


Tine Rubber Research Institute o f India (RRJI), under 
the R ubber Board (M in is t ry  o f  Com m erce and 
Industry, Government o f India), had its inception in 
1955. W ith a very modest beginning, the RRII is now 
capable o f handling most o f the problems associated 
w ith  na tura l rubber (NR) p ro duction  technology, 
p rim ary processing and product development. The 
steady g ro w th  o f RRII in  its scien tific  w orth  and 
research contributions has won it the recognition as 
an International Centre o f Excellence in NR research.

Location

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

Organization
For the efficient discharge ot its functions, the RRII 
has established major research divisions and research 
supporting sections at its headquarters and regional 
research establishments at appropriate locations where 
Hetiea brnsiliensis is commercially grown or is likely 
to be grown.

Continual an inside buck cover



ANNUAL REPORT 
2019-2020

RUBBER RESEARCH INSTITUTE OF INDIA  
RUBBER BOARD  

(Ministry of Commerce & Industry, Government of India)
KOTTAYAM -  686 009, KERALA, IND IA 

Email: rrii@ rubberboard .org .in  
W ebsite: vvwvv.rubberboard.org.in

mailto:rrii@rubberboard.org.in


C O N T E N T S

T he Rubber B oard ...................................................................................................................................iv
P re face ......................................................................................................................................................vii
D irector's R e v ie w .......................................... ........................................................................................ ix
A gronomy and Soils D iv ision ................................................................................................... ........l
Fertilizer A dvisory G r o u p .................... ............ ....................................................... 5
C lim ate C hange and  Ecosystem S tu d ie s ................................................................. ..........................5
Botany D iv is io n .................................. ............ ..................................................... ................. 11
G erm plasm  D iv ision ........................... ............................................. . 23
B iotechnology D iv is io n ............................................. ....................._______________ _________28
G enom e A nalysis Labo rato ry ............................... ................................ ..........................................35
P lant Pathology D ivision ..................................................................................................................... 39
P lant Physiology D ivision................................................................................................................... 44
I-atex H arvest Technology D iv is io n ................................................................................................. 48
Rubber Technology D iv is io n ..............................................................................................................52
Technical Consultancy D iv ision .........................................................................................................58
Economics D iv ision ............................................................................................................................... 66
Central Experim ent Station. Chethackal, K e ra la ...........................................................................69
Regional Research Station, G uw ahati, Assam ............................................................................... 70
Regional Research Station, A gartala, T ripura .......................... ....................................................71
Regional Research Station, Tura, M egha laya .................................. ............................................ 74
Regional Experim ent Station, N agrakata, W est B en g a l..................... ......................... ................76
Regional Research Station, Dapchari, M aharash tra ...................................................................78
Regional Research Station, Dhenkanal, O r is sa .............................................................................. 80
Regional Research Station, Padiyoor, K e ra la .................................................................................81
H evea Breeding Sub-Station, Kadaba, K a rn a tak a .........................................................................82
H evea Breeding Sub-Station, T hadikarankonam , Tamil N a d u ................................. ............... 84
L ibrary and  D ocum entation C e n tre ............................................. .............................. .....................86
Scientific Advisory C om m ittee R ecom m endations......................................................... ....... 87
A nnual E x pend itu re.................................................................... ......—.................... .............. . 88
P u b lic a tio n s ........................................... .......................... -..... ............................. — ................. ....... 89
Scientific and  Senior S upporting  P ersonnel............................................ ......... ....... ..................... 93
Research E stab lish m en ts ............................................................................. ......................  .......... -9 8



t h e  r u b b e r  b o a r d
Executive D irector
Dr. K.N. R aghavan  IRS

T he In d ia n  R u b b e r B o ard  w a s 
constituted u nder the Rubber (Production 
and  M arketing ) A ct, 1947, w h ich  cam e 
intoforce on 18 A pril 1947. This Act w as 
am ended in 1.954, 1960, 1982 and  in 1994. 
The Act w as further am ended by the Rubber 
(A m e n d m e n t)  A ct, 2009 w h ic h  cam e 
intoforce on 22nJ January 2010.
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The major outcom es from RRII during  
2019-20 was the release of a cold tolerant, 
high  y ie ld ing  hybrid  clone (RRll 429) for 
com m ercia l c u ltiv a tio n  in N o rth e aste rn  
states of India. This was done at Agartaia on 
12.02.2020 by Shri. B iplab K u m ar Deb, 
H on 'b le Chief M inister of Tripura. With the 
release of this clone after m ore than 23 years 
of field trials in the region, there are presently 
tw o ind igenous clones available for large 
scale com m ercial cultivation in the North- 
East. As N ortheastern region possesses the 
largest area for rubber cultivation in future, 
the tw o clones will give a m ajor im petus to 
rubber cultivation in the region. In addition, 
th ree high yielding clones introduced from 
M alaysia in the past (PB 280, PB 314 and  PB 
255) w ere also recom m ended for commercial 
cultivation in the traditional region. I am 
h ap p y  to learn that m ore clones are in the 
p ip e l in e  a t d i f fe re n t  s ta g e s  o f fie ld  
experim entation  and still better clones will 
em erge from these trials in future.

G iven  the very sm all size of ru b b er 
h o ld in g s  in th e  country , the h o m estea d  
approach  being tried bv RRII is a welcome 
s tep . W ith a b o u q u e t of g ra in s , fru its , 
vegetables and  fodder crops (both annual 
an d  perennials) grow n as intercrops, goat 
rearing , fish farm ing etc. p racticed inside 
im m ature and  m ature rubber holdings, the

gross revenue from a given piece of land can 
be increased w ithout com prom ising on the 
ru b b e r  y ie ld . S uch  g ro w e r-c e n tr ic  
approaches are the need of the hour to retain 
the grow ers in rubber cultivation. Unlike 
m any  o th e r  a g r ic u ltu ra l  c rops, n a tu ra l 
ru b b e r  p la n ta t io n s  a re  a m e n a b le  to 
hom estead farm ing as established through 
o u r field experim ents. P lan ting  the right 
clone for the region, following cost saving 
m a n a g e m e n t p ra c tic e s  a n d  a d o p tin g  
auxiliary income generating activities will 
decide the ultim ate profitability of rubber 
cultivation.

The National Rubber Policy envisages 
p ro d u c tio n  o f atleast 75 per cent of the 
d om estic  re q u irem en t of n a tu ra l ru b b er 
w ithin the country itself. To m eet this target, 
it is im p o rtan t tha t g ro w ers  co n tin u e  to 
rem ain in rubber cultivation and more areas 
brought under this crop. I am glad that RRII 
is using  long term  clim ate d ata , satellite- 
based rem ote sensing and  o ther geospatial 
techniques etc. to identity  new  areas w here 
ru b b e r can  be n ew ly  in tro d u ce d  in the 
country. I understand  that m ore regions in 
N ortheastern states will becam e climatically 
b etter suited for rubber cultivation in the 
com ing years.

A close w atch on new ly em erging  as 
well as endem ic rubber diseases seen in India



is most essential, rh e  extent of spread of new
diseases, if any, should be systematically- 
m onitored and steps taken to  keep  their 
spread un d er check. D eveloping disease 
tolerant clones that require little spraying  of 
chemical pesticides should be the ultim ate 
aim of researchers.

T h ere  sh o u ld  be g re a te r  fo c u s on  
Research and Development to create value 
addition at the stage of prim ary  processing 
o f th e  latex . T h is  w ill h e lp  g ro w e rs /  
processing centers get better price for their 
produce. 1 u n d e rs ta n d  th a t  a c o u p le  of 
innovations m ade in this particu lar sector, 
such as d ep ro te in iz ing  la tex /d ry  rubber, 
various types of latex m aster batches etc. hold 
considerable potential. Every effort should 
be taken to take these innovations to a logical 
conclusion. 1 also note that there has been 
co n sid erab le  in cre ase  in th e  v o lu m e of 
technical consultancy services prov ided  to 
the rubber p ro d u c ts  m anufactu res in the 
MSME sector. This service needs further 
strengthening. 1 appreciate the efforts being 
taken up  to register RRII as a H ost Institute

of s ta rtu p  p ro g ram m es u n d e r the MSME 
sector and  sw itching over to  the latest NABL 
regula tion  (ISO 17025-2017) by the Quality 
C ouncil of India. A ded icated  laboratory to 
test quality  specifications of rubber products 
im p o rted  into the co u n try  an d  a REACH 
C om pliance L aboratory  for testing  rubber 
p roduc ts  exported  to EU countries will soon 
be e s ta b lish e d . T h ese  la b o ra to r ie s  and 
fu r th e r  s t r e n g th e n in g  o f R a n d  D and 
consu ltancy  s u p p o r t  for ru b b e r products 
m anufacturing  sector can gen era te  a stream 
of m uch  needed  revenue besides providing 
y e o m a n  s e r v ic e  to  th e  e n t re p re n e u rs  
w orking  in area  of m anufactu re  of rubber 
based  goods.

