w as studied  in the renewed and 
virgin tapping panels o f the clone RRII 105-

Trees under regular tapping (S/2 d3; B l-2  
panel) and trees o f the sam e age and  clone 
which w ere new ly opened for tapping (BO- 
1 panel) w ere used in this experim ent. O ne 
set o f trees tapped in BO-1 and  B l-2  panels 
w ere stim ulated with 2.5%  ethephon (bark 
application) as per the stim ulation schedule 
viz. May, N ovember, and April during 2010- 
2011. One month after every stim ulation 
bark sam ples w ere collected from these trees 
for b io c h e m ic a l a n d  h isto lo g ica l/  
h isto ch em ica l a n a ly se s . T h e  so ft b a rk  
tissues w ere analysed for various abiotic 
stress com ponents such as HjO^ PX, MDA, 
CN and (J-CAS. Tapping observations on 
la tex  y ie ld  an d  T P D  in c id e n c e  w ere  
reco rd ed  at m o n th ly  in te r v a ls  in  b o th  
experim ental and control trees.

Th e stress com p on en ts like cyanid e 
(C N ), h y d ro g en  p e r o x id e  (H 20 2) and 
malondialdehyde (M DA) in the bark tissue 
w ere  in cre a se d  s ig n if ic a n t ly  d u e  to 
stim ulation both in BO-1 and B l-2  panels 
co m p a red  to th e ir  c o rre sp o n d in g  
unstim ulated controls. Peroxidase enzym e 
(PX) activ ity  d ecreased  in the stim ulated  
bark tis su e . O n the contrary to the increased 
tissue CN, the cyanide scavenging enzyme, 
P-cyanolalanine synthase (P-CAS), activity 
was decreased in stim ulated bark tissue, p- 
CAS activity w as significantly high in the 
unstim ulated trees. T h e data show ed that 
stimulation w ith ethephon reduces the levels 
o f cyanide detoxifying enzym e and therefore 
accum ulating the cyanide in the soft bark 

tissue.
Stim u lated  virg in  panel (panel BO-1) 

alw ays showed higher latex yield com pared 
to renewed panel (panel B l-2 ) w hich showed 
an initial marginal increase in latex volum e 
that subsequently declined. It seem s that 
com pared to virgin panel, stim ulation could 
not induce a sustainable yield response in 
the renewed tapping panel.



The bark thickness o f the tapping panel 
increased significantly d uring stim ulation in 
b oth  BO -1 an d  B l - 2  p a n e ls . B o th  the 
functional and  d isorgan ized  latex vessel 
rows (LVRs) num ber increased significantly 
in the p an e ls d u e to  s tim u la tio n  effect. 
However, total LVRs increased in BO-1 panel 
but rem ained unchanged in B l-2  panel.

3.2. S tim u lation  and latex yield

Pan el a p p lica tio n  o f 2 .5%  eth ep h o n  
th re e  tim e s  p er  y e a r  is th e  p r e se n t 
recom m ended stim ulation m ethod adopted 
in trees tapped under S/2 d3 frequency o f 
la te x  h a r v e s t in g  s y s te m . A p a r t fro m  
w o u n d in g  s t r e s s ,  s t im u la te d  tre e s  are  
e x p o se d  to  e th y le n e -m e d ia te d  s t r e s s  
responses in the tapp ing panel that m ay 
e v e n tu a lly  lead  to  m e ta b o lic  d iso rd e rs  
in clu d in g  im paired  ru b ber b io sy n th esis . 
An experimental study was therefore, carried 
out aim ing to reduce the ethylene-mediated 
stress resp on ses in the tap p ing  panel by 
ap p ly ing  the eth y len e  co m p o u n d s aw ay 
fro m  th e  ta p p in g  a r e a  w ith o u t 
com prom ising latex yield . In the present 
experim ent bark application o f 5%  ethephon 
w as m ade 1 inch w ide around the tree trunk 
in the follow ing regions: a). 150 cm above 
from the bud-union o f the tree; b). on the 
b u d -u n io n ; c ) .  b o th  th e  r e g io n s  as 
m entioned in a and  b. All the three regions 
o f s tim u la n t a p p lic a tio n  w ere  far aw ay 
from  the tapp ing panel. Trees w ith panel 
a p p lic a t io n  o f  2 .5 %  e th e p h o n  and  
unstim ulated trees w ere the controls.

T h e  m ax im u m  y ie ld  re sp o n s e  w as 
noticed in trees stim ulated  a t both regions 
aw ay from  the tapping area (150 cm up from 
th e bud u n io n ). T h e  r u b b e r  y ie ld  w as 
s ig n ifica n tly  h ig h er  than th at p resent in 
tre e s  s t im u la te d  w ith  s ta n d a rd  
r e c o m m e n d e d  m e th o d . T h e  y ie ld

en h an cem en t in tre e s  w ith  th e  m odified  
s t im u la tio n  m e th o d  m ay  b e  d u e  to the 
increased drainage area ach ieved  through 
applying eth ephon at both sid e  o f the latex 
production area. T h ou gh  th ere w as general 
a d a p ta t io n  r e a c t io n ,  o b s e r v e d  by 
accum ulating stress co m p o n en ts like H O, 
cyanide, M D A  etc. in the tapp ing panel of 
th e  tr e e s  w ith  m o d if ie d  s t im u la t io n  
m ethods (bark ap p lica tio n  aw ay  from  the 
ta p p in g  a r e a ) ,  th e  s t r e s s  c o m p o n e n ts  
p r e s e n t  in  th e  t i s s u e  w e r e  le s s  or 
com parab le with the stand ard  stim ulation 
m ethod (panel ap p lica tio n ). A n y  of the 
trees stim u la ted  w ith  e th e p h o n  had  not 
show n abnorm al late d rip p in g  o f latex or 
ta p p in g  p a n e l d r y n e s s  (T P D ) a s  a 
consequence o f sev ere  o x id a tiv e  stress.

The present stu d y  th ere fo re  evidences 
com paratively  less stress sym p tom s in the 
tapping panel area o f trees s tim u la ted  with 
th e  m o d if ie d  s t im u l a t io n  m e th o d . 
M oreover, the s u s ta in ab le  latex production 
w ith  h ig h  r u b b e r  y ie ld  c o u ld  a ls o  be 
achieved in trees s tim ulated  by this m ethod.

3.2. M o le cu lar  b a sis  o f  T P D

3.2.1. I n v e s t i g a t i o n s  o n  t h e  m o l e c u la r  
p h y s io lo g y  o f  t a p p in g  p a n e l  d ryn ess  
sy n d rom e CTPD) in  Hevea brasiliensis 

T h is  s t u d y  in v o lv e s  r e la t iv e  
q u an tifica tio n  o f se le c te d  T ap p in g  Panel 
D ryness (TPD ) specific gen es u nder different 
stages o f TP D  d evelop m ent. B ark  sam ples 
w ere collected from  th ree  trees each  from  a 
group o f healthy, la te  d rip p in g  an d  TPD  
trees ( 1 0 ,2 5 ,5 0 ,7 5  and  100 %  T P D ) frozen in 
liquid N2 in the field and  even tu ally  stored 
in -80° freezer. m R N A  isolation  and  cD NA 
synthesis w ere p erform ed as p er standard  
protocols. A set o f 20  g en es w as selected  for 
the present study from  hlcvea  EST  (SSH  data) 
or th e  q u a n tita tiv e  ex p re ss io n  an a ly sis .



Table Phy. 16. Kelat

Gene Normal
tree

Late
dripping

10%
TPD TPD

Annexin 1.00 1.14 0.97

SUM O 1.00 2.26 2,25

ETR1 1.00 1.86 0.36 0.94

ETR2 1.00 1.70 0.90 0.83

1.00 1.26 0.62

20 HP 1.00 1.93 1.28 1.00

1.00 2.53 1.75

1.00 0.12 0.31 0.71

Cys Prolease 1.00 1.08 0.64

Chitinase 1.00 1.15 0.63

DRT 5b 1.00 9.02
1.00 5.34 1.97

40-60%
TPD
2.24
2.79
0.86
1.53
0.29
2.40
1.02
0.95
0.24
2.34
0.53
0.58

80%
TPD
1.10
0.96
0.54
0.75
0.02
1.96
2.42
1.08
1.10
0.34
32.3
16.4

100%
TPD
2.22
1.94
1.64
1.49
0.08
1.76
1.16
1.95
0.11
0.99
10.7

GA PD H  w as used as endogenous control for 
the relative qu antitative PCR analysis.

Q u antitative gene expression analysis 
w a s  e v e n t u a lly  c a rr ie d  ou t by u sin g  
A pplied  B iosystem s' 7500 Real T im e PCR 
Sy stem . O u t o f th e  20  gen es attem pted 
(T ab le Phy. 16 ), fou r gen es w ere found 
h ig h ly  u p -r e g u la te d  an d  on e d ow n - 
r e g u la te d  rem a rk a b ly . P ero x id ase  and 
Transcrip tion factor M BF (tf M BF) showed 
significant level o f up-regulation in the TPD 
tr e e s  T h e  s ig n if ic a n t  u p -re g u la tio n  ot 
peroxidase and If M BF found in TPD  trees 
indicates the possibility o f increased levels 
o f reactive oxygen species in TPD  trees. N AC
transcrip tion factor (N a c tf) lik e T P D 2 4  and

D R T 5b  w ere also  up-regulated in TPD trees 
w hen com p ared  to  health y  trees. W RKY 
tra n sc r ip t io n  fa c to r  (W R K Y  tf) show ed 
increased  levels o f expression in the:initial 
stages o f T P D  w hereas CRT/DRE binding 
factor show ed dow n regulation.

3 3 M olecu lar and biochem ical basis of
3 3 - e th y le n e -in d u ce d  latex prod u ction

(E th y le n e  re c e p to rs  and  sig
transduction m echanism)
A new  ethylene receptor was I d e n t i fy  

from  the b ark  tissues in clone RRII 105. The

work on getting the full length sequence of 
this gene using 3 ' 5 ' RA CE is in progress. 
Quantitative expression analysis of the two 
receptors (Hb ETR1 and new  ETR) indicates 
that these tw o receptors w ere prom inently 
u p -regu lated  six  d ays a fter  s tim u la ta n t 

application .

4. G en e  e x p ress io n  stu d ies

4 .1 . Construction of an expression vector 
for o v er-exp ressio n  o f ch itin ase  in 
endophytes.
In connection w ith the over-expression 

of chitinase in Bacillus subtil is, a ttem pts were 
m ad e to  g e t th e  p r o te in  e x p re s s e d  in 
tran sfo rm ed  cells . A m u tated  s tra in  of 
Bacillus suhtilis , W B800N  (obtain ed  from  
M obitec, G erm any), w hich is su itab le for 
over expression o f gene o f interest in pHT43 
vector w as used for transform ation . The 
tr a n s fo rm e d  c e lls  w e re  s e le c te d  a fte r  
confirm ing by D NA sequencing. Since these 
cells lack extracellu lar p rotease production, 
th e  p r o te in  p r o d u c e d  an d  ta rg e te d  
e x te r n a lly  w o u ld  n o t b e  d e te r io r a te d . 
A ttem p ts are  b e in g  m a d e  to ch e ck  th e  
protein expression and to im prove the level 
of protein production in the endosym bionts.



5. Seco n d a ry  m e ta b o lites

5.1. Q u an tifica tio n  and id e n tifica tio n  o f 
inosito ls

T h e e x p e r im e n t w as e x te n d e d  for-----  vvtlj CAICMUCU IOI
identification and isolation o f other form s 
o f inositiols from Hevea  latex. It w as found 
th at in ad d ition  to L -q u eb rach ito l, latex 
c o n ta in s  m y o -in o s i to l .  H o w e v e r , th e  
am o u n t o f  m y o -in o sito l w as n e g lig ib le  
com pared to L-quebrachitol. In the case o f 
patent, fu rth er  s te p s  w ere  in itia te d  for 
licensing the technolog)'.

5.2. Water re latio n s o f  la tex  w ith  referen ce 
to the contents o f in o sito ls  and  sugars 
in the latex during  d rought

T h e  stu d y  w as c o n tin u e d  fo r  la tex  
o sm o ly te s and th e ir  ro le  in la tex  w ater 
relations. Enzym es involved in the pathw ay 
of osm olyte accum ulation such a s invertase 
and sucrose w ere also included. M ethod for 
th e  s e p a r a tio n  o f  o s m o ly te  w as 
standardized. Latex invertase activ ity  was 
high during peak y ield ing as w ell as stress 
season in relatively d rought tolerant clones 
in d ic a tin g  th e  r o le  o f  th is  e n z y m e  in 
osm oregulatin  o f latex.

«• E co lo g ica l im p act o f  n a tu ra l 
ru b b e r  c u ltiv a tio n

6 .1 . Im pact o f  clim a te  ih a n g e  o n  In d ian  
p la n ta t io n  s e c t o r s  w ith  s p e c ia l  
referen ce to natural ru b ber

6.1.1 H is to r ic  c lim ate  chan ge that h a s  occurred  
in the ru b ber  g ro w in g  r eg ion s o f  In d ia

D ally  ru b ber y ield  (g/t/t) for several 
y e a r s  w as r e g re s s e d  w ith  th e  w e a th e r  
p aram eters  fo r  the c o rresp o n d in g  years 
separately  for the d ifferent agro- clim atic

M I R ? ''  m u " ip le  Mnear s e s s i o n  
(M LR) m odels ob tain ed  for the individual

(C ES, 9“ 26  N to  76” 4 8 ' E), Y -171 .01 -2 .54

T m ax-1.71Tm in (Padiyoor, 11° 58 'N  to 75°

3 6 ' E ), Y - 2 0 4 .9 8 -1 .0 1 T m a x - 5 .5 l T m in
(D a p c h a r i ,  2 0 °  0 4 'N ,  7 2 ° 0 4 'E ) ,  Y= 
4 1 .2 5 + 0 .6 7 T m a x -1 .1 3 T m in  (A g a rta la , 23u 
5 0 'N , 91° 16 'E ) an d  Y= -24 .85+ 3 .58T m ax - 
2.59Tm in (Tura, 25° 3 0 'N , 90° 13 'E ). From 
these five m odels, th e  ch an g e  in y ield  when 
b o th  T m a x  a n d  T m in  c o n c o m it a n tly  
in c re a s e d  b y  1°C  w a s  c a lc u la te d .  A 
r e d u ctio n  in y ie ld  w a s n o tic e d  in  C E S 
(1 6 .2 3 % ) fo r  1 °C r ise  in m ax im u m  and 
m inim um  tem p eratu res . In D ap ch ari the 
y ie ld  red u ctio n  w as 1 1 .25%  fo llo w ed  by 
8 .43%  in P ad iy o o r. In  o th e r  reg io n s  like 
A g a r ta la  an d  T u ra  in  N E  In d ia , w h ere  
w in te r  te m p e r a tu r e s  a r e  v e r y  low , the 
im pact o f w arm in g  w as found negligible. In 
A g a rta la  th e  y ie ld  re d u c tio n  w as a b o u t 
1.17%  and on the con trary  in Tura th ere was 
an increase in the yield  by 2 .72%  for 1 °C rise 
in m axim um  and m inim um  tem peratures. 
Thus, sm all rise in tem p eratu re in regions 
like Tura m ay h ave positive effect on rubber 
yield (Table Phy.17.).

D u rin g  th e  last 5 4  y e a rs  (1956-2009) 
Tm ax and Tm in in RR II h av e in creased  at 
th e  r a te  o f  0 .0 5  °C/yr a n d  0 .0 3  °C/yr, 
resp ectively . E x tra p o la tin g  th is  d a ta , the 
rise m Tm ax and  T m in in the next 10 years 
w as calculated  and the sam e w as used to 
e s t im a t e  th e  e x p e c te d  r e d u c t io n  in 
productivity  a fter 10 y ears at C ES. T h e yield 
red u chon a fter  10 y ea rs  w ill b e  6 .90%  in 
CES. In Padiyoor the rate o f increase in Tm ax

n m  I ? , ' 0  dUrm g the P eriod  1998-2009  was
0.01 C/year and  0.11 °C/year respectively  

resu»  in the red uctio n  in yield 
b y  4 .2 3 %  a f te r  10  y e a r s . In th e  c a se  o f

1994C2 o S  “ aharaSh lra d llr i" S  the period
4 2009 the rate o f in crease  in T m ax was

™ c h  higher (0 .0 8 "C/year) b u t the m inim um
te m p e r a tu r e  in c re a s e d  b y  0 .0 3  “C/year
w here the reduction in the yield  w ill b e 3  70%



o in the future yield for one degree (1°C) rise in temperature and predicted
yield for the next years with the curtcnt warming trends

Research Stations
Coe

MLR
Intercept R*

% Change % Change 
(forI“C rise) (for next 

10 years )
(g/t/0

Tura 2003-08 T
T

3.58
-2.60

-24.85 0.23 2.72 11.25 35.8

Agartala 2003-08 T
T

0.67
-1.13

41.25 0.07 -1.17 -1.10 37,9

Chethackal 2003-08 T
T

-7.87
-4.83

433.43 0.29 -16.23 -6.90 73.0

Padiyoor 2007-08 -2.54
-1.71

171.01 0.19 -8.72 -4.23 48.6

Dapchari 2007-08 - 1.01
-5.51

204,98 0.50 -11.25 -3.70 57.7

for the next decade. In Agartala, the reduction 
in yield in the next 10 years will be very small 
(1.10% ) extrapolating the rise in Tm ax (0.02 
°C/year) and Tm in (0.06 °C/year) during the 
p erio d  1 9 8 4 -2 0 0 7 . F o r  the last 12 years 
(1992-2003) Tm ax in Tura increased by 0.12

°C/year. B u t the m in im u m  tem p era tu re  
increased by 0.05 °C/year in this region. The 
cum ulative effect o f the expected changes 
in Tm ax and Tm in in Tura region could lead 
to an increase in the yield by 9.36%  in the 

next 10 years.

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

T h e  a c tiv i t ie s  o f th e  D iv isio n  w ere 
fo cu se d  m a in ly  on ev o lv in g  im p roved  
tech n iq u es  in d ep ro te in isa tio n  o f latex, 
ch em ica l m o d ifica tio n  o f N R. polym eric 
f ille rs  fo r  re in fo r c e m e n t o f N R, scorch  
c o n tro l o f  p e r o x id e  v u lc a n isa tio n  and 
rubber nanocom p osites.

1 , P rim ary  p rocessin g

1 .1 , Low tem perature preservation o f latex 

T h e tech n ology  for low  tem perature 
preservation  o f fresh natural rubber latex 
w as m odified  and the latex was P '° “ ss“  
in to  h ig h  q u a lity  te c h n ic a lly  sp ec ified  

rubber o f S N R  3L  grade.

1.2. D ep ro tein isatio n  o f latex

Standardised a m ethod for production 
o f dep rotein ised  natu ra l ru b ber (D PN R) 
using a protein hyd ro lysing  enzym e. The 
p rocess in vo lv ed  trea tm en t o f N R  latex 
w ith  p a p a in , w h ic h  is  a p r o te o ly t ic  
enzy m e. T h e  en z y m e tre a te d  la tex  w as 
further processed by tw o m ethods. In one 
m ethod, the rubber recovered fTom the latex 
w as su b jected  to an  a lk a lin e  h y d ro ly sis  
followed by w ash ing and  drying (Sam ple 
1). In the other m ethod, latex w as subjected 
to  a c re a m in g  p r o c e s s ,  fo llo w e d  by 
coagu lation  and  d ry in g  o f the recovered 

rubber (Sam ple 2).



Parameter 
Nitrogen content. ' 
Ash content. %

Table Chem 1. Raw rubber properties o f DPNR
Samplt

0 .16
0.39

Sample
0 .14
0.12

Sample
0.16
0 .43

Sample 4 
040  
0.24

ASHT (+ P J
M ooney viscosity.M L (1*4) 100°C

The raw rubber p roperties o f Sam ple 1 
and  2 in c o m p a ris o n  w ith  co m m e rc ia l 
D PNR (Sam ple 3) and 1SNR 5(Sam ple 4) are 
show n in Table Chem . 1. ft w as observed 
that the nitrogen content could  b e  reduced 
to the level required for D PN R by the both 
m ethods. T h e raw  rubber properties w ere 
also com parable.

1.3. Sk im  latex p rocessin g

A new  m ethod o f easy processin g  o f 
skim latex using a cream in g technique, in 
th e  a b s e n c e  o f  p r o te in  h y d r o ly s in g  
enzym es, w as d eveloped . Large sea It' triaIs 
(2 0 0 0  L) w e re  c a r r ie d  o u t , u s in g  th e  
c re a m in g  te c h n iq u e  in lia is o n  w ith  a 
p r iv a te  la tex  p r o c e s s in g  in d u str y  T h e  
rubber reco v ered  by th is  p ro cess  had  a 
low er n itro g en  co n ten t com p ared  to the 
conven tion al skim  rubber. T h e qu ality  „f 
rubber w as evaluated  u sing  conven tion al 
form ulation for a carbon  b lack filled mix 
(T a b le  C h e m . 2 ) a n d  th e  m e c h a n ic a l

T.blc Chem. 2. Fomu|ati„„ f t ,  clrtlon blaclt. „ Utd 
------------ skim rubber mixes
Ingredient
NR 
ZnO
Stearic acid 
Antioxidant HS* 
HAF black 
Process oil 
Sulphur 
C BS

Concentration

Table Chem. 3. Mechanical properties of caibon black-filled
_____________ skim rubber-based mixes
Parameter Skim rubber Skim rubber by

by new conventional

•4 4  4 -  tri methyl 1,1- d ih y d r a p ,™ ,^ -

Modulus 100%, MPa 1.94
1‘ ltlttUU
6.35

Modulus 200%, MPa 4.46 10.5
Modulus 300%, MPa 8.2
Tensile strength, MPa 24.10 12.75
Elongation at break,% 580 225
Hardness , shore A 58 80
Compression s e t , % 30 33
Heat build-up, A T," C 23 33

p ro p erties so  obtain ed  are  g iv en  in Table 
C hem . 3. It is fou n d  th at it w as easie r  to 
recover ru b ber and  th e  ru b ber recovered  
by the new  m ethod had su p erior m echanical 
p rop erties com p ared  to ru b ber recovered 
by th e  conven tion al m ethod .

2. Latex technology

2 .1 . R ad iation  v u lcan ised  la tex  (RVN RL) 

Trials w ere cond u cted  to im prove the 
m odulus o f R V N R L by b len d in g  w ith  high 
s ty r e n e  c o n t e n t  s t y r e n e  b u ta d ie n e  
copolym er (H SBL) latex. T h e m odulus o f the 
film s in cre a se d  by s e v e r a l fo ld s  a s  the 
c o n c e n tr a t io n  o f  H S B L  in c r e a s e d  but 
s im u lt a n e o u s ly  th e  te n s i le  s t re n g th  
decreased  (Table C hem . 4). C om paratively  
very good m o d u lu s  and  ten sile  stren gth  
were obtained w hen R V N RL and H SBL were 
m ixed  m 90/10 p ro p o rtio n  based  on dry 
ru e r  c o n t e n t  a n d  th e s e  p r o p e r t ie s  
increased further after leach ing  the film s in 
calcium  n itra te  solu tion . T h is im provem ent



Table Chem. 4. Effect of concentration of HSBL on mechanical properties of RVNRL

Parameter 100/0’ 90/10 * 75/25 * 60/40

Modulus 300%, MPa 

Modulus 500%. MPa 

Modulus 700%, MPa 

Tensile strength, MPa 

Elongation at break, %

1.02(1.07)

1.40(1.49)

2.60(2.73)

23.0(26.66)

1398(1350)

1.74(1.79)

2.51(2.65)

4.85(5.08)
22.05(25.55)

1260(1270)

356(3.62 ) 7.76(6.83).

5.71(6.99) 12-30(-)

9.65(12.68) -(-)
20.13(15.62) 15.12(8.84)

1000(400) 540(320)

'values in the parentheses are for the ;s leached in 2 5 % calcium nitrate solution for 1 hour

is a ttrib u te d  to th e  facto rs that the tw o 
latices can m ix hom ogeneously to a good 
extent as the p olarity d ifference between the 
tw o is  n o t v ery  h igh  and  th ere  can be 
e n tan g le m en t o f grafted  n-butyl acrylate 
chains w ith H SBL polym er chains.

It w as found that latex thread of good 
m odulus could  be prepared using this latex 

b lend.

3 . R u b b e r  tech n o lo gy

3 .1 .  R ein fo rcem en t

3.1.1. N R/ P o ly m eric  f i l l e r  system
Tw o polym eric fillers w ere identified 

that could reinforce NR, nam ed as PF system 
1 and  PF system  2. T h e effect o f different 
p r o p o r tio n s  o f H A F  lo ad in g  in 
system 2 in com parison with a 50 phr HA In­
filled NR com pound was studied, twenty 
phr H A F-filled NR/Polymeric tiller 2 system 
sh ow ed  c o m p a ra b le  results with s0  phr

H AF-filled NR. Evaluated PF system  1 in 
tvpical formulation of products like tyre side 
wall, conveyor belt, m icrocellular soles etc. 
Satisfactory results were obtained for NR/PF 
system I in com parison with conventional 
filler incorporated formulations.

3.1.2. Latex  - f i l l e r  m aster  batch
Latex m aster batches containing dual 

filler sy stem s (carbon black/silica) w ere 
prepared. It was observed that there was 
alm ost no process loss for the fillers. Higher 
modulus, better tear strength along w ith a 
lower heat build-up w as observed for the 
dual filler m aster batches as com pared with 
mill m ixed com pounds, it w as observed 
that the dual filler m aster batch had better 
filler d ispersion as com pared to m ill m ixed 
com pounds (Fig. Chem . 1) as revealed from 
th e d ata  o b ta in e d  u s in g  a D is p e r s io n  
A n a ly se r  and  th e  im p ro v e m e n t in 
m e c h a n ic a l p r o p e r tie s  c o u ld  a ls o  be 
attributed to this.



Ingredient Control RSnCl RSnC2
t'er composites

RSnC3
100 100 100 100

Stearic Acid 2 2 2
Zinc oxide 5 5 5
Antioxidant HSL 1
HAF Black 40
O.OlSilvert* HAF Black
0.02Si!ver» HAF Black 40
0.04Silver®’ HAF Black
O.OSSilver^ HAF Black

40
7

2.5
0.7

Naphthenic oil
Sulphur
CBS

7
2.5
0.7

7
2.5
0.7

7
2.5
0 .7

7
2 .5
0 .7

3.2. N anocom posites

3.2.1. N anosilver based  n an ocom p osites 

N anosilver d isp ersio n  w as p repared  
through radiolytic reduction using gam m a 
r a d ia tio n . T E M  im a g e  o f  s t a b il is e d  
nanosilver dispersion prepared b y exposure 
to gam m a radiation is sh ow n in Fig. C hem
2. It w as observed  that p article  s ize  o f silver 
in the dispersion w as in the range o f 15-20 
nm . R u b b er-silv er  n a n o co m p o sites  w ere 
p rep ared  u sin g  n a n o s ilv e r  co a te d  H A F  
black (0.01 to 0.08%  on H A F) based on the

form ulation g iven in Table C hem . 5, through 
co n v en tio n a l m ill m ix in g  tech n iq u e . The 
m echanical and  d y n am ic  p ro p erties o f  the 
com posites w ere ev alu ated . T h e p resence of 
n a n o s i lv e r  d id  n o t  a f f e c t  th e  a g e in g  
behaviou r o f th e  nan o co m p o sites o n  ageing 
the rubber sam p les a t 100 °C for 3  d ays (Fig. 
C hem . 3  and Fig . C hem . 4). In terestin g ly  the 
nan ocom p osites ex h ib ited  low er tan delta 
a n d  h e a t  b u i ld -u p  e v e n  a t  v e r y  low  
p e r c e n ta g e  in c o rp o r a tio n  o f  n a n o s ilv e r  
(Table C hem . 6).

Table Chem. 6. D ynam ic properties o f  nanosilver
composites

Sample Tan delta Heat build-up.
--------- at 0"C AT, °C
Control 0 .07050 15
RSnC l 0 .06436
RSnC2 0.05978
RSnC4 0.05304 09
RSnC8 0.05316 0 9

3 .2 .2  L ay ered  c la y  t ia n o c o m p os ite s

L a te x  b le n d  n a r .o c o m p o s i te s  w ere 
p re p a re d  by a d d in g  s u i ta b le  n a n o c la y  
d isp ersio n  in carb o x y la te d  n itrile  rubber 
( R) latex and  then b len d in g  the sam e

Fig-Chem. 2. TEM image of the citrale tapped nano



Fig. Chem. 3. Tensile strength of the nanocomposites

w ith ra d ia tio n  v u lcan ised  NR latex. An 
im p ro v e m e n t  in te n s ile  s tre n g th  w as 
observed w ith  addition o f layered clay. It is 
expected  th at due to polar nature of XNBR 
la tex  th e re  can  b e  b e tte r  d isp e rs io n  o f 
m odified  clay. O u t o f the two nanoclays 
C loisite 15 A show ed better properties in 
c o m p a r is o n  w ith  C lo is i te  93  A. T h e 
n a n o c o m p o s ite  a ls o  sh o w ed  a h ig h er 
solven t resistan ce in com parison w ith pure 
RVN RL and RVNRL/XNBRL blend.

3.3. P eroxide v ulcan isation

Sulphur/accelerator like scorch control 
could  b e  achieved  in peroxide vulcanisation 
using a s table free radical (TEM PO). Various 
co-agen ts w ere used to enhance the level of 
c r o s s - l in k in g .  T h e  c o -a g e n t N ,N '-1 ,3 -  
p h e n y le n e  b is m a le im id e  sh o w ed  th e  
highest efficien cy  in regaining the loss of 
cross-lin ks d u e to scavenging of polym eric 
radical b y the stable-free radical, w hen DCP 
w as used as cro ss-lin k ing  agent.

3 .4 . Epoxid ised  natural rubber (ENR)
D ocum entation  w ork was done for the

Fig. Chem. 4. E longation  at break ,%  of the 
nanocomposites

joint patent on "D evelop m ent o f silica filled 
ty re  co m p o u n d s  b a se d  o n  EN R  . 
L a b o ra to ry  sc a le  s tu d ie s  to  a sse s s  th e  
suitability o f ENR com pound in specialized 
tyre were com pleted.

4. C ollab o rative  p ro jec t
4 .1 . D ev e lo p m e n t o f  fo o tw e a r  so le  for 

physically handicapped, for Sch ef flien 
Leprosy R esearch and T rain in g  Centre 
(SLR& TC ), K arigiri 

Form ulations for tw o com pounds for 
hard  so le  o f th e  fo o tw e a r  fo r  leprosy/ 
d ia b e tic  p a t ie n ts  w e r e  f in a lis e d  an d  
transferred the technology to (SLR& TC ) for 
im plem entation. Th e tenure o f the project 

is com pleted.