I co n g ra tu la te  the D irector, Scientists 
a n d  o th e r  o f f ic ia ls  o f RRII fo r  th e ir 
com m itted  serv ice to the d ev e lo p m e n t of 
na tu ra l ru b b e r sec to r in  th e  co u n try  and 
com m end this re p o rt for fu rth e r s tu d y

Dr. K.N. R aghavan
C hairm an  & E xecutive Director



DIRECTOR'S REVIEW

Developing region-specific clones and 
good agronom ic practices are the two central 
themes of agricultural research and during the 
reporting year the Institute did quite well in 
both. Releasing an indigenously developed 
high yielding clone for commercial cultivation 
in the N orth  eastern states of India w as one 
o f th e  h ig h p o in ts  o f th is  yea r. A fter 
co m p le tin g  m ore  th an  23 y ea rs  of field 
ex p e rim en ts  in the region, RRII 429 was 
formally released by Shri. Biplab Kumar Deb, 
the H onorable Chief Minister of Tripura on 
12th of February 2020 at Agartaia during  a 
special session of the m eeting of the R&D 
Committee that was held for the first time ever 
ou tside Kottayam. This clone is tolerant to 
cold stress and most diseases of rubber. Along 
w ith RRII 208 that was released during  2012 
th e re  a re  tw o  RRII h y b rid  c lo n es  now  
ava ilab le for exclusive cu ltivation  in the 
North-East. In addition, three clones imported 
from M alaysia (PB 280, PB 314 and PB 255) 
d u rin g  1985 w ere also recom m ended for 
com m ercial cu ltivation  in the trad itional 
regions after com pleting more than 25 years 
of field trials. A nother tw o exotic clones 
(IRCA 130 and IRCA 111) that were imported 
fro m  C o te  d ' Iv o ire  d u r in g  1991 w ere 
u p g ra d e d  to C ategory  II o f the p lan tin g  
recom m endation w hich is the penultim ate 
stage of commercial release. Phase 6 of the 
Participatory Clone Evaluation Programm e

was launched in five locations in the field with
19 pipeline clones. Initial results from the earlier 
phases of this programme are encouraging.

T he vario u s h o m estea d  tria ls  u n d e r  
progress in different regions of the country 
reflect a clear shift from the traditional rubber- 
centric approach to a m ore grow er-centric 
approach  w hich  is the need  of the hour. 
Raising the total farm income of the grow er 
from his holding that is fast shrinking in area 
is crucial to re ta in  the grow er in rubber 
farming. A part from various types of food and 
fodder crops inter-cultivated in im mature and 
m ature rubber holdings, a variety of other 
agricultural enterprises such as fish, poultry 
and  cattle fanning  can be practiced in rubber 
holdings. In addition to ensuring nutritional 
security  to the family, these activities can 
provide the much-needed subsistence for the 
grow er w hen rubber price falls. Digital soil 
fertility  m aps of ru bber g ro w in g  soils of 
T ripura w ere p repared . The highly acidic 
nature of these soils w hich had less organic 
content than soils of the traditional regions is 
a m a tte r  of co n c ern  as  th is  can  cau se  
w id esp read  defic iency  o f essentia l p lan t 
nu trien ts such as calcium, zinc and  boron 
w h ich  are  n o t in c lu d ed  in the fe rtiliz er 
recom m endation for Tripura.

A new  leaf disease caused by the fungus 
Pestaloptiopsis has been spreading  in some



rubber grow ing countries in South East Asia. 
S im ilar sy m p to m s w ere re p o rte d  from  
different parts of Kerala bu t the causative 
organism was identified as Colletotrichum 
and the incidence was not as severe as in the 
o th e r  c o u n trie s .T h e  re cen tly  im p o rte d  
international clones through the IRRDB were 
tested for their reaction to Colletotrichum and 
Conjnespora and  a few were tolerant to the 
form er. G ene e x p ressio n  in re sp o n se  to 
Phytoptkora infection w as stud ied . H ighly 
sa tu ra te d  g e n e tic  l in k a g e  m a p s  w e re  
constructed and QTLmarkers w ere identified 
for d ise a se s  ca u se d  by  P hytopthora, 
Colletotrichum and  Corynespora, the m ajor 
pathogens of rubber in India. These markers 
together w ith  m arkers for h igh  yield and 
s tre s s  to le ra n c e  w ill g re a tly  h e lp  in 
developing disease tolerant, high yielding and 
climate-resilient sm art clones. Dependence on 
chemical disease control m easures has to be 
further reduced. M olecular Biologists, Plant 
P hysio log ists, P la n t B reeders  an d  P lan t 
Pathologists m ust w ork in  close unison  to 
realize the sm art clone vision w hich is to 
re le a se  a t  le a st o n e  h ig h  y ie ld in g , fa s t 
growing, disease tolerant and climate-resilient 
new  clone every five years or so. G iven the 
large num ber of pipeline clones a t various 
stages of field trials and the emergence of large 
n u m b er of m olecu la r an d  physio logical 
m arkers, this vision can becom e a reality. 
However, it remains to be seen w hat is the 
theoretical upper yield ceiling in this species 
and w hether w e are fast approaching  this 
g e n e tic  lim it in th e  av a ila b le  genom ic  
resources in the country.

Somatic embryogenesis and in vitro plant 
re g e n e ra tio n  c o u ld  be o b ta in ed  from  
tra n sg e n ic  ce lls  in c o rp o ra te d  w ith  
agronomically im portant genes such as hmgrl 
(ru b b er b io sy n th e sis) , osmotin  (d ro u g h t 
stress), ipl (cell proliferation and fast growth),

an d  H sp3l (stress tolerance) an d  these are 
u n d e rg o in g  h a rd e n in g  p ro cess .T h is  is a 
rem arkable fete. Efforts to develop  antibiotic 
m arker-free GM ru b b e r an d  hom ozygous 
d ip lo id s  gav e  p ro m isin g  resu lts . Haploid 
p la n tie ts  o f RRII 414 a n d  RRII 105 were 
successfully developed, hardened  and field 
planted. This is a significant achievem ent in a 
h ig h ly  c ro s s  p o l l in a t in g , gene tically  
h ete ro zy g o u s tree species. H ealthy  plants 
w ere regenerated from cassicolin challenged 
em bryos of RRII 105, a clone that is highly 
susceptible to Corynespora and  the regenerated 
p lan ts  ex h ib ited  to lerance  to  Corynespora 
in fec tion . A lth o u g h  h ig h ly  exciting , this 
fin d in g  d e fie s  tra d it io n a l  k n o w led g e  of 
genetics.

Sadsfactory grow th  and  yield in rubber 
w ith  little  e x te rn a l fe r t i liz e r  app lica tion  
know n for m any years is ano the r observation 
th a t  d e f ie d  c la ss ic a l  ex p la n a tio n s . 
Transcriptom e analyses o f roots of rubber 
show ed presence of a t least tw o Arbuscular 
M ycorrhizal Fungi (AMF) w hich are known 
to m obilize m ineral nu trien ts  from the soil 
and  m ake them  available for p lan t growth. 
This inform ation should  be fu rthe r explored 
to  m ak e  ru b b e r  c u l t iv a t io n  e v e n  less 
d ependen t on chem ical fertilizers. Also, it 
remains to be seen how  far AM F association 
with the roots of forest trees help  diem  grow 
n a tu ra l ly  w ith  no  e x te rn a l  fe r tiliz e r  
application. It is time tha t researchers come 
o u t of th e  box a n d  e x p lo re  u n o rth o d o x  
avenues and dream  a fu tu re  scenario where 
rubber cultivation is totally free from chemical 
fertilizers and pesticides and thus prom ote the 
organic farm ing potential of rubber. This is a 
challenge that we m u st face squarely  and 
im m e d ia te ly  an d  th is  w a rra n ts  a m u lti­
disciplinary approach.

In a d d it io n  to  in d e p e n d e n c e  from  
chemical inpu ts for rubber cultivation, our



s tu d ie s  e s tim a te d  th a t  th e  net lifecycle 
emission from rubber plantation is 27 MT CO. 
per ha which is a substantial ecosystem service 
provided by rubber cultivation.

O p tim iz a tio n  a n d  v a lid a tio n  of 
m olecular tools for assessm ent of genetic 
diversity and evolutionary relationships was 
con tin u ed . O utcom e from this w ork  will 
direc tly  benefit in identify ing  genetically 
divergent parents for including in biparental 
m a tin g  p ro g ra m m e s  w h ich  w ill favor 
p ro d u c in g  g en e tic a lly  m o re  a d v a n ce d  
progenies. A total of 829 genes were found 
differentially expressed am ong high and low 
yielders. Similarly, ethylene-m ediated signal 
tran sd u c tio n  an d  e thy lene-induced  gene 
expression  w ere s tud ied  in high an d  low 
yielding clones.

G e o sp a tia l tec h n iq u e s , in c lu d in g  
satellite-based remote sensing w ere used to 
m ap and update area under rubber cultivation 
in the country. Long term climate data from 
372 d is tr ic ts  fa lling  in the m ajor ru b b er 
grow ing  belts in nontraditional areas were 
exam ined and it was found that 65 of them 
m ay be suitable for cultivating rubber.

G ro u p  a p p ro a c h  o r co llec tiv ism  is 
n e e d e d  to  a d d r e s s  se v e ra l s tru c tu ra l  
im p ed im en ts  in the sm allho ld ing  sector. 
There is a felt need to strengthen two-way 
com m unication between grow ers and experts 
of R u b b er Board th a t is fu ndam en ta l to 
seamless diffusion of technology. Timely and 
precise inform ation and communication are 
vital for sustaining rubber cultivation even as 
the w orld  is changing very fast.