4 .2  D ev elop m en t o f H u rth  co u p lin g  for 
Indian Railw ays

In connection with the developm ent of 
Hurth coupling m em brane for Chithranjan 
L ocom otive W orks (C LW ), W est B eng al, 
d isp a tch e d  10 m o re  m e m b ra n e s  for 
evaluation. D evelopm ent o f Spheri b lock is 

being attem pted.



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

T h e  D iv is io n  is  p r im a r ily  
co n ce n tra tin g  on tech n ica l c o n su lta n cy  
serv ices for ru b be r in d u str ies . S erv ices  
in c lu d e  p ro d u ct d e v e lo p m e n t , q u a lity  
control and certification, technical problem  
solving, training etc. Evaluation o f different 
types o f rubbers, fillers and oth er rubber 
chem icals for their perform ance in various 
rubber products is one o f the m ajor services 
rendered by the D ivision.

1. Product development

Based on the com ponents sup plied  by 
the clients/requests received, the products 
w ere d eveloped. Th e final form ulation was 
o p tim iz e d  b a se d  o n  th e  s p e c i f i c a t io n  
requirements/ reverse engineering follow ed 
by trial m ixes.

In the r ep o rtin g  p erio d , tech n o lo g y  
know -how  was transferred  to 12 clien ts as 
per their requests.

D evelopm ent w orks o n  the follow ing 
product w ere com pleted.

i) R o o m  te m p e r a tu r e  c u r a b le  r u b b e r  
band: T h e n ew  p rocess is fast and less 
en ergy  d em a n d in g  co m p ared  to the 
co n v en tio n a l p ro cess, w hich  in tu rn  
can reduce the cost o f p roduction.

■i) Bonding gum  using d ifferent g rades o f 
natural rubber: C onven tion al bonding 
gu m  - a ty re  tre a d in g  m a te ria l - is 
prep ared  from  h ig h ly  p u re  g rad e of 
natural rubber. Partial rep lacem ent of 
the pure g rad e ru b be r w ith  su itab le  
additives m ay reduce the cost, 

iii) T r a n s p a r e n t  r u b b e r  b a n d : 
O ptim ization  o f the production process 
fo r  tr a n s p a r e n t  r u b b e r  b a n d  w as

continu ed  w ith  an ey e to im prove the 
co lou r reten tion  an d  transparency.

2 . Q u a lity  co n tro l

T ech nical su p p o rt has been  rendered 
to variou s ru bber in d u stries, m ain ly  to the 
sm all-sca le  secto r  b y  tes tin g  th eir rubber 
com p ou nd s, ru b ber p rod u cts, and  by the 
e v a lu a t io n  o f  ra w  m a t e r ia ls .  F o r  the 
r e p o rt in g  p e r io d  6241 p a r a m e te rs  w ere 
tested for d ifferen t typ es o f sam p les (1309) 
r e c e iv e d . E v a lu a t io n  o f  n in e  r u b b e r  
chem icals w as com p leted .

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

Q u eries on tech nical m atters from  156 
un its w ere ad d ressed  during  the reporting 
period.

4. O th e r  a c t iv itie s

i) T h e D iv is io n  is a lso  in vo lv ed  in the 
t r a in in g  a c t iv i t i e s  o f  th e  R u b b e r  
T rain in g  In stitu te  by o ffer in g  lecture 
c la s s e s  o n  r u b b e r  m ix in g , 
m a n u fa c tu rin g  an d  a lso  o n  p rod u ct 
d evelop m ent. H an d s-on  tra in in g  will 
be p rovided lo  begin ners in  the product 
m an u factu rin g  sector, 

n) O ffered assis tan ce  to the D ept, o f P & 
PD  in th e  g r a d in g  o f  IS N R  and 
in s p e c t io n  o f  c e n t r i fu g e d  la te x  in 
conn ection  w ith  exp ort. A  total o f 98.9 
M t o f C enex, 850M t o f  ISN R  and 200M t 
o f RSS w ere graded  accord ingly  during 
the period u n d er report,

iii) S am p les  from  33  co n s ig n m e n ts  w ere 
tested  in  th e  D iv is io n  a n d  d eta iled  
r e p o rt w a s  fo r w a r d e d  to  th e



D ep artm en t o f R evenue Intelligence, 
G ovt, o f India in connection with the 
im port o f rubber com pounds, 

iv) For g iv in g  aw aren ess to the clients,

D iv is io n  h as p a r t ic ip a te d  in 
E x h ib itio n s  in  c o n n e c tio n  w ith  
international conferen ces at different 
industrial centres in India.

E C O N O M IC S  D IV IS IO N

T h e five m ajor thrust areas o f research 
o f the D iv ision  w ere; i) farm management,
ii) p rim ary  p ro cessin g  and m arketing of 
N R, iii) ru b b e r  p ro d u cts m an ufactu rin g 
industry  and  foreign trade, iv) intercrops 
and  b y -p ro d u cts , and v) in ter-d ivisional 
co llaborative pro jects. T h ree projects were 
com pleted  and  reported during the period 
under review . Th e sum m aries o f the results 
pertain ing to th ese projects are given in the 
follow ing sections.

1. I n c o m e  in e q u a l i ty  a m o n g  
b e n e f i c i a r i e s  u n d e r  n a tu ra l 
ru b b e r  B lo c k  P lan tin g  Sch em e in 
T ripura: a p relim in ary  assessm ent

T h e  s t u d y  w as u n d e rta k e n  to ; i) 
un d erstand  the p attern  o f d istribution of 
household in com e under the seven selected 
m ature B lock P lantin g Units (BPUs), ii) to 
an a ly se  th e  ex ten t o f in eq u alities in the 
in c o m e , a n d  iii )  to  h ig h lig h t m ajor 
observation s from  a policy  angle.

T h e  a n a ly sis  w as based  on prim ary 
data gathered  in 2008 from  271 beneficiary 
households (tribals) attached to seven BPUs 
w ith m atu re ru bber plantations in Tripura. 
For a com p arative analysis on the level of 
in c o m e  in e q u a l it ie s ,  d a ta  from  131 
b e n e f i c ia r y  h o u s e h o ld s  o f B P U s w ith  
im m a tu re  r u b b e r  p la n ta tio n  w ere  also  
collected . T h e incom e profile, the extent of

inequality, and variability in the household 
in com e w ith  im m atu re  p la n ta tio n s  are 
ex p e c te d  to  b e  fu n c tio n a l p ro x y  for 
household w ithout incom e from rubber.

T h ree  d iffe re n t p a ttern s  o f in com e 
d istrib u tio n  w ere  o b serv ed  am o n g  the 
BPUs in Tripura, viz. i) equal d istribution of 
income irrespective o f the size o f individual 
holdings, ii) d istribution  o f incom e from 
rubber on the basis o f area slabs, and iii) 
distribution o f incom e from  rubber based 
on actu al area  u n d er th e  p o ssess io n  o f 
individual holdings. Th e analysis revealed 
that d esp ite o f h ig h er d ifferen ces in the 
annual household in com e of m ature and 
im m ature BPU s (Rs. 99167 vs Rs. 46824) the 
estim ated  in eq u alities w ere com p arab le . 
Th e incom e from  rubber co n stitu ted  the 
la rg est so u rce  o f  h o u se h o ld  in co m e of 
m ature B PU s and the observed inequalities 
am ong these grow ers w ere lower com pared 
to the other two sources o f incom e, namely, 
in co m e from  'e m p lo y m e n t' an d  'o th e r  
sources'. Table Eco. 1 show s the BPU -w ise 
and source-w ise incom e inequalities.

T h e  B P U -w is e  a n a ly s is  in d ic a te d  
significant differences in the inequalities of 
in co m e  fro m  r u b b e r  an d  th ey  w ere  
p r im a r ily  d e te rm in e d  by th e  m o d e  of 
d is tr ib u tio n  ra th e r  th a n  d is tr ib u tio n a l 
differences in the allo cation  o f area under 
individual holdings. T h ough the com bined



Table F.co. 1 Source-wise income inequalities amon^ the beneficiaries o f mature BPUs 
Rubber Employment Other Tot

Gini* C V " Gini CV Gini C V Gini
PS Para 0.40 0.83 0.68 1.61 0 .47 0 .9 7 0 .37
RS Para 0 34 0.63 0.61 1.26 0 .77 2.16 0 .29
Dariabagma 0.04 0.09 0.55 1.10 0.79 2 .67 0 .22
Kamalasagar 0.24 0 .63 0.45 0.88 0 .77 2.21
Laxmandepha 0.02 0.13 0 .67 1.85 0.56 1.10 0.08
Kariyamura 11 0 .10 0.41 0 .36 0.97 0.56 1.14 0 .29

0.42 0 .98 0.72 1.71 0.71 1.90 0 .37 0.83

* Gini co-efficient. "'Co-efficient of variation
— ----- 0 .68 1.65 0 .33 0.71

m easure o f incom e inequ ality  am o ng the 
se le cted  B P U s is lo w er (0 .3 2 ) th an  the 
reported n ational a v erag e (0 .37) (UNDP, 
200 9 ) th e  sh ift to w a rd s in d iv id u a lis tic  
ap p roaches to in com e d istrib u tion  p oses 
im p o rta n t p o lic y  c h a l le n g e s  to  th e  
organisational fram ew ork o f B lock Planting 
Schem e (BPS) as the d istribution o f incom e 
is based on com m un ity-orien ted  priorities 
and strategies. However, the em erging trends 
in Tripura indicate a grow ing sh ift tow ards 
distribution o f incom e from  rubber based on 
actual area u n d er possession  as the tribal 
com m unities are increasingly integrated to 
the m ainstream  society.

2 . T h e  c o m p o s i t io n  o f  n a tu r a l  
d am ag e a n d  crop  lo ss  in  ru b b e r  
p la n ta t io n s : a case  stu d y  o f the 
esta te  se c to r  in  In d ia

Th e m ajor ob jectives o f the study w ere;
i) to assess the exten t and  com position of 
tree loss due to natural dam age in rubber 
p la n ta t io n s  in th e  e s t a te  s e c to r , ii) to 
evaluate the variation s in the dam age due 
to clonal differences, iii) to in vestigate the 
regional d ifferences in the natural dam age, 
and iv) to exam in e the econ om ic loss d ue to 
natural dam age.

T h ou gh  th e  esta te  sec to r  co v ers  only
10.4 p er cen t o f the total area u n d er NR in 
In d ia  th e  s tu d y  is  c o n fin e d  to  th e  data 
related to the tree loss rep orted  in the estate 
secto r  in th e  tra d itio n a l ru b b e r  grow in g  
regions o f K erala and  Tam il N adu during 
2 0 0 6 -0 7 . T h e  e s ta te  s e c t o r  is c h o s e n  as 
r e l ia b le  d o c u m e n te d  in fo r m a tio n  are  
av ailab le on ly  from  th is sector. T h e study 
covered 4 0  estates w ith a total a rea  o f 13,761 
ha. A t m icro level, a total n u m b er o f 671 
fields o f d ifferent age groups in the 40  estates 
w ere covered .

T h e extent o f crop  loss, the com position 
o f natural dam age, and  the eco n o m ic  loss 
w ere estim ated  u sing  life cy cle  approach. 
T h e  r e s u lt s  h ig h lig h te d  c o n tra d ic t io n s  
betw een p opu lar p ercep tio ns and  field level 
data on the com p osition  o f natural dam age, 
w hich is highly  cau sed  by w ind (66.44% ) 
across d ifferent a ge grou p s and  regions. The 
physical and econ om ic loss o f crop  for the 
en tire  life  cy c le  an d  fo r  se v e n  d iffe re n t 
phases w ere estim ated , w h ere  each phase 
>s sp a n n in g  fo r  a p e r io d  o f  f iv e  y ea rs  
c o r r e s p o n d in g  to p a n e l d u r a t io n . T h e 
e stim ated  d isco u n te d  v a lu e  o f  life  cycle  
econ om ic loss p er tree and  p er h ectare w ere 
Rs. 1,874/- and  Rs.1,57,393/- resp ectively



Table Eco. 2. Discounted value of economic loss
Period of lo9S Yield/tree

(kg)
No. of trees lost/ha Discounted value 

of loss (Rs/tree)
Discounted value 
of loss per ha (Rs)

Immature phase 4.53 2.55 4428.30 11292.17

1-5 years of tapping 4.62 8.79 3640.87 32003.26

6-10 4.73 9.45 2360.47 22306.47

11-15 4.79 16.32 1426.72 23284.09

16-20 4.82 10.89 795.88 8667 12

21-25 4 .76 16.83 367.66 6187.76

>25 4.70 19.17 96.15 1972.28

during the study period (Table Eco. 2). The 
d o m in an ce o f w eather-related  sources of 
dam age (79.01% ) indicates lim ited role of 
p o lic y  in te r v e n tio n s  ta rg e te d  tow ard s 
p r e v e n tiv e  m e c h a n is m s . H ow ever, 
id e n tif ic a t io n  o f p h a s e -w ise  so u rces of 
dam age d uring the entire life cycle o f rubber 
p lan tations assu m es significance since the 
gen eration  o f reliable annual database on 
the natural dam age in rubber plantations 
is an e ssential pre-requisite for the adoption 
o f p o licy  in itia tiv e s  for m inim isin g loss 
th rou gh th e  c o v era g e  o f com preh ensive 

in surance schem es.

3. N R  c u l t i v a t i o n  in  th e  n o r th ­
e a s te rn  reg io n  u n d er the B lo ck  
P l a n t i n g  S c h e m e : a s o c io ­
e co n o m ic assessm en t o f  its im pact 
o n  th e  b e n e f ic ia r ie s  in  Tripura

T h e p rim ary  o b jective s o f the study 
w ere; i) to un derstand  the socio- economic 
profile o f the households covered under the 
B lock P lantin g System  (BPS), ii) to estimate, 
analyse, and com pare the sources of income 
a n d  c o n s u m p t io n  e x p e n d itu re  o t i e  
beneficiary  households possessing matur(J 
and im m atu re B lock  Planting Units (BPUs) 
as w ell as grow ers covered under G roup 
P rocessing Sch em e (G PU s) w hich rep resent 
g r o w e rs  fro m  th e  m a in s tre a m , iii) to

e s tim a te  th e  a s s e ts  a n d  l ia b il i t ie s  o f 
households under the three categories, and
iv) to draw inferences for com patible policy 
initiatives from regional perspective.

T h e  stu d y  c o n s id e re d  a ll  th e  47  
functional BPUs for the analysis. The sam ple 
households w ere selected from  nine BPUs 
and two G PU s for the field  survey. D ata 
from 271 households w ith m ature area, 131 
households with im m ature area under the 
nine BPUs, and 78 households under two 
GPUs w ere gathered in 2008. T h e selection 
of sam ple households attached to B PU s and 
G PU s w ere b a se d  on th e  g e o g ra p h ica l 
distribution o f area under N R cultivation 
and the beneficiaries.

T h e study sh ow ed  th at th e  av erage 
incom e of ho useho ld  w ith  m atu re BPU s 
(R s.99 ,168/ -) w as 1 1 2  p er  c e n t h ig h e r  
com pared to im m ature BPU s (Rs. 46,824/-) 
during the year 2008. However, the average 
household income of G PU s w as Rs.1,58,196/
- during the stu d y  period . T ab le  Eco. 3. 
sh o w s th e  a n n u a l a v e r a g e  h o u se h o ld  
incom e from different sources.

Th e co m p o sitio n  o f in co m e o f both 
G PU s and m ature BPU s show ed grow ing 
dependence on incom e from  NR (75%  and 
66%  resp ectively ). T h e in com e im pact is 
reflected m ore in the d ifferences in savings



Table Eco. 3 Sources o f  annual average household 
_____________ income (Rs.)____________

BPU mature BPU immature GPU
Rubber 65136 — 118308

-65.68 0 -74.79
Employment 25824 35844 22560

-26.04 -76.55 -14.26
Others 8208 10980 17328

-8.28 -23.45 -10.95
Total 99168 46824 158196

-100 -100 -100
Figures in parentheses indicate respective shares (%)

and assets (72.87% ) than the consum ption 
expenditure (9.71% ) betw een ho u seho ld s 
w ith  and  w ith o u t in co m e from  ru b be r 
u n d er B P U s. T h e  d if fe r e n c e  in a n n u a l 
consum ption expenditure and  sav in gs and 
assets betw een  h o u seh o ld s u n d er G PU s 
and BPU s w ere  aro u n d  150 p er cen t. It 
u nderlines the pivotal role o f trad itional 
c u s to m s an d  c o n v e n tio n s  o f  t r ib a l 
com m unities in d eterm inin g the pattern o f 
their household consum ption expenditure 
and the better aw areness and access to the 
facilities o f m ainstream  socie ty  by the non- 
tribal com m unities. In sharp  contrast to the 
ex p erien ce  o f  K era la , w h ere  th e  su rp lu s

gen era ted  from  th e  N R  se c to r  had  been 
s y s t e m a t ic a l ly  c h a n n e l i s e d  b y  the 
p io n e e r in g  p la n te r s  fo r  th e ir  ch ild ren 's  
fo r m a l a n d  p r o fe s s io n a l  e d u c a t io n , 
in vestm ent in h ig h er ed u cation  in Tripura 
am ong the h o u seh o ld s u n d er m ature BPUs 
w as neg lig ib le  as on ly  3 .95  p er cen t o f the 
popu lation  in th e  ag e  grou p  o f 18-24 after 
class X II w as p u rsu in g  h ig h er  education. It 
also  in dicated  the B P U 's lin kage effects on 
th e  r e g io n a l  e c o n o m y  w e r e  s e r io u s ly  
constrained  by the natu re o f  hu m an capital, 
the availab ility  o f in frastru ctu ral facilities, 
and  a ccess  to  th e  sa m e. T h e  tw o critica l 
c o m p o n e n ts  r e q u ir e d  fo r  th e  e ffe c tiv e  
u tiliz a tio n  o f  th e  in co m e o f  th e  BPS are; 
im p a r t in g  s k i l l s  th r o u g h  tech n ica l/  
p r o fe s s io n a l  e d u c a t io n  a n d  p r o v id in g  
access to in frastru ctu ral facilities related  to 
h ig h e r  e d u c a t io n ,  h e a l th c a r e ,  
c o m m u n ic a t io n  a n d  tr a n s p o r t .  A n 
im p o r t a n t  im p a c t  o f  th e  N R -b a se d  
re h ab ilita tio n  p ro g ram m es in the s ta te  is 
the grow th o f ru bber area  ou ts id e  various 
g overnm ent sp on sored  sch em es (45% ) and 
the sh are o f  sm allh o ld in gs (82% ) in the tolal 
area under the crop  in the state.

l a t e x  h a r v e s t  t e c h n o l o g y  d i v i s i o n

T h e  d iv is io n  c o n t in u e d  r e s e a rc h  
a c t iv i t ie s  o n  v a r io u s  a s p e c t s  o f  cro p  
h a r v e s t in g  w h ic h  h a s  d ir e c t  f ie ld  
application . T h e  co llaborative  program m e 
on p opu larising low  frequency, d3, tapping 
a m o n g  s m a ll h o ld in g s  in it ia te d  in 1IJ 
regional offices o f the R ubber Board during
2009-10 w as extended to all the rem aining 
regional offices d u rin g  the curren t year. In 
a ll  th e  r e g io n a l  s t a t io n s  w h e re  CL! I

d e m o n s tr a t io n  t r ia ls  w e r e  in it ia te d  
continu ed  su ccessfu lly . E v aluation  o f eco- 
fr ie n d ly  b io -d e g r a d a b le  p o ly th e n e  was 
c o n tin u e d , b u t fu r th e r  m o d if ic a t io n  is 
le q u ir e d  to  e n h a n c e  th e  se r v ic e  p erio d  
(period o f effective ra inguardin g).

1. L ow  fre q u e n c y  top p in g

Th e d ivision had variou s experim ents 
and onfarm  trials on low  frequ en cy  tapping



Table LHT. 1. Comparison of rubber yield under d7 frequency with global and populatio 
aeroclimatic zones (A to F)

n mean in different

Location & region Clone Global mean Population mean Expt. result

Neria Estate (F) GT 1 1008 936 1416

-do- RRII 105 1315 936 > 1503

Thrithala (D) RRII 105 1695 1432 > 2141

Chethackal (B) RRII 105 1664 1873 >1997

Mundakayam ( C ) RRII 105 1821 1431 > 1985

Kanthimathi (A) RRII 105 1943 1486 > 2340

Global mean is the overall performance o f  a clone in a specific agroclimatic region. Population mean is the
perform ance o f  all clones together in an agroclimatic region.

Table LHT. 2. Comparison of rubber yield under d4 frequency with global and population mean in different
_____________ agroclimatic zones_____________________ __________________ _______
Location & region______________ Clone________ Global mean Population mean_______ Expt. result

Apella Estate (F)’ CT 1 1296 1486 1763

Koney Estate (B)* PB 217 1498 1508

New Ambadi (A) RRIM 600 1401 1486

Ambanaad (B) RRII 105 1664 1213 1543

Vennimala (C)* RRII 105 1675 1273

Hariharaputra (A)' RRII 105 1904 1602

*1 - 10 phase (tapping)

(d 4  an d  d 7) in  th e  p ast under d ifferent 
agroclim atic conditions. These experiment 
resu lts w ere com pared  with global mean 
(th e  o v era ll p erfo rm an ce o f a clone in a 
specific agroclim atic region), and population 
m ean (the overall perform ance of all clones 
to g eth er  in an ag ro clim a tic  region). The 
observed results from the experiments w ere 
equal or better than global and population 
m ean (Tables LH T 1 & 2).

In th e  tr ia ls  le a d in g  to the 
r e co m  m e n d a tio n s  o n  low  freq u en cy  
tap p in g  (L F T ) d u rin g  2001, tapping was 
condu cted  under 6d/7 i.e. with tapping rest 
on Sunday. H ow ever, there are estates and 
g ro w e rs  w h o  d o  no t g iv e  su ch  regu lar 
w eekly rest. i.e. they d o continuous tapping 
(7d/7) ensu ring  m ore days o f tapping under 
an y  g iv e n  fre q u e n c y . T h e re fo r e , it  is

essential to identify stim ulation  schedule 
for various tapping frequencies under 7d/7 
practices as w ell. Su ch a study along with 
the existing recom m ended practice for d3, 
d 4 and  d 7  f r e q u e n c ie s  a n d  a ls o  in 
com parison with d2 frequency is essential. 
A com p reh ensive study w as in itia ted  at 
Koney estate of H arrison M alayalam  Ltd to 
understand the perform ance o f clon e RRII 
105 u n d er d iv e r s e  la te x  h a r v e s tin g  
practices. It also covered the tolerance study 
of the lactiferou s system  under d ifferent 
tapping frequency and stim ulation  based 
on biochem ical in d ica tors. R esu lts  from 
large-scale field study w ith all frequency 
and stim ulation can be utilised to finalise a 
com prehensive package o f practices for LFT.

E s ta te s  u n d e r  R e h a b i l i ta t io n  
P lantations L td ., P u nalur, h av e in itiated



field level ad option  tria l o f L F T  in clon e 
RRII 105 under the guidan ce o f D ivision. 
T h e y  in tro d u c e d  c o m p a r a t iv e  y ie ld  
evaluation o f d3 and d4 frequencies in tw o 
of their estates viz. Kulathupuzha (20 blocks) 
and A yiranallur (12 b locks) from  2009-10. 
Details o f yield are presented in T able LHT.3.

Table LHT. 3. Yield perform ance (clone R R II 105) 
under d3 and d4 frequency at estates 

____________ o f RPL (kg/400 trees)_______________
Kulathupuzha Ayiranallur 

Year of planting 2001 2001
Year of opening 2 007  2007
_____________________ d3 d4 ~d3 d4
2007-0S (Apr-Mar) 512 7 \ (,

2008-09 (Apr-Mar) 1128 - 1360

2009-10 (Apr-Mar) 1764 2036 1900 1856
2010-11 (Apr-Mar) 1920 2120  2120  2160

-TFD %____________________________  6 .6  3.8 5.8

2. Dem onstration of d 3 frequency 
ta p p in g  in sm a ll h o ld in g s  
(collaborative programme)

The p rogram m e p roceeded  sm oothly  
as per the original sched u le i.e. to cover all 
regional offices in Kerala, Tam il N adu and 
Karnataka in tw o phases (2009 Phase I - 10 
re g io n a l o f f ic e s  a n d  2 0 1 0  P h a se  II -16  
regional offices). P erform an ce review  of the 
firs t p h ase  p a r tic ip a n ts  an d  a w a re n e ss  
training on LFT, and yield  stim ulation  for 
the second phase grow ers w ere successfully 
com pleted. In gen eral, an average yield  o f 
o v er 5 kg/tree/year w as rea lized  by the 
Phase I grow ers and o v er 4kg/tree (due to 
delayed open ing) by the Phase 11 grow ers. 
A m ong the particip an ts, on e-th ird  o f the 
g ro w ers  a re  u t ilis in g  fa m ily  la b o u r for 
ta p p in g  w h e r e a s  tw o -th ir d  is  s t ill  
depending on hired labour. Moreover, when 
30  p e r  c e n t fo llo w  d 3  fr e q u e n c y  w ith  
S u n d a y  a s  re s t, 70  p e r  c e n t fo llo w  d3

frequency w ith o u t Su n d ay  as rest leading 
to higher n u m ber o f tap p ing  d ays per year. 
A ccording to this, stim u la tio n  rounds per 
year w as also  m o d ified  (3  o r  2). Yet another 
in form ation  from  th is p ro g ram m e is that 
there is a qu antu m  ju m p  in cro p  during the 
first y ear on BO -2 panel, bu t the second year 
yield o f BO -2 panel is o n ly  60  per cent of 
first y ear  for th e  c lo n e  RRII 105. O f the two 
grow ers , on e tap p ed  fo r  99/104 days (d3 
w ith Su nd ay  o ff) and the o th er  for 121/121 
days (w ithout Su n d ay  o ff) recorded  a crop 
o f  7 .6 3  k g / tree  a n d  6.1 k g / tree  y ear  
respectively  d u rin g  2 010-11 . T h ey  achieved 
nearly 100%  tapp ing reg u larity  by adopting 
d e la y e d  ta p p in g  ( s t a r t  a r o u n d  8 .3 0  - 
9 .0 0 a m ) d u r in g  J u n e - J u ly  a n d  leak  
preventing b y fix in g  m ini raingu ard  during 
North East m onsoon. It is a lso observed that, 
cord ial relation  betw een ow n er and  tapper 
re su lte d  in g o o d  y ie ld  a n d  v ic e  v ersa . 
Ir re g u larity  in tap p in g  n o t o n ly  lead s to 
crop loss o f the lost day/s b u t a lso  leads to 
nearly 5 0  p er cen t crop  red uctio n  in the next 
3 - 4 ta p p in g  a f te r  r e s u m in g  r e g u la r  
tapping.

O ne o f the m ajor factors for the success 
o f L F T  is regular tapp ing un d er the given 
frequency th rou ghou t the year. Low er the 
frequen cy, m o re  s tr in g e n t sh o u ld  b e  the 
m o d e  to  e n s u re  r e g u la r ity  in ta p p in g . 
T h o u g h  rain  g u a r d in g  is a p r a c tic e , on 
m a n y  o c c a s io n s  its  p e r fo r m a n c e  w as 
observed  to be poor. E xtend ed  and undue 
rains cause p roblem s in tapp ing. D u ring  the 
north-east m o nsoon nearly  50  p er cen t of 
trees are left u n tap p ed  d u e  to ra in w ater 
entry  th rou gh h a irlin e  crack s on the rain 
g u ard  co m p o u n d  a s  w ell a s  on th e  tree 
ead m g  to co n s id e ra b le  y ie ld  lo ss (Table 

LH T.4). T h o u g h  a tte m p ts  w ere  m ad e to 
le a k -p r o o f  it  u s in g  e x tra  c o a t in g  w ith  
ra in g u ard  co m p o u n d , la tex  c tc., ben efits



Table LHT. 4. Yield performance under d4 frequency 
w ithout (A & D) and with IB & C) 

_____________ miniguard (September 2009)_________
Grou p Task number Crop (kg)/month
A 1

2
73
73

3 81
B 4 153

5 186
6 135

C 7 134
8 131
9 130

D 10 77
11 79
12 86

w ere sh ort lived. H ence, an additional mini 
r a in g u a r d  w a s  a tte m p te d  ab o v e  the 
existing o n e during August-September. This 
w as found to b e  v ery effective in protecting 
the tapping panel even during rain in the 
m onth o f D ecem ber.

T h e experim ent on p erform ance o f low 
fr e q u e n c y  ta p p in g  sy ste m s w ith  
stim u lation  in clon e R RII 105 at Experiment 
Farm  U nit, RIT, Pam pady, w as continued

during the reporting period. Yield under d2 
frequency tapping was com parable to d3 
and d6 frequencies o f tapp ing. Renew ed 
panel yield under d2, d3 and d4 frequencies 
o f tapping w ere also com parable to that of 
d6 frequency o f tapping (Table LHT.5).

Table LHT. 6. Monthly yield response of LFT (S/2 d6 
6d/7) in clon e R R II 105 at CES, 

____________ Chethackal ___________

Months kg/400 trees kg/tap drc (%)

Apr' 10 144.7 28.9 37.4

May 89.4 22.3 37.2

June 1273 31.8 39.1

July 1925 385 36.1

Aug 204.5 51.1 33.1

Sep 265.0 53.0 36.6

Oct 225.0 56.2 423

Nov 1613 40.3 395

Dec 1705 34.1 415

Jan' 11 145.6 36.4 395

Feb 109.3 2 7 3 39.9

Mar 84.1 21.0 38.8

Total 1919 36.8 38.4

Kg/tree 4.8 (mean) (mean)

Table LHT. 5. Yield performance of low frequency tapping systems with stimulation on clone RRII II 
RIT Pampady. during April 2010 -  March 2011_________ __________________________

 - ------  ------------ ------- c — *---------- *  YieicT Tapping lays F
Treatment

kg/ha"

TO -  S/2(RG) d2 6d/7 (control)

T1 -  S/2(RG) d3 6d/7. ET2.5% Pa I (1.5) 3/y»

T2 -  S/2(RG) d3 6d/7. ET25% Pal(l -5) 4/y*

T3 -  S/2(RG) d3 6d/7. ET2.5% Pal (1.5) 5/y*

T4 -  S/2(RG) d4 6d/7. ET2.5% Pal(1.5) 5/y*

T5 - S/2(RG) d4 6d/7. ET2.5% Pal(1.5) 7/y*

T6 -  S/2(RG) d4 6d 17. ET2.5% Pal(1.5) 9/y*

T7 -  S/2(RG) d6 6d/7. ET25%  Pal(15) 10/y*

T8 -  S/2(RG) d6 6d/7. ET2.5% Pal(L5) 12/y

T9 -  S/2(RG) d6 6d/7. ET25% Pal(1.5) 16ly' __-----------------------------
• • V a js  followed by different torn eacn othe,

1798 be 148 BI-2(2)

1950 abc 100 BI-1(4)

2202 ab 101 Bl-1(4)

2419 a 100 BI-1(4)

2105 abc 75 BI-1(2)

2075 abc 76 BI-1(2)

2081 abc 76 Bl-1(2)

1918 abc 51 BO-2(7)

1965 abc 51 BO-2(7)

1603 c 52 BO-2(7)



Table LHT 7. Yield response o f  LFCUT with rain guard in clone R R II 105 al CES, Chethackal, durinc Anril 
Zulu - March 2011 °  "

treatment Yield** 
(kg/400 trees)

No, of

T l- S/4 L' d3 bd/7  ET5% 12/y 5082 ab
T2- S/2 d3 6d/7 ET2.5% Pal(1.5) 1.2/y

T3- S/4U d4 6d/7 + slim, after every 5"' tapping (ET5% La) 6563 a
14-S/4U d4 6d!7  + stim. after even’ 4'” tapping (ET5% La) 5087 ab
T5- S/2 d4 6d /7  ET2.5% Pa 1(1.5) 6/y*

1/3SU d6 6d/7 + stim. after every 4,h tapping (ET5% Ga) 3590 b
T7- S/2 d/6 6d/7 + ET2.5% Pa 1(1.5) 12/y

4147 b
IB- 1/3SU d6 bd/7  + slim, after eveiy 2nJ lapping (ET5% Ga) 4157 b 51

At CES, the dem onstration plot under 
w eekly tapping w ith m onthly stim ulation 
continued to give prom ising yield  during 
2010-11 (52 tapping days). It w as 4.8 kg/tree/ 
year and 36.8 kg (mean per tap). Incidence of 
tapping panel dryness is 5.6 % (Table LHT. 6).

In another experim ent on com parative 
yield perform ance o f low frequency tapping 
(d6 &  dlO) in clone R RII 105, w eekly tapping 
with m onthly stim ulation  gave good yield . 
But it w as less under dlO tapping during 
the rep o rtin g  p erio d  d u e  to  lo ss o f five 
tapp ing. In the ex p lo ra to ry  tria l on LFT 
(d lO ) in c lo n e  R R II  1 0 5  at C e n tra l 
Experim ent Station (CES), C hethackal, yield 
o f 1799 kg/400 trees w as obtained  in the 9 ,h 
year o f tapping on BO -2 panel. C om pared

to previous year, y ield  w as low er due to the 
p roxim ity o f tapping panel to the bud union 
but the TP D  in cidence is very low  (2.2 %).

3. L o w  f r e q u e n c y  c o n t r o l le d  
u p w ard  ta p p in g

In  th e  e v a lu a t io n  tr ia l  o f  Low  
F re q u e n cy  C o n tro lle d  U p w a rd  T ap p in g  
(LFC U T) w ith rain  g u ard s in clon e R R II 105 
at C E S during  the s ix th  y ear  y ield  u n d er S/ 
4U  d 3  w ith  m o n th ly  s t im u la t io n  w as 
c o m p a ra b le  w ith  S/4U d 4  an d  S/3U d6. 
S im ilarly  yield  o f trees tapp ed in the basal 
panel under d ifferen t freq u en cies w as also 
com parab le (Table LH T.7).

Th e ex p erim en t on L F C U T  w ith  rain 
g uards in clon e RRII 118 sh ow s that yield

8‘ £ ? . ' X nhSe2 ° o ! r CUT Wi,h rain ^  in cl0" e n 8 at CES, Chethackal. durine AnH.
Treatment ~ "  “ -------— -------------------------------------------- ----------------

S s W J l M f f E r a . ^ i n  , h „  weeks'-------------------
T2- S/4U d4 6d/7 ET5% - once in three weeks t f

T3- S/3U d4 6d/7 ET5% - once in six weeks 

T4- S / m  66  6d 17 ET5% - once in three weeks 
T5- S/3U d6 6d/7 ET5% - Monthly 

M ow ed  by s » *  le,W t

2605 be 

2395 c 

3565 a 

3139 ab



Table LHT. 9. E ffccl o f stimulation under d2 and d3 frequencies of tapping in clone RRII 105 without 
_____________ rainguarding on recovery of yield loss at EFU, R1T, during 2010-11_____________________
Treatment Yield* kg/tap/

...
drc No. of

(kg/400trees) 400 trees kg/tree g/t/t (%) tsaps
S/2(RG) d2 6d/7 2482 abc 18.3 d 6.2 a 45.9 d 37.6 c 135

S/2 d2 6d/7 2023 abc 27.1 abc 5.1 abc 67.7 abc 39.0 abc 75

S/2 d2 6d/7 ET2.5% Pa. 3/y 1756 bed 21.9 bed 4.4 bed 54.9 bed 38.7 be 80

S/2 d2 6d/7 ET2.5% Pa. 5/y 1516 cd 19.2 cd 3.8 cd 48.0 cd 38.7 be 79

S/2(RG) d3 6d/7 ET2.5% Pa.3/y 2119 ab 22.2 bed 5.3 ab 55.4 bed 37.7 c 96

S/2 d3 6d/7 ET 2.5% Pa (3/y) 1823 bed 33.0 a 4.6 bed 8 2 3  a 40.4 a 55

S/2 d3 6d/7 ET 2.5% Pa (5/y) 1413 d 25.7 abed 3.5 d 64.3 abed 39.2 abc 55

S/2 d3 6d/7 ET 2.5% Pa (7/y) 1532 cd 28.0 ab 3.8 cd 70.1 ab 39.5 ab 55

LSD (0.05) 568.30 8.15 1.42 20.37 1.69

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

u n d e r  v a r io u s  sy s te m s  w ith  m atch in g  
variation  in yield  stim ulation frequencies 
w ere  co m p a ra b le . H ow ev er S/3 d6 with 
o n ce  in th re e  w e e k 's  s tim u la tio n  gave 
h igh est y ield  o f 8 .9  kg/tree (Table LHT.8).

4. O th e r  e x p erim en ts

T h e  e x p e r im e n t  on lo n g -term  
ev a lu atio n  o f rain  gu ard  was continued. 
S ig n ifica n t y ield  v ariation  w as observed 
am ong variou s treatm ents. D uring the year 
2010-11 , th e  h ig h est y ield  w as observed 
under d2 frequen cy o f tapping which was 
at par w ith d3 frequency o f tapping, both 
w ith rain guard ing . C rop loss in the non- 
ra inguarded  condition s could be partially 
com pensated  b y  stim ulation (Table LHT.9).

5. E v a lu a t io n  o f  " M o r te x "  as an
y ie ld  stim u la n t  in  ru bber

T h e  e x p e rim e n t in itia ted  at K aliyar

E state, T h o d u p u z h a , and  at E F U , RIT, 
Pam pady, d u r in g  2 0 0 9 -1 0  to  e v a lu a te  
"M o rtex " in co m p ariso n  w ith  eth epho n 
was continued. N o sign ificant d ifference in 
yield or drc % could be observed betw een 
various treatm ents du ring  the year 2010-
11. (Table LHT.10).

E v a lu a t io n  o f  b io - d e g r a d a b le  
p o ly th en e  fo r  ra in g u a rd in g  ru b b e r  
trees

Evaluation o f bio-degradable polythene 
along with conventional Low  D ensity  Poly 
Ethylene (300 gauge) for rainguardin g of 
rubber trees w as con tin u ed . W ith in  5  Vi 
m o n th s, th e  b io -d e g r a d a b le  p o ly th e n e  
started degrading .i.e. faster than required 
period of 8-9 m onths. However, there was 
an im p ro v e m e n t o v e r  th e  p r e v io u s  

sam ples.



M ajor research activities o f the G enom e 
A n a ly sis  L a b o ra to ry  en co m p a ss  (I) the 
developm ent, optim ization  and validation 
o f m o lecu lar  too ls for th e  a ssessm en t o f 
g e n e t ic  d iv e r s ity  in ru b b e r, c lo n a l 
id en tifica tio n  and  g en o m e m ap p in g  (II) 
developm ent o f  gen etic  m arkers for biotic 
an d  a b io t i c  s t r e s s  to le r a n c e  an d  
u n d e rs ta n d in g  th e  s t r e s s  a d a p ta t io n  
processes through tran scrip tom e analysis 
and  (III) c lon in g  and  ch a racteriza tio n  o f 
agronom ically  im portant genes,

1. D e v e lo p m e n t, o p tim iz a tio n  an d  
va lid ation  o f  m o lecu lar  too ls for 
the assessm en t o f  g en etic diversity  
in  ru b b e r , c lo n a l id e n t if ic a t io n  
an d  g en om e m ap p in g

D iffe re n t m ark er  te ch n o lo g ie s  have 
been  a d o p ted  a n d  s u c c e s s fu lly  u sed  in 
ch a ra cteriz a tio n  o f  ru b be r g en o m e. Th e 
details o f the p rogress achieved  so far are 
described .

1.1. D evelopm ent o f  m icrosatellite  m arkers 
a n d  i t s  a p p l ic a t io n  in  th e  
characterization  o f H ev ea  germ plasm  

M icrosatellite m arker d evelopm ent in 
H eim  w as continued with the isolation and 
ch aracterization  o f  H evea  g en o m ic  clon es 
contain ing microsatellite/ sim ple sequence 
r e p e a ts  (S S R ). S o  fa r  104 m icro sa te llite  
m ark ers w ere  g en era ted  from  a no rm al 
g e n o m ic  lib ra ry . P a r a m e te rs  a ffe c tin g  
a m p lif ic a t io n  o f  th e  m a rk e rs  w ere  
standardized .

An attem pt w as also m ade to construct 
an enriched gen om ic library' for dinucleotide 
repeats for SSR m arker developm ent. Three 
biotinylated syn thetic repeat oligos (AG), 
(a Q m an d  (A T )M b ou n d  to s trep tav id in

co a te d  m a g n e tic  b e a d s , w e r e  u sed  in 
hybridization with Tsp509I d igested genom ic 
DNA, isolated  from  the clon e G T  1. DNA 
fragm ents containing repeats, hybridized to 
syn th etic  o ligos, w ere  cap tu red  and  PCR 
a m p lif ie d . A m p lif ie d  e n r ic h e d  DNA 
fragments w ere then digested with EcoRI, size 
-selected  and cloned in pre-digested lambda 
ZA P II vector follow ed by packaging o f the 
sa m e . T h e  p r im a r y  l ib r a r y  c o n s is ts  o f 
-  6 x 105 clones as revealed through plating 
and titering o f the packaged phage. Prim ary 
screening o f the library for p ositive clones 
bearing sim ple repeat sequences is in progress.

D N A -b a sed  m a r k e r s  w e re  u se d  for 
accurate id en tification  th rou gh genotyping 
o f  H. b r a s i l i e n s i s  c lo n e s ,  e s s e n t ia l  for 
m a in ta in in g  g e n e tic  p u r ity  o f cu ltiv a ted  
clones and to resolve a n y  d isp u te  regarding 
its identity. E arlier 2 7  clon es w ere identified 
u n a m b ig u o u s ly  u s in g  m ic r o s a t e l l i t e  
m arkers. T h is w as fa rth er  ex ten d ed  to 38 
p opu lar clones orig in atin g  from  Sou th  East 
A sian rubber-grow ing  co u n tries including 
India. A ll th ese c lon es could  successfu lly  be 
id en tified  u sin g  o n ly  th ree  p o ly m o rp h ic  
m icrosatellites d eveloped  in our laboratory, 
sin g ly  o r in co m b in a tio n , b ased  on th eir 
pow er o f d iscrim ination. In o rd er to identify 
the clones, m icrosatellites hev-g lu  (identified 
within the iniron o f P-1,3 glucanase gene),hm ctl9  
and htim cU  (generated from H evea brasiliensis 
gen om ic library) w ere used seq u entia lly  in 
d e s c e n d in g  o r d e r  o f  th e ir  p o w e r  o f 
d iscrim in ation .

1-2 . S in g le  n u c le o t id e  p o ly m o r p h is m s
(SN Ps) in  H ev ea

SN Ps identified in w ild  a ccessio ns w ere 
u sed  a s  m a r k e r  fo r  g e n o ty p in g . F o u r  
representative o f w ild H evea  accessions from 
each o f the th ree d ifferent p rov inces: Acre,



M ato G ro sso  and Rondonia w ere used in 
SN P d etection . A llele-specific primers for 
SN Ps in g lu tath ione peroxidase gene were 
tested for am p lification  in wild accessions 
using latex plastidic aldolase gene and p-actin 
gene as PCR reaction control in SNP validation 
analysis. SNP genotyping o f individual plant was 
carried out by employing allele-specific primers 
for two SNPs in 60 wild accessions o f which 24 
were from  A cre, 18 from M ato Grosso and 
18 from  R ondonia.

1 .3 . S in g le  n u c le o t id e  p o ly m o rp h ism s 
(SN Ps) and haplotype structuring in the 
la tex  b io sy n th e sis  genes 

F u l l- le n g t h  g e n o m ic  seq u en ce  o f 
h y d r o x y m e th y lg lu ta r y l-C o A  red u ctase  
( H M G R ) a n d  cD N A  se q u e n ce  o f 
h y d r o x y m e th y lg lu ta r y l-C o A  sy n th ase  
(H M GS) w ere obtained from NCB1 database. 
P r im e rs  w e re  d esig n ed  for overlappin g 
frag m en ts o f ap p roxim ately  650 bp sizes 
covering the entire genom ic region o f HMGR, 
w hereas p rim ers for HM GS w ere designed 
based on the availab le  cD N A  sequence. The 
g en o m ic  reg io n  o f th e  above genes was 
a m p lif ie d  b y  P C R  from  fiv e  H evea  
g en otypes: RRII 105, RRII 118, RRIM 600, 
R R IC  5 2  an d  G T  1. T h e  PCR prod u cts 
obtain ed  from  H M G R  and HM GS were gel 
purified and sequenced to identify the SNPs. 
S eq uen ces obtained  w ere aligned using the 
m u ltip le  s e q u e n c e  a lig n m en t op tion  in 
DNAS1S seq u en ce analysis software.

H M G R  g en e contains four exons and 
th ree in trons in its entire genom ic region of 
2 .3 3  k b . F o u r  o v e r la p p in g  frag m en ts  
consistin g o f 547  bp, 761 bp, 657 bp and 592 
bp w ere am p lified  from five Hevea clones 
using four prim er-pairs, designed based on 
g e n o m ic  s e q u e n c e s  a v a ila b le  in t e 
G enBan k. Fou r SN Ps w ere identified from 
the first exon, o ne from the second exon and 
six  from  the secon d  intron including an 
indel. All the five SN Ps within the exon.c

region of HMGR w ere found to b e  resulting 
in degenerate codons coding for the sam e 
amino acid. N o SN Ps w ere identified from 
the 3 ' end . S N P  a n a ly s is  re v e a le d  the 
e x is te n ce  o f tw o d is t in c t  h a p lo ty p e s : 
GGCAAGTA-TG and C CTTCTATTCT. T he 
clone RRIC 52 could clearly be discriminated 
from RRII 118 and RRII 105 based on their 
h a p lo ty p es , as RR II 118 an d  R R II 105 
co n ta in e d  s im ila r  h a p lo ty p e s  
(G G C A A G T A -T G ), w h ile  R R IC  52  had 
different haplotype (CCTTCTATTCT). All 
the SN Ps w ere in h o m o zy g o u s s ta te  in 
above three clones, w hereas RRIM  600 and 
G T 1 showed heterozygous conditions. SNP 
inform ation o f H M G R  gene o f G T  1 w as 
incomplete due to the poor sequence quality 
of certain regions.

In th e  ca se  o f  H M G S  g e n e , th re e  
overlapping fragm ents, approxim ately 1.6 
kb, 1.4 kb and 1.0 kb w ere am plified using 
th ree  p r im e r -p a ir s  b a se d  o n  cD N A  
sequences. H M G S am p licons w ere larger 
than the size of the cD N A , indicating the 
presence o f large in trons in the genom ic 
sequences. Th e fragm ents w ere purified and 
two of them (2nd and 3rJ) w ere sequenced 
from both d irections. Seq u en ce data was 
available only for the m iddle and 3' end of 
the region with gaps in betw een. A total of 
16 SN Ps w ere identified from  the analyzed 
region. Interestingly in RRIC 52, tw o SNPs 
e x is tin g  in th e  co d in g  re g io n  sh o w ed  
heterozygous condition s w ith the m utant 
allele coding for a different am ino acid. The 
alleles w e r e 'C  a n d ‘T  w ith 'C ' as the m ajor 
allele existing in hom ozygous condition in 
other genotypes, w hile ' T  appeared to be 
the m utant one. In the first locus, 'A C T  is 
the m ajor codon, coding for threonine (Thr), 
w hereas the m in or on e 'A TT' co d es  for 
isoleucine (lie). Sim ilarly, at another locus, 
the d om inan t co d o n  seem s to be 'C C C ' 
coding for p roline (Pro) w hile the other one 
is 'C T C  coding for leu cine (Leu).



1.4. R e tro tra n s p o s o n s  a n d  re tr o -b a s e d
m arkers in ru bber

A b u n d a n c e  o f  r e tr o tr a n s p o s o n s  in 
H ev ea  g e n o m e  w as r e p o rte d  e a r lie r . 
G en om ic c lon es b earin g  retro -seq u en ces 
from  a g e n o m ic  lib rary  w ere  id en tified  
th ro u g h  p la q u e  h y b r id iz a t io n  u s in g  
're v e r se  tra n scr ip ta se ' (R T ) g en e as the 
p r o b e . E f fo r ts  w e r e  m a d e  to  d e v e lo p  
retrotransposons -  based  su itab le  m arker 
system  for d ifferentiation  o f H evea  clones 
an d  a ls o  th e ir  e v a lu a t io n  a s  u se fu l 
com p lem en ts to SS R  and A FL P  m arkers. 
U niversal prim ers for retro-sequ ences w ere 
syn thesized  and  used in am p lification  to 
develop S -SA P m arkers. Work is in progress 
in developing retro-based  m arker system  
in rubber.

1 .5 . G en etic  l in k ag e  m ap in ru b ber

In l in k a g e  a n a ly s is  w o r k , m a rk e r  
se g re g a tio n  d ata  is  b e in g  co n tin u o u s ly  
tn ie g r a te d  in to  th e  m a p p in g  d a ta  to 
p opulate the lin kage m ap o f rubber. A new 
set o f 80 SSR  prim er-pairs including 13 M- 
series SSR s (used by French group) 58 Hv- 
series and 9 EST-derived SSR s w ere tested 
for p o lym orp h ism s betw een  the parents 
R R II 105  a n d  R R II 1 ] 8 . M -s e r ie s  
m ic r o s a t e ll i t e  p r im e r -p a ir s  w ere  
s y n th e s iz e d  b a se d  o n  th e  m arker-, for 
d ifferent linkage group o f rubber from the 
• terature published by C IRA D  group and 

tested for p o lym orphism  in RRII 105 and 
RRII 118. T h is is to gen erate synonym ous 
linkage groups in the m ap ping study using 
those m arkers as anch or points. RA PD  and 
A FLP m arker analysis w as also perform ed 
and the seg reg atio n  d ata  w ere recorded  
M arker segregation  am o ng the progenies 
w as fo u n d  to  b e  p e r fe c t as seg reg a tio n  
d is to rtio n  w as n o tice d  o n ly  w ith  sm all 
num ber o f A FLP m arkers.

N inety-six RA PD s (36 RA PD s - RRII 105 
specific. 39 RA PD s - RR II 118 specific and 21

co m m o n  R A P D s - p r e s e n t  in  b o th  the 
parents) w ere analyzed  fo r  segregation  in 
progeny popu lation . Segregation  data o f 74 
A FLP m arkers (32 A FL P s - R R II 105 specific 
26 A FLPs - R R I I !  18 sp ecific  and 16 com m on 
A F L P s ) g e n e r a t e d  w ith  1 7  p r im e r  
co m b in a tio n s  w ere  a lso  in co rp o ra te d  in 
lin k a g e  m ap . B e s id e s  R A P D  an d  A FLP 
m arkers, 43  p o lym orp h ic SSR  m arkers (18 
gen om ic and  2 5  EST-derived  SSR s) and two 
S N P  m a r k e r s  ( id e n t i f ie d  in u b iq u itin  
p recu rso r  an d  m e v a lo n a te  k in a se ) w ere 
used to g en otyp e the p ro g en y  population 
an d  s e g re g a tio n  d a ta  w as r e co rd e d  for 
linkage m ap  constru ction .

In total 215  m ark er  loci w ere used to 
g e n o ty p e  60  p ro g e n ie s  a lo n g  w ith  th eir 
p aren ts R R II 105 and  R R II 118 . L in kage 
a n a ly s is  a n d  m a p  c a lc u l a t io n s  w ere  
perform ed  u sin g  th e  p ro g ram  Jo in M ap  v. 
3.0. Tw o p arental m ap s w ere gen erated . In 
R R II 105 , 72  lo c i w e re  d is tr ib u te d  in 18 
linkage grou p s and  74  rem ain ed  unlinked. 
W hereas 20  lin k ag e  g ro u p s w ere  form ed 
w ith 65 loci in R R II 118 and  72  loci w ere 
unlinked.

2. D evelopm ent o f  genetic markers 
f o r  b i o t i c  a n d  a b i o t i c  s t r e s s  
to lera n ce  a n d  u n d e rs ta n d in g  the 
stress  a d a p ta tio n  p ro c es s  th rou gh  
tra n s cr ip to m e  a n a ly s is

2.1. D ev elo p m en t o f  m o lecu la r  m arker(s) 
l in k e d  to  th e  lo c u s  c o n fe r r in g  
resistan ce  to fu n g a l d isea ses  in  H ev ea

2.1.1. R e s is t a n c e  g e n e  a n a lo g u e  (R G A ) in  
ru b ber

RGA approach  w as adopted  to identify 
disease resistant g en e in Hevea. Iso lation and 
c h a racteriza tio n  o f  4 8  g e n o m ic  R G A s as 
w ell as 32  fun ction al R T -R G A s in rubber



w ere rep o rted  last year. A nalysis o f RT- 
RGA13, o n e o f the functional resistance gene 
a n a lo g u e  id e n tif ie d  in  ru bber, show ed 
sign ificant over-expression  in Corynespora 
in fected  ru b be r c lo n es  and  therefore an 
attem p t w as m ad e to clone full-length of 
the gen e. A  -2 .0  kb 3 ' RACE product of the 
R T -R G A 1 3  w as c lo n e d  an d  seq u en ced  
p a r t ia l ly .  S e q u e n c e  a n a ly s is  sh ow ed  
s ig n if ic a n t  h o m o lo g y  w ith  d isease  
resistan ce g en e from  several plant species. 
But, gen eration  o f 5 'R A C E  of the sam e from 
the f ir s t-s t ra n d  cD N A  p rod u ct did not 
s u c c e e d . T h e re fo r e , sa m e g en e-sp ecific  
5 'R A C E  p r im e rs  w ere  used  for genom e 
w a lk in g  u s in g  r e s tr ic te d  an d  ad ap ter 
lig a te d  g e n o m ic  D N A  (g en om e w alker 
lib rary) and  a 1 .3  kb D raI fragm ent was 
am p lified  and cloned successfully.

2.1.2. G en es  in v o lv e d  in  h o s t  to leran ce  to 
C ory n esp ora  l e a f  d isea se  

D if f e r e n t ia l ly  e x p re ss e d  120 
tran scrip ts/ b an d s in d u ced  by challenge 
in o c u la t io n  o f r u b b e r  p la n ts  w ith  C. 
cassiicola  w ere identified ; 60 o f them were 
c lo n ed  an d  ch a ra cteriz ed  to get an idea 
about the gen es induced during interaction 
o f the p ath ogen w ith RRII 105, a susceptible 
clone, w h ile  d eveloping d isease symptoms. 
E arlier identified  63 differentially expressed 
clon es w ere subjected  to reverse northern 
analysis u sing  total RNA from infected (24 
h, 48  h and  96  h after inoculation with the 
pathogen) and  non-infected  (control) RRII 
105 and G T  1 as probes to identify thecDN A  
c lo n e s  sh o w in g  d iffe r e n t ia l p attern  of 
exp ress ion s in susceptib le and in tolerant 
clones respectively. Twenty-six cDN A clones 
w ere found to b e  over-expressed com pared 
to control w ithin 2 4  h o f infection in tolerant 
c lo n e  G T  1. A m o n g  the over-exp ressed  
clon es, n ine clon es show ed alm ost sim ilar 
r e sp o n s e  (u p -re g u la tio n ) in su scep tib le

clone RRII 105 and four clones: CT34, CT54, 
CT72 and 0 7 3  show ed opposite trends in 
expression levels betw een susceptible and 
tolerant clones. T h ese four c lon es dow n 
regulated in RRII 105, show ed considerable 
levels o f up-regulation in G T 1 at 24  h of 
infection. Out o f 26 over-expressed clones 
at 24 h o f in fection in G T  1, 18 o f them  
show ed reduced  levels o f ex p ressio n  at 
48h. Thirty-one cDNA clones didn’t show 
any response to challenged inoculation and 
one clone CT74 showed dow n regulation in 
GT I. Attempts are being m ade to confirm  
these prelim inary results.

E ffo r ts  to c lo n e  fu ll - le n g th  g e n e s  
en co d in g  a n th o c y a n id in  3 - 0 -  
g lu co sy ltran sfe rase  and  tra n scr ip tio n a l 
regulators o f th e  G R A S fam ily  th rou gh 
RACE resulted in am plification o f desired 
5 'cD N A  end  in  a n th o c y a n id in  3 - 0 -  
glucosyltransferase (1 .2  kb) and a truncated 
5' RACE product for G RA S gene from G T  1. 
M em bers o f the G RA S gene fam ily encode 
tr a n sc r ip t io n a l r e g u la to rs  th a t h a v e  
d iv erse  fu n ctio n s  in p lan t g ro w th  and 
developm ent and span over 2100 bp  (688 
amino acids encoded in Ricinus communis). To 
amplify initial 900 bp coding sequence at 
the 5 ' end RAG E technique w as adopted 
w ith  g e n e -s p e c if ic  p r im e r  fro m  th e  
truncated 5 ' sequence. C onsecutively four 
fragm ents w ere am p lified  from  ad ap ter 
ligated genom ic D NA restricted w ith Dra\, 
EroRV, P p h II and  S tu I a n d  c lo n e d  fo r  
sequencing.

Seq u en cin g  o f 72 su b tra cte d  cD N A  
clones (Sc-CT), derived from Corynespora  
c h a lle n g e d  R R II 105 , w as ca rr ie d  out. 
S u rp r is in g ly  a ll th e  s e q u e n c e s  w ere  
grouped into six contigs. Therefore, an effort 
w as m ad e to  c o n s tr u c t  a s u b tra c tio n  
library w ith  the C ory n esp ora  ch a llen g ed  
RNA sam ples.



2 .2 . C h a r a c te r iz a tio n  o f  s t r e s s - to le r a n t  
c lo n e s  o f  H e v e a  u s in g  m o le c u la r  
m ark ers and  g e n e  reg u la tio n  u n d er 
a b io tic  stresses

T ran scrip t p ro filin g  o f  both  toleran t 
and sen sitiv e  resp o n ses  u n d er d ifferen t 
a b io t ic  s t r e s s e s  w a s  c o n t in u e d  to 
understand stress adaptation  processes in 
ru b ber g ro w in g  u n d er e x tre m e c lim a tic  
c o n d itio n s . T h is  w ill p ro v id e  c lu e s  for 
identification o f genes, w hich are useful for 
im provem ent o f abiotic stress tolerance in 
rubber.

2.2.1. C o ld  to leran ce  in rubber

T r a n s c r ip t p r o f i l in g  in tw o  s t r e s s  
tolerant H evea  c lones PR 261 and RRII 208 
in relation  to cold stress  w as con tin u ed . 
C h a r a c te r iz a t io n  o f  131 d if fe r e n t ia l ly  
expressed cD N A  seq uences w ere reported. 
O ne hu nd red  and ten u n iq u e seq u en ces 
com p rised  o f 13 c lu sters/ con tigs and  97  
singletons w ere identified . M ore num ber 
of differentially expressed transcripts (-100) 
w as g en era ted  th ro u g h  D D -R T  PC R  for 
ch aracterization .

2 .3 . R u b b er E S T  P ro ject

A second p lasm id  library, contain ing 
m o re than 600  su b tra c te d  cD N A  clon es 
d j t e d  from cold stressed  leaf sam ples of 
I K 261 , w as con stru cted  to id en tify  cold 
resp onsive gen es. Seq u en ce an a ly sis  was

(Sd3N A )U* W" h 59  SUblraCted CDN A clones

A b a rk cD N A  library  was c o n s tr u c t, I 
in lam bda Z A P Express vector using m RNA 
from  the clon e RRII 118. E fficiency o f the 
library w as found to be 9.6 x 104 pfu. This 
lib ra ry  is th e  s o u rc e  o f  g e n e s , a c tiv e ly  
ex p re ss in g  in b ark  tissu e . M ass in -v iv a  
e x e s ,o n  o f the bark cD N A  lam bda phage 
library to phagem id  library w as carried out

and ex cised  p h ag em id  c lo n e s  containing 
cD N A  inserts w ere grow n  in div id u ally  in 
m icrotiter p lates. In total 560  clon es were 
grow n and m aintained . O n e  hundred and 
tw en ty-six  cD N A  in serts  w ere  am p lified  
from  the clon es o f a bark cD N A  libray of 
RRII 118 using v ecto r  d irected  prim er-pairs 
and seq u en ced . A p p ro xim ately  54 ,500  bp 
b a rk  tr a n s c r ip to m e  s e q u e n c e  d a ta  w as 
gen erated . H igh q u a lity  seq u en ces  o f 108 
bark cD N A  clon es (b cD N A ) w ere  subjected 
to  'c o n t ig  a n a ly s is ' to  a s s e m b le  s im ilar 
sequences in g rou p s. Ten contigs containing 
22 clon es (2  to 4  clo n es p er contig ) and 86 
s in g le to n s  ( s in g le  s e q u e n c e s )  w ere 
identified . A ll seq u en ces w ere  sub jected  to 
B L A S T X  s e a r c h  to  k n o w  a b o u t  the 
h o m ology w ith  the g en e seq u en ces existing 
in G en B a n k  fro m  r u b b e r  o r  o th e r  p lan t 
s p e c ie s .  S e q u e n c e  a n n o ta t io n  w as 
perform ed.