In the midstream  (prim ary processing) 
a n d  d o w n s tre a m  (R ubber T ech n o lo g y / 
p ro d u c ts  m anufactu ring ) sectors also the 
In s ti tu te  c o n tin u e d  to m ake s ig n if ican t 
advancem en ts. D epro tein ization  of latex, 
m ak ing  sheet from preserved latex, latex- 
carbon black m aster-batches incorporating

nano filler etc. are some promising areas of 
w o rk  in th e  m id stre a m  sec to r. E arlie r 
successful devulcanization was achieved at 
th e  In s ti tu te  a n d  s to ra g e  b e h a v io r  of 
devulcanized rubber is now  being examined. 
C yto toxicity  s tu d ie s  w ith  crum b rubber 
partic les ob ta ined  from  end  of life ty res 
showed no harm ful effects on cell line.

In the area of products development, the 
Institute com pleted forensic analyses of 42 
products and conducted various tests of 649 
rubber p roduc ts m ostly  from the MSME 
sector. Detailed project reports were prepared 
for three large medical gloves m anufacturers 
and conducted a cost-benefit study  for the 
proposed Rubber Park at Kanyakumari. In 
addition, consultancy and troubleshooting 
services w ere given to a large n um ber of 
rubber industries.

Twenty quality  s tan d ard s  for na tura l 
rubber latex w ere revised as per the request 
of BIS. The Technical Consultancy’ Division 
of the Institute is in the process of switching 
over to the latest NABL regulation (ISOl 7025- 
2017) u n d er the Q uality Council o f India. 
Steps w ere taken to register RRII as a Host 
Institute of startup  program m es un d er the 
MSME sector. S teps w e re  also  tak e n  to 
commission tw o laboratories at RRII; one for 
te s t in g  REA C H  co m p lian c e  of ru b b e r 
products proposed to export to the EU and 
another for testing quality standards of rubber 
products im ported into India.

D esp ite  c o n tin u in g  d ifficu lties w ith  
sca rc ity  of fu n d s  an d  la rg e  n u m b e r  of 
vacancies in scien tist and  o th e r technical 
cadres, RRII could perform  well during  the 
reporting year. This was possible only because 
o f the v isionary  lea d ersh ip  an d  su p p o rt 
provided  by the C hairm an and  Executive 
Director which is  gratefully acknowledged.

Dr. James Jacob



Developing good agricultural practices 
to enhance grow th and yield of rubber and 
sustain soil health, reducing cost of cultivation, 
m itiga ting  d rought, generating additional 
income and improving biodiversity continued 
to be the m ajor th rust areas of research of the 
Division and various experim ents w ith these 
objectives w ere continued . A hom estead  
farm ing  project widn m ultip le en terprises 
w as initiated during  2019. Follow up studies 
of RubSIS on lim ing and fertilizer skipping 
w a s in p ro g re s s  a t  d iffe re n t lo ca tio n s . 
Analysis of soil sam ples for fertility' m apping 
of rubber g row ing  regions of N orth  East 
Ind ia w as in progress.

1. Nutrient M anagem ent

The experiment on nutrient management 
initiated in 2016 to revise the current fertilizer 
recommendation for root trainer rubber plants 
w as continued . The resu lts indicated the 
superiority of integrated m anagem ent (cow 
d ung  slurry and FGPR) and foliar nutrition 
fo r th e  g ro w th  of ro o t t r a in e r  ru b b e r  
seedlings.

T he fe rtig a tio n  ex p e rim en t in root 
t r a in e r  n u rs e ry  w a s c o n tin u e d  at CN, 
Karikkattoor. Fifty root trainer plants each 
w ere observed under control and fertigation 
treatm ents. Considerable savings w as noted 
in w ater consum ed for irrigation viz. about 
six litre  of w ater p er p lan t w as used  for 
irriga tion  u n d e r control w hile it was one 
li tr e  p e r  p la n t  u n d e r  th e  fe r t ig a tio n  
trea tm e n t. T he p lan ts  u n d e r fertigation  
a tta in ed  saleable s tan d ard s  by tw o and a

half m onths while in the control it took three 
m o n th s . T he p la n ts  u n d e r  fe r tig a tio n  
treatm ent had  significantly h igher diameter, 
height, inter nodal length  and  num ber of 
leaves in the first and second w horls.

C on tinued  the field  ex perim en t on 
target application of w ater soluble fertilizers 
in to the root zone of young rubber plants. 
G irth  of p lan ts  af te r tw o y ears  w as no t 
significantly different betw een the standard  
p ra c tic e  a n d  w a te r  so lu b le  f e r t i liz e r  
treatm ents. Foliar application of fertilizers 
a lso  d id  n o t in d ic a te  s u p e r io r ity  o v er 
standard  practice.

The field experim ent started  du rin g  
2001 at Central Experiment S tation (CES), 
C hethackal to  study  the effect o f long term  
a p p l ic a t io n  o f in o rg a n ic  a n d  o rg a n ic  
m anures on the grow th  and  yield of rubber 
and  physico-chemical properties of soil was 
continued  w ithou t applying fertilizer and 
FYM. N o significant difference was observed 
between treatm ents for yield five years after 
skipping fertilizers. The field trials initiated 
du ring  2011 to study  the effect of secondary 
and m icronutrients on g row th  of rubber and 
so il p ro p e r t ie s  a t th re e  lo ca tio n s , viz. 
Cheruvally, Palappally  and  Tham arassery 
esta tes w ere also  co n tinued . S ignificant 
d iffe re n c e  w a s n o t o b se rv e d  b e tw e en  
treatm ents w ith respect to g irth  of plants.

In the study  on rhizosphere chem istry 
an d  a d a p ta tio n s  of ru b b e r to ac id ic sod 
conditions, the rh izosphere an d  bu lk  soil 
collected from 26 locations in the acidic soils 
of Kerala show ed that the pH , available P,



K, CEC, exchangeable K, a lum inium  P and 
caldum  P fractions w ere significantly higher 
and  exchangeab le Al w as lo w er in the 
rhizosphere soil com pared to the bulk soil. 
The pH was near 5.5 in the rh izosphere of 
young rubber trees. Soil o rg an ic  carbon 
status increased in soil w ith  pH  7.4 after the 
grow th of rubber seedlings lo r eight m onths 
com pared to soils with pH  5.5 and  4.5.

In con tinuation  of the rh izo sp h e re  
study, a new  trial w as initiated to s tu d y  the 
rhizosphere chem istry of clones RRII 414, 
RRII 430 and  RRII 105 at tw o locations in 
Kerala.

2 . Soil and water conservation

T he e x p e rim e n t on  e v a lu a t io n  of 
biological/vegetative h ed g e s for soil and  
w ater conservation  in ru b b e r p la n ta tio n  
initiated during  2009 in M undakayam  estate 
w as c o n c lu d e d . T h e  e s ta b l i s h m e n t  o f 
veg e ta tiv e  h ed g e s  d id  n o t s ig n if ican tly  
influence grow th  of rubber, bu t stabilized 
the terraces and reduced soil erosion du ring  
initial years.

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

T he field experim en t initia ted  in 2018 
a t  CES, C h e th a c k a l to  fin d  o u t  th e  
feasibility of es tab lish ing  various crops like 
coffee (S elec tio n -13), p e p p e r, tu rm eric , 
am o rp h o p h a llu s , colocasia an d  chilli, as 
in te rc ro p s  in  m a tu re  ru b b e r p lan ta tio n  
u n d er ta p p in g  w as in progress. P lanting 
o f g inger and  turm eric was undertaken  and 
coffee started  flowering.

The experim ent on developm ent of a 
multi-species rubber-based cropping system 
for Tamil N a d u  reg ion  w as in p ro g ress  
Growth of rubber continued to be significantly 
h igher in intercropped area com pared to 
control plot.

T he e x p e r im e n ts  on  intercropping  
perennial crops w ith  ru b b er initiated atCES 
Chethackal in 2001 w ere con tinued  and the 
g ro w th  an d  y ield  of ru b b e r continued to be 
n o t in f lu e n c e d  b y  c u l t iv a t in g  coffee or 
n u tm eg  as in tercrops. Experim ent on inter 
p la n tin g  of ru b b e r w ith  tim b e r trees viz. 
teak, w ild  jack a n d  m ahogany  initiated in 
2001 at CES, C h e th ac k a l w a s continued. 
G ro w th  o f ru b b e r w a s n o t significantly  
in flu e n c e d  b y  ro w  s p a c in g  a n d  type of 
tim ber in tercrops. N o significant difference 
in yield of ru b b e r w a s observ ed  between 
spacing, ty p e  o f in terc rops an d  interactions. 
A m ong th e  tim ber p lan ts, perform ance of 
w ild  jac k  c o n t in u e d  to  b e  b e tte r . The 
experim en t to s tu d y  the effect o f retaining 
p in ea p p le  af te r the n o rm a l intercropping 
period  on p erfo rm ance of ru b b er and  soil 
p ro p e rtie s  w as in p ro g ress  a t  M alankara 
estate.

A h o m e s te a d  fa rm in g  p ro je c t was 
in itia ted  a t  RRII d u rin g  2019. R ubber (clone 
430) w a s p la n te d  in p a ire d  ro w s  at the 
spacing  of 14x4x2.4 m . A contro l p lo t was 
also estab lished  a t a spac ing  of 6.7x3.0 ni. 
Perennial in tercrops, m ango , cashew  and 
jack g rafts w ere estab lished  as intercrops.

4. Ground cover m anagem ent

The field experim en t on the effect of 
leg u m e covers  an d  n a tu ra l  flo ra  on the 
grow th  of rubber, soil physico-chem ical and 
biological properties, b iom ass a n d  nutrien t 
tu rn o v e r  la id  o u t  d u r in g  2012 a t  CES, 
Chethackal was continued. G row th of rubber 
under both cover crops w ere com parable and 
the highest g row th  was recorded in Puernrin 
established plots. Tapping  com m enced in 
the experim ental area.

The observational trial to find o u t the 
feasibility of establishing C. caeruleum under 
partial shade (after the in tercrop  pineapple) 
initiated a t K aliyar es ta te  w as con tinued .



Table Ag. 1. Soil properties in  the C. caeruleum  established Held al Kaliyar estate
Time o f soil sampling OC(%) Available nutrients (mg kg '1)

P K Ca Mg
pH

Initia l 1.40 13.8 52.9 33.3 8.7 4.37

After 3 V: years 1.67 15.0 60.7 55.1 13.0 4.53

t stat NS NS **
‘ ."s ignificant at 5 and 1 % level, respectively. NS-Not significant

C. caeruleum established well in the field and 
retained in the field in sum m er also. Soil pH, 
O C  a n d  av a ila b le  Ca a n d  M g s ta tu s  
significantly im proved three and a half years 
after establishing C. caeruleum (Table 1).

T he s tu d y  on  d iffe ren tia l effect of 
w eed  flora on g row th  of rubber and  soil 
p roperties initiated du rin g  2017 w ith soft 
w eeds, grasses, Mucuna and natura l g round 
cover w as continued.

The study  on w eed spread  of Mikania 
micrantha K unth  from rubber p lan tations 
w as concluded. The study  show ed that the 
ru b b e r p lan ta tions  infested w ith  Mikania 
w ere a good source for the weed spread to 
nearby localities and anthropogenic activities 
lim ited  th e  sp read  an d  estab lishm en t of 
Mikania in Kerala.

The data on distribution of major weeds 
in rubber plantations of South India collected 
th ro u g h  v isu a l  sc o r in g  in  10760 g eo ­
referenced  ho ld ings was m apped in GIS. 
Axonopus compressus was the major weed in 
rubber plantations though regional variations 
in occurrence were observed. Chrpmolaena was 
also a major weed in N orthern districts of 
Kerala viz. Trissur, M alappuram , Kozhikode, 
K a n n u r, K a sara g o d , K a rn a tak a  and  
M a h a ra sh tra . A ssocia tion  b etw een  soil 
fertility sta tus and  w eed d istribu tion  was 
observed and available Ca and Mg status of 
the soil influenced weed distribution.

5. Planting techniques
The field experim ent initiated in 2010 

to  s tu d y  the im pact of m echan ized  land

preparation on soil erosion and grow th of 
plants was concluded. Tilling of the inter-row 
area for intercropping significantly increased 
soil erosion up  to six years after planting and 
no significant difference in soil erosion was 
observed between the treatments.

The experim ent to evaluate different 
p la n t in g  s y s te m s  in i tia te d  in  2007 a t 
C heruvally estate was continued. C anopy 
grow th continued to be asym m etrical. Yield 
of trees in the paired row  system  of planting 
was com parable w ith th a t of control (square 
system  of planting).

6 . Development of agro-management
te c h n iq u e s  for r e d u c in g  th e  
gestation period
The experim ent to evaluate the field 

perform ance of one-w horl, tw o-w horl and 
three-whorl polybag and  root trainer rubber 
plants initiated at CES, C hethackal during  
2008 w as continued. Significant difference 
in yield was no t noticed am ong different 
types of p lan ting  material.

The field experim ent initiated at CES, 
Chethackal in 2008 to  develop an  agronomic 
package to reduce the immaturity- period of 
ru b b e r s ta r t in g  from  p la n tin g  m ate ria l 
onw ards w ith com binations of two types of 
p lan tin g  m ateria l an d  tw o m anagem en t 
o p tio n s  as  tre a tm e n ts  w a s in p ro g ress . 
Direct-seeded green budded  plants recorded 
significantly higher yield com pared to green- 
budded  stum ps raised in polybags.



7. Stress m anagem ent

E v alu a tio n  o f latex  co a ted  m u lch  
m aterials was continued w ith more layers 
of new spaper to increase the durability  in 
the field.

The study  on high leaf K and d ro u g h t 
tolerance was continued w ith RRII 414, RRll 
430 and RRII 105 in the experim ental field 
of RRII and leaf and root zone soil sam ples 
were collected for chemical analysis.

8 . Soil fertility m apping and so il
health m onitoring

8.1. R u b b er g ro w in g  re g io n s  of S ou th
India
Follow up  studies of RubSIS w ere in 

progress. The block trial study ing  the effect 
of liming on g row th  of im m ature rubber and 
so il p ro p e r t ie s  a t  T h e v e rv e li l  E s ta te , 
Perunadu w as continued. The h igher g irth  
increm ent observed in the initial stage for 
the lime treated p lan ts  decreased  at later 
stages. After 27 and  39 m onths of planting, 
there was no significant difference between 
lime applied and  control trea tm en ts w ith  
respect to g irth  increm ent. Analysis of soil 
three m onths after the fertilizer application 
indicated that available P, K, Ca and M g were 
significantly higher under lime treatments. 
T he tria l in itia te d  a t M alan k a ra  es ta te , 
Thodupuzha was also in progress.

The block trial to study  the effect of 
lim in g  on g ro w th  an d  y ie ld  o f m a tu re  
rubber and  soil p ro p e rties  at Thevervelil 
Estate, P erunadu was continued . The soil 
sam ples collected w ere analyzed  and  it was 
observed  tha t availab le Ca and  M g w ere 
significantly h igher u nder lime treatm ents,

th ree m on ths afte r th e  fertilizer application. 
The dry  ru bber yield in the tw o  treatments 
viz. in lime app lied  an d  no t ap p lied  blocks 
w e re  c o m p a ra b le . T h e  tria l in i tia te d  at 
M alankara estate , T h o d u p u zh a  w as also in 
progress.

F ield e x p e rim e n ts  in itia te d  a t five 
locations in K erala d u rin g  2018-19 and at 
one location in K arnataka to  s tu d y  the effect 
of sk ip p in g  of fe rtiliz e rs  on  g ro w th  and 
yield of ru bber an d  on  soil p roperties  were 
in progress. A no ther field trial w as initiated 
a t TR&T Estate M u n d ak a y am  to find out 
w he ther app lica tion  of M g along  w ith  lime 
will im prove perfo rm ance o f rubber.

8.2. R u b b e r  g ro w in g  re g io n s  o f  N orth
East Ind ia

A n a ly s is  o f so il s a m p le s  co llec ted  
(1384) from  T ripura w as com pleted  for 13 
fertility' param eters  (Soil pH , exchangeable 
Al, OC, availab le P, K, Ca, Mg, S, B, Zn, Cu, 
Fe an d  M n) an d  soil fe rtility  m ap s  were 
developed  w ith  geo-statistical techniques. 
The soils w ere e ith e r  ex trem ely  ac id ic or 
very strongly acidic in nature . A lm ost entire 
rubber grow ing regions w ere m edium  in OC 
and  low  in available P s ta tu s . T he available 
K s ta tu s  ra n g e d  fro m  low  to  m ed iu m . 
Majority of the rubber g row ing  reg ions were 
low  in available Ca s ta tu s  w hile m edium  to 
h igh  in ava ilab le M g sta tu s . M ost of the 
rubber g row ing  reg ions in the s ta te  were 
low in available S. Eighty n in e  per cent of 
the rubber area in T ripura w as low  (< 0.5 
ppm ) in available B and  97 per cent of the 
area  w as low  in av a ila b le  Z n  (< lp p m ). 
A na lysis  o f soil sa m p le s  co llec ted  from 
rubber grow ing  regions of M eghalaya is in 
progress.



FERTILIZER A D V ISO R Y  G RO UP

T h e  m a n d a te  o f th e  g ro u p  is  to  
provide soil and leaf analysis based fertilizer 
recom m endation  to rubber grow ers. The 
services w ere provided  through the soil and 
leaf testing laboratory at RRII headquarters 
and seven regional laboratories. A dvisories 
on fertilizer usage were provided to grow ers 
by answ ering  the telephonic enquiries or 
em ail queries. O f late, the major activity of 
the regional laboratories w as estim ation of

dry  ru bber conten t of latex sam ples. The 
sam ple o u tp u t d u ring  the reporting year is 
p rovided in Table FAG 1.