2 .4 . M ethylation d ynam ics o f  H .b ra s ilm es is
g e n o m e

U n d e r s t a n d in g  th e  m e th y la t io n  
p attern  o f  H ev ea  c lo n e s  w ill p ro v id e  an 
explanation for the d ifferen tia l expression 
o c h a r a c te r s  b y  th e  s a m e  c lo n e  u n d er 
d ifferent stressed  co n d itio n s and  how  the 
P lan t is g e ttin g  a d a p te d  to a p a rticu la r  
s tr e s s e d  c o n d i t io n  b y  c o n t r o l l in g  th e  
expression  rate  o f sev eral genes.

G ro w th  c h a m b e r  e x p e r im e n t  w as 
d e s ig n e d  to  s t u d y  th e  e p ig e n e t i c  
m odifications in the gen om e o f H evea  clones 
under cold stress and to valid ate the results 
obtained  from the p relim in ary  studies. Two 
polybag p lants o f clon es RR II 105, RRIM  600 
and PB 260  w ere su b jected  to cold stress in 
= g r o w th  c h a m b e r . T h e  D N A  s a m p le s  
collected  from  th ese p lan ts before  and after 
Oie cold treatm ent w ere b isu lfite  treated. 
P ro m o ter  re g io n s  o f  h m g r  7, C ro n a tin e-



in sensitive 1 and  r e f  gene w ere amplified 
using b isu lfite  prim ers, purified and cloned 
for se q u e n c in g . RN A  sam p les w ere also 
is o la te d  fro m  th e s e  p la n ts  b e fo re  and 
d u r in g  th e  tr e a tm e n t  p erio d  fo r  gene 
expression studies.

To s tu d y  ep ig e n etic  m odifications in 
H evea  gen om e un d er cold stress, a simple 
RAPD  - based technique was adopted. DNA 
w as isolated  from  a sin g le p lant o f RRII 105 
before and after cold treatm ent for digestion 
w ith  m e th y la t io n  sen sitiv e/ in sen sitiv e  
isoch izom ers - HpaU  X Mspl. Twenty RAPD 
p r im e r s  w e r e  s c r e e n e d  to fin d  out 
p o ly m o rp h ic  b an d s d u e to m ethylation. 
M ethylation sen sitive  bands w ere observed 
in the p rofiles o f OPAIO & OPAB 07 primers. 
Initial results o f these tw o prim ers indicate 
that cold stress is inducing methylation at 
certain reg ion s o f the genom e.

In an o th er experim ent, genom ic DNA 
o f a ll th e  th r e e  c lo n e s  (fro m  gro w th  
ch am ber ex p erim en t) w as digested with 
M crB C  e n z y m e  (an  end o n u clease  which 
r e c o g n iz e s  m e th y la te d  cy to s in e s  and 
cleaves th ere) to analyze the extent o f DNA 
m ethylation  polym orphism s am ong them. 
S m e a r in g  w a s  o b s e r v e d  w h en  M crB C  
d igested  g e n o m ic  D N A  was checked on 
agarose gel ind icatin g  methylation in Hevea 
genom e. M crBC  -  RAPD of the DNA samples 
derived from  th ree c lones prior to and after 
cold treatm ent using the above two primers 
OPA-IO and  O PA B-07 could not show any 
d ifference in b an d in g  patterns.

An attem p t w as m ade to amplify the 
H ev ea  m e th y l t r a n s fe r a s e  g en e CM T3  
( r e s p o n s ib le  fo r  s it e - s p e c if ic  de nova  
m e th y la tio n ) fro m  H evea  gen om e using 
degen erate p rim ers. A 600 bp fragment was 
a m p lified  an d  c lo n ed  for seq u en cin g  to 
confirm  the identity.

3 . C lo n in g  a n d  c h a r a c te r iz a t io n  o f  
a g r o n o m ic a lly  im p o r t a n t  g e n e s

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

3.1.1. C in n am y l a l c o h o l  d e h y d r o g e n a s e  
(CAD) gene fr o m  rubber

For im proving wood quality through 
enhanced lignin b iosynthesis in rubber a 
su b stan tia l e ffo r t h as been  p u t on the 
fu n ctio n a l c h a r a c te r iz a tio n  o f g e n e s  
involved in lignin production. Successful 
c lo n in g  and c h a ra c te r iz a tio n  o f cD N A  
encoding Cinnamyl alcohol dehydrogenase 
(HbCAD). Southern hybridization w ith full- 
length cD N A  p robes o f H bC A D  c learly  
indicated the presence o f m inim um  two 
forms of the resp ective gen es in rubber. 
Sequence o f genom ic HbCAD  (2091 bp) was 
also reported.

3.1.1.1. HbCAD gene expression  in se lec ted  
w ild  accession s an d  W ickham  clon es

A ttem pts w ere m ad e to e sta b lish  a 
correlation betw een CAD  gene expression 
and  lig n in  co n te n t in  s e le c te d  w ild  
accessions and W ickham  clones using real­
time quantitative PCR. cD NA derived from 
the bark RNA w as analyzed to quantify  the 
le v e l o f  C A D  tr a n s c r ip ts  in d if fe r e n t 
accessions. No significant variation in CAD  
gene expression was detected am ong the 
w ild  a c c e ss io n s  s tu d ie d , w h ich  h ad  
estimated lignin content in the range o f 21 
to 27%.

3.1.2. C in n am oy l-C oA  r ed u c ta s e  (H bCCR) 
gen e

A full-length cD NA o f CCR, involved in 
lignification, was cloned successfully from 
ru b b e r  an d  d e s ig n a te d  a s  H bC C R . 
Sequencing o f the putative HbCCR  clones



follow ed by hom ology search confirm ed its colon ies w ere g row n  in LB and  cells were
gene design ation , w hich is o f 1114 bp in collected prior to an d  a fter  IPTG  induction
le n g th . H b C C R  cD N A  c lo n e  sh o w e d  for CCR g en e ex p ress ion . C ru d e extract of
maxim um  hom ology w ith Ricinus com m unis the collected  cells w as loaded  on S D S PAGE
CCR g ene seq u ences (E value: l e 1* ) .  to detect the reco m b in an t p rotein . A new

To d eterm ine the gen om ic organization protein band (42 kD ) w as detected . Further
of HbCCR  gene, an effort w as m ade to isolate ex perim entation  is in progress,
a g en o m ic  c lo n e  o f  C C R  g en e  fo llo w in g
"e x p a n d  lo n g  te m p la te  P C R " m e th o d . 3-12.2. R e la t iv e  q u a n tifica t io n  o fH b C A D  and
Prim er w alk in g  stra te g y  w as ad op ted  to H bC C R  tran scr ip ts  in  th e  b a r k  tissues

gen es in volved  in lign ification  in rubber, the exp ression  levels o f both C A D  and CCR 
G enom ic D NA  o f G T  1 w as d igested with Senes am ong the three H evea  species studied
BnmHl, EcoRI, H/ndlll, Sac!, Psfland  Xbal and through qP C R . H. b rasilien sis  c lo n e  R RII 105
tr a n s fe rr e d  to  n y lo n  m e m b ra n e  fo r  have high C A D  and C C R  activ ity  com pared
h y b r id iz a tio n . H y b rid iz a tio n  w ith  fu ll-  to H - b e n th a m ia n a  a n d  H. sp r u c e a n a .
length cD N A  p robes o f  H ev-C C R  c learly  C om paratively  low  levels o f  C A D  and CCR
in d icated  the p resen ce  o f  m o re  th an  on e 8 e n e  e x p r e s s io n  w a s  n o t ic e d  in b ark
form o f the respective g en e in rubber. s a m p le s  o f  H . s p r u c e a n a ,  w h ic h  w as

Sem i-qu antitative R T-P C R  w as carried suPPorted  b y  the earlier  no rth ern  analysis
out for expression  analysis o f H bCCR. G ene resu ,ts -
expression w as com paratively  high in leaf
than in bark o f RRII 105. H bCCR  activ ity  3 ‘2 ‘ C io n in g a n d ch a racteriza tio n  o f  stress
w as a lso found to be h ig h ly  variable in bark resp o n siv e  g en e  (s)

i n w u  ° l  different H evea  species. In RRII M T  g en e co d es  fo r  a low  m o lecu lar
w u  rasil,e,1sls)' C C R  ex p ress ion  w as w e ig h t p r o te in  th a t  a c ts  a s  a r e a c tiv e
h.gher than other tw o species, H. benthamiana o x Y sp ecies (R O S) scav en g er in the cells
and H. spruceana  as noticed with the HbCAD. to protect p lants from  o xid ative stress. Hevea

generate inform ation about the full-length 
sequence o f the g ene (~3'2 kb).

q P C R

S ig n ifican t v ariation  w as observed  in

o f  th r e e  s p e c i e s :  H. b ra s ilie n s is , H. 
bentham iana an d  H. sprucieana using

S o u th e r n  h y b r id iz a t io n  w as 
perform ed to know  the nu m ber o f HbCCR



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

T h e  C e n tr a l  E x p e r im e n t S ta tio n , 
Chethackal, located near Ranni at a distance 
o f a b o u t  5 6  km  fro m  K o tta y a m  was 
established in 1966 to cater research needs 
of the d ifferent D ivisions o f the RRII. The 
S tation  has a total land area o f 254.8 ha 
w hich  is p la n te d  fo r  d ifferen t research 
p ro jects.

T h e S ta tio n  m e ets  th e  n eed s o f the 
sc ien tis ts  o f v a rio u s  d isc ip lin es o f Crop 
Im p ro ve m en t, C ro p  M an agem en t, Crop 
P ro te ctio n , C ro p  P h y sio lo g y  and Latex 
H arvest Technology . Th e station has two 
d iv ision s A an d  B o f a lm ost equal area. 
A p a rt fro m  c lo n e  tr ia ls  an d  budw ood 
n u rsery  o f p ip e lin e  clon es, trials on low 
fr e q u e n c y  ta p p in g , C U T , G erm p lasm  
a c c e s s io n s ,  d is e a s e  m a n a g e m e n t and 
fe r tiliz e r  d o s a g e s  m ak e  up bu lk  o f the

experimental areas. Specialised trials like 
gas-based tapping (G -Flex), intercropping 
and im m aturity reduction etc. a lso m ake 
part of the experim ental area. A three-part 
tree crown-budded area with canopy from 
F, 516 is laid to study d isease resistance 
mechanisms. An Eddy covariance tower 
gives m icro-environm ental data. Trainees 
of Rubber T rain in g C en tre  and  various 
Sastrad arsan  team s v is it th e  s ta tio n  to 
gather first hand inform ation.

During the reporting period, the total 
crop realised was 126698 kg. A total o f 299 
tapping days was possible in the year and 
42 tapp ers (per day) w ere en g ag ed  for 
tapping. The CES D ispensary attends to the 
medical needs o f the w orkers and the total 
num ber o f v isits o f p a tien ts d u rin g  the 
period under report w as 4640.

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

T h e  p r io r ity  areas  o f research o f the 
s ta t io n  in c lu d e d  c ro p  im p ro v em en t, 
m anagem ent, p rotection  and latex harvest 
technology.

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

1.1. L a r g e - s c a le  t r ia l  fo r  s e le c t io n  o f 
lo ca tio n -sp e c ific  clon es:

Field  p lan tin g  o f 7 20 polybag plants of 
15 p rom ising c lon es (viz. RRII 414, RRII 417, 
RRII 422, RR II 429, RRII 430, RRIM 600, RRII 
203, RRII 208, SC A TC  88/13, IRCA 109, IRCA 
H I,  IRCA  130, PB 280, PB 312 and PB 314) 
was com p leted  at RRTC, H ahara in Assam 
for id e n tify in g  lo c a t io n  s p e c if ic , high- 
yielding clones.

1.2. L arg e-sca le  tr ia l fo r  e v a lu a t io n  o f  
potential prim ary clones

Field planting o f 576 polybag plants of 
10 potential prim ary clones from  Sarutari 
Research Farm (viz. G h l, G h 2, Gh 3, G h 4, 
Gh 5, Gh 6, G h 7, Gh 8, Gh 9 and Gh 10) 
along with two control clones (RRIM  600 
and SCATC 88/13) was com pleted in large- 
scale trial at RRTC, Hahara, Assam .

1.3. O n-farm  evaluation o f  selected  clones 
o f H ev ea  in  Assam

Field planting o f 480 polybag plants of 
six promising clones (viz. RRII 417, RRII 422, 
RRH 429, RRII 430, RRIM  600 and SCATC 
88/13) w as com pleted  in farm ers field at



Table Ghy. 1. Girth of plants
Treatment Diameter’ (mm) Girth3 (cm)

Dec.08 June-09 D ec .09 June 10 D ec. 10
Control 16.98 20.63 7 .27 7 .53
Standard practice 16.77 20.00 7 .69 7 .99
25%N & P  t  BF 1 16.86 20.22 7.44 7.75
50% N&P ♦ BF * 17.33 21.41 8 .12 8 .82
75% N&P +BF ' 17,11 20 .34 7.73 7.95
Standard practice +BF 16.28 19.87 7.66 8 .18
BF alone 17.51 21.83 8.00 8.51 11.69

0.79 0.97 0.33 0 43
CD(P -  0.05) MS N S NS N S

1. Diameter al 25 cni  height 2. Girth at 150 cm height

th ree  lo ca tio n s  (U m sian g , B y rn ih a t and  
Bhakuagoog).

2. C rop  m an ag em en t

2.1. D evelopm ent o f  an Integrated  N utrient 
M an agem en t system  for youn g ru bber 

C o n tin u e d  th e  e x p e r im e n t  fo r
d ev e lo p m en t o f in teg ra ted  n u trien t 
m anagement system  for young rubber with 
cover crop initiated in 2008. The treatments 
involved com bination o f different doses o f 
in organ ic fe r tiliz e rs  w ith  and  w ith ou t 
b io fertilisers and  b io fe r tilise r  a lo n e . Th e 
biofertilisers applied are Azotobader, Pseudomonas, 
Phosphobactcria  and AMP. The girth data was 
found to be non-significant (Table Ghy.l).

2.2. Evaluation o f d ifferen t b iolog ical bunds 
fo r  s o il  an d  w a te r  co n s e rv a tio n  in  
rubber

C o m p le te d  th e  e s t a b l is h m e n t  o f 
ru b b e r, p la t fo r m  m a k in g  a n d  te r r a c e  
w id en ing  w ith  trench es to co llect eroded 
soil. Establishm ent o f vegetative bunds to 
check  soil erosion  w as under progress.

2 .3 . E ffe c t  o f  c ro p  in te n s if ic a t io n  w ith  
in te r c r o p s  on  e s t a b l is h m e n t  an d  
grow th o f  ru b be r in  r u b be r p lan tation  

In  th e  o n -fa r m  tr ia l ,  c a r r ie d  o u t

p la n t in g  o f  m a in  c r o p  r u b b e r  and 
cu ltivation  o f  first cy cle  o f in tercrops.

2 .4 . C om p arative  stu d y  o f  z ero  tillag e  and 
norm al p la n tin g  te ch n iq u e  fo r  rubber

C om pleted  the e stab lish m en t o f rubber 
as p er trea tm en ts  u n d er z e ro  tillag e  and 
norm al p lan tin g.

2 .5 . D e v e lo p m e n t o f  lo c a lly  v ia b le  root 
tra in e r  te c h n iq u e  fo r  p ro p ag atio n  of 
ru b ber

T h e  fe a s ib il i ty  o f  r o o t tra in e r  cups 
m ade o f earth ern  p ots and  bam boo is being 
tested for ra isin g  p lan tin g  m aterials.

3. C ro p  p ro te c tio n

3 .1 . Su rv ey  on p ests and  d iseases o f  rubber 

Su rvey on pests and  d iseases o f rubber 
w as carried  out in 19 p ock ets covering  11 
locations in A ssam  and M egh alaya during 
2 0 1 0 -1 1 . P o w d e ry  m ild e w  d is e a s e  was 
noticed in all the location s and  the severity 
o f  th e  d is e a s e  w a s  m o re  o n  th e  lo w er 
bran ches o f the affected  trees. In cid ence of 
C o lle to tr ic h u m  le a f  d is e a s e  (1 0 % ) w as 
n o ticed  in th e  n u rse ry  o n  ten d er leaves 
d u r in g  A u g u s t/ S e p te m b e r  a n d  ca u sed  
defoliation  o f affected  leaves. Pericon ia  leaf



bligh t d isea se  w as n o ticed  in nu rserv  at 
U m lin g  (3 0 % )  in M e g h a la y a  and  also  
n o ticed  in o th e r  lo ca tio n s (10% ). M inor 
incidence o f C ory nesp ora  leaf spot (below 
5% ) and C olleto trichu m  leaf spot (10%) was 
noticed in n u rsery  in m ost of the locations. 
O ccurren ce o f C olletotrichu m  leaf spot was 
higher in SC A T C  88-13 and Haiken 1 than 
other clon es. Fresh incidence o f pu. pie root 
disease w as noticed  o n  five plants (6-year- 
old) in untreated  b lock at RRTC, Hahara and 
the root sy stem s o f p u rp le  root disease- 
affected p lan ts in treated/untreated (20 nos. 
each) b lock a re  still healthy. G irth o f disease 
free  r u b b e r  p la n ts  (h e a lth y  b lock) and 
purple root d isease  affected plants (treated 
and u n treated  block) was recorded. Girth 
in crem en t w as fou n d  h igher (5.2 cm ) in 
hea lth y  b lo ck  a s  com p ared  to untreated 
block (4.1 cm ). T h e purple root disease is 
fo u n d  u n d e r  c o n tro l by ap p lica tio n  of 
trid em orp h  (C a lix in  6.25  ml/litre w ater). 
In cidence o f  th read  blight disease (40%) on 
m atu re trees (2 5 -y ear-o ld ) w as observed 
only a t U m ling  in M eghalaya. Infestation of 
scale in sect (10% ) w as noticed in nursery 
w hich  cau sed  a total loss o f the affected 
p lants in the seed lin g  nursery.

3.2. Iso la tio n  an d  id en tification  o f fungal 
p a th o g en s o f  rubber 

T h e  g r o w th  o f  C o lle to tr ich u m  
g loeosporioides  cau sin g  Colletotrichum  Leaf 
disease o f ru bber w as studied in laboratory 
at 20  °C to 4 0  °C at an interval 5 °C and the 
op tim u m  g ro w th  o f C. g loeosporio id es  in 
term s o f co lon y  d iam eter was found at 25 
°C (9 cm). T h e grow th o f Corynespora cassiicola 
w as also  stud ied  in d ifferent tem peratures 
and the o p tim u m  grow th w as noticed in 
oat m eal ag ar  m ed ium  at 35 °C (8.8 cm) 
in dicatin g th at the pathogen prefers high 
tem perature for fast m ultiplication.

3.3. Evaluation o f w ild  g erm plasm  against 
tolerance to powdery m ildew  disease

S cre e n in g  o f n in e  sh o rt- lis te d  
accessions of wild Hevea  germ plasm  was 
carried out in field by staggered  cutting 
m ethod. T h ree  ou t o f n in e  sh o rt-liste d  
accessions of w ild germ plasm  seem s to be 
tolerant to powdery m ildew disease.

3.4. Relevance o f inocula o f AM  fungi and 
gro w th  r e s p o n s e s  o f  r u b b e r  in  P 
deficient soils

Mycorrhizal endogone spores o f three 
d om inan t sp ecie s  an d  o th e r  b e n e fic ia l 
organism s have been  iso lated  from  the 
rh izosph ere so il o f rubber. From  th ese

Table Ghy. 2. Girth of rubber seedlings in polybags 
___________ (after 15 months)______________
Treatment Girth

(cm)
Height
(cm)

Control 4 .19J 78.66 r
C.margarila 4.38' 80.13 "
G.mosseae 5.70 6 108 .66 '
G. fesdculatam 6.19 * 113.99 *
G. fascicutatam+G.margarita 6.43^ 125.25-
G .fasciculatam+G.mosscae 7.40 * 142.18 J

S ig " Sig-
Figures with same alphabets do not differ significantly
at 1 % level

Table Ghy. 3. Girth increments of rubber seedlings in
nursery (after 15 months)____________

Treatment Girth Height
(cm ) (cm)

Control 4.56 ‘ 76.39 ‘

AMF 6.19“ 88 .15*
Phosphobacteria 5 .0 2 ' 82.19 ‘

AzolobacUr sp. 4.72 ‘ 80 .00 '
AMF+ AzotObacter sp. 6.49 b* 93.78 •*

AMF+PSM 7 .5 0 ' 118.25 *
Sig." S ig "

Figures with same alphabets do not differ significantly 
at 1 % level
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organism s. Glom us fasc icu latu m , G  m osscae, 
G ig a sp o ra  m a r g a r ita ,  A z o to b a c t e r  and  
p h o sp h o b acteria  w ere in ocu lated  on the 
rubber seedlings and assessed the grow th 
p e r fo rm a n c e . T h e  r u b b e r  s e e d l in g s  in 
polybag treated with G. fasc icu latu m  alone 
attained the highest g row th follow ed by the 
plants treated with G. m osscae and G igaspora  
m argarita, respectively. T h e grow th has been 
fu rth er s tim u la ted  in th e  m ixed  in ocu la  
w ith C fa sc ia ,la tu m  mill G. m osscae. T h eg i, II 
a n d h e ig h to f the dual inocula treated plants 
m  p olybag  w ere sign ificantly  h igher w hile 
the singly inoculated p lants w ere on par in 
tb tsr grow th perform ances. N o differences 
w « e  observed  in w ho rl n u m b ers o f the 
seed lin gs in both in ocu lated  and  control 
plan ts. Th e h ig h est sp o re  nu m bers w ere 
o b s e r v e d  in th e  m ix e d  in o c u la  o f G 
fascicu latum  a n d  G. m osseae  treated p lants. In 
s in g le  inoculum , C. fa sc icu la tu m  had the 
highest spore num ber followed b y C  mosscae 
and G. margarita, respectively. Th e percentage 
root colon ization  also  increased  with age o f 
th e  tre a te d  p la n ts  w ith  A M R  T h e  dual 
in o c u la te d  s e e d l in g s  w ith  A M F and 
phosphobacteria attained  the highest girth
and height. (Table Ghy. 2 ,3  &  4)

3.6. M icrob ial activity, d isintegration  o f leaf 
li t te r  a n d  n u tr ie n t re le a se  u n d er a 
m ature rubber and natural forest covers

T h e rate o f w eigh t loss o f each typ e o f
in ter (viz. sal, teak, bam boo, rubber) from

the litter  bag  w as faste r  u n d er th e  forest 
cover than those p laced  u n d er the rubber 
p la n ta t io n .  T h e  w e ig h t  lo s s  o f  ru b ber 
(62.5% ), bam boo (63 .0% ), Sal (47 .0% ) and 
teak (49 .0% ) litters w e re  rap id  u n d er the 
fo r e s t  s y s te m  w h i le  u n d e r  th e  ru b be r 
p lan tation  the rate  o f  d is in teg ra tio n  was 
ra th er  slow .

T h e to ta l m ic ro b ia l p o p u la tio n  was 
a lso  q u a n ti ta tiv e ly  a sso c ia te d  w ith  the 
litters p laced  u n d er th e  fo rest cover.

S a p ro p h y tic  so il fu n g i o f  the genera 
Penicillium, A spergillus, Trichocierma, Fusarium  
and  a g ro u p  o f fila m e n to u s  y e a s ts  w ere 
fo u n d  to  b e  th e  m o s t d o m in a n t 
d ecom posers. T h e rate  o f  d isin tegration  of 
hem icellu lose w as rap id  both u n d er forest 
and rubber follow ed b y cellu lose  and lignin.

3 .7 . D ev e lo p m en t o f  In teg ra ted  N utrien t 
M a n a g e m e n t  S y s t e m  fr o m  n o n - 
t r a d it io n a l  r e g io n -  a s s e s s m e n t  o f 
m icro b ia l p o p u la tio n

A c o n s o r t iu m  o f  b e n e f ic ia l  
m ic ro o r g a n is m s  in c lu d in g  A z o to b a c te r ,  
P s e u d o m o n a s ,  p h o s p h o b a c te r ia  and 
inorganic fertilizer in d ifferen t doses were 
applied to the im m atu re  ru b ber p lants and 
a s s e s s e d  th e  g r o w th  o f  p la n ts  and  
m o n ito red  the ch a n g e s  in th e  m icro b ia l 
pop u lation s and th eir su rv iv al pattern . It 
w as observed  th at th ere w as an in crease in 
the population o f m icroorganism s in the soil 
a te r  th re e  m o n th s  o f  tr e a tm e n t .



Q u a n tita t iv e ly  th e  b a c te r ia l popu lation 
w as h ig h  in  a ll  th e  tre a tm e n ts , but 
d if fe r e n c e s  w e r e  o n  p a r  am o n g  the 
popu lation o f actin om ycetes, Pseudomonas,
Azotobncter  and phosphobacteria.

4. C ro p  p h y sio lo g y

4.1 . S h a llo w  ta p p in g -a n  option for stress 
a lle v ia tio n  in  H ev ea  p lantation during 
w in ter  seaso n  in  NE regions 

T h e  e x p e r im e n t  w as in itia te d  in 
January 2 010 w ith an objective of evaluating 
th e  im p a c t o f  s h a llo w  tap p in g  during  
w in ter  (Ja n u a ry  to  M arch ) w ith norm al 
tapping (A pril to D ecem ber) on yield, DRC 
and T P D  in R R IM  600 and RRII 105 clone at 
Sarutari R esearch  Farm  in Assam . Another 
set o f  ex p e rim e n t u n d er norm al tapping 
from  Jan u ary  to D ecem ber w ithout rest and 
w ith rest from  Janu ary  to M arch was also 
condu cted  in R R IM  600 and RRII 105 for 
co m p ariso n . Y ie ld  (g/t/t), D RC (%) and 
volum e o f la tex (ml/t/t) w ere recorded from 
three d ifferent b lock s o f each clone (50 trees 
in each b lock). O bservations on TPD  and soil 
m oisture w ere  also  carried out in each block.

R R IM  600  sh ow ed  the h ighest mean 
y ie ld  (39 .1  g/t/t) u n d er norm al tapping 
system  w ith o u t rest follow ed by shallow 
tapping in w in ter and  norm al tapping from 
April to D ecem ber (33.3 g/t/t) and the lowest

Table Ghv. 5. Mean vield, DRC and volume of latex in RRIM 600 and RRII 105 under different tapping system
-------------- ' Annual m.a n of yield. DRC and volume of la ic ;. ------------------------

in normal tapping with rest during winter 
(30 .6  g/t/t) w h ile  R R II 105 sh o w ed  
maximum (32.6 g/t/t) under norm al tapping 
with rest in w in ter follow ed by norm al 
tapping w ithout rest (31.8 g/t/t) and the 
minimum was under shallow  tapping in 
winter and norm al tapping in rest o f the 
period (27.7 g). Both RRIM  600 and RRII 105 
showed the highest D RC (32.5%  and 35% 
respectively) under norm al tapping with 
rest while the highest volum e of latex was 
recorded in both RRIM  600 and RRII 105 
under normal tapping w ithout rest. (Table 
Ghy. 5)

5. Latex harvest technology

5 .1 . Controlled upward tapping(CUT)

The experiment on CU T was continued. 
RRIM 600 clone has been selected w ith  four 
treatments ( T l=  S/4U d2 (5%  ET) 21 days 
in terval-S/2 d2 (2 .5 %  ET) tw ice  in the 
tap p in g  p erio d , T 2=  S/4U d 2  (5 %  ET) 
Monthly interval-S/2 d2 (2.5%  ET) tw ice in 
the tapping period, T3= S/3U d2 (5%  ET) 
Monthly interval-S/2 d2 (2.5%  ET) tw ice in 
the tapping period, T4= S/3U d2 (5%  ET) 45 
days interval-S/2 d2 (2.5%  ET) tw ice in the 
tapping period), six replications and eight 
trees/plot. Th e resu lts in d icated  th at T1 
showed maxim um yield follow ed by T2, T3 
and T4.

Yield (g/t/t)
DRC (%)
Volume of latex (ml/t/t)

33.3

29.5

101.1

39.1

29.9

111.2

30.6

32.5

27.7 

33 2 

94.5

31.8

32.6

113.1

32.6

35.0

103.8

? T- Shallow lapping In teppmfi from January

to December J L u l  M t and NT Normal <>PP'»S K m  * * * »  D « " * »  M



sta tio n  co n t in u e d  its r e se a rch  
a c t iv i t ie s  on c ro p p in g  sy s te m  m o d els , 
nutritional requirem ent, crop im provem ent, 
p la n t p a th o lo g ic a l  s tu d ie s  a n d  la te x  
h a r v e s tin g . T h e  o th e r  a s p e c t s  o f  
investigations w ere socio -econom ic survey 
o f rubber grow ers and advisory services to 
rubber grow ers.

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

1.1 . D evelopm ent o f  clones

In recom bination breeding, 391 hybrid 
p ro g e n ie s  a re  b e in g  e v a lu a te d  in fo u r  
se e d lin g  n u rse ry  tr ia ls  an d  19 s e le c te d  
hybrids are  being  evaluated  in tw o clonal 
n u rseries. Seed lin g  n u rsery  ev alu ation  o f 
1023 half-sib progenies is in p rogress in tw o 
trials. Eleven ortets are being  evaluated in 
S S T  (2000). ortet 114 (41.3 g/t/t) exhibited 
th e  h ig h e s t m e an  y ie ld  o v e r  tw o ye.ny  
follow ed by o rtet 9S (367g/t/t) and ortet 315 
(34.6 g/t/t).

T h irte e n  o r te t  s e le c tio n s  fro m  fo u r 
R e g io n a l R e s e a r c h  S t a t io n s  in  N o rth  
E a s te rn  r e g io n  a n d  12  o r te ts  fro m  
tra d itio n a l a rea  a re  b e in g  e v a lu a te d  in 
clonal nurseries.

1.2 . E v aluation  o f  c lon es

In the large-scale trial (LST) p lanted  in 
1995, m ean y ie ld  ov er six  years revealed  
that PB 311 (47.6 g/t/t) w as the best yielder 
am ong the 10 clon es, fo llow ed by PB 260 
(46 g/t/t) and PB 235 (45.2 g/t/t). In the 1996 
L S T  (G x E  t r ia l) ,  13  c lo n e s  a re  u n d e r  
evaluation. M ean yield  o v er eight years 
revealed  th at clon e RR II 422 (48.7 g/t/t) 
and RRII 429 (46.1 g/t/t) recorded higher 
y ield  co m p ared  to th e  local ch eck  clon e

Potential c lon es are being  evaluated in 
fo u r o n -fa rm  tr ia ls . In  K illa m u ra  block 
p la n ta tio n  (1 9 9 8 ), W est T rip u ra , PB  235 
(1584 kg/ha/yr) w as the h ig h est y ielder in 
th e  f if th  y e a r  o f  t a p p in g . A t T F D P C  
p lan tation  (2000), B agafa , S o u th  Tripura, 
R R IM  600 (845 kg/ha/yr) g av e  the highest 
m ean y ield  in the first tw o y ears o f tapping. 
G row th data from T R P C  p lan tation  (2005), 
P athalia revealed  th at am o n g  the RRII 400 
series clones, g irth  w as th e  h ig h est for RRII 
429 (29.4 cm ) follow ed b y R R II 4 17 (28.8 cm). 
In itia l e sta b lish m e n t w as o b serv ed  to be 
p oor for RRII 422 , w h ich  sh ow ed  partial to 
co m p lete  d ry in g  o f  36%  an d  33  %  plants 
d u rin g  first and  seco n d  y e a r  o f  plan tin g 
r e s p e c t iv e ly  in  o n -fa r m  tr ia l ( 2 0 0 9 )  at 
H irapur.

T h r e e  c lo n a l  n u r s e r y  e v a lu a t io n s  
in v o lv in g  12  p ip e l in e  c lo n e s  from  
traditional area, 11 p o p u lar  clo n es and 19 
potential c lon es are in progress.

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

In the n u trition  study, c lo n e  R R II 429 
a tta in ed  the h ig h e st g ir th  (5 5 .9  cm ) and 
ta p p a b i l i ty  (8 0 % ) in th e  s e v e n th  y ea r  
com pared  to o th er  c lon es viz. R R II 417  RRII 
430 and RRIM  600 w ith  on e and  half 'times 
recom m ended d ose  o f  fertilizer.

Th e in tegrated  n u tr ien t m an agem en t 
experim ent w ith d o n e  R R IM  600 is being 
continu ed  w ith grad ed  d o se  o f in organ ic 
fertilizers w ith and  w ithou t bio-in oculum  
(A zotobacter, Ph osp h o bacteria , P seudom onas  
and VAM ). It w as o bserved  that the grow th 
° f  p la n ts  in c r e a s e d  w ith  co m b in e d  
application o f 50  p er cen t in organ ic fertilizer 
together w ith  b io-in ocu lu m  in the second



year. In a n o th er experim ent, the growth of 
RRIM  600 d u rin g  th ird  year (23.7cm ) was 
higher w ith  application  o f 2 0  kg FYM with 
50 per cen t recom m ended dose o f fertilizer.

In the c ro p p in g  system  m odels, two 
annual cro p s viz. cow pea (Vigna unguiculata) 
and m aize  (Z ea  m ay s)  w ere cultivated in 
betw een ru b ber row s during third year of 
the exp erim ent. C ow pea y ielded <&' 1.62 t/ha 
and m aize  y ie ld ed  @ 1.9 and 1.73 t/ha in 
M od el I a n d  II re sp e c tiv e ly . P ineap p le 
(A nanas com osus) y ielded @ 1 0 ,383  and 9615 
nos in m o d el I  and  II respectively. The yield 
o f b anan a w as 2 .56  t/ha in Model I.

Top soil w ith  cow dun g in 8:2 ratio is 
su itable as on pottin g  m edia for root trainer 
and sh ow ed  h igher grow th o f plant and this 
com binatio n  can be used as a alternative to 
coirpith for th is region.

In te a  in te r c ro p p in g  tr ia l, average 
rubber y ield  w as 1749 kg per ha in the sixth 
year o f tapp ing. Tea green leaf yield was 309 
kg/ha and the y ield  w as low  d ue to increase 
o f shade.

In  the fo d d er trial, after two cuttings 
G uin ea g rass (Panicum  m axim um ) showed 
m axim u m  y ie ld in g  potential than rest of 
the fodder g rasses and yielded 12.37 t/ha in 
the first cut an d  11.8 t/ha in the second cut. 
S ty lo  (S ty lo san th es  g u ian en sis)  and Signal 
m ixtu re (B rach iaria  decum bens) yielded 11.65 
t/ha in th e  f ir s t  cu t and  11.0 t/ha in the 
second. A nn ual fodder crops cowpea (Vigna 
unguiculata) and fodder m aize yielded 8.85t/ 
ha and  6.30  t/ha respectively.

3.1. Latex harvest technology
In  d i f fe r e n t  s y s te m s  o f tap p in g  

experim ent, c lon e PB 235  continued to give 
the h ighest y ield  in S/2 d3 system  of tapping 
com pared  to S/2 d4 and S/2 d6 systems. In 
a n o th e r  e x p e r im e n t ,  S/2 d3 sy stem  of

tapping showed the highest yield in clone 
RRIM 600 compared to S/2 d2 and S/2 d4 
system of tapping.

In controlled upw ard tapping (CUT) 
of the high panel (HO-1) in combination with 
short cut (S/4 U d2 6d7) and stim ulation ET 
5% La 12Y, clone RRIM 600 continued to give 
the highest yield com pared to S/2 d2 system 
of downward tapping in BI panel.

3 .2 . A p ro ject on "Id e n tif ic a tio n  of 
potential areas for rubber cultivation using 
rem ote sen sin g , G IS and p ed o -c lim atic  
variables for T ripura" has been initiated in 
c o lla b o ra tio n  w ith  R e g io n a l R em o te  
Sensing C enter-South (RRSC-S) o f Indian 
Space Research O rganization (ISRO ) and 
Indian Institute o f Technology, Kharagpur.

3 .3 . Survey o f quality plan tin g m aterials in
Tripura

A survey was conducted to estim ate the 
av ailability  o f qu ality  p lan tin g  m aterial 
(budwoodj in West and Southern districts 
o f T rip u ra  s ta te . It  w as fo u n d  th a t 
approximately 51 per cent o f the total bud- 
w ood s in th e  w est T r ip u ra  d is t r ic t  is 
contributed by the state run agencies like 
TFDPC and TRPC and about 44 per cent is 
the co n trib u tio n  o f p r iv a te  n u rs e r ie s . 
Though a total o f 5 ,82,087 m eter budw ood 
is available in the W est Tripura, only 74 per 
cent of the total budw ood can b e considered 
as useful quality planting m aterial. Survey 
results also suggest that there is no shortage 
of budwood in the state, however, quality 
is not m aintained as per R ubber Board 's 
specifications. In South Tripura, survey was 
conducted in 41private nurseries and found 
that a total o f 24,016 b ud-w ood points were 
available having 2, 37, 192 m eter o f bud­
w ood . B u d -w o o d  p ro d u ce d  in S o u th  
Tripura is not sufficient to fully cover the 
ac tu a l p la n tin g  a r e a . T h e  a v a ila b le



b u d w ood  ca n  p ro d u ce  aro u n d  6 ,6 0 ,0 0 0  
bu d -grafted  p lan ts w hich is m uch lesser 
than w hat is actu ally  required.

4. C rop  p ro tection

Su rvey  o f d iseases and pests o f rubber 
w as carried out in nine locations covering 
29 sites o f W est and South Tripura districts. 
The geographic coordinates o f the survey 
sites w'ere a lso  record ed  w ith han d-held  
G PS device. Low  to m oderate incidence o f 
pow dery m ild ew  d isease w as recorded in 
y o u n g  n u rs e r y  p la n ts  at N C  N a g a r, 
K ariam u ra , B agm a an d  T a ra n a g a r area , 
record in g  a v era g e  30 .5  p er c e n t d isease  
index (PD I). D uring M arch, 2011, m oderate 
to sev ere  in c id en ce o f  p o w d ery  m ild ew  
d is e a s e  w a s o b s e r v e d  in  4 -6 -y e a r -o ld  
p lan tation s at Jash m u ra , B orp ath ari and 
K ashari, Sou th  Tripura record in g  average 
55 .6  PDI. A few germ plasm  accessio ns, viz. 
RO 3794, RO  5055, RO  5365  and M T 4859 
w ere  o b se rv e d  m o d e ra te ly  to le ra n t to 
p o w d ery  m ild ew  d ise a s e . M o d e r a te  to 
sev ere  in cid ence o f P erico n ia  lea f b light, 
C o lle to tr ic h u m  a n d  C o r y n e s p o r a  le a f  
d isease  w as o b serv ed  in y o u n g  n u rsery  
p la n ts  at T a ra n a g a r  fa rm . P in k  d ise a s e  
(12.2% ) w as observed  at K olachara region 
o f Sabrum , S ou th  Tripura. Low  in cidence o f 
brow n root d isease  (<3%) w as observed  in 
few  p la c e s . T h e  g r o w th  o f  p a th o g e n , 
P hellin u s n ox iu s  w as o b serv ed  in v itro  at 
d iffe re n t te m p e ra tu re s . N o g ro w th  w as 
o b se rv e d  a t  10  ‘‘C  a f te r  se v e n  d a y s  o f 
incubation. Th e m ean linear grow th w as 0 
m m  at 10 ‘ C, 7 .75 m m  at 14 »C, 35.5 mm at 
18 °C, 39 .3  m m  at 22 °C and  45 .3  m m  a t 26  °C 
a f te r  s e v e n  d a y s  o f  in c u b a tio n . N o 
P hytophthorn  in c id e n ce  w as o b serv ed . In 
P hytophthora  so il b a itin g  study, very few 
infection prop agu les o f Phytophthora  w ere 
observed. Isolates w ere o bserved  to b e very

slow  grow ers and less v iru len t com pared 
to those o f K erala. A m o n g pest incidence, 
m ild infestation by sca le  insect, m ealy bug  ̂
te rm ite s , b o re r  an d  m o o p ly  b e e tle  was 
observed at d ifferen t places.

Th ree rou nd s o f su lp h u r d usting @ 12 
kg/ ha/ rou nd  a t  10  d a y s  in te r v a l  w as 
o b s e r v e d  to  r e d u c e  p o w d e r y  m ild ew  
disease by 35%  in RRII 105 and 2 5%  in RRIM 
6 0 0  o f  2 2 -y e a r -o ld  p la n ta t io n  o v er  
undusted control. T h e yield loss in undusted 
b lo c k s  o f  R R IM  6 0 0  a n d  R R II 105  was 
e s t im a te d  to  b e  1 1 .7  a n d  13  p e r  cen t 
resp ectively . Tw o ro u n d s o f  fo lia r  spray 
w ith  1.0%  m o n op otassiu m  p h o sp h ate  w ere 
o b s e r v e d  to  r e d u c e  p o w d e r y  m ild e w  
d isease in polybag  p lan ts o f  R R IM  600 and 
R R II 105 c lo n e  b y  1 5 -2 2 %  co m p a re d  to 
control. Sp ray in g  w ith  carben d azim  0.05%  
w as observed  best in co n tro llin g  pow dery 
m ild e w  d is e a s e .  E f f ic a c y  o f  th re e  
a n t a g o n is t ic  p h y llo p la n e  b a c te r ia  w as 
tested again st C olletotrichum  lea f d isease in 
youn g p olybag  p lan ts o f R R IM  6 00 c lone. In 
v iv o  e f f ic a c y  o f  th e  a n t a g o n is ts  w as 
observed  low  record in g  a v erage 15 per cent 
d isease su p pression  o v er  control.

5. P ro c e ss in g  te c h n o lo g y

A study on the e ffect o f  tem perature on 
the coagulation  o f latex sh ow ed  th at 280  ml 
o f 1 %  form ic acid  g av e best and  com plete 
coagulation o f latex in w in ter seaso n against 
recom m ended d o se o f  300  m l o f 0.5 %  form ic 
acid. In order to im prove the co lou r o f the 
sheets, d ifferent types o f sm o k e filters like 
filter w ith  sim p le  p ro je c tio n s , filte r  w ith 
p a r tit io n s , f ilte r  w ith  b rick  c h ip s , filte r  
w ith  w ire  m esh , f i l te r  w ith  f lo w e r-lik e  
partitions etc. w ere p u t for evalu ation . The 
resu lts sh ow ed  th at lot o f  ca rb o n  can  be 
rem oved by these filters and the colou r of 
the sheets can be im proved .



A n o th e r  s tu d y  to  e n h a n ce  the 
durability  o f the m u d-w all using rubber as 
a r e in fo r c in g  m a te r ia l is  in p ro g ress. 
D ifferent trea tm en ts w ith  pre-vulcanized 
latex, p ost-vulcanized  latex and latex mixed 
clay w ere d on e and  are under evaluation. 
Initial resu lts  sh ow ed  that mud wall with 
la tex -m ix ed  c la y  is  m u ch stron ger than 
ord inary  m u d w alls.

6. E co n o m ics

T h e  s tu d y  on  th e  im p act o f Block 
Planting S ch em e on Socio-econom ic status 
o f b en eficiaries w as com pleted. T he sample 
households w ere selected  from nine BPUs 
and tw o G ro u p  Processin g  Units (GPUs) 
from the W est and  Sou th Tripura districts 
for the field survey. Prim ary data from 271 
h o u s e h o ld s  w ith  m a tu re  area , 131 
h ouseholds w ith  im m atu re area under the 
nine B P U s and  78  households under two 
G PU s w ere collected .

Th e stu d y  show ed the pivotal role of 
tra d itio n a l cu s to m s an d  con ven tion s of 
tr ib a l c o m m u n itie s  in d e te rm in in g  the 
p a tte rn  o f  h o u s e h o ld  co n su m p tio n , 
e x p e n d itu re  a n d  b e tte r  aw aren ess and 
a c c e s s  to  f a c i l i t ie s  by th e  n o n -tr ib a l 
c o m m u n itie s  in te g r a te d  m ore in to  the 
m ainstream  o f the society. In sharp contrast 
to the experience o f Kerala w here the surplus 
gen era ted  fro m  th e N R sector had been 
s y s t e m a t ic a l ly  c h a n n e lis e d  by the 
p io n e e r in g  p la n te r s  for th e  form al and 
p ro fess io n a l ed u catio n  o f their children, 
in vestm ent in h igher education in Tripura 
am ong the households under m ature BPUs 
w as n eg lig ib le  as only 3.95 per cent of the 
p opu lation  in the a ge group of 18 - 24 after 
c la s s  tw e lv e  w a s  p u rsu in g  h ig h er  
education. It also indicated the BPU's linkage 
e f fe c ts  o n  th e  r e g io n a l eco n o m y  w ere 
s e r io u s ly  c o n s tr a in e d  by the natu re o

h u m an ca p ita l, th e  a v a ila b il i ty  o f 
infrastructural facilities and access to the 
same.

The two critical com ponents required 
for the effective utilization of the income 
im pact o f the BPS are  im p artin g  sk ills 
through technical/ professional education 
and p rovid ing access to in frastru ctu ral 
fa c ilit ie s  re la ted  to  h ig h e r  e d u ca tio n , 
healthcare, com m unication and transport. 
An im portant im p act o f th e  N R -based  
rehabilitation program m es in the state is 
the growth of rubber area outside various 
government sponsored schem es (45 %) and 
the share of sm allholdings (82 %) in the total 
area u n d er th e  c ro p  in  th e  s ta te . T h e 
contiguous land under m ajority o f the blocks 
is not clearly dem arcated and the incom e 
from NR is also shared either on the basis 
of area under possession or on an equal basis 
ir re s p e c tiv e  o f th e  p r o d u c tio n  from  
individual holdings. In the long-run, the 
concerned agencies o f the state governm ent 
may initiate skill-oriented program m es for 
em p o w erin g  th e  u n em p lo y ed /  
u n d erem p lo y ed  y o u th  a lo n g  w ith  
im p ro v em en ts in th e  in fra s t ru c tu r a l 
facilities. It will ensure the d iversification 
o f the sou rces o f incom e, su sten an ce o f 
rubber cultivation and linkage effects on the 
regional economy. In the short-run, close 
monitoring and supervision by the Rubber 
Board are essential because the beneficiary 
households are yet to fully assim ilate the 
agro-m anagem ent practices and the RPSs 
attached to mature B PU s require the inputs 
and guidance of the Board.

7. A dvisory  w ork

S ev en  d em o n stra tio n  p ro g ram m es 
w ere conducted. D iscrim inatory fertilizer 
recom m endations based on soil and leaf 
analysis were offered to 291 rubber grow ers



o f this region. A total o f 1072 latex sam ples 
w ere  an a ly sed  fo r  D R C  and o th er latex 
p aram eters. 2715  m  o f budw ood o f high 
y ie ld in g  clon es w ere sup plied  to Rubber 
Production D epartm ent for d istribution to

grow ers. A s part o f a d visory  serv ices, field 
v isits cond u cted  to 16 ru b ber p lan tations 
for in spection  and  id en tified  d isease  and 
p est problem  and rem ed ial m easures were 
advised.

R E G IO N A L R ESEA R C H  STA TIO N , T U R A , M EG H A LA YA

T h e R egio nal R esearch  S ta tio n , Tura 
c o n tin u e d  its  r e s e a rc h  a c t iv i t ie s  on 
ev aluation  o f clon es, polyclonal seed lin g  
ev aluation  evolv in g  su itab le  ex p lo itation  
system  and crop m anagem ent.

1. Crop improvement

1 .1 . Polycross progen y  evalu ation

T h e p o p u la tio n  a tta in ed  an a v erag e 
girth o f 8 .7 cm during  the year. O n the basis 
o f  te s t - ta p p in g  y ie ld  a n d  g ir th  o f  th e  
progenies, top 2 0  p er cent o f the p opu lation 
has been selected  for furth er ev aluation  in 
clon al n u rsery  tr ia ls . S e le c te d  seed lin g s  
have been cut back to gen erate  budw ood 
for c lon ing o f the se lection s. In 2010, a new  
n u r s e r y  p o p u la t io n  o f  8 8 0  p o ly c r o s s  
p r o g e n ie s  w a s  e s t a b l is h e d  an d  291 
progenies survived  up  to M arch 2011.

1 .2 . C lon al n u rsery  evalu ation

A clon al nu rsery  w as established  with 
three selection s from  Tura, four each from 
A gartala and  G uw ahati w ith RRIM  600 as 
the check  (R R ST  24, R R ST  37  and R RST 39 -  
Tura, X I, X2, X3 and X 9  -  G uw ahati and 
RRSA  121, R R SA  315, RR SA  461 and RRSA 
585 -  A gartala). T h e experim ent w as laid 
ou t on rand om ized  b lock design w ith 12 
clones and three rep lications and the plot 
size is 6.

1 .3 . O n -farm  ev a lu atio n  o f  se le c t clon es 

T h ree on -farm  trials h a v e  b een laid out 
in the E ast &  W est G aro  H ills  o f M eghalaya. 
600 plants each o f  six  clon es viz. RRII 417, 
RR II 422, R R II 429 , PB 235 , R R II 203  and 
R RIM  600 w ere p lan ted  in tw o locations in 
the East G aro  H ills and  400  p lan ts o f four 
clon es, viz. RRII 417 , R R II 422 , RR II 4 29  and 
RRIM  600 clon es w ere p lan ted  in the West 
G aro H ills o f M egh alaya (100 p lants w ere 
used per c lon e). In E ast G aro  H ills, highest 
girth (125cm  from  bud un ion) w as recorded 
in RRIT 429  (9.5 cm ) fo llow ed by R R IM  600 
(9.4 cm ), RR II 203  (8 .8  cm ), PB 235 (8.6 cm), 
RRII 417 (8.55 cm ) and low est w as in RRII 
4 2 2  (8 .1  c m ). M a x im u m  h e ig h t  w as 
record ed  in PB 235  (4 .35  m ) fo llo w ed  by 
R R IM  600  (4.1 m ) and  R R II 4 2 9  (4 .0  m). 
M a x im u m  n u m b e r  o f  b r a n c h e s  w as 
recorded in RRII 203 (16 .7) fo llow ed by PB
235 (11,8) and RRIM  600 (10.8). In W est Garo 
H ills the h ighest w as record ed  in RRIM  600 
(110 cm), w hile RRII 417  recorded the highest 
g irth (cm ), n u m ber o f leav es and  nu m ber o f 
w horls.

J .5 .  H a lf-s ib  p ro g en y  e v a lu atio n

From  2008 se le c tio n s  o n  the b asis  of 
t e s t - ta p p in g  y ie ld  a n d  g ir th  o f  th e  
p rogenies, top  20%  o f  the p op u lation  has 
been selected for further evaluation in clonal



nursery trials. S elected  seedlings have been 
cut back to g en era te  b ud-w oods for cloning 
of the s e le c tio n s . F rom  2009 selection s, 
g ro w th  p a r a m e te rs  w ere  record ed  and 
m axim um  h eight w as observed in progeny 
of R R II 2 03  (136 .3  cm ) and the highest girth 
was in th at o f G l-1 (4 .8  cm ) w hile the lowest 
height and girth w as recorded in progeny 
o f PB 260.

1 .6 . D e v e lo p m e n t  o f  p o ly c lo n a l  seed  
g ard en

P lan tin g  m ateria ls  elonging to clones 
RRII 118, R R II 203, RRII 208, RRII 422, RRII 
429, H aiken  1, SC A T C  88/13, PB 280 and 
RRIM  600 w ere raised in poly-bags for large- 
s c a le  p la n t in g  s e a s o n  a t H ah ara  in 
G u w ah ati.

1 .7 . E v a lu a t io n  o f  p o ly c ro ss  progen ies 
from  fo u r s ta tio n s  o f  N E region

A sso rte d  se e d s  w ere collected  from 
four locations in the N E region and planted

in RBD w ith  fiv e  r e p lic a tio n s  (360  
progenies). Prelim inary results show  no 
regional variations am ong the seedlings.

2. Crop p h y sio lo g y  and  la tex  harvest
technology

Low temperature (below 10 °C) during 
winter period is one o f the main factors for 
depression of yield and dry rubber content 
in Hevea in the agroclim atic condition of 
Caro Hill. Yield and yield com ponents were 
recorded and results indicated that average 
total volume of latex was 233 ml/t/t, yield 
w as 79 .9  g/t/t and  D R C  w as 3 2 .6 5 % . 
C om plete defoliation occurred in second 
week of February and refoliation in first 
week of M arch, w hile flow ering w as noted 
in third week o f March.

Under the controlled upw ard tapping 
system (CUT) experim ents, treatm entw ise 
monthly yield was recorded and the result 
showed that the highest yield was recorded

Table Tura. 1. t o n !  yield (g/t/l) unde, d if ta .n l g a p p lic a te  in  controlled npvmd
tapping system________ ________ _______ _

Month/ Treatment T3

April 2010 

May 2010 
June 2010 

July 2010 
August 2010 
September 2010 
October 2010 
November 2010 
D ecem ber 2010 
January 2011 
February 2011 
March 2011 
Mean

63.00 58.00

57.07 55.01

69.85 70.33

69.94 68.30

103.58 108.75

87.40 85.85

113.46 106.91

131.89 128.98

122.46 110.80

83.63 75.44

79.42 81.15

60.63 70.82

87.69 85.03

59.16 
54.62 
60.41 
59.60 
95.84
78.30 
98,36

125.81
109.50

74.55
77.25
70.17
80.30

T4

51.66
52.46
61.03
58.95

87.150
70.78 
89.43

116.43
106.68

69.79 

71.63 
60.97 
75.15

T l- S/4U c!2 (5% ET) 21 day. |n Bppi„ g p ,r,od
T2- S/4U d2 (5% EX) MoMhly inler.a - S fl ^  [appiii6 ^

T3- S/3U d2 (5% ET) Monlhly lappi„5 period
T4- S/3U d2 (5% ET) 45 days interval- S/2 d/2 (—



in T1 (S7.69 g/t/t) follow ed by T 2 (85.03 g/t/ 
tJ' f ̂  (80.30g/t/t) and the low est w as in T4 
PS .15g/ t/ t)(T ab leT u ra. I).

C o m p a r is o n  o f  y ie ld  a n d  y ie ld  
p aram eter  betw een  n o rm al and  shallow ' 
tapping w as in itiated with RRIM  600 clone 
and  100 p lan ts  se le c ted  for n o rm al and 
shallow  tapping system . Latex volum e and 
D RC w ere recorded. Results show ed that 
m axim um  volum e o f latex (143.1 ml/t/t) n 
recorded in norm al tapping and m inim um  
shallow  tapping (103.22 ml/t/t) w hile higher 
D RC  (2 9 .0 1 % ) w as reco rd ed  in sh a llo w  
tapping and m inim um  in norm al tapn ine 
(27.51% ). M 8

A n  e x p e rim e n t on  lo c a t io n -sp e c if ic  
Stim ulant application  o f ethylene-induced  
stress responses in the tapp ing panel o f the 
H ci’ea  trees h as b een  in itia te d  w ith  the 
objective o f reducing the ethylene-m ediated

stress responses in tissu es in th e  tapping 
panel by ap p ly ing  the e th y len e com pounds 
a w a y  fro m  th e  ta p p in g  a r e a  w ith o u t 
co m p ro m isin g  th e  la tex  y ie ld  u n d er the 
agro-clim aticcondition s o f G aro Hills. RRIM 
600 clon e has been selected  for the study 
w ith  e ig h t  tr e a tm e n t s  a n d  w ith  bark  
application s o f five p er cent e th epho n (three 
tim es per year). In itial resu lt in d icated  that 
bark application  o f  five p er  cen t ethephon 
(above 125 cm from  bud u n ion  and on the 
bud un ion) sh ow ed  m axim u m  volum e of 
la te x  w h ile  th e  lo w e s t  in w ith o u t 
application  o f eth ephon.

3 . Crop m anagem ent

3 .1 . N u tritio n a l s tu d ie s  (O n -fa rm  tria l at 
B organg , A ssam )

T r e a tm e n tw is e  s o i l  s a m p le s  w ere  
c o lle c te d  a n d  a n a ly s e d  fo r  a v a ila b le

Girlh
(cm)

Table Tura. 2. Effect o f N, P and K
---------------Brahmaputra Valiev
Treatment -----
combination 
(N:P:K) kg/ha 

T1 (0-0-0) " 69/.]
T2 (0:0:15) 70 74

T3 (0:15:0) 6 5 .45
T4 (15:0:0) 71 ,6 ]
T5 (0:0:30) 70.81
T6 (0:30:0) 73 ^
T7 (30:0:0) 75 93

T8 (15:15:15) 7 4 M
T9 (30:15:30) 7g,98

T10 (30:30:30) 79 46

T i l  (45 :15 :30) 81.65
T 12(45 :30 :45) g l .43
T13 (60:15:30) 81.76
T14 (60:30:30) 82 .62
T15 (60:30:45) H7 so

236 '
0 3  <P ~ <>■«) 6.82

------—- - — Assam dunng mature phase (2m n.-m
"  increment ^ T i e l d ------------------- n p r ~

(CTn) (g/t/t) (%)

0 .87
1.05
1.22

1.36
1.43
1.63
1.66

2.18 
2 .37 
2,46 
2.62 
2.82 

0 .046  “ 
0 .13

D RC in the Central

Total volume 
of latex 
(ml/t/t)

0 .67
1.94

32 .72 68.0
3 2 .89 73.6
3 3 .04 79.0
3 3 .22 89.6
33.51 9 8 .0
3 3 .65 106.2
3 3 .85 113.2
3 3 .96 122.0
3 4 .20 134.6
34 .39 149.0
34 .56 155.8
3 4 .90 170.8
35 .13 183.0
35.43 195.2
35 .76 208.6
0 .047
0 .136

2 .069
5 .99



nutrients. M on th ly  record in g o f yield (g/t/ 
t), D RC (% ) and  total volum e (ml/t/t) were 
u n d e rta k e n . R e s u lts  in d ic a te d  th at 
maxim um  girth  (87 .50  cm ), girth increment 
(2.82 cm ), y ield  (72 .75  g/t/t),’ D RC (35.76%) 
and la te x  v o lu m e  ( 2 0 8 .6  ml/t/t) w ere 
recorded u n d er th e  treatm ent com bination 
of kg/ha and  m inim um  was
(Table Tu ra . 2 ). Im p ro ve m en t o f fertility 
sta tu s  o f  s o il w ith  a p p lic a tio n  o f N PK 
fertilizers w as observed .

3.2. S o il m o istu re  re ten tio n  characteristics 
in  th e  r u b b e r  g r o w in g  area  o f 
M eg h a la y a

Soil sam p les w ere  collected each month 
at 0 -1 5 ,1 5 -3 0  and  30-60  cm  for soil moisture

Table Tura. 3. M on th ly variations in soil moisture 
_____________ content (%) at RRS, Ganolgre farm
Month Soil moisture content (% )

0-15 cm 15-30 cm 30-60 cm

depth depth depth

April, 2010 18.38 19.37 19.80

May 24.92 26.04 26.72

June 26.10 26.96 27.70

July 27 .67 27.96 29.41

August 26 .89 27.31 27.97

September 29 .39 29.81 30.90

October 29 .63 30.49 30.78

November 24 .56 25.17 26.24

Decem ber 22 .79 23.24 24.26

January, 2011 18.25 18.33 19.35

February 17.15 17.91 18.14

March 19.85 20.86 21.79

Mean 23.79 24.45 25.25

SE 1.29 1.30 1.32

SD 0 1 4.32 438

CV (%) 18.11 17.66 17.34

study. So il m o istu re  c o n te n t sh ow ed  
increasing trend with increasing the depth 
o f soil in all the m onths. So il m oistu re 
content was maximum during O ctober and 
minimum in February (Table Tura. 3).

3 .3 . Analytical/Advisory w ork for fertilizer
recom m endation

Forty six soil sam ples w ere collected 
from the rubber grow ing areas and were 
analyzed . R esu lts in d icated  th at in the 
surface soil (0-30cm) O C content was in the 
m edium  range (1 .34 - 1 .47  % ), av a ilab le  
phosphorus in the low range (0.28-0.42 mg/ 
lOOg) and available K  in the m edium  range 
(7.3-8.0 mg/lOOg). The soil is acidic in nature 
with pH ranging from 4.52- 5.57. Based on 
these, fertilizer recom m en d ation s w ere 
given to the growers.