Table FAG 1 Details on soil, leaf and latex analyses 
and the revenue

Sample details Number Revenue (Rs./-)
Soil 596 102195

Leaf 506 177711
DRC of latex samples 83049 4585270
Total Revenue 4865176

CLIM ATE C H A N G E  A N D  ECOSYSTEM  ST U D IE S D IV IS IO N

T he m ajor areas  of research  in the 
D iv ision  are a n a ly sis  of clim ate change 
p ro c e s s e s  a n d  i ts  im p a c t on  ru b b e r  
c u ltiv a tio n  in d iffe ren t ru b b e r g ro w in g  
re g io n s  o f In d ia . Specific  in fo rm a tio n  
sy s te m  o n  ru b b e r  c u lt iv a tio n  is b e in g  
developed using RS-G1S platform to identify 
a r e a s  u n d e r  ru b b e r  c u l t iv a t io n  a n d  
c lim a t ic a l ly  s u i ta b le  a re a  fo r fu r th e r  
ex te n sio n  o f ru b b e r p la n ta tio n s  in non- 
trad itio n a l reg ions. M eteorological data 
m an a g em en t system  in ru b b e r g row ing  
regions is regularly  updated  to address the 
clim ate change issues.

Latest satellite da ta  (M arch 2019) was 
used for m app ing  and updating  of natural 
rubber (NR) p lan tations acreage in Assam, 
K arnataka , K anykum ari d istrict in Tamil 
N adu  and  five districts in Kerala. Studies 
w ere undertaken  to estim ate potential areas 
available for rubber cultivation in the states 
o f T r ip u ra  a n d  A ssam . A g ro -c lim a tic  
suitab ility  analysis of N orth estern region 
of India w as com pleted using area under

curve m ethod and  clim ate tolerance limits 
(CTL) param eters. In the country as a whole, 
ou t of 372 districts considered for the study, 
only 65 (17%) districts w ere qualified under 
the norm al category having a sim ilar climate 
to that of Kanyakum ari or Kottayam. A total 
of 82 (22%) and  138 (37%) d istric ts w ere 
qualified in the 10 and 20 per cent deviation 
level categories, respectively. The im pacts 
of El Nino indicators on the seasonal rainfall 
pattern  and  tem perature w ere analyzed in 
rubber grow ing regions.

1. D e v e lo p in g  ru b b er  b a sed  
information system  using remote 
sen sin g and GIS

1.1 Geo-spatial mapping and updating of
natural rubber (NR) acreage using 
latest satellite data

1.1.1. Karnataka
Geo-spatial m apping and  u p dating  of 

acreage of rubber p lan tations in K arnataka 
was com pleted . N R acreage in the en tire



state was updated  using satellite data to be 
69,581 ha (age three years and above) as of 
M arch  2019. S p atia l e x te n t o f  ru b b e r  
p lan ta tio n  w as the h ig h e s t  in D a k sh in  
K annada d istrict (46,353 ha) follow ed by 
U dupi (13,430 ha) Shivam ogga (4,599 ha), 
Chikkam agaluru (2796 ha) and Coorg (2,403 
ha) districts (Table CCES.l).

Spatio-tem poral change of NR w as 
analyzed in different districts in K arnataka 
d u rin g  2013 to  2019. R esults found tha t 
about 38,354 ha of rubber area have been 
added in the state betw een the period 2013 
and 2019. An average of 6,392 ha of NR area 
h as  in cre ase d  ev e ry  y ea r in K a rn a ta k a  
during  this period.

1.1.2. Kanyakumari district o f  Tamil Nadu
N atural rubber area estim ated  from 

K anyakum ari d is tr ic t as o f M arch  2019 
satellite data (Sentinel 2A, 25th M arch 2019, 
10m) was around 21,933 ha (age th ree years 
a n d  ab o v e ) R u b b e r p la n ta t io n s  w e re  
distribu ted  in three ou t of th e  four taluks in 
K anyakum ari d is tr ic t, n am e ly  K alkulam  
(48%), V ilavankode (45%) and Tovalai (7%) 
taluks. Rubber p lan tation  was not found in 
A gastheesw aram  ta lu k  in K anyakum ari. 
Tonal variations in satellite da ta  revealed 
that rep lan tation  has taken  place in m any 
loca tions of K a lku lam  an d  V ilavankode 
taluks in recent years. It w as also found that

TableCCES. 1. S a te llite -d e rive d  spa tio -tem pora l 
expansion o f rubber p lanta lions in 
Karnataka (age three years and above) 

_____________during the period 2013 to 2019
Districts NR area (ha) Expansion

(ha)2013 2019
Dakshin Kannada 20413 46353 25940
Udupi 4709 13430 8721
Siivamogga 1589 4599 3010
Chikkamagaluru 2395 2796 401
Coorg 2121 2403 282
TOTAL 31,227 69,581 38,354

NR area has ex p an d ed  to so u th ern  parts of 
Kalkulam  and  V ilavankode taluks.

1.1.3. Kerala
S a te l l i te - b a s e d  m a p p in g  and 

u p d a t in g  o f  N R  a c r e a g e  in  d iffe ren t 
d is tr ic ts  of K erala is in p ro g ress . As of now- 
m ap p in g  an d  u p d a tin g  of NR acreage in 
fiv e  d is tr ic ts  o f K e ra la  w a s com pleted 
(K o lla m , P a th a n a m th i t t a ,  A lap u z h a , 
K ottayam  an d  Idukki). S ate llite -based  NR 
area statistic s in the five d istric ts of Kerala 
as of 2019 is  give below.

TableCCES.2. Satellite-based NR area statistics for 
five  d istricts in  Kerala

SI. No. D istricts NR area (ha)
1 Kollam 46,935
2 Pathanamthitta 54,468
3 Alapuzha 8,490
4 Kotlavam 1,07,708
5 Idukki 37,806

2. Id en tifica tion  o f  p oten tia l areas 
for ru b b er  c u lt iv a t io n  in  NE 
India u s in g  sa te llite  data, long 
term  c lim a t ic  d a ta  a n d  so il 
fertility  status

Acreage of ru bber (age three years and 
above) in A ssam  s ta te  u p d a te d  as of 2018 
satellite data and  it w as 30,804 ha. Results 
show ed that ab o u t 13,934 ha of ru bber area 
has increased in the state  w h ich  indicated 
that approxim ate ly  2000 ha of ru b b er have 
been added  every  year d u rin g  th is period. 
Between 2011 and  2018 considerab le rubber 
a re a  h a s  in c re a s e d  in th e  d i s t r ic t s  of 
K am rup, B ongaigaon, G o lag h a t, D hubri, 
D a rra n g  a n d  Jo rh a t (T able in s e t  in Fig- 
CCES. 1). H ow ever, fu r th e r area  has not 
b e e n  e x p a n d e d  m u c h  in  L a k h im p u r, 
D hem aji, T in su k ia , B arpe ta a n d  N albari 
districts du rin g  the period  2011 to  2018.



Fig. CCES. 1. Spatio-temporal expansion o f rubber plantations in Assam during the period 2011 to 2018

2.1. O th er RS-GIS s tudies

2.1.1. Iden tifica tion  o f  po ten tia l areas fo r  
rubber cultivation in India
N et potential area (NPA) available for 

rubber p lan tation  expansion in Tripura and 
A ssam  w as estim ated by analysing district- 
w ise data  on total cropped  area and other 
m ajor ag ricu ltu re  crops.

2.1.2. C alcula tion  o f  CO: po ten tia l o f  NR  
plantations in Karnataka
Based on the satellite-based (MODIS) 

n e t p rim a ry  p ro d u c tiv ity  (N PP) an n u a l 
carbon sequestration potential (as of 2014) of 
r u b b e r  p la n ta t io n s  in K a rn a ta k a  w as 
estim ated w hich comes to about 8.2 tonnes 
C ha '1 year w hich is equivalent to 30 tonnes 
C O , ha 1 y e a r 1. T he h ig h  ra te  of CO; 
se q u e stra tio n  is an  im p o rtan t ecosystem

serv ice p ro v id e d  by the n a tu ra l ru b b e r 
plantations.

2.1.3. Kavalappara landslide
D ue to  s ev e re  ra in fa ll, a m assiv e  

la n d s l id e  o c c u rre d  in  K a v a la p p a ra , 
M alappuram  district in Kerala on 8th August 
2019. The landslide was s tud ied  using pre 
and  post event satellite da ta  and assessed 
the extent of affected area (13.03.2019 and 
18.12.2019, Sentinel 2B, MSI). Satellite data 
interpretation revealed that nearly  19 ha of 
sloppy land area was affected d u e  to the 
m assive lan d slid e . T he ra infall t re n d  in 
M alappuram  dis tric t w as also m onitored  
using jAXA global rainfall w atch (GSMaP) 
w hich indicated that the d istrict received 
ex tre m ely  h ig h  in ten s ity  ra in fa ll on  8th 
A ugust 2019.



2.2. M onitoring  extrem e w eather events 
u s in g  sa te ll i te  d a ta  L and  S u rfa ce  
Tem perature (LST)
MODIS based land surface tem perature 

(LST) was analysed to get spatial intensity and 
v a ria tio n  of te m p e ra tu re  in K erala an d  
Kanyakumari district of Tamil Nadu during 
sum m er 2019 (January to M ay 2019). Results 
showed that an increasing trend of LST was 
ob se rv ed  from  F eb ru a ry  to A p ril 2019 
especially  in d is tr ic ts  like K anyakum ari, 
Palakkad and N orthern  d istricts in Kerala.