For obtaining the distribution o f soil at 
Garo Hills of Meghalaya, 302 soil sam ples 
were collected from the rubber growing area 
of Meghalaya pH. Soil pH varied from 3.97 to 
5.41 with a mean value of 4.94. A bout 5.3 per 
cent samples w ere extremely acidic (soil pH
4.0 -  4.5), 63.6 per cent very strongly acidic 
(soil pH 4.5-5.0), 28.8 percent strongly acidic 
(soil pH 5.1-55) and 2.3 % soils medium acidic 
(soil pH 5.6-6.0) (Table Tura. 4).

Table Tura. 4. Distribution of soil pH (0-60 cm depth) 
in rubber growing soils of Meghalaya

Soil aridity pH range No. of soil % of soil
category " of soil samples samples

Extremely acidic > 4.U 2 0.67

4.1 - 4.5 14 4.63

Very strongly acidic4.5 - 5.0 192 63.6

Strongly acidic 5.1 - 5.5
Medium acidic 5.6 - 6.0 7 2.31



R E G IO N A L  E X P E R IM E N T  S T A T IO N  
N A G R A K A T T A , W E S T  B E N G A L

1. C rop  im p ro v em en t
1 .1 . E valuation o f  clon es

M u ltid is c ip lin a r y  c lo n e  e v a lu a tio n  
tr ia ls  w ere  in itia ted  at R ES, N agrakata , 
Jalpaiguri, W est Bengal to screen  the clones 
for grow th and  yield  p erform ance. D ata 
was recorded in four trials and the results 
on g row th d u rin g  2010-11  are  sh ow n  in 
Table N ag. 1. Jn trial I, the g irth  w as the 
h ighest in SCA TC 93/114 follow ed by RRII

118 and H aiken 1 com p ared  to rest o f the 
c lo n e s .  S im ila r ly ,  R R IM  6 1 2  sh o w ed  
sign ificantly  h ig h er  g irth  in trial II than the 
check c lon e R R II ] 05 fo llow ed by R R IM  605 
In trial III, SC A TC  93/114 scored  significant 
h igher g irth than the c h eck  clon e R R IM  600 
and in trial IV, com p ared  to  the check  clone 
R R II 600, n o n e o f the c lon es w as superior.

In term s o f av erage y ield  (Table Nag
2), the PB  311 , SC A T C  93/114 and  SCA TC

Trial I Girth
(cm)

PB 5/51 66.78
RRII 203 67.36
PB 311 68.32
GT 1 70 .47
SCATC 88/13
RRII 300 71.96
RRIM 703 71.96
PB 235 72.43
Haiken 1 77 .26
RRII 118 78.96
SCATC 93/114 79.54s3i

Table Nag. 1. Girth i.
Trial H

RRII 105 
GL 1 
PR 107 
PB 86 
RRII 208 
RRJM 605 
RRIM 612

Girth
(cm)

different clone 
Trial ITI

64.02
64.60
70.10
70.51
70.91
75.98
86 .77

PB 260 
RRII 208 
PB 310 
PB 86 
PR 107 
PB 235 
RRIM 600 
RRIC 102 
HK 1 
RRIM 612 
SCATC 93/114

trials 

Girth 
(cm )

Trial IV

9 ^ r - C D 7 p T n ^

63.02
64.11
66.24
66.74 
66.88 
67.31
67 .74  
69 .89  
70.01 
71.88 
75.20

RRIC 104 
RRII 308 
RRII 105 
RRII 300 
RRII 208 
PR 261 
PB 235 
RRIM 600 
Haikenl 
PB 280
SC ATC  93/114

Girth
(cm)

3-46 CD (P °  0.Q5)

60.04
60.68
62.17 
63.74
64.17 
64.56 
65.61 
66.71 
68.11 
69.20 
70.69

3.40

Trial I

PB5/51 '

Yield

(g/t/t)

Haikenl 
RRII 300 
RRII 203 
RRII 118 
RRIM 703 
G T 1
SCATC 88/13 
SCATC 93/114 
PB 311 
PB 235 
CD (P -  q.05)

27 .67  
33 .79  
34.38 
37 .46  . 
43 .36  
4 3 .42  
44.44 
44.81 
47.15 
47 .20  
47.73 

6 .65

trials
lnal 11 Yield Tri^lTi v id d ~

— (g/t/t).------- (g/t/t)~~GI I 
PR 107 
RRIM 612 
RRII 105 
PB 86 
RRIM 605 
RRII 208

31.33
36.39
39.92
41.49
42.71
50.99
55.21

PB 260 
PR 107 
SCATC 93/ 
RRIM 612 
RRIC 102 
PB 86 
Haikenl 
PB 235 
RRIM 600 
PB 310 
RRII 208

26.98 RRIC 104 32.72
28 .99 SCATC 93/114 32.87

RRII 300 40.95
29 .26 RRIM 600 43.10
29.46 RRII 308 44.10
31 .58 PB 235 44.76
32.53 PR 261 44.79
37 .83 RRII 105 49.72
39 .54 Haikenl 52.29
41 .53 PB 280 53.40
41.54 RRII 208 59,40

5 .50 <-U (P -  0.05) 8.14



REGIONAL EXPERIMENT STATION. NACRAKATTA.WESTBENCAL
105

---------------------------------- G rim il^ in jy M d  j„  diffran|
Accession Girlh v i d d A T cos. i cn----------"  A t  --------------------------
______________________ [ - )  M in  ? ' * '  ™ d

 r o T S B ----------------------# | ----------------
' ' c f f l 7  36 8« ™  RO 2635
A C 6 «  « - 76 « »  RO 2890 „ „  i ¥
A C K U  4 6 3 2  3 “  RO 3172 76 „  * 5
AC 68 61 68 4.83 RO 5329 57 28 17 12
AC 763 53 .40  26.18 RO 5348 72 86 9 61
MT 196 64 12 26.42 RO 5363 63.31 5 7 £
MT 2229 67 .40  12.88 RO 5408 57.29 7 98
MT 2594 52 .94  8.87 RO 5430 66.20 15 21
MT 44 66 .32  10.94 RO 5557 69.29 1 2^65
^  105_________________ 6 0 1 2 __________ 53.74 RQ 6139______________ 53.68____________6.83
______________________________________________________C D (P «  0.05) 1.28 838

88/14 scored  h igh rank in trial I. In trial II, 
s ig n ifican tly  h ig h e r  y ield  w as show n by 
RRII 208 co m p ared  to check  clone RRII 105. 
The c lo n e  R R II 2 0 8  and  PB 310 showed 
higher y ield  in trial III and in trial IV, RRII 
208 , PB 2 0 8  a n d  H a ik e n  1 show ed  
sig n ifican tly  h ig h e r  y ield  than the check 
clone R R IM  600, n o n e o f the clones was 
superior.

1.2. E v alu ation  o f  germ plasm

E v a lu a t io n  o f  g e rm p la s m  for cold

tolerance w ith 21 w ild  a ccessio n s w as 
continued. Maximum girth (Table Nag. 3) 
was found in RO 3172 followed by RO 2890 
while the control clones RRII 105 showed 
comparable girth. In terms o f yield, among 
the accessions, RO 5363 showed the highest 
yield followed by AC 763 and M T 196.

1.3. Performance o f polyclonal seedlings

Since 1990, polycross seedling trees are 
being evaluated  for their perform ance. 
Mean girth during the reporting period was

Table Nag. A. Effect of N, P Jnd K on girlh (cm) and yield (g/t/t)

Combination Girth Yield Combination Girth Yield Combination Girth Yield

N0P0K0 70.84 39.46 N1P1K0 66.17 39.34 N2P2K0 73.72 55.26

N0P0K1 69.25 42.11 N1P1K1 74.73 42.98 N2P2K1 69.61 35.86

N0P0K2 7 0 .12 49.49 N1PIK2 70.61 41.33 N2P2K2 70.98 37.33

n o pik o 74.33 52.35 N1P2K0 69.43 41.58 N3P0K0 68.86 44.22

n o p i k i 70.12 42.63 N IP 2K1 71.14 37.18 N3P0K1 75.19 44.11

N0P1K2 69.81 45.41 N1P2K2 71.82 38.48 N3P0K2 72.19 46.99

N0P2K0 7 1 .95 44.35 N2P0K0 69.91 43.49 N3P1K0 72.44 41.93

N0P2K1 68.89 38.33 N2P0K1 65.89 40.53 N3F1K1 68.82 44.66

N0P2K2 71.38 42.S4 N2P0K2 71.57 43.24 N3P1K2 72.78 55.72

NlPOKO 65.19 35.58 N2P1K0 70.84 39.39 N3P2K0 74.52 47.74

NlPOKl
N1P0K2

69.49
70 .72

45.41
47.58

N2P1K1
N2P1K2

71.18
68.99

40.12
4098

N3P2K1
N3P2K2

74.37
68.67

41.55 
38.79

CD (P -  0.05) 1 .07 2.84



Table Nag. 5. Growth and yield o f  crops
Treatments Spacing Tea yield Rubber girth Rubber yield

(kg)
T1 (Pure Rubber) Rubber - 5 x 5m 62.8
T2 (Rubber *  Tea) Rubber - 10 x 2.5m 2.65 69.2 1.03

Tea -  10x(1.0 x 0.6)m
T3 (Rubber *  Tea) Rubber - 12 x 2.5m 3.32 57.4 0.895

Tea -  12x(1.0 x 0.6)m
T4 (Rubber + Tea) (paired rc)w) Rubber - 18x(3x3)m; 2rows 5.15 57 .6 1.00

Tea -  18x(1.0 x 0.6)m
T5 (Rubber *  Tea) Rubber - lOx 5.0m 3.96 61 .0 0 .36

Tea -  10x(1.0 x 0.6)m
T6 (Pure Tea) Tea - 1.0 x 0.6m

65.98 cm with average b lock y ield  o f 4.1 kg/ 
tree/year. A m ong the existin g 178 plants, 
59%  plants show ed above average yield.

2. C rop m an ag em en t

2.1. Nutritional trial

Experim ent is being  continu ed  to find 
out the optim um  requirem ent o f fertilizer 
doses for H evea at RES, N agrakata. The doses 
o f nitrogen w ere 0 ,1 5 , 30  and 45  kg/ha. The 
doses o f p hosphorus and potassium  w ere 
0 ,2 0  and 40 kg/ha/year. S ign ifican tly  higher 
girth was found in the N 45 P20 K 40 kg/ha 
com binatio n  (Table N ag. 4). In term s of 
yield , N 45 P20 K4Q kg/ha show ed positive 
effect on y ield  follow ed by N 30 P40 K 0 kg/ 
ha com bination.

2.2. Cropping system

W ith an aim  to in tro d u ce  ru b ber as 
shade tree inside tea garden, rubber trees 
w ere interplanted in tea blocks in the D ooars 
area o f W est Bengal. Th e data show ed that 
green tea lea f y ield  o f p u re  tea p lo t was 
s ig n ifica n tly  h ig h er  th an  th e  rest o f the 
com binations. Low er g reen tea leaf y ield  in 
r u b b e r  tea  co m b in a tio n  tre a tm e n t w as

m a in ly  d u e  to m o re  sh a d e  im p o sed  by 
m a tu re  ru b b e r  tre e  ca n o p y  th a t a ttracts  
p ests v iz ., H elop eltis , red -sp id e r  etc . The 
rubber g irth  (Table N ag. 5 ) in T 2  was higher 
than pure ru bber plot. T h e yield  o f  rubber 
w as h ig h er in T1 fo llo w ed  b y  T2 and  T4 
w hereas in T5 it w as v ery  low.

3. C ro p  p h y sio lo g y

3.1. Perform ance o f p olycross progeny 
raised from seeds of locally adapted 
mature rubber plantation

P olycross rubber seed s procu red  from 
NE India (N agrakata , Ja lp a ig u ri; Sarutari, 
A ssam ; G enolg iri, T u ra) and  K erala (HBSS, 
K a n y a k u m a ri)  w e re  ra is e d  in th e  non- 
trad itional en v iron m en t o f  D o o ars area of

lable Nag. 6 . G row th  c h a ra c te ris tics  o f H evea  
seedlings raised from seeds developed

--------------------- in  different clim atic conditions
Source o f  seeds Girth Girth increment Height
—____ _____________ (cm) (cm/yr) (cm)
Nagrakata M iT f2 2 ----------------- 185
Kanyakumari 18.3 15.7 276
Guwahati 13.5 121 145

£ ! £ _______________ 14-8 13.O 193



West Bengal in 2 008 (Table N ag. 6). The data 
showed th at th e  a v e ra g e  g irth  and girth 
increm ent o f seed lin g s  from  Kanyakum ari 
s tock  w a s  h ig h e r  c o m p a re d  to th at o f 
Jalpaiguri and  Tu ra . D ata on height also 
followed the sam e order.

3.2. P e r fo r m a n c e  o f  r u b b e r  c lo n e s  in 
a b a n d o n e d  te a  g r o w in g  a re a s  o f 
D ooars b e lt  o f N o rth  Bengal

A n a tte m p t w a s m a d e  to in troduce 
rubber in ab an d o n ed  tea grow ing areas of

sub-Himalayan, West Bengal w here the soil 
pH is high (above 8.0). Four clones, pis. RRIM 
600, RRII 208, RRII 105 and RRII 429 were 
planted in blocks, soil having pH of 8.3. A 
block of hundred plants from each clone per 
hectare (total of 400 plants) were planted. 
H owever, 90% of th e  p lants w ere fully 
damaged by the wild elephants as the area 
was the passageway of the anim als. The 
experiment in this area was discontinued 
as existing plant num ber w as very low 
(below 10%).

R E G IO N A L  R E SE A R C H  ST A T IO N  
D A P C H A R I, M A H A R SH T R A

T h e  th ru s t a rea  o f  th e  s ta tio n  is to 
d ev e lo p  s u i t a b le  c lo n e s  an d  lo ca tio n - 
specific a g ro tech n o lo g y  for droughtprone 
a re a s . T h e  e x p e r im e n t s  on crop  
im p ro v em en t in c lu d e  screen in g  o f wild 
H evea  a c c e s s io n s ,  e v a lu a t io n  o f clones, 
d iffe re n t g e n o ty p e s  su ch  as p o lyclone, 
p ipeline c lo n e s , se le cted  ortets and wild 
Hevea a c c e s s io n s  fo r  gro w th  and yield 
p erfo rm an ce . S tu d ie s  on environ m en tal 
p h y sio lo g y  ( ir r ig a t io n  requ irem en t and 
irrigation m e th o d s , d rou gh t studies) and 
crop m an agem en t (p ractices to m itigate the 
drought like  soil m o istu re  conservation) are 
also being carried  out.

1- E n v iro n m e n ta l p h y sio lo gy

1-1. D rip  an d  b a s in  m ethod  o f irrigation 

In o r d e r  to  id e n tify  c lo n e s  havin g 
physiological to leran ce  to w ater stress and 
high tem p eratu re , tw o experim ents based 
or> irrig a tio n  sch e d u lin g  and m ethods of 
irrigation are  in progress.

An irrigation experim ent was started 
d u rin g  1987 fo r  E T c-b ased  ir r ig a tio n  
scheduling in two m ethods o f irrigation 
(basin  and  d r ip )w ith  th e  o b je c tiv e  to 
standardize and evaluate the advantages 
of drip irrigation over basin irrigation in 
terms of water saving and total econom y 
in the quantity o f water. The treatm ents 
comprises o f 1 .00,0.75 and 0.50 ETcin basin

Table Dap. 1. Effect of different irrigation methods 
and irrigation scheduling on girth and 
yield of rubber______________________

Treatment Girth
(cm)

Yield
(atm

Control (Rainfed) 64.10 40.56

Basin 1.00 ETc 74.26 52-13

0.25 ETc* 69.S8 45.86

0.50 ETc 70.59 40.04

Drip 0.75 ETc 69.94 46.56

0.25 ETc" 69.11
0.25 ETc 66.79 36.31

SE+ 1.78

CD ( P - 0.05) 3.89

•changed from 0.75 ETc ti 
0.50 ETc to 0.25 ETc

o 0.25 ETc; ' * changed from



and 0.75, 0 .50 and 0.25 ETc in drip  m ethod 
of irrigation. From February 2000 onw ards, 
the 0 .75 ETc in the basin and 0.50 ETc in the 
drip w ere reduced to 0.25 E T in  order to find 
out w hether irrigation requirem ent can be 
further reduced. The results indicated that, 
irrigation schedulin g at 1.00 ETc w ith basin 
irrigation m ethod recorded better grow th 
and yield  (74.26 cm , 52 .13  g/t/t) than other 
treatm ents but w as on p ar with irrigation 
scheduling at 0 .50  ETc (7 0 .5 9  cm girth, 40.04 
g/t/t) under the sam e m ethod o f irrigation 
(Table D ap .l). Trees under different levels o f 
basin irrigation show ed higher girth than 
drip system . T h e sam e trend w as noticed 
in yield also.

The cost evaluation w as done to find 
out the expenses incurred tow ards various 
inputs, farm practices and irrigation . The 
irrigated trees w ere divided into tw o parts 
according to soil depth. A m ong them , one 
being m aintained under reduced  irrigation 
o f l/5th E Ic (deep soil) and another under 1.0 
ETc (s h a l lo w  s o il )  le v e l o f  i r r ig a t io n .  
Recorded block yield , total latex v olum e and

Table Dap. 2. Effect of depth and irrigation on yield 
_________ o f  rubber (g/t/t)

__________ Yield (g/t/t)
Group A Group B Group C

April 8.75 43.63 29 .59
May 6.11 31 .24 22.51
June 5.78 29.61 22.35
July 11.99 39 .16 29.59
August 13.48 45.51 28.67
September 20 .33 53.52 40 .35
O ctober 2 4 .87 63.39 47.86
November 30.74 92.34 69.20
Decem ber 41 29 107.29 69.41
January 53,43 103.31 66.50
February 32.12 18.24 12.76
March 27.74 28.19 17.43

D RC. T h e reduced  level o f  irrigation  was 
further reduced  from  1/4"' to l/5lh to find 
out the o ptim u m  irrigation  requirem ent for 
m ature trees in g ood  soil d epth  area. The 
results indicated (Table D ap. 2) that the trees 
under the reduced level o f irrigation in deep 
soil show s better g ro w th  and  y ield  than the 
rainfed (Av = 23.05 g/t/t) and  w ith higher 
level o f irrigation  (1 .0  ETc).

2 . L atex  h a rv e st te c h n o lo g y

O ne dem on stration  tria l w as initiated 
on C U T  during  2 009  in 1983 p lanted  RRII 
105 w ith cu rren t tap p in g  o n  BI 1 panel in 
random ized  b lock  d esign . T h e ob jective is 
to  id en tify  C U T  p ra c tic e  su ita b le  to this 
region alon g w ith  the e n h an cem en t o f yield 
d u rin g  low  y ie ld in g  p h a s e  (reg en era ted  
bark) o f c lon e RR II 105, and  to o p tim ize the 
stim u lation  sch e d u le  for fu rth er reduction 
o f cost o f p roduction  and  to b etter econom ic 
life  w ithou t stress to the trees. Treatm ents 
T1 -S / 4 U  d3 6d/7+ E T 5 %  La + stim ulation 
on ce  in 3 w eeks, T2 -  S/3U d3 6d/7+ E T  5% 
La + stim u lation  th ree w eeks in terval, T3 -  
S/4U d3 6d/7+ E T  5 %  La + s t im u la tio n  
m onth ly  in terval, and  T 4  -  S/3U d3 + d3 6d/ 
7+ E T 5 %  La + stim u lation  m o nth ly  interval. 
N orm al tap p in g  w as th e  p ra ctice  during 
r a in y  m o n th s . O b s e r v a t io n  o n  y ie ld  
recorded through cup  Jum p o f all tapping 
days) and m onth ly  D R C %  (from  one week 
before stim ulation), annual T P D  %  and girth 
in crem ent w as m easured .

R esu lts sh ow  that, treatm ent T 2  - S/3U 
d3 6d/7+ E T  5 %  La w ith  a p p lic a tio n  of 
e th ep h o n  o n ce  in th re e  w e e k s record ed  
sign ificantly  h igher y ield  o f 74 .59  g/t/t (1999 
kg/ha) th an  th e  o th er  trea tm en ts . Low er 
y ie ld  w as reco rd ed  u n d e r  T 3  -  S/4U d3 
system  w ith s tim u lation  o f o n ce  in a month 

•98 g/t/t). R esu lts revealed  that, follow ing



Table Dap. 3. Yield response of Low Frequency Controlled Upward Tannin* k . .
105_______________________  upward Tapping and basal tapping in clone RRII

treatment CyT ----------
( April-June 2010 

and November 2010-March 21111)

Basal Panel 
(July 2010 to October 2010)

lapping
days g/t/t kg/ha kg/tree

Tapping
days

T1 -  S/4U d3 6d/7+ET 5% La •*- (3 w) 67 62.62 1678 4.20 34 43.20 587
T2 -  5/3U d3 6d/7+  ET 5% La + (3 w) 67 74.59 1999 5.00 34 47.54 647
T3 -  S/4U d3 6d/7+ ET 5% La + (m) 67 59.98 1607 4.00 34 39.51 537 1.34
T4 -  S/3U d3 + d36d/7+ET 5% La + (m)67 60.55 1622 4.05 34 44.88 610 1.52
SE +

CD (P = 0.05)

6.47

13.75
4.83

10.3

S/3U d3 tap p in g  sy stem  w ith application 
of eth ep h o n  o n ce  in th ree  w eeks proved 
prom ising (T ab le D ap. 3). In general, CUT 
recorded h ig h  y ie ld  in all the treatm ents 
tested than the no rm al basal panel tapping 
(S/2 d 3 6d/7+ E T  2 .5%  La + (m)).

3. C rop  im p ro v e m e n t

D evelopm ent o f drought tolerant clones 
and screenin g o f  w ild  H ei’en accessions for 
drought to leran ce and future evaluations of 
m odem clon es, ortet selection, clones from 
half-sib progen y  o f prepotent clones along 
with 400 series clon es continued to be the 
th ru st a r e a s  o f  r s e a rc h . A to ta l o f 10 
experim ents a re  b eing  conducted with these 
objectives. T h e experim ent on identification 
o f r e l ia b le  ju v e n i le  and  m ature 
characteristics for c lo n e  identification (50 
divergent clon es) in H evea: standardization 
of d istinctiveness, uniform ity and stability 
(DUS) testin g  n o rm s for evolving specific 
guidelines for v arietal registration in rubber 
was also  initiated.

3 .1 . C lo n e  e v a lu atio n  trial

T h e  c lo n e  ev a lu atio n  trial started in 
1985 to  e v a lu a t e  g r o w th  and yield  
perform ance o f 15 clones (RRII 5, RR II6, RRD

208, RRII 308, RRIM 605, PB 260, PB 310, PB 
311, RRIC 100, RRIC 102, RRIC 105, PR 255, 
PR 261 and RRII 105) and to select suitable 
high yielding and drought tolerant clone for 
North Konkan region was in progress. All 
the clones under this trial w ere maintained 
u nder restr ic ted  ir rig a tio n  s in ce  1985.

Table Dap. 4. Growth and yield of Hevea clones

Clones Girth Yield Projected Yield
(cm) (g/t/0 (Kg/ha)

RRII 5 63.2 36.4 1203

RRII 6 67.0 41.8 1382

RRII 105 59.8 35.0 1157

RRII 208 68.4 46.5 1537

RRII 308 60.5 20.5 678

RRII 605 62.7 26.0 859

PB 260 64.3 27.7 916

PB 310 64.7 30.5 1008

PB 311 62.6 31.9 1055

RRIC 52 69.2 20.5 678

RRIC 100 62.4 34.0 1124

RRIC 102 63.5 32.8 1084

RRIC 105 60.5 20.9 691

PR 255 62.8 32.2 1065

PR 261 60.1 24.8 820

SE 1.96 1.03

CD ( P - 0.05) 4.03 3.25



M onthly g irth, D RC and fortnight y ield was 
recorded. R esu lts indicated that, RRIC 52 
recorded h igher girth o f  69.2 cm  than RRII 
105. RRII 208 recorded h igher yield  o f 46.5 
g/t/t w hich w as follow ed by RRII 6 and RRII
5  (Table D ap. 3).

3 .2 , O rtet selection

The large-scale evaluation o f 14 ortets 
o f D apchari along w ith c ontrol c lones (RRII 
105, RRII 208, RRII 430  and RRIM  600) was 
started during 2008 to ev aluate the grow th 
and y ield  p erfo rm an ce  o f o rte ts  selected  
from  p o ly cro ss  se e d lin g  p lan ted  a t  th is 
station. O S 173 recorded significantly  higher 
girth and  height than clon e RRII 105 and 
RRII 430. T h e highest num ber o f w horls (3.5) 
w as recorded  in O S 42  and O S 111 (Table 
Dap. 4).

Table Dap. 4 .G row th  o f  d if fe re n t orte ts  under 
_________ Dapchari
Ortet Girth Height No. of

(cm) (cm) whorls
OS 1 9.5 333.8 2.7
O S 8 8.1 306.3 2.7
OS 34 11.1 378.2 2.9
OS 35 10,4 369.2 3 .0
OS 36 9.2 304.1 3.2
OS 37 9.5 364.4 2.9
OS. 42 9.1 ; 304.5 3 .5
O S 111 10.3 367.0 3 ,5
O S 135 8.6 306.8 3.0
OS 136 7.1 300.4 2.2
OS 173 11.6 3 56 .7 3.0
O S 216 10.3 358.5 3.1
O S 236 9.9 338.3 3.1
OS 317 10.6 367.9 2.8
RRII 105 8,2 279.4 2.3
RRII 208 9.5 329.0 3.4
RRII 430 8.5 279.6 2.6
RRIM 600 10.1 411.5 3.3
SE 1.07 42.33 0.33
CD (P -  0.05) 2.18 NS 0.67

3 .3 . G erm p lasm  screen in g

W ild H evea  accessio ns (130) and RRn 
105, RRIM  600 and T jir 1 as a check  clones 
w ere planted for screen in g  a g ain st drought 
tolerance. T he o b serv ation s on pre and post 
d ro u g h t g r o w th  a n d  R W C  (% ) w ere 
r e co rd e d . T h e  a c c e s s io n s  sh o w e d  w ide 
variability  in all characters stud ied . It was 
found that M ato  G rosso  accessio n s were 
s u p e rio r  fo r  a ll th e  g r o w th  c h a ra c te rs  
studied than those from  Rondonia and Acre 
p rov en an ce s. A m o n g  th e co n tro l clones, 
RRIM 600 and RRII 208 w ere sup erior to RRII 
lOo. Tw enty five potential d rought-tolerant 
a c ce ssio n s w ere id e n tifie d  b ased  on  3-4 
years o b se rv a tio n s  a n d  fu rth e r  d etailed  
studies are in progress.

3.4. Further ev alu ation  o f  sele cted  wild
H ev ea  accessions

A to ta l o f  th re e  e x p e r im e n ts  
com prising o f 2 5 ,4 7 ,1 1  accessions are being 
conducted. Field evaluation o f  25  w ild Heven 
clones along w ith  five H P clones and RRII 
105, RRIM  600, T jir 1, RRII 430, RRII 208 as a 
ch eck  for d ro u g h t to le ra n c e  (2 0 0 7 ) was 
under p rogress. O bserv ations show ed wide 
variability  for all characters studied.

Two sm all-scale  field  evaluation trials 
o f selected wild accessio n s (47  and 11) for 
drought to lerance planted  in 2010 are also 
under observation .

3 .5 . Evaluation h a lf-s ib  progeny, polycross, 
h a lf-s ib  p rog eny  o f  p rep o ten t clones, 
p ip e lin e  c lon es

A total o f four clonal nu rsery  evaluation 
trials are in progress.

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

P ro ject on e ffe c t o f  c e r ta in  m oistu re 
conservation practices on rubber plantation 
under su-hum id region of M aharashtra has



been started du ring  2008 with the view to 
find out the effect o f vertical m ulching and 
Kaoline sp ray  (6% ) on grow th and yield of 
rubber. T h e  t r e a tm e n t  co m p ris e s  soil 
m oisture co n s e rv a tio n  p ractices (vertical

m u lchin g and  K aolin e  sp ray  6% ) and 
control. The results showed that, there was 
no s ig n ifica n t d iffe re n ce  betw een  the 
treatm ents in term s o f g irth  and plant 
height.

R E G IO N A L  R E SE A R C H  ST A T IO N  
D H E N K A N A L , O R IS S A

T h e R egio n al R esearch  Station situated 
in D h e n k a n a l d is t r i c t  o f  O ris sa  s ta te  
rep resen ts d ry  s u b -h u m id  c lim ate . The 
station con tin u ed  its research activities on 
crop im p r o v e m e n t  w ith  th e  p articu lar  
ob jective  o f  id e n tify in g  c lo n es  suited  to 
prevailing d rou gh t conditions o f this region.

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

C ro p  im p r o v e m e n t  in c lu d e s  five 
o n goin g  tr ia ls  m a in ly  o n  ev a lu atio n  o f 
clones and p o lyclon al p opulation. The trials 
were laid ou t to screen  m ost adapted and 
high y ie ld in g  c lo n e s  u n d er the dry-sub 
humid clim ate.

1.1 C lo n e  e v a lu atio n

In the 1987 e xp erim ent, both G T 1 (75.2 
cm ) a n d  R R IM  6 0 0  (7 1 .9  cm ) recorded 
significantly h igher g irth over RRII 105 (67.9 
cm). R R IM  600  h as recorded  mean yield of

Table O ri.l. Mean girth and yield of elite clones
U one Girth (cm) 

M arch 2011

Yield
(R/t/t)

HR II 105 67 .9 35.7

RRIM 600 71.9 33.8

GT 1 75.2 33.1

Moan 71.7 34.2

SE 0.96 2.08

33.8 g/t/t while G T 1 recorded (33.1 g/t/t) 
the lowest yield (Table Ori. 1).

In the clone trial 1990, the highest girth 
was recorded in SCATC 93/14 (86.8 cm), 
RRIM 600 (78.7 cm) and RRII 208 (78.3 cm). 
The highest yield o f 61.1 g/t/t was noted in 
RRII 208 followed by SCATC 88-113 (60.0 g/ 
t/t) and RRIM 600 (47.6 g/t/t), w hile the 
SCATC 93-114 (32.6 g/t/t) and RRII 300 (41.9 
g/t/t) record ed  th e  m o st p o o r  y ie ld  
performance.