1.2.1. P repara tion  o f  GIS based  m ap on 
Circular Leaf Spot (CCLS) disease 
P re p a re d  a G IS b a se d  m a p  on 

Colletotrichum C ircu lar Leaf Spot (CCLS) 
disease prevalent rubber grow ing  regions 
in K era la  by p lo t tin g  d is e a s e  a ffec ted  
locations in GIS platform  for the years 2017,
2018 and  2019 (17 locations).

3. Identification o f agro climatically 
suitable areas for natural rubber 
cu ltiv a tio n  in  n on -trad ition a l 
regions of India

T h e  a s s e s sm e n t o f a g ro -c lim a tic  
su ita b ility  in areas  w h e re  ru b b e r is no t 
norm ally grow n in India (N on-traditional 
regions) was carried o u t earlier to identify 
suitable areas in the Left-Wing Extremism 
(LWE) affected states and  the N ortheast 
Region (NER). From a re-analysis m ade in 
NER, a total of 35, 43 and  60 districts were 
selected from the Area-Under-Curve (AUC) 
analysis and  27, 42 and  43 d istricts w ere 
selected by the Critical Tolerance Limit (CTL) 
analysis in term s of normal, 10 and 20 per 
cen t d ev ia tio n  ca teg o ries , re spectively . 
W ithin the selected Normal category, for the 
com bined (AUC-CTL) m ethod, six districts 
(B arpeda, Cachar, B ongaigon, G oa lpara, 
K okrajhar and NC Hills) in A ssam  w ere 
found  to be com m only selected in both

m e th o d s . A to ta l  o f th re e  d is tr ic ts  in 
M egha laya , seven  in M izoram  an d  four 
districts in Tripura w ere com m only selected. 
A n additional 11 districts in the sam e states 
w ere found su itab le u p  to  the 10 p er cent 
v a r ia b ili ty  c a te g o ry  w ith  o n e  d is tr ic t 
a d d itio n a lly  from  th e  s ta te  of N agaland. 
However, the 20 per cent category comprising 
of m ainly seven districts mainly concentrated 
in W estern Assam. N one of the districts in 
the states of M an ipur and  N agaland  were 
chosen in th e  com m on  category. All the 
districts in the Southern states of Tripura and 
M izo ram  c o m p le te ly  q u a lif ie d  fo r the 
com m on norm al category.

The selection m ade on the combined 
A U C -C TL p ro c e d u re s  sh o w e d  th a t  the 
w e s te rn  a n d  s o u th e rn  p a r ts  of the 
g e o g ra p h ic a l a re a s  o f th e  N ER  m ain ly  
com prised  of d is tr ic ts  u n d e r  th e  norm al 
category and the eastern region districts were 
fa lling  w ith in  th e  20 p e r  ce n t dev ia tio n  
category. O u t of 69 d istricts in the NER, a 
to tal o f 42 d is tr ic ts  s p re a d  o v er 6 states 
(A ssam -1 8 , M a n ip u r-9 , M eg h a la y a-3 , 
M izoram-7, Nagaland-1 and  Tripura-4) were 
identified as no rm ally  su itab le  an d  53 and 
62 d is tr ic t s  in  th e  10 a n d  20 p e r  cent 
variability  limit, respectively. N o districts in 
the states of A runachal P radesh  an d  Sikkim 
w ere chosen in the no rm al A U C and  CTL 
analyses. D istricts com ing u n d e r the sam e 
variab ility  c a teg o ry  co u ld  a d o p t  s im ilar 
packages an d  p ra c tices  fo r ex p a n s io n  of 
na tura l rubber.

In the K onkan area, am ongst the 15 
Konkan districts taken for the study  Thane 
d istrict of M aharash tra and  U ttara Kannada 
of Karnataka are the tw o districts w hich were 
found less su itab le for ru b b er cultivation, 
Belgaum has been identified as falling within 
the 10 per cent suitability  th ro u g h  th e  AUC 
m ethod of analysis, bu t it has been identified 
as norm ally  su itab le in  the CTL analysis.



In the country as a whole, ou t of 372 
d istricts considered for the study, only 65 
(17%) qualified under the normal category 
h a v in g  a s im ila r  c lim a te  to  th a t  of 
K anyakum ari o r K ottayam . A total o f 82 
(22%) and  138 (37%) districts qualified in the 
10 a n d  20 p e r  ce n t su ita b le  ca tegories, 
respectively. Major portions (>85%) of the 
su itab le areas  w ere ind iv idua lly  selected 
from the NE and Konkan regions. Results 
from this study  could be used as a general 
ind ication  for suitab ility  and  further geo­
spatial approaches w ould be required  for 
locating areas conducive for cultivation of 
NR w ith  g rea ter confidence.

4. Characteristics o f  rainfall during  
2019

The delay  in onset and w ithdraw al of 
th e  S o u th  W est M o n so o n  (SW M ) h as  
resu lted  in a skew ed d istribu tion  of rainfall 
in the rubber grow ing  regions du ring  2019. 
T he co m p lete  w ith d raw al of SWM 2019 
occurred in m id-O ctober and the N orth  East 
m onsoon (NEM) set in w ithout a break. This 
a f fe c te d  th e  c l im a te  c o n d it io n s  w ith  
tem p era tu re  extrem es and d ryness in the 
NR g row ing  belts in the traditional region 
d u rin g  su m m er following until the m iddle 
of July in 2019.

5. Climate resource characterisation 
o f rubber grow ing areas

5.1. R a in fa ll ch a rac te ris tic s  o f A u g u st
2019
T he state  of Kerala had  experienced 

several landslides and  flash floods during  
the m onth  of A ugust 2019 associated with 
an  ex tre m ely  heavy rainfall spell w hich  
occurred  d u rin g  08-10 A ugust 2019. The 
m ain causative factors for the occurrence of 
h ea v y  ra in fa ll o v er K erala are  s tro n g er

w e s te rly /so u th -w este r ly  w in d s over the 
A rabian  Sea a lo n g  an d  off Kerala coast. 
U sually the strength  of this w esterly/south­
w esterly w inds increases in association with 
the fo rm ation  of low  p ressu re  area over 
northw est Bay of Bengal and  their further 
intensification.

Rainfall over Kerala during  southw est 
m onsoon season ( lwJune to 30* September 
2019) has been exceptionally high. Kerala 
received 2309 m m  against a norm al of 2049 
mm (above norm al by 13%). The rainfall over 
Kerala during  the season, June, July, August 
and September has been -44, -20,123 and 64 
p er cen t from  th e  no rm al, respectively . 
During 1-15 August, 2019 Kerala received 684 
m m  rainfall aga inst a norm al of 238 m m  
(+187% rainfall departure).

Based on p ast 143 years of data , it has 
been found that Kerala received 1132 mm 
of rain  du rin g  the m onth of A ugust in the 
y e a r 1931 w h ich  is  th e  m ax im u m  ev e r 
recorded A ugust rainfall of Kerala. This 
year (2019) w itnessed the second highest 
rainfall for the m onth of A ugust w ith  950 
mm followed by 877 m m  in the year 1923 
and 851 in the year 1907. The exceptionally 
h ea v y  ra in fa ll in A u g u s t (187%  a b o v e  
norm al rainfall over Kerala d u rin g  l-15 'h 
A u g u st, 2019) can  be a t t r ib u te d  to one 
e x trem ely  heavy ra in fa ll spell occu rred  
du ring  08-10lh A ugust 2019.

5.2. El nino/La n ina ep isodes and  regional
clim ate in ru b b e r g row ing  reg ions of
India
T he stud ies on El n ino  occurrences 

a n d  im p a c t on  ru b b e r  c u l t iv a t io n  is  
continued. Sea surface tem peratu re (SST) 
of different region (N INO 1, N IN O  2, NINO 
3.4 and  N IN O  4 of equatorial pacific wras 
reg ressed  w ith  SW m onsoon  ra in fall of 
sm all spatial scale how ever, no  influence



w as o b serv ed . El n in o  ev e n ts  w ith  th e  
w a rm e s t SST a n o m a lie s  in th e  C en tra l 
P acific  a r e  m o re  e f fe c tiv e  in d ro u g h t  
p ro d u c in g  su b s id e n c e  o v e r  In d ia  th an  
events w ith the w arm est SST anom alies in 
the Eastern equatorial Pacific.

It was observed that du ring  1980-2014, 
all the six drought events faced by India were 
El nino years, however, interestingly not all 
El nino years led to drought incidents in the 
country. Since 2000, there w ere four El nino 
years (2002, 2004, 2006 and 2009), and three 
of these (except 2006) resulted in to drought 
years. The year 2006, w hich was an  El N ino 
year, however, received norm al m onsoon 
rainfall. Similarly, year 1997-98 was a strong 
El nino year but it resulted in excess rainfall 
in that year. Contrary to this, a m oderate El 
nino phenom enon in 2002 resulted in one of 
the w orst d roughts of the country. However, 
m ost of the Indian droughts happened  in El 
n ino years. If the rainfall pattern analysed 
for Kerala state alone the annual as well as 
m onsoon rainfall during  El nino vears was 
alm ost norm al or little more than normal. 
Large spatial variability is noticed both in 
annual and seasonal rainfall during  El Nino 
years in com parison to non  El nino  years. 
D u rin g  s trong  El n ino  years, the rainfall 
tow ards the end of the monsoon season was 
observed to be low. However, in m oderate 
El N ino years, the July m onth has a deficit 
ra in fa ll in d ic a tin g  a, b re a k  in m onsoon 
activity.

A n n u a l f re q u e n c y  (1891-2017) of 
cyclonic disturbances, cyclones and severe 
cyclones which has a bearing on the seasonal 
rainfall pattern  exhibited significant changes 
over time. However, it was observed that 
there was no influence of El nino over the 
frequency of occurrences of these cyclonic 
disturbances.

6 . Ecosystem  stu d ies

6.1. V e g e ta tio n  d y n a m ic s  in  ru b b e r
p lan ta tio n  ecosystem s
S p re a d in g  of ru b b e r  m o n o cu ltu re  

p la n ta t io n s  in  K e ra la  h a s  a l te r e d  the 
s tru ctu re  an d  p a tte rn  of na tu ra l vegetation 
in the trad itional ru bber cu ltivating  region. 
It is necessary to un d ers ta n d  the vegetation 
dynam ics in th e  ru b b er gro w in g  regions to 
s tu d y  the im pacts and  restoration  potential 
o f na tura l vegetation, h i th is context, a new 
field lay ou t w ith  fou r experim ental plots 
w ere established a t CES Chethackal during 
2018, w hich include a norm al w eeded  plot, 
an un-w eeded  plot, a p lo t w ith  controlled 
w eed ing  and  an  u n -w eed e d  p lo t w ithout 
ru b b e r  a l lo w in g  n a tu r a l  v e g e ta tio n . 
Vegetation survey w as conducted in the plots 
before th e  p la n tin g , fo llo w in g  q u a d ra te  
m ethod. A total o f 126 species w ere identified 
from  the location w h ich  c o m p rise s  of 62 
species of shrubs (including sm all trees) and 
64 species of herbs including ferns. Among 
the herbs, Spermacoccae spp, M . micrantha and 
C  pubescence show ed highest relative density 
(ranging from 1.7 to 1.9). A. brasiliana, C. hirta, 
M. vitifblia, C. odorata, H. isora, C. infbrtunatum 
etc. are the sh ru b s d is tr ib u te d  w ith  high 
relative density  in the area. D om inance of 
invasive exotic species such as Clidemia hirta, 
Centrosema pubescence, Lnntana camera, 
Alternanthera braziliana etc. w ere noticed. High 
density of exotic species such as G  pubescence, 
A. gangetica, A. brasiliana, C. hirta, C. odorata, 
M. vitifolia etc. show ed the vulnerability  of 
species invasion into the plantation areas after 
clear lelling. Thus a p roper land use strategy 
is requ ired  to p re v en t the exo tic  species 
invasion in rubber p lan tations after clear- 
fe lling  to  co n se rv e  th e  n a tiv e  flo ra  and  
ecosystem services.



M ajo r re se a rc h  focus d u r in g  th e  
re p o rtin g  p e rio d  w as on con tinu ing  the 
classical b re ed in g  p ro c ed u re s  includ ing  
hybrid iza tion , polycross breeding and ortet 
selection w hile m ore attention was paid to 
develop ing  reg ion/tra it specific clones for 
d rough t, cold an d  disease tolerance. Long 
term  perform ance of hybrids and  selections 
from  po lycross breed ing  was assessed in 
v ario u s  field trials. O rte ts selected from 
sm all h o ld in g s  a n d  la rg e  e s ta te s  w ere 
ev a lu a ted  in sm all scale and  large scale 
trials. P ipeline clones w ere evaluated  in 
C entral Large Scale Trials and  satellite on- 
farm  tria ls  b o th  in trad itio n a l and  non- 
trad itio n a l reg ions for selecting superio r 
clones through  participatory plant breeding 
approach . Exotic clones recently im ported 
u n d e r  th e  m u lti la te ra l  c lo n e  ex c h an g e  
p ro g ram  w ith  1RRDB m em ber coun tries 
w ere p lan ted  in large scale evaluation trials 
to  e v a lu a te  th e ir  su ita b ility  to th e  agro  
c lim atic  s itu a tio n  in India. T hree Prang 
Besar clones w ere upgraded  to Category I 
and  released for grow'ers. Two IRCA clones 
w ere u p g ra d ed  to C ategory 2 of planting 
recom m endation . The cold tolerant clone 
RRII 429 w a s  re le ase d  fo rm a lly  to  the 
farm ers of N orth  East India which has the 
potential to achieve h igher productivity  in 
the cold stress p rone  regions of India.

1. E v o lv in g  h igh  y ie ld in g  clon es
for the traditional area

1.1. Hybridization and clonal selection

1.1.1. Sm all Scale Trials (SST)
In 1999 SST com prised of progenies 

from 1994 hybrid iza tion  program m e, five 
selections viz. 94/87 (RRII 105 x RRIM 703),
92 (RRII 105 x Mil 3/2), 296 (RRII 105 x RRII 
118) a n d  567 (RRIM  600 x RRII 203)

continued to perform  as superior clones and 
w ere fu rth e r m ultip lied  to estab lish  bud  
w ood nursery. In 2001 SST A, tw o high  
yielding clones viz. 95/413 (65 g f 11 ‘), 95/425 
(64 g t"1 f 1) perform ed well when com pared 
to the check clone RRII 105 (48 g f l t 1). Two 
clones viz. 95/121 and  95/410 em erged  as 
superior clones am ong the 29 clones being 
evaluated  in 2001 SST (B and  C) w ith  an 
average d ry  rubber yield of 60 g t'1 f 1 and 
58 g t 11', respectively, com pared to the check 
clone in both trials (RRII 105 50 g t 1 f 1).

In SST 2003 w ith 36 clones, two hybrid 
clones viz. 96/417 (RRIM 600 x PB 260) and 
96/459 (RRII 105 x RRIC 100) registered an 
yield of 65 and  70 g  t'1 f ,  respectively when 
c o m p a re d  to  th e  ch e ck  c lo n e  RRII 105 
(62 g  t '1 f 1)- A clonal nursery  of W ickham x 
A m azonian w ild germ plasm  hybrid  clones 
w ith  RRII 105 and  RRIM 600 as check clones 
(2003) is b e in g  m a in ta in e d  a t  C e n tra l 
Experimental Station, Chethackal. It includes 
m any selections that are u nder large scale 
ev a lu a tio n  th ro u g h  P artic ip a to ry  C lone 
Evaluation Programm e.

1.1.2. New generation hybrids
H ybridization program m e involving 

different cross combinations w ere continued 
in the breeding  orchard at RRII, Kottayam. 
Using 25 parental cross combinations, a total 
of 6356 hand  pollinations w ere perform ed 
in 2020. A to ta l o f 382 see d lin g s  w hich  
included 132 hybrids and  250 half-sibs w ere 
p la n te d  in s e e d lin g  n u rse ry  (2019) fo r 
further evaluation.

With an aim  to develop high-yielding 
clones through transgressive introgression, 
h y b rid iz a tio n s  w ere ca rrie d  o u t d u rin g  
2011-14 u s in g  h ig h -y ie ld in g  W ickham  
clones (RRII 105, RRII 414, RRII 429 and  
RRII 430) as m ale p a ren ts  an d  su p e r io r



Wickham /  Am azonian hybrids (95/10,95/34 
and 95/274) as female parents. Based on the 
test tap yield recorded consecutively for two 
y ea rs , 58 h ig h  y ie ld in g  h y b r id s  w e re  
selec ted  fo r clona l n u rse ry  ev a lu a tio n . 
Similarly, 163 high y ie ld ing  clones w ere 
selected after evaluating  the half sib s of 
RRII 430, RRII 414, RRII 429 and  RRII 105.

1.2. O rle t selection

1.2.1. Clonal Nursery Evaluation
Four d o n a l nu rse ry  trials w ere laid 

ou t in CES, C hethackal th is  year. T his 
includes a) a clonal n u rse ry  w ith  32 high 
y ie ld in g  clones th a t  in c lu d e d  se le c te d  
h ybrids, po ly cro ss  p ro g e n ie s  an d  o rte ts  
from  n o n - t ra d i tio n a l  a r e a s  b) 58 h ig h  
yielding hybrids c) 163 high  yielding clones, 
(selection from half sibs of RRJI430, RRII 414, 
RRII 429 and RRII 105) d) 36 selections from 
polvcross progenies. From a clonal nursery 
of 2007, four selections w ere prom oted to 
PCE trial in Phase 6.

In the A ndam an ortet clonal nursery 
trial (2012), A nd-O r 103/8 and A nd-O r 88/4 
h ad  exhibited better response to ethephon 
stim ulation w ith over 25 p er cent yield than 
u n s tim u la te d  y ie ld . A m o n g  21 h y b rid  
progenies u nder clonal nursery  evaluation 
(2008), six selec tions viz. (02/688, 02/638, 
02/690,02/844, 02/514 and 02/335) registered 
s u p e r io r  g ro w th  an d  y ield  perfo rm ance 
w hen com pared to check clone RRI I 414. The 
a b o v e  s e le c tio n s  w e re  m u ltip lie d  an d  
in c lu d ed  in  P h ase  VI PCE tria ls  a t five 
locations.