In an o th er  c lo n e  tr ia l (1 9 9 1 ), the 
performance o f Hevea clones with polyclonal 
seedlings was com pared. Clone G T  1 (86.8 
cm), RRII 208 (81.4 cm) and RRIC 102 (79.7

Table Ori. 2. Performance of various dones 
Clone Girth (cm) Mean yield

March 2011___________ (g/t/t)

RRII 5 77.4 42 .S

RRII 105 75.9 51.9

RRII 208 81.4 68.9

RRII 300 79.9 44.5

RRIC 102 79.7 62.5

RRIM 600 73.4 45.3

GT 1 86.8 48.9

PR 255 80.8 40.9

PR 261 75.5 48.9

Polyclonal 97.4 42.9

Mean 80.8 49.7

SE 1.83 3.65



cm ) sh ow ed  su p e rio r  g ro w th . H ow ever, 
polyclonai seedlings w ith a m ean girth o f
9 7 .4  cm  e x h ib ite d  b e tt e r  g r o w th  and  
adaptability  as com pared  to other clones. 
RRII 208 recorded higher m ean yield (68.9 
g/t/t) follow ed by RRIC  102 (62.5 g/t/t). In 
this trial also, RR II 208 had h igher grow th, 
y ield and ad aptability  in the region. RRII 5 
show ed low est y ield  o f 42 .8  g/t/t am ong the 
clones (T a b le  O ri. 2).

Table Ori. 3. Performance o f various clones
Clone Girth (cm) Mean yield

March 2011 (g/t/t)
RRII 5 40 .3 21.3
RRII 105 46.3 25 .7
RRII 208 49.8 18.2
RRII 300 53 .3 23.4
RRU 351 45.5 22.8
RRII 352 47.3 21.7
RRU 357 46.1 19.3
RRII 28/59 48.9 20.9
RRIM 600 49.0 27.8
IRCA 109 38.5 26.9
IRCA i n 50 .7 22.5
Mean 46.8 22.7
S E 1.45 0.98

In the c lon e trial 1999 for evaluation of 
m odern clones, the h ig h est m ean girth was 
recorded in RRII 3 00 (53.3 cm ), RRII 208 (49 8 
cm ) RRIM  600 (49 .0  cm ) follow ed by and 
RR II 352. Th e low est g irth  w as recorded in 
RRII 5 (40.3 cm ). T h e H igh est in itial mean 
yield for few m onths w as observed  in RRIM  
600 (27.8 g/t/t) follow ed by IRCA  109 (26 9 
g/t/t) and RR II 105 (25 .7  g/t/t) (Table O ri. 3).

1 .2 . P o lyclon al se e d lin g  e v alu ation

In a p o ly c lo n a l se e d lin g s  tr ia l 1989 
trees are  u n d er evalu ation  for grow th , yield 
p erfo rm a n ce  an d  a d a p ta b il ity  in O rissa 
co n d itio n s . T h e  h ig h e s t m e an  g irth  w as 
recorded in O R  4 (126 .5  cm ), fo llow ed by 
O R  5 (116.5 cm ). T h e h ig h est an n u al mean 
y ie ld  w as r e c o rd e d  in O R I (98 .1  g/t/t) 
fo llo w ed  b y  O R  2 (8 6 .5  g/t/t). Ten e lite  
p o ly clo n a l trees h a v e  b e e n  se le c te d  and 
m ultip lied fo r  fu rth er field evaluation.

1 .3 . O rtets evalu ation

In an  o rte ts  e v a lu a t io n  tr ia l p lan ted  
during  2008, ten o rtets  w ith  few  m odern 

U n d cr o b s e r v a t i ° n .  O rte ts  
OR 7 (15 .9  cm), O R 8 (15.9 cm ) and  the Chinese 
c lo n e  S C A T C  93/ 114 ( ,3 . 8  c m , sh o w ed  
better grow th in ju v en ile  phase.

R E G IO N A L r e s e a r c h  s t a t i o n  
PA D IYOO R, K AN N U R

T h e  
r e se a rch  
clones su 
o f clonal 
incidence, 
p ra c tice s  
period in

s t a t io n  c o n t in u e d  w ith  th e  
p ro g ra m s  fo r  id e n tif ic a t io n  o f 

uted to the region and evaluation 
to leran ce to d rou gh t and disease 

' Field trials on agrom anagem ent 
for r e d u ctio n  o f the g esta tio n  

rubber are also  in progress.

1- C r o p  m a n a g e m e n t 

1 . 2 . W ater req u irem en t stu d ies

T h e  e x p e r im e n t  o n  ir r ig a t io n  in 
m m atu re ru b ber w ith  irrig ation  levels al 

IVV/CPE „ t , o  o f  0 .3 , 0 .6 , 0.9 , 1 .2 an d  an 
u m m g ated  control in d icated  sign ificantly



Table Pad. 1. Effect o f irrigation on growth
Treatment
fIVV/CPE)

Girth (cm) 
(tenth year)

Yield (g/t/t) 
Jan-May

1.2 5 9 .0 36.2
0.9 57.8 39.6
0.6 60.8 45.0
0.3 56 .8 41.4
Control 5 4 .2 38.0
CD (P -  0.05) 3.9 NS

higher g irth  o f  th e  irrig ated  plants over the 
co n tro l p la n ts  w ith  th e  h ig h e s t g irth  
recorded at IW /CPE o f 0.6. Observations 
recorded d u rin g  th e  first year o f tapping 
sh ow ed  n o  s ig n if ic a n t  d iffe re n c e  with 
respect to p er tree yield  (Table Pad. 1)

1.3. R esp o n se to ap p lied  fertilizers in high
y ie ld in g  c lo n es

T h e  e x p e r im e n t la id  ou t w ith three 
clones (RRII 105, RRII 414, RRII 429) and four 
fertilizer lev els (30 :30 :20 , 60:30:20, 90:60:40

Table Pad. 2. Effect of fertilizer on growth
Treatment Girth (cm)

RRII 105 RRII 429 RRII 414
30:30:20 5 0 .2 42.0 49.5
60:30:20 4 5 .2 46.9 51.5
90:60:40 4 3 .7 42.0 52.5
120:60:40 4 7 .7 44.5 51.2
CD (P -  0.05) N S

and 1 2 0 :60 :40  kg/ha o f N, P,O s and K ,0 ) 
indicated no s ig n ifican t response in growth 
of the d ifferen t clo n es w ith varying levels 
of fertilizer ap p lied  (Table Pad. 2).

2. C ro p  im p ro v e m e n t

2.1. Large-scale  ev a lu atio n  o f clones 

In the 1996 p lan ted  clone trial with 11 
clones s ig n ifican t grow th differences were 
observed w ith  PB 330  and IRCA 130 being 
s ig n if ic a n t ly  s u p e r io r  to RR II 1^5 
respect to g irth  w hile IRCA 130 showed

Table Pad. 3. Growth performance of modem Hevea

Clone Girth
(cm)

Yield
(K/t/t)

Summer 
vield (g/t/t)

60.1 56.4
PB 314 61.7 45.1 23.5
IRCA 130 65.3 743 53.8
PB 28/59 59.7 50.2 27.1
IRCA 109 58.4 36.4 23.0
PB 330 65.6 49.7
IRCA 18 64.2 42.9 17.0
RRIM 703 53.7 37.7 20.9
IRCA 111 58.4 36.8 21.6
PB 255 60.4 63.5 42.2
IRCA 230 61.4 42.9 22.4
CD (P -  0.05) 4.5 123 11.0

superiority over RRII 105 with respect to 
average annual yield  and sum m er yield 
(Table Pad. 3). The sum m er yield o f PB 255 
was also found to be significantly higher 
than that o f RRII 105.

2.2. Evaluation o f rubber clones/selections 
at high altitude situations

The trial field planted in 1996 under 
high altitude conditions (974 m MSL) with

Table Pad. 4. Growth and yield in high altitude area
Clone Girth Yield (g/t/t) 

May-Aug

P 296 53.35 23.68

RRII 105 45.66 29.87

RRII 203 63.29 54.08

P 90 48.63 19.11

P 270 59.9 37.38

P 280 51.29 12.61

P 2 44.94 16.01

RRIC 102 49.02 17.42

PB 86 51.24 43.42

RRIC 100 62.05 44.51

P 121 45.43 13.88

P 213 57.19 29.51

P 1 53.58 25.48

P 155 4 4 3 8 17.39

Iritty 55.79 31.25

CD (P -  0.0a) 11.03 6.9



10 se le ctio n s  an d  5 c lo n es  in d icated  the 
significant superiority o f the clones RRII 203 
and RRIC 100 and the selection s P 270 and 
P 213 over that o f RRII 105 with respect to 
girth. (Table Pad.4). Yield o f RRII 203 was 
found to be sign ificantly  sup erior to other

clones and selections. Yield  o f R RIC  100 and 
PB 86 w ere on par. T h e se lection s P 270 and 
Iritty gave s ign ifican tly  h igher y ie ld s than 
the other ortets tested . T h e yield  o f P 270 
w as s ign ifican tly  h igher than th at o f RRu 
105 and  was on p ar  w ith th at o f Iritty.

H E V E A  B R E E D I N G  S U B - S T A T I O N  

K A D A B A ,  K A R N A T A K A

Th e m ajor thrust areas o f research in 
the s ta tio n  are to ev a lu ate  c lo n es  u n d er 
d ifferen t b io tic  and ab io tic  s tre ss  factors 
a n d  to  id e n tify  c lo n e s  s u i ta b le  fo r  
com m ercial cultivation .

1. C rop  im p ro v em en t

1 .1 . S m a ll-s c a le  tr ia ls  o f  s e le c te d  o r te t
clones

T hree trials (1988A . 1988B and 1988C) 
are in progress. All the trials w ere planted 
in 1988 w ith  th e  o b je c t iv e  to  e v a lu a te  
se lected  ortet clo n es a lo n g  w ith pop u lar 
clones as controls. In the first trial (1988A ), 
15 ortet c lones and th ree control clones are 
u nder evaluation. T h e o rtets are: T 2 , C  1/2 
C  42, 0 17, C  70, O 15, O  41 , O  3 4 ,0  47, O 44*

0  46' C  7'F}-< 0  5 ° . O  45  and O 19 and the 
control c lon es are: G T 1 , RRIM  600 and RRII 
103. Tapping in the trial w a sstarte .l in 2111)2 
M ean y ie ld  o v e r  n in e  y e a rs  o f  tap p in g  
indicated T2 to be the highest y ielder with

S /l/t c lo se ly  fo llo w ed  by th e  o rte ts  
nam ely O  ]7 {6 9 .J  g/t/t) 0 15 (66.1 g/t/t). Yield 
o f control clon es G T  I, RRII 105 and RRIM 
600 w as 65,9, 49.5 and 47 .9  g/t/t respectively. 
Six teen  o rtet c lones and th ree control clones 
nam ely RRII 105, RRIM  600 and G T  1 are

u n d er ev aluation  in the secon d  trial (1988 
B). A fter n ine years o f tapp ing high y ielding 
c lones w ere T l  (70 .0  g/t/t) fo llo w ed  by G T  1 
(70.0 g/t/t). T h e th ird tria l (1988C ) consists 
o f 14 ortet c lon es and  th ree  control clones 
nam ely RRII 105, R R IM  6 00  and  G T  1. Nine 
years o f tap p in g  in d icated  m axim u m  yield 
in G T  1 (85.1 g/t/t) fo llow ed by ortet C  140 
(77.1 g/t/t), RRU 105 (68 .6  g/t/t). T h e other 
control c lon e R R IM  600 y ie ld ed  31 .6  g/t/t. 
O ther ortets w ith n o tab le  y ie ld  w ere O 49 
(67.7 g/t/t), O  26 (67.0 g/t/t) and  O  55 (65.2 g/ 
t/t). *

1 .2 . Large-scale c lo n e  tria l

Th is trial p lanted  in 1989, h as 14 c lones 
u nder evalu ation . T h e c lon es are  RR II 203, 
K R S 25 , K RS 163, K R S 128, RR II 105, PB 255, 
SC A TC  88-13, RRII 308, PR 255 , H aiken 1, 
PR 261, RRIM  600, R R II 300 and  SC A TC  93- 
114 A fter n ine y ears o f tapp ing, m axim um  
y ield  w as in d o n e  R R II 2 0 3  (6 7 .5  g/t/t) 
foHowed by KRS 25 (57.6 g/t/t). C heck clones 
R R II 105  a n d  R R R IM  6 0 0  r e s p e c t iv e ly  
yielded 47 .4  and  33 .8  g/t/t.

1 .3 . Large-scale  c lo n e  trial

In th is ex p erim en t p lan ted  in 1990, 15 
c lo n e s  a re  u n d e r  e v a lu a t io n . T h e  tria l



plants are 21 y ears old  and  have com pleted 
seven years o f tapp ing. M axim um  yield was 
recorded for c lo n e  PB  2 60  (62.0 g/t/t) closely 
followed by PB  235  (59.9 g/t/t) and HP 372 
(57.1 g/t/t). T jir  1 w as the low est yielder 
(19.4 g/t/t).

1.4. E stim atio n  o f  g e n e tic  param eters 

T h is trial p lan ted  in 1990 has the aim
to evaluate p aren ts and  their progenies for 
e stim a tin g  g e n e t ic  p a r a m e te rs  th at are 
e s s e n tia l fo r  p la n n in g  p la n t b ree d in g  
a c t iv i t ie s .  T w e lv e  c lo n e s  and  th eir 
p r o g e n ie s  a r e  u n d e r  e v a lu a t io n . On 
com pletion o f e ig h t y ears o f tapping parent 
clones PB  235 , R R II 203  and  RRII 105 were 
the leading in y ie ld  w ith  a  y ield  o f 77.6,54.9 
and 5 0 .8  g/t/t, resp ectiv e ly . A m ong the 
progenies, h a lf-s ib s  o f RR II 203, PB 235 and 
G T 1 record ed  a y ie ld  o f 45.1, 41.7 and 41.1 
g/t/t, respectively . Progen ies o f PB 86, PB 
213 and  T jir  1 w ere  low  y ie ld in g  with a 
yield o f 2 8 .7 ,2 3 .9  a n d  21 .5  g/t/t, respectively.

1.5. S m a l l - s c a le  c lo n e  tr ia ls  o f  p opu lar 
clo n es  (1991A , 1991B  and 1991C) 

T h re e  s m a l l - s c a le  tr ia ls  o f pop u lar
clones w ere in itia ted  in 1991. A total o f 54 
trial c lo n e s  an d  th re e  co n tro l clones are 
under e v a lu atio n  in th ree trials to com pare 
the grow th an d  y ield  o f trial clones vis-a- 
vis control c lo n es  nam ely, RRII 105, G T 1 
and RRIM  600. T h e  trials have completed 
seven y ears o f  tapp ing.

T h e  tr ia l, 1 9 9 1 A co n ta in s 36 clones, 
both in d ig e n o u s  j n d  e x o tic , are under 
evaluation. M ax in u im  yield  was noted in 
clones PB 2 3 5  (80 .7  g/t/t), PB 3 14 (79.0 g/t/t),

PB 280 (77.0 g/t/t), PB 312 (73.3 g/t/t) and PB 
311 (67.8 g/t/t). The lowest yielding clones 
were SCATC 93-114 (21.0 g/t/t), AVROS 352 
(16.6 g/t/t) and CH 4 (14.1 g/t/t). Thirteen 
clones are under evaluation in the second 
trial. Clone RRII 5 gave maximum yield of 
66.21 g/t/t followed by RRII 3 (5 9 2  g/t/t). In 
the third trial also 13 clon es are under 
evaluation. The highest yielding clone was 
HP 83/224 (61.2 g/t/t) followed by PB 28/59 
(54.3 g/t/t) after six years of tapping.

1 .6 . Large-scale clone trial

The trial was initiated in 2000, eight 
clones under evaluation where most of the 
clones are RRII 400 series clones and are the 
latest clones d eveloped  by the Rubber 
Research Institute of India. The trial has 
completed 11 years of growth and fourteen 
months of tapping. M aximum yield was 
noted for clone RRII 414 (62.8 g/t/t) followed 
by RRII 430 (52.0 g/t/t) and RRII 422 (51.0 g/ 
t/t). Parent clones RRII 105 and RRIC 100 
yielded 32.9 and 31.4 g/t/t, respectively.

1.7. V isual scoring o f reaction o f H ev ea
clones and genotypes to P h y top h th ora
leaf disease

R esp o n se  o f v a rio u s  c lo n e s  and 
genotypes was visually scored on a scale of
1 to 4, with 1-for no tolerance, 2-for mild 
tolerance, 3-for good tolerance and 4- for 
very good tolerance. This work was done 
totally under unsprayed conditions. From 
the four year results, it has been found that 
a total of 104 clones/genotypes having good 
tolerance to Phytophthora leaf disease.



H E V E A  B R E E D IN G  S U B S T A T IO N  
P A R A L IA R , T A M IL  N A D U

T h e m a jo r  resea rch  a c tiv itie s  o f  the 
station  cou ld  be ca teg o rized  u n d er four 
p ro je c ts , v iz ., c ro p  im p ro v em en t, ro o t 
tra in e r  p la n tin g  te c h n iq u e  fo r  ru b be r, 
p a r tic ip a to ry  c lo n e  ev a lu atio n  and  so lar  
rad iations & TPD.

1. C rop  im p ro v em en t

T h is  p r o je c t  c o n s is te d  th re e  su b - 
pro jects and  the w ork  carried  ou t under 
each sub-projects is  fam ish ed  below,

1 .1. C lon e evaluation

N in e  la r g e -s c a le  c lo n e  e v a lu a t io n  
experim ents are being pursued under this 
s u b -p r o je c t .  In th 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  in it ia te d  at 
K earJparai (1994) tap p ing  w as com pleted  
to r  n in e  y ea rs  an d  PB  255  (8 4 ,9 4  g/t/t) 
continued to occu p y the first position with 
respect to the pooled data for nine years , ,f 
tapping (Table Par. 1), follow ed b y  IRCA 
109 (77.76 g/t/t). Th e m ean yield  obtained

from IRCA 111 (75.91 g/t/t) w as also  found 
to be prom ising, but the y ield  perform ance 
o f the o th er tw o new  clon es nam ely  IRCA 
230 (62.05 g/t/t) an d  IR C A  18 (63 .97  g/t/t) 
w ere found to be on p ar  w ith the control 
clon e RR II 105 (6 1 .6 8  g/t/t). In the b lock 
ev alu ation  ex p erim en t, in itia ted  w ith the 
financial aid  from  the W orld Bank d u rin c 
1994, R R II 105 (67 .3 3  g/t/t) p resented  the 
m ax im u m  y ie ld  up  to th e  n in th  y e a r  o f 
tapping and the g ap b etw een th is c lon e and 
the second best PB 28/59 (60 .90  g/t/t) was 
noticed to w id en  y ear  a fter year (Table Par.

Table Par 2. M em  yield on the block tri.,1 (1994) 

Yield (a/tIt)

Clone Mean yield (gjtlt)
During 2010-11

PB 314 
IRCA 130 
PB 28/59 
IRCA 109 
PB 330 
IRCA 18 
RRIM 703 
IRCA 111 
PB 255 
IRCA 230

62.08
94.34
79.65
6 3 .87
88.73
88 .75
77 .45  
47 .17
81.46 
90.32 
70.02

61.68
76.61
70.79
58.84
77.76
60.48
63.97
64.40
75.91
84.94
62.05

CD (P-0 .05)
76.71
16.03

68.85
22.47

2010-11 9  years
RRU 5 59 .19 45.93
RRII 50 55 .14 46 .35
RRII 51 60 .10 40.72
RRII 105 118.90 67.33
RRII 176 59.01 45.01
RRIC 102 63.85 53.76
PB 217 56 .58 49 .40
PB 235 51.18 55.13
PB 260

72.29 52.99
PB 311

64 .26 59.41
PB 28/59 71.71 60.90
PR 255

74 .69 52.36
PR 261

64.84 49 .49
Mean
SE

66.99 52.21
4.03 3.11

2)- P B  311 (5 8 .9  g/t/t) a ls o  p r e s e n te d  
prom ising  yield  trend , b u t the clon e was 

oticed  to be h igh ly  s u s ce p tib le  to wind 
d am ag e . M a x im u m  T P D  in c id e n c e  w as

n m Z ^ Z rm74%)' M>owedby



In the m u lti-lo ca tio n  c lon e trial entitled 
GxE In teraction  o f  s e lec ted  H evea clones  (1996) 
RRII 203 (59.81 g/t/t) p resented  num erically 
better y ield  th an  th e  control clon e RRII 105 
(58.30 g/t/t) up  to the e ig h th  y ear o f tapping 
(Table Par. 3 ). A m o n g  th e  hybrid  clones 
belonging to  th e  4 0 0  series RRII 430 (54.07

Table Par. 3. M ean yield on the trial GxE interaction 
___________ (1996)______________

Clone Yield
2009-10

(g/t/t)
7 years

RRII 414 59.91 46.83

RRU 417 73.45 51.26
RRII 422 75.88 51.72
RRII 429 57.18 41.76
RRII 430 74.96 54.07
RRII 51 59.52 38.27
RRII 176 75.16 44.40

RRII 203 88 .17 59.81

RRIC 100 61.06 45.22

PB 217 65.80 38-77

RRIM 600 75.27 44.59

RRII 105 78.93 58.30

Mean 70.44 47.91

CD (P » 0.05) 4.26 2.09

g/t/t) c o n tin u ed  to p resent m axim um  yield, 
followed by R R II 422  (51 .72  g/t/t) and RRII 
417 (51.26 g/t/t). RR II 414 (46.83 g/t/t) and 
RRU 4 2 9  ( 4 1 .7 6  g/t/t) p resen ted  feeble 
p e r fo rm a n ce  u n d e r  th e  p articu lar  agro­
c lim a te  o f  K a n y a k u m a ri reg ion . In the 
o b se rv a tio n a l tr ia l a t  V aiku nd am  estate 
(2000) R R II 422  (61 .35  g/t/t) presented the 
m axim um  yield  fo llow ed by RRU 429 (60.72 
g/t/t). RR II 414  (52 .25  g/t/t) presented more 
or less equal y ie ld  to the control clone RRII 
105 (52 .66  g/t/t).

T h e o n -fa rm  tr ia ls  on the 400 series 
c lo n es  in it ia te d  a t  N ew  A m bad i Estate 
(2003) a n d  V e lim a la i e s ta te  (2003) were

opened for regular tapping during 2010. 
Juvenile grow th of the rem aining three 
block evaluation experiments initiated at 
Bethany estate (2006), Palazhi estate (2006) 
and Tholicode estate (2007) are being closely 
monitored at regular intervals,

1 .2 . Hybridization and clonal selection

By constant pruning and pollarding of 
branches, canopy of all the trees in the 
breeding orchard was maintained at a low 
profile, so that hand pollination could be 
attempted conveniently by standing in the 
ground. Hand pollinations w ere attempted 
at various parental com binations during
2010-11 also and the hybrids obtained from 
HP carried out during 2010 w ere raised in a 
n u rsery  for p re lim in a ry  ev a lu atio n . 
Potential high yielders (32 no.) selected in 
p rev io u s years w ere m u ltip lied  for 
conducting sm all-scale clone evaluation 
experiments. The new experiment entitled 
Progeny evaluation fo r  early selection in Hevea 
was also in progress and hand pollinations 
were attempted.

2. New generation p o lyclon al seed
garden

Th e polyclonal seed  gard en (2000) 
esta b lish ed  a t N ew  A m bad i esta te , 
M aniankuzhy w as w ell m ain ta in ed  by 
carrying out all the cultural operations like 
dusting/spraying, m anuring etc. in time. 
Polycross seeds collected during 2010 were 
raised at Nagamalai estate, Punalur for field 
planting as im proved planting m aterial 
during the planting season in 2011. These 
plants evolved from polycross seeds would 
be screened for the presence of unusual yield 
and prom ising secon d ary  characters. A 
to ta l o f 1500  p la n ts  o r ig in a te d  from  
polycross seeds w ere test tapped during 
2010 at HBSS, Paraliar and 22 potential high



yielders w ere selected for further evaluation 
in a sm all-scale trial.

A c tio n  w a s a ls o  ta k e n  to  c o lle c t  
polycross seeds from selected  m other trees 
in co n n ectio n  w ith  an ap p ro v ed  p ro ject 
in itiated at RRII, Kottayam . Th e rem aining 
seeds would b e collected and raised at HBSS, 
P a ra lia r  and  N ag am alai esta te , P u n alu r 
(H arriso n  M ala y a Ja m  L td .) fo r  a n o th er  
cycle o f  selection process.

3. R oo t tra in er  p la n tin g  te ch n iq u e

In  th e  f ie ld  tr ia l in it ia t e d  at 
C h u ru la co d e  (20 0 2 ), ro o t tra in e r  p lan ts 
co n tin u ed  to e x h ib it  n u m e rica lly  b e tter  
grow th and yield  (51 .07  g/t/t) than polybag 
plants (47.3 g/t/t). Th e experim ent entitled 
'In situ  you n g buddin g on stocks raised in 
root trainers' w as concluded and data w ere 
ta b u la te d  (T a b le  Par. 4 ). In s itu  y o u n g  
bu d ain g  in root trainers was found to have 
several ad v an tages o v er stu m p  plan tin g  
They presented m ore bu d d in g  success and 
sc io n  e s ta b lish m e n t co m p a red  to g reen  
bu d d in g . P lan ts ra ised  by in s itu  yo u n g  
bu d d in g  in root tra in e rs ex h ib ite d  m ore 
lateral root form ation  (47 .7  laterals) than 
stum p plan tin g in p o lybags (7.8) and root

tra in e rs  (1 4 .4 ) . F ie ld  p la n tin g  o f  a new  
e x p e r im e n t e n t i t l e d  'C o m p a r a t iv e  
evaluation o f advanced  p lan tin g  m aterials 
p r o d u c e d  b y  d if fe r e n t  p r o p a g a tio n  
te ch n iq u e s ' w as c a rr ie d  o u t a t  B eth an y  
estate during  2010. P lots w ere dem arcated 
and  o b serv atio n  on in itia l estab lish m en t 
success w as record ed . A dvanced  planting 
m aterials o f 40  c lon es w ere  raised in root 
tra in e rs fo r  a s tu d y  on  th e  co m p a ra tiv e  
drought to leran ce  o f th ese  c lo n es. Action 
w as a lso  taken to in itia te  a n ew  experim ent 
entitled 'C o m p arativ e  ev alu ation  o f  labour 
requ irem ent and co st e ffectiv en ess o f root 
tra iner and p o ly b a g  p la n tin g  tech n iq u es' 
d u rm g  th e  y e a r  2 0 1 1 . T ra in in g  w as also 
im p a rte d  o n  r o o t  tr a in e r  p la n tin g  
technique.

4. P a r t ic ip a to r y  c lo n e  e v a lu a tio n  
ex p e rim e n t

O b serv atio n s on ju v e n ile  g ro w th  w ere 
record ed  in th e  o n -farm  tria l o f p ipeline 
clon es (2008) in itia ted  a t  T h a ru v a iy a r  and 
a d isease  su rv e y  w as co n d u cted  m ad e by 
the S a e n tis t  from  RRII, K o ttay am . Field 
p lan tin g  o f tw o m o re ex p erim en ts  under 
th e  p r o je c t  w as c a rr ie d  o u t at B e th a n y

t o n , ,  H r f * t
°" ° ‘ with coiled

T1 (RT) 95.6

T2 (PB) 96.1

T3 (RT) fi6 .6

T4 (PB) 88.3

T5 (RT) 89.1

T6 (Control) 90.3 

G. mean 91.0 
CD (P -  Q Q5) 6 3

..(%) ment (%) (cm )
91.8

92.3

90 .0

92.1 

82 .7  

86.6
89.3 

4.9

(mm)

62.9 

71.0 

62.2

67.9

8.66

7.93

8.49

8.31

8.11

8.95

8.41

0.91

68.12

85.75

73.02

85.83

64.11

77.09

75.65

-W h o r ls  Leaves tap mni

1.86
1.69

1.74

1.66
1.81

1.72

0 .27

11.4

13.0 

11.8
12.1 

11.6 

12.6 

12.1

1.6

47.7

33.8

58 .6

30 .7  

14.4

7.8

32.2

30.6



e s ta te  d u r in g  th e  m o n th  o f Ju ly  2010 
P lants w ere  p ain t m arked and plots were 
d em arca te d  w ith  p lo t board s. Collected 
s o il s a m p le s  fo r  fe r t i l iz e r  ap p lica tio n . 
E n u m e ra te d  v a c a n c ie s  and  actio n  was 
taken for gap  fillin g  during the month of 
Ju n e  2011.

5- Solar rad iations and T P D

Observations on juvenile grow th were 
recorded on the la rg e -sca le  c lo n e  trial 
(P on m an ai 200 8 ) and  th e  b lo ck  tr ia l 
initiated at Bethany estate (2008). The bark 
protection device w as replaced with four 
fold waste newspaper.

L IB R A R Y  A N D  D O C U M E N T A T IO N  C E N T R E

D u ring  th e  year, 163 books w ere added 
to th e  s to c k  o f  th e  library. T h e library 
subscribed 4 0  foreign journals and 75 Indian 
journals. A bou t 31 other journals were also 
r e c e iv e d  a s  g ift/ e x ch a n g e . L itera tu re  
searches from  A G R IS and RAPRA CDs were 
carried out.

T h ree issues o f Documentation List, two 
issu es o f  R u b b er A lerts  and 28 issues of 
C urrent C on ten t Bulletins and one issue of 
New A d d itions L ist 2010 w ere compiled and 
d istrib u ted . D atabases w ere updated by

adding 149 books, 516 journal articles and 
335 th eses/ dissertations. A rranged  the 
d is trib u tio n  o f 614  n u m b ers  o f P ress 
C lippings and 270 num bers o f other SD I 
bulletins.

O rg a n iz e d  th e  d is t r ib u t io n  o f  48  
n u m b ers  o f A n n u a l R e p o r t 2 0 0 7 -0 8 . 
Arranged the sale and d istribution o f 235 
numbers o f RRII publications. Photocopies 
o f about 58,272 nu m bers o f in form ation 
m a te ria ls  w e re  p ro v id e d  d u r in g  th is  
period.

A G R O M E T E O R O L O G Y

1. C lim a te  reso u rc e  ch aracteristics 
o f  r u b b e r  g ro w in g  tracts

Trend an alysis  o f the rainfall derivative 
param eters like Standardized Precipitation 
In d ex  a n d  P r e c ip ita tio n  C on cen tration  
Index o f th e  traditional and non-traditional 
regions w e re  carried  out.

1-1. Standardized Precipitation Index (SPI)
S e a s o n a l an d  a n n u al SP I o f 26 rain 

gauge station s in Kerala w ere analyzed for

the period from 1901 to 1948 (1st half) and 
1949 to 1996 (2nd half). The sam e has been 
carried out for 14 stations in the North East 
India for datasets ranging from 40  to 60 
years. Most locations in Kerala showed a 
shift from positive SPI (during 1901-1948) 
to neg ative SP I (d u rin g  1949-1996). SPI 
showed a declining trend during w inter in 
C e n tra l K era la  (T a b le  A g ro m e t. l a ) .  
Pathanam thitta show ed a positiv e  trend 
during winter. Out o f 26 stations analyzed



vielders w ere selected for farth er evaluation 
in a sm all-scale trial.

A c tio n  w as a ls o  ta k e n  to c o lle c t  
p olycross seeds from selected  m other trees 
in co n n ectio n  w ith  an  ap p ro v ed  p ro ject 
initiated at RRH. K ottayam . T h e rem aining 
seeds would be collected and raised a tH BSS, 
P a ra lia r  an d  N ag am ala i esta te , P u n alu r 
(H a rr iso n  M ala y a la m  L td .) fo r  an o th er  
cycle o f  selection  process.

3. R o o t tra in e r  p la n tin g  te ch n iq u e

!n th e  f ie ld  tr ia l  in it ia te d  at 
C h u ru la co d e  (20 0 2 ), ro o t tr a .n e r  p lan ts 
co n tin u ed  to  e x h ib it n u m e rica lly  better 
grow th  and  yield  (51 .07  g/t/t) than polybag 
p lants (47.3 g/t/t). T h e experim ent entitled 

s,tu  y ° ung  budding on stocks raised in 
root trainers' w as concluded and data w ere 
ta b u la te d  (T a b le  Par. 4 ). In s itu  y o u n g  
buddin g in root trainers w as found t',. have 
several ad v an tag es o v er stu m p  planting 
rh ey  presented  m ore budding success and 

sc io n  e s ta b lish m e n t co m p a red  to green
b u d d .n g . P lan ts  ra ised  by in s itu  y“ , ......
bu d d in g  m  root tra in e rs ex h ib ited  m ore 
lateral root form ation  (47 .7  laterals) than 
stum p plan tin g in p o lybags (7.8) and root

tra in e rs  (1 4 .4 ). F ie ld  p la n tin g  o f  a new
e x p e r im e n t  e n t it l e d  'C o m p a r a t iv e  
evaluation o f advanced  p lan tin g  m aterials 
p r o d u c e d  b y  d if f e r e n t  p r o p a g a tio n  
te ch n iq u e s ' w as ca rr ie d  o u t a t B eth any  
estate during 2010. P lo ts w ere  dem arcated 
and o b serv atio n  o n  in itia l estab lish m en t 
success was recorded . A d v an ced  planting 
m aterials o f 40  clon es w ere  raised in root 
tra in e rs for a s tu d y  on  th e  co m p arativ e  
d rought to leran ce o f  th ese  c lo n es. Action 
was a lso  taken to in itiate a  n ew  experim ent 
entitled 'C o m p arativ e  ev alu ation  o f labour 
requirem ent and cost effectiv en ess o f root 
tra iner and p o ly b ag  p la n tin g  tech niq u es' 
d u rin g  the y e a r  2011 . T ra in in g  w as also 
im p a rte d  o n  r o o t  tr a in e r  p la n tin g  
technique.

4 . P a r t ic ip a to r y  c lo n e  e v a lu a tio n  
ex p erim en t

O bserv ation s on ju v e n ile  g ro w th  w ere 
record ed  in th e  o n -fa rm  tria l o f p ip elin e  
clon es (2008) in itia ted  a t T h a ru v a iy a r  and 
a d isease su rv ey  w as co n d u cted  m ad e by 
the Sc ien tis t from  R R II, K o tta y a m . Field 
p lan tin g  o f tw o m o re ex p erim en ts  under 
h e  p r o je c t w as c a rr ie d  o u t a t B e th a n y

lateral
success establish­ Height

(%) ment (%)
T l (RT) 95 .6 91.8 59.6
T2 (PB) 96.1 92.3 68.1
T3 (RT) 86.6 90 .0 62.9
T4 (PB) 88.3 92.1 71,0
T5 (RT) 89.1 82 .7 62.2
T6 (Control) 90.3 86.6 67.9
G. mean 91.0 89.3 65.5
CD (P -  0.Q5) 6 3 4.9 8.3

(mm)
8.66
7.93

8.49

8.31

8.11

8.95

8.41

0.91

68.12

85.75

73.02

85.83

64.11

77.09

75.65

Whorls L f.iv»c
1.68

1.86
1.69

1.74

1.66

1.81

1.72

0 .2 7

11.4

13.0 
11.8

12.1 

11.6 

12.6 

12.1

tap rool

rith coiled 

roots

47.7

33.8

5 8 .6

30 .7  

14.4

7.8

32.2

30 .6



es ta te  d u r in g  th e  m o n th  o f  Ju ly  2 010 . 
Plants w ere  p a in t m arked  and p lots were 
d em arca te d  w ith  p lo t b o a rd s . C ollected  
soil s a m p le s  fo r  f e r t i l iz e r  a p p lic a tio n . 
E n u m e ra te d  v a c a n c ie s  an d  a c tio n  w as 
taken for gap  fillin g  d u rin g  the m onth of 
Jun e 2011.

5 .  So la r  ra d ia tio n s an d  T P D

O bservations on ju ven ile  grow th w ere 
reco rd ed  o n  th e  la r g e -s c a le  c lo n e  tr ia l 
(P o n m a n a i 2 0 0 8 )  a n d  th e  b lo c k  tr ia l 
initiated at Bethany estate (2008). T h e bark 
protection d ev ice w as rep laced  w ith  four 
fold w aste new spaper.

L IB R A R Y  A N D  D O C U M E N T A T IO N  C E N T R E

D uring th e  y ear, 163 books w ere added 
to th e  s to c k  o f th e  lib rary . T h e  lib rary  
subscribed 4 0  foreign  jo u rn a ls and 75 Indian 
journals. A bou t 31 o th er jou rnals w ere also 
r e ce iv e d  a s  g if t/ e x c h a n g e . L ite ra tu re  
searches from  A G R IS  and  RA PR A  C D s w ere 
carried out.

T hree issu es o f D ocum entation List, two 
issues o f  R u b b e r  A le r ts  an d  28  issu es o f 
Current C o n ten t B u lletin s and one issue of 
New A d d itions L ist 2 010  w ere com piled and 
d istrib u ted . D a ta b a se s  w ere  updated  by

adding 149 books, 516  journal articles and 
335  th eses/ d isserta tio n s. A rra n g ed  the 
d is tr ib u tio n  o f  6 1 4  n u m b e r s  o f  P re ss  
C lippings and 270  nu m bers o f oth er SD I 
bulletins.

O rg a n iz e d  th e  d is t r ib u t io n  o f  48  
n u m b e r s  o f  A n n u a l R e p o r t  2 0 0 7 -0 8 .  
A rranged  the sa le  and  d istrib u tio n  o f 235 
num bers o f RRII pu blication s. Photocop ies 
o f  abou t 58 ,272  n u m b ers o f  in fo rm atio n  
m a te r ia ls  w e r e  p r o v id e d  d u r in g  th is  
period.

A G R O M E T E O R O L O G Y

1- C lim a te  re s o u rc e  c h a ra cte ris tics  
o f  r u b b e r  g ro w in g  trac ts

Trend a n a ly sis  o f  the rainfall derivative 
param eters like S tan d ard ized  Precipitation 
In d ex  a n d  P r e c ip it a t io n  C o n c e n tr a tio n  
Index o f the trad ition al and non-traditional 
regions w ere carried  out.

1-1. S ta n d a rd iz ed  P rec ip ita tio n  In d ex (SP I)

S e a s o n a l a n d  a n n u a l S P I o f 2 6  rain 
gauge station s in K erala w ere analyzed  for

the period from  1901 to 1948 (1st half) and 
1949 to 1996 (2nd h alf). T h e sam e has been 
carried out for 14 station s in the N orth East 
India for d a tase ts ra n g in g  from  4 0  to 60  
years. M ost locations in K erala  sh ow ed  a 
sh ift from  p ositive SP I (d u rin g  1901-1948) 
to  n e g a tiv e  SP I (d u r in g  1 9 4 9 -1 9 9 6 ). SP I 
show ed a d eclin in g  trend d u rin g  w in ter in 
C e n tr a l  K e r a la  (T a b le  A g r o m e t .  l a ) .  
P a th an am th itta  sh o w ed  a p o sitiv e  trend  
during w inter. O u t o f  26  station s analyzed



Table Agromet la. Trends in SPI for (he winter and 
periods pre-monsoon seasons for first and second h?lf ai

Place
Winter season SPI (January- February) P

(1901-48)
re-monsoon season SPI (March-May) 

(1901-48) (1949-96) ~

Alleppey
Chengannur
Thiru valla
Irikkur
Kasargod
Muvattupuzha
Perumbavur
Devikulam
Ettumanur
Kottayam
Kumily
Munnar
Vaikom
Vadagara
Kuttiadi
Vayittiri
Nilambur
Ottapalam

Trichur
Nedumangad
Neyyatinkara
Trivandrum
Konni
Pathanamthitta
Kollani

-0.008
-0.005
-0.005
0.003
0.004

-0.003
0.000

-0.005
-0.004
0.004
0.004

-0.001
0.000
0.001
0.001

-0.007
0.000
0.001
0.002
0.002
0.002
0.000
0.003

-0.004
0.000
0.001

0.02
0.02
0.02
0.02
0.02
0.01
0.00
0.03

0.00
0.00
0.00
0.00
0.06
0.00
0.00
0.01
0.02
0.00
0.00

0.00
0.00

-0.007
-0.012
-0.015
-0.001
0.000

-0.009
-0.007
-0.013
-0.005
-0.012
-0.017
-0.003
0.002
0.000

-0.004
-0.009
-0.003
-0.004
-0.005
-0.005
-0.006
-0.002
-0.005
-0.006
0.074
0.000

R2

0.14
0.04
0.01
0.10
0.12
0.21
0.03
0.15
0.07
0.01
0.00
0.00
0.05
0.13
0.06
0.07
0.02
0.11
0.03
0.00
0.01
0.02
0.15
0.05

0.016 0.11
0.008 0.04
0.010 0.07
0.004 0.02
0.011 0.08
0.013 0.11
0.004 0.01

-0.005 0.03
0.014 0.11
0.005 0.02
0.005 0.01
0.011 0.07
0.014 0.11
0.006 0.03
0.009 0.06
0.008 0.05
0-009 0.06
0.002 0.01
0.000 0.00
0.008 0.06
0.002 0.00
0.000 0.00
0.001 0.00
0.004 0.01
0.006 -0.00
0.009 0.06

Slope R2
-0.020 0.13
-0.012 0.11
-0.026 0.24
-0.010 0.06
-0.008 0.06
-0.012 0.05
0.018 0.22

-0.013 0.21
-0.004 0.01
-0.018 0.16
-0.032 0.21
-0.013 0.08
-0.014 0.10
-0.008 0.06
-0.011 0.07
-0.025 0.34
-0.005 0.03
-0.014 0.14
-0-019 0.16
-0.020 0.25
-0.016 0.11
-0.012 0.09
-0.008 0.06
-0.011 0.04
0.000 0.00
0-011 0.07

13 s ta tio n s  sh o w ed  s ig n if ic a n t n e g a tiv e  
tren d s d u r in g  th e  p re -m o n so o n  seaso n . 
Th iruvalla, Vaikom  and Vythiri show ed a 
n e g a tiv e  tren d  d u r in g  m o n so o n  (T ab le  
A g ro m e t lb ) .  P la ce s  in C e n tra l K era la  
show ed neg ativ e  tren d s during  the post- 
m onsoon seaso n. Perum bavoor, Kottayam  
K u m ily , V y th ir i,  N e d u m a n g a d  an d  
P a th an am th itta  sh o w ed  a d eclin e  in the 
annual SP I values. A  d ecrease in annual SPI 
values o f 0 .5 to 1.6 per 100 years w ere noted 
for these places.

In th e  NE region, in creasing trends in 
SP I w ere n o ted  fo r  A g a rta la  d u rin g  the

w inter and m onsoon seaso ns. In crease  w as 
seen in Sabroom  in all seasons except winter. 
Im phal and  A m arp u r sh o w ed  in creasing  
trends in SP I values d u rin g  pre-m on soon, 

d u r in g  th e  m o n s o o n  a n d  p o s t ­
m onsoon and U d aipu r d u rin g  th e  w inter 
an d  p o s t-m o n s o o n . A n n u a l in c re a s in g
tr e n d s  in S P | , o r  T u r a , U d a ip u r  ^

sa b ro o m  ran g ed  from  1.6 to 1.8 p er 100 
years.

1.2. P recip itation  C on cen tration  In dex (PCI) 

M onthly  ra infall d atase t w as obtained 
rom the India M eteoro log ical D epartm ent



t lb .Trends in SPF for the 
periods

Place

Alleppey
Chengannur
Thiruvalla
Irikkur
Kasargod
Muvattupuzha
Perumbavur
Devikulam
Ettumanur
Kottayam
Kumily
Munnar
Vaikom
Vadagara
Kuttiadi
Vayittiri
Nilambur
Ottapalam
Adoor
Trichur
Nedumangad
Neyyatinkara
Trivandrum
Konni

Pathanamthitta
Kollam

M onsoon season 
(1901-48)

S lo p e  R2

SPlfJunr-SBpatmber,pos[.mo„soon 

W W L  (1901-46)

0 .0 0 2  (Too-
0 .0 0 3  0.01
0.000 0.00

-0.001 0.00
0.002 0.00
0 .0 0 3  0.01
0.000 0.00
0 .0 0 4  0.01
0 .0 0 5  0.02

- 0.002 0.01
-0 .004 0.01
-0 .006  0.03
0 .014  0.11

-0.002 0.00

0 .0 0 0  0 .00
0.000 0.00

-0 .004  0.01
0 .0 0 2  0 .00

-0.002 0.01
-0.001 0.00
0.001 0 .00
0  004  0.01
0 .001  0 .00
0 .0 0 0  0 .00

-0 .004  0.01
0.000 0.00

Slope
-0.036
-0.001
-0.019
-0.008
0.000

-0.013
-0.147
-0.013
0.008
0.001

-0.018
0.000

-0.014
-0.002
0.016
-0.015
-0.002
0.003

-0.011
0.000

-0.012
-0.004
-0.001
-0.001
0.004
0.016

0.01
0.00
0.15
0.02
0.00
0.03
0.00
0.02
0.01
0.00
0.05
0.00
0.10
0.00
0.04
0.13
0.00
0.00
0.08
0 .00
0 .07
0.02

0.00
0 .00
0.01
0.04

Slope

season SPI (October-C 
(1949-96)

0.009
0.004
0.000

-0.001
0.009
0.007
0.002
0.010
0.004

-0.002
0.003
0 .004
0.006

-0.002
-0.002
0.002

-0.002
0.003

-0.002
0.002
0.006
0.007
0 .005

-0.004
0.001

-0.002

R2
°  04 0.000
0-02 -0.005
0 .00  -0.019
0  00 -0.008
0 .05 0.001
0 06 -0.017
0.00 -0.012
0 09 -0.014
0 .02  -0.014
0 01 -0.003
0.01 -0.009
0-01 0.006
0.01 -0.002
0 00 -0.002
0 00 -0.007
0 .01 -0.006
0.01 -0.002
0.01 -0.005
0.01 -0.003
0.01 -0.003
0 .03  -0.007
0 .02  0.002
0.02 0.003
0.01 -0.004
0 .00  -0.03?.
0 .00  -0.007

0.00
0.02
0.15
0 .02
0.00
0.08
0.09
0 .05
0 .05
0.05
0.01
0.02
0.00
0.00
0.03
0.04
0.01
0.02
0.01
0.01
0.03
0.00
0.01
0.01
0 .27
0.03

Trend for the Mean annual Precipitation Concentration Index (PCI) 
Agartala (1948-1977)

15.0
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y = 0.0354x- 68.553 
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Pig. Agrom ct la.Increasing trend of mean annual PCI in Agartala for the first 
h alf period 1948-1977



Trend for the Mean annual Precipitation Concentration Index 
(PCI)

Agartala (1971-1999)

; 15.0

J  10.0

' 5.0

0.0

j -S.rf9™ 

1-10.0 
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y = -0.064x + 127.85 
R2 =0.0939

Fig. Agromet lb  Decreasing trend of mean annual PCI in Agartala for the second 
half period 1971-1999

(IM D ). A nnual PCI o f 41 rain gauge stations 
in K era la  w as an a ly z ed  fo r  tw o p eriod s 
from  1901 to 1948 (1st h alf) and  1949 to 
1996 (2nd half). T h e sam e has been carried 
ou t for 21 station s in the N orth East India 
for d atase ts ran g in g  from  40  to 60  years. 
O u t o f 41 s ta tio n s  an a ly z ed  for P C I, 11 
s ta t io n s  m a in ly  in C e n tr a l  a n d  N o rth  
K erala show ed p ositive trends. PCI values 
ranged from  6.0 to 31.1 per 100 years. This 
d enotes th at stron g  seaso n ality  o f rainfall 
can b e  expected  in m ost p laces in K erala. A 
total o f 7  s tation s ou t o f  21 station s m ainly 
spread  o v er A ssam  and Tripura , show ed 
sign ificant neg ative trends in PCI denoting 
fu tu re  u n ifo rm ity  o f ra in fall d istribu tion  
com pared  to that o f the p resent. In Agartala, 
the long-term  trend show ed a chan ge from 
a p o s i t iv e  tr e n d  in th e  e a r ly  h a l f  to a 
n eg ative one d u rin g  th e  secon d half (Fig. 
A grom et. l a  and  lb ) .  Th e stu d y  show ed 
th at th ere  is an in d ica tio n  o f  decreasin g  
am ount o f w etness in the traditional regions 
with an in crease in the N E region. T h e sam e

is the case w ith the u n iform  d istribution  of 
ra infall.

2. F o re w a rn in g  o f  p e s ts  a n d  d is ea s e s

Th e on set o f d iseases, abnorm al leaf fall 
(A LF), p ow dery m ild ew  and corynespora 
le a f  fall (C L F ) in th e  tr a d itio n a l ru b ber 
grow ing regions w ere related  w ith w eather 
and analysed . A LF and p ow d ery  m ildew  
w e re  m ild  in  th e  K a n n y a k u m a ri  a rea . 
M o d e ra te  in c id e n c e  o f  th e  d ise a s e  w as 
observed  in th e  C entral and  N orth Kerala. 
In Padiyoor in the N orth  K erala, the peak 
leaf fall d u e to p ow d ery  m ild ew  occurred 
on 16 ,h A p ril, 201 0  (F ig . A g ro m et. 2). A 
decrease in sun sh in e ho u rs and  in crease in 
re la tiv e  h u m id ity  w ere  th e  p recu rso rs to 
th e  d ise a s e  tr ig g e r . P r o g r e s s  o f  A L F  in 
P a d iy o o r  d u r in g  Ju ly -A u g u s t  p erio d  is 
sh o w n  in  F ig . A g r o m e t  3 . R R IM  600  
registered the h igh est le a f fall com p ared  to 
o th er high y ie ld in g  c lon es.

C ory nespora leaf d isease  sev erity  was 
o b s e r v e d  in N o rth  K e r a la  a n d  S o u th
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Fig. Agromet 2, Oidium leaf fall during March-April in Padiyoor during 2010

Fig. Agromet 3. Abnormal leaf fall during July-August 2010 in Padiyoor



K arnataka. The p ercent d isease index (PDI) 
w as c o r re la te d  w ith  th e  v a r io u s  d a ily  
w eather param eters.

V ariation  in d aily  h u m id ity  therm al 
index (H TI) values w ith corresp onding leaf 
fall w as related for th ree locations and with 
spore cou n t for Pinavoorkudi, Ernakulam . 
In 2011, the d isease incidence w as m oderate 
in A dur and G uthighar. Leaf fall occurred 
in early  M arch and ended after 15 days. In 
G uth ighar lea f sp ots w ere found to be high 
but with little leaf fall. HTI above 5.5 was 
a ls o  v e r if ie d  d u r in g  th e  p e r io d . S in c e  
p r o p h y la c t ic  s p r a y in g  h ad  b een  
u ndertaken, the H TI could not b e  directly 
related w ith the severity.

3* A grom et D a ta b a se  M a n a g em en t

A ll resea rch  cen ters , s ta tio n s  in the 
private estates and several field stations are 
b e in g  m o n ito re d  fo r  a c c u m u la t in g  
agrom eteoro logical data for various studies

In the p ro ject on "D ev e lo p m en t and 
dem onstration o f In tegrated  Vector C ontrol 
for prevention o f C hikungunya/D engue in 
R u bber p lan ta tio n  a r e a "  en v iro n m en ta l

factors affecting the build-u p o f high density 
vectors o f A edes a lbop ictus  in Kottayam  were 
studied  during 2008 and  2009. T h e seasons 
chosen for the study w ere m onsoon (June 
to Sep tem ber), p o st-m o n so o n  (O ctober to 
D ecem ber), W in ter (Jan u ary  to February) 
a n d  P r e -m o n s o o n  (M a r c h  to  M ay ). 
Population d ensity  (Per M an H ou r D ensity- 
PM D ) o f the C h iku n gu n ya cau sin g  vector
A. albop ictus  w as stud ied  w ith antecedent 
atm osp h eric  param eters and  the lag period 
correlation  o f up to 14 days w ere calculated. 
In d iv id u al co rre la tio n s  w ere  w ork ed  out 
b etw ee n  P M D  o f  lo ca t io n s  an d  w eath er 
p a r a m e t e r s  a n d  P M D  o f  s e a s o n s  and  
w e a th e r  p a r a m e t e r s .  N o  s ig n if ic a n t  
d iffe r e n c e  w a s  n o te d  in P M D  b e tw e e n  
M alan kara  and  C h eth ack a l, th e  m onsoon 
a n d  p o s t -m o n s o o n  d if f e r e n c e s  w e re  
in significant. T h e m axim u m  PM D  o ccurred 
during  the p re-m on soon period . C onditions 
affecting the b u ild -u p  o f pop u lation  density 
of A edes a lbop ictus  are m ain ly  concentrated  
w ithin the 7 to 12 d ays a n teced en t w eather 
conditions. Seasonal PM D  m odels h ave been 
co m p u te d  b y  th e  s t e p w is e  r e g r e s s io n  
procedure as sh ow n in T able A grom et 3.

Table. AS , o « .  2, Mean PMD o vc, lo catio n  and ov„

--------Table1. Agrnmbl. 3. S .ao nal PMD « g ras io n  _

Vpost-monsoon -  -7.049674 -  0.06506Rhl-13
Ywinter .  .,.56547  ,  0030221 ^vRh-lo

Ypre.m on.pon ■ 0.362127 « O.OQiMR., ,  m , , , ,



A N N U A L  E X P E N D IT U R E

E x p e n d itu re  a t a  g lan ce  (2010-11)

H ead o f  A ccou n t Exp enditure (Rs. In lakhs)
N o n -P lan

G en era l charges 798.75
P ro jects  (C ES)

P lan

G en era l charges 1,474.96

N E R D S R esearch  C om ponent 302.76

Total

G ran d  Total 2 ,5 7 6 .4 7

*N on  p lan  ex p en se  in clu d es non plan projects (CES)
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T.A. Soman, M.Sc., M.Phil., Ph.D.
M. Suryakumar, M.Sc.

Regional Soil Testing Laboratory, Adoor, Kerala
Thomas Eappen, M.Sc., B.Ed.
K.C. Jayasree, B.5c.

Regional Soil Testing Laboratory, Muvattupuzha, Kerala
C.P. Mary, M.Sc.

Regional Soil Testing Laboratory, Kozhikode, Kerala
Joyce Cyriac, M.Sc.
P.K. Madhusooddhanan, B.Sc.
K. Jayasree, M.Sc.

Regional So il Testing Laboratory, N'edumangad, Kerala
S. Sheela, M.Sc.

Regional Soil Testing Laboratory, Palai, Kerala
Valsamma Mathew, M.Sc.

Regional So il Testing Laboratory, Thrissur, Kerala
C. Viswambharan, B.Sc.

Regional Soil Testing Laboratory, Talipararnba, Kerala
Suresh Babu Ayyappanchalil, M.Sc.
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REGIONAL RESEARCH  STATIONS

Central Experiment Station 
Rubber Board
Chethackal, Thompikandom P.O 
Ranni- 689 676, Kerala 
Phone: 91 4735 261500, 261176

Regional Research Station 
Rubber Board, Padiyoor. P.O 
Kannur- 670 703, Kerala 
Phone: 91 4982 273003

Regional Research Station 
Rubber Board
Dapchari- 401 610, Thane, Maharashtra 
Phone: 91 2528 202042

Regional Research Station 
Rubber Board, PWD Road 
Near District Employment Exchange 
Dhenkanal- 759 001, Orissa 
Phone: 91 6762 224946

Hevea Breeding Sub-Station 
Rubber Board, Subrahmanya Road 
Kadaba, Puttur Taluk- 574 221
D.K.Dt., Karnataka 
Phone: 91 8251 262336

Regional Research Station 
Rubber Board, Grassmore 
Nagrakata, Jalpaiguri- 735 225, West Beneal 
Phone: 91 3565 270016

Research Complex (N.E. Region)
Rubber Board
Beltola -  Basista Road, Housefed Complex 
Dispur, GuwahaU-781 006, Assam 
Phone: 91 3612 228220

Regional Research Station 
Rubber Board, Baluakiattila 
Kunjaban- 799 006, Agartala, Tripura 
Phone: 91 381 2355143

Regional Research Station 
Rubber Board, Near AIR Quarters 
Dakobgre, PB No. 26, Tura- 794 001 
West Garo Hills, Meghalaya 
Phone: 91 3651 232413

Hevea Breeding Sub-Slalion 
Rubber Board, Thadikarankonam. PO  
Kanyakumari-629 851, Tamil Nadu 
Phone: 91 4652 289119

REGION AL SO IL TESTIN G LABORATORIES IN KERALA

Regional Laboratory 
Rubber Board Regional Office 
Taliparamba-670 141

Regional Laboratory 
Rubber Board 
East Nadakkavu 
Kozhikode-673 011

Regional Laboratory 
Rubber Board 
Peramangalam. P.O.
Thrissur- 680 545

Regional Laboratory 
Mary Matha square 
Arakuzha Road 
Moovattupuzha- 686 661

Regional Laboratory 
Rubber Board, T.B. Road 
Pala- 686 575

Regional Laboratory 
Rubber Board, Geo Towers 
Cathedral Junction 
Kanjirappally- 686 507

Regional Laboratory

PirVa'h>' K.P. Road, Adoor-691 523

Regional Laboratory 
Rubber Board 
Ramachandra Square 
Near Surya Cine House 
Nedumangadu- 695 541

mailto:rrn@rubberboard.org.in
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Research divisions and functions 

The m ajor research divisions are Agronomy/ Soils, 
Biotechnology, Botany, Germplasm, Plant Pathology, 
Plant Physiology, Latex Harvest Technology, Rubber 
T echn ology and E co n om ics. S tu d ie s on C lo ne 
Evaluation, Genome Analysis and DRIS Fertilisation 
are dealt separately.

The thrust areas of research of Agronomy/ Soils Division 
are investigations on the nutritional requirements of 
rubber, ir rig a tio n , in tercro p p in g , cover crop 
management, weed control and the study of the rubber 
growing soils. Development of tissue culture and anther 
culture systems for propagation and crop improvement 
o f H ei’ea  a re  th e im p o rtan t a reas  in w hich  the 
Biotechnology D ivision is engaged. The im portant 
fields of research of the Botany Division are breeding, 
evaluation and selection of new clones, propagation 
techniques, planting methods, anatomical studies and 
cytogenetic investigations. The Germplasm Division is 
concentrating on the introduction, conservation and 
evaluation of Hevea germplasm. The Plant Pathology 
Division is engaged in investigations on the diseases 
and pests of rubber and associated cover crops and their 
control. The Plant Physiology Division conducts studies 
on both fundamental and applied aspects o f Hevea tree 
physiology. The Exploitation Technology Division is 
concentrating on all applied aspects of crop harvesting 
in rubber. T h e  R u bber T echn o lo gy  D iv isio n  
concentrates on improvement in primary processing of 
rubber, its chem ical m odification, rubber product 
manufacture and quality control of processed rubber. 
The E co n om ics D iv isio n  u n d ertak e s s tu d ies on 
economic aspects related to rubber plantations.

The research supporting sections includes Library and 
Documentation, Instrumentation, Statistics, Computer 
and M ain ten an ce W in g. T h ere  is  a lso  a sm all 
experimental farm of 33 ha. at the headquarters of RRII.

Central Experiment Station

rile 255 ha. Central Experiment Station at Chethackal 
(Ranni), 50 km away from Kottayam, was started in 
1966. Field trials laid out by the research divisions cover 
almost the entire area.

Regional Research Stations

RRII has estab lish ed  a N o rth -E astern  Research  
C om plex w ith h ead q u arters  a t A g arta la  h av in g

regional research stations at Agartala in Tripura, 
Guwahati in Assam and Tura in Meghalaya. The RRII 
has also set up regional research establishements at 
D apchari (M aharashtra), Dhenkanal (Orissa), 
N agrakata (West Bengal), Paraliar (Tamil Nadu). 
Nettana (Karnataka) and Padiyoor (Kerala).

Regional soil testing laboratories have been established 
at Taliparamba, Kozhikode. Thrissur, Muvattupuzha, 
Pala, Kanjirappally, Adoor and Nedumangad. Mobile 
u n its for so il and leaf analysis are available at 
K ozhikod e laboratory , apart from that at the 
headquarters

National/International collaboration

RRII is a member of the International Rubber Research 
and Development Board (IRRDB). an association of 
national o rg anizations devoted to research and 
development on natural rubber. Rubber Board is a 
m em ber of the A sso ciatio n  of Natural Rubber 
Producing C ountries (ANRPC) and International 
Rubber Study Group (IRSG).

The RRII has research/ academic linkages with the 
B anaras H indu U niversity (Varanasi), Kerala 
Agricultural University (Thrissur), Kerala University 
(Thiruvananthapuram), Mahatma Gandhi University 
(K ottayam ), C ochin  U niversity of Scien ce and 
Technology (Kochi), Indian Agricultural Research 
Institute (New Delhi), Indian Institute of Sciences 
(B ang alo re), Indian In stitu te o f Technology 
(Kharagpur), National Chemical Laboratory (Pune), 
Sree Chitra Tirunal Institute of Medical Sciences and 
Technology (Thiruvananthapuram ), Tamil Nadu 
Agricultural University (Coimbatore), University of 
Agricultural Sciences (Bangalore) and University of 
Goa (Goa).
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91 481 2352770-71'
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