2. Evaluation of clones

C lone evaluation is an im portant step 
in crop  im provem ent, wherein lot of time 
an d  resources are requ ired . Large scale 
evaluation of clones (LST) is an im portant 
step conducted alter prelim inary evaluation 
o f clones in clonal nurseries to reconfirm the

poten tiality  of the selected clones. LSTs are 
e i th e r  la id  o u t  in R R II's  e x p e rim e n ta l 
s tations such as CES, C hethackal, RRII and 
o th e r stations. In general, each trial can take 
ab o u t 15 to 20 clones and  th e  p lo t size may 
vary  from 16 to 25 trees/clone w ith  common 
b o r d e r  a n d  r e p lic a t io n s  in  th e  range 
betw een th ree and  seven  d e p e n d in g  upon 
the availab ility  of land , p lan tin g  material 
and  statistical design. U sually it is evaluated 
in RBD. In o rd e r to  cu t sh o rt the evaluation 
p e r io d , th e  LFTs/O FTs/PCE a re  laid  out 
c o n c u rre n tly  in m u ltip le  lo ca tio n s . We 
curren tly  have n in e  large scale evaluation 
a n d  th re e  o n -fa rm  e v a lu a t io n  tr ia ls  in 
progress.

2.1. Large scale ev a lu a tio n  (LST)
A n e w  LST (2019) w ith  14 high  

y ie ld in g  clones (ha lf-s ib  p ro g e n ie s  from 
clonal n u rse ry  trial), w e re  p la n te d  along 
w ith  th ree check clones a t CES Chethackal. 
In  th e  LST o f  o r te t s  s e le c te d  from  
M undakkayam  an d  K oney esta tes at CES 
(2005), MO 45 an d  M O  28 perfo rm ed  well 
in term s of g irth  w ith  68.8 a n d  68.7 cm, 
respectively w h ile RRII 430 an d  RRII 105 
a tta in e d  64.5 an d  60.5 cm , respectively. 
Clones KO 9, KO 7 and  KO 25 w ere on par 
w ith  RRII 430. In term s of y ield , th e  clone 
KO 9 was su p erio r fo llow ed by RRII 105, 
KO 25 and  KO 16 w ith  92.8, 89.9, 89 and 
80.8 g ir11 1. ALF tolerance w as significantly 
h igher in RRII 430 (83.3% leaf re ten tion) 
w hile ortets MO 12 and  M O 45 w ere on par 
w ith  it (68.3 and  66.6%, respectively). The 
check clone RRII 105 show ed only 55 per cent 
leaf retention.

In the LST of n in e  p ro m isin g  ortets 
selected from C heruvally  es ta te  (2005), six 
ortets show ed significantly  su p e r io r  girth 
com pared to the check clone RRII 105 (Table 
Bot. 1). Tw o o rte ts  sh o w e d  s ignificantly  
superio r d ry  rubber yield w ith  th a t of the 
check clone RRII 105 in the second year of



tapp ing  in BO-2 panel (Table Bot. 1). Cyo 
41 show ed significantly  superio r girth  as 
w ell as d ry  ru b b e r y ie ld  an d  very  low 
incidence of ALF disease. Cyo 41 (P 126), 
Cyo 35 (P 133), Cyo 48 (P 129) are also being 
evaluated  in the PCE trials.

Table Bot. 1. a i l md yield (g t t )  in  ortet clones
Clone Girth Yield (gt-’ t 1)*

(cm) (second year in BO-2)
Cyo 41 77a 64.7 a
Cyo 18 64.8 bed 59.7 a
Cyo 43 61.9 cde 51.7 ab
Cyo 35 66.1 be 48 J  ab
Cyo 30 66.7 b 46.7 ab
Cyo 72 60.2 de 45.0 abc
Cyo 48 78.9 a 44.6 abc
RRII 105 58.5 e 34.0b cd
Cyo 31 64.1b cd 24.4 cd
Cyo 68 53.5 f 19.3 d
CV(%) 4.2 29.4
•Values followed by same letters are not significantly 
different based on DMRT

2.2. O n-farm  evaluation
To e v a lu a te  th e  p e r fo rm a n c e  of 

p ip e lin e  c lo n es  in th e  S ou th  K arnataka 
reg ion , an  o n -farm  trial w as laid o u t at 
KFDC, K arnataka  w ith  14 h igh -y ield ing  
p ipeline clones and  seven control clones. 
T h e se  p ip e l in e  c lo n e s  a re  a lso  b e in g  
eva luated  in PCE Phases I (2008), II (2010) 
an d  III (2012), at various locations. In an 
on-farm  trial o f these clones, three pipeline 
c lo n e s  e x h ib ite d  su p e r io r  p erfo rm an ce 
d u rin g  the fifth year of planting com pared 
to RRII 430.

3. Polycross progeny evaluation

Tw enty one selections from polycross 
progenies w ere bud-grafted and root-trainer 
p lan ts  w’ere  raised for p lan ting  in clonal 
n u rse ry  trial a t CES Chethackal. Another 
set o f 64 polycross progeny selections from

RES, N agrakata w ere bud-grafted  at DDC, 
Dharanggiri (Assam). Poly-bag nurseries of 
the se lec tio n s  w e re  a lso  e s ta b lish e d  at 
Regional Experiment Station, N agrakata for 
clonal nursery evaluation.

In o rd er to assess pre-potency of PB 
clones, 337 half-sib  seed lin g s  from  high  
yielding PB clones w ere evaluated for yield 
by test tapping. Seventy prom ising half-sibs 
were selected and p runed  for multiplication 
to proceed further w ith clonal nursery  trial.

In the observational trial of polyclonal 
seedlings 2005 (N ettana seed garden origin) 
at CES, Chethackal, three half-sib progenies 
exhibited superio r yield of 197.1,175.8 and
160.0 g t 11 1 while fourteen seedlings yielded 
above 100 g t '1 f ' .  The check clone RRII 105 
had  a mean yield of 62 g  t 11'1.

4. Genetic studies and investigations
on  g en o ty p e  x en v iro n m en t  
interactions

4.1. G enetic param eters
In the genetic analysis experim ent at 

CES, Chethackal, parents and progenies were 
assessed for grow th and yield param eters. 
A m ong full-sib families, RRII 105 x RRII 118 
continued to yield more than 60 g f  f ' in the 
17»> year Qf tapping. Clone RRII 33 is the 
low est yielder (less than 20 g t'11'1).

4.2. Physiological evaluation  of p ip elin e  
clones fo r d ro u g h t a n d  cold s tress  
tolerance
In con tinuation  of the physiological 

e v a lu a tio n  of p ip e lin e  clo n es, p o ly b ag  
p lants of 35 p ipeline clones w ere plan ted  in 
th e  fie ld  d u r in g  Ju ly  2019 a t  CES, 
C hethackal, RRS, A gartala and  D apchari. 
G row th and physiological param eters w ere 
m easured in the plants grow n a t Agartala 
and CES, C hethackal du rin g  February and 
M arch  2020, re sp ec tiv e ly . In te rm s  of



photosynthesis, the CO, assim ila tion  rate 
(A) varied between 8.7 to 1.3 pm ol m s 
u n d er low tem pera tu re  stress condition . 
P ipeline clones PI 16 (8.7), P 093 (8.21), 
Ch 26 (8.21), P 068 (7.94), PB 86 (7.80), P 178 
(7.72), P 089 (7.51), P 192 (7.31), RRIM 703 
(6.5) and RRIM 600 (6.44) perform ed very 
well under cold stress condition. RRII 429 
and RRII 105, A was 5.% and 5.0 pm ol m  ' s  , 
respectively. U nder low tem perature stress 
was at m in im um  in clones like RRIC 100, 
P 172, P 048, RRII 118 and  G il (w ith 1.30,
1.66, 1.98, 2.21 a n d  2.85 p m o l n r 1 s ', 
respectively).

W hen A was m easured  in the p lan ts 
grow n at CES, C hethackal, the clones P 197 
(10.7), P 181 (9.6), P 192 (9.13), RRIM 703 
(8.4), P  048 (8.4), P 096 (8.4), RRII 208 (8.0), 
PI 16 (7.66), P  120 (7.65) and  RRII 414 (7.64) 
perform ed well w hile RRII 105, RRIM 600 
and RRII 429 had an A of 6.76,6.6 and 453 pmol 
m ! s ’, respectively. C lones P  116, P 192 and 
RRIM 703 perfo rm ed  w ell in te rm s of A 
u nder both d rough t and cold situations. The 
instantaneous w ater use efficiency (WUE) 
(A/E) u nder cold stress w as better in clones 
RRIM 703 (12.87), P 116 (7.5), P 197 (7.2), 
P 178 (7.1) and RRIM 600 (6.4) w hile it was 
5.0 and  3.9 p m o l C O , per m o l 1 w ater in 
RRII 105 and  RRII 430, respectively. W ater 
use efficiency u n d er d ro u g h t was better in 
clones P 093 (5.6) an d  the check  clones 
RRIM 600 (5.2), RRII 414 (5.1), RRIM 703 
(4.8), RRII 422 (4.6) and  RRII 429 (3.7).

U nder low  tem pera tu re  stress period, 
ch lorophyll index (Cl) ranged betw een 44 
and 19. Clones P 184, P 179, P 089 had higher 
C l a lo n g  w ith  ch e ck  c lo n e s  RRII 208, 
RRII 429 a n d  RRIM 703. C lones P 048, 
P 089, P 193 had higher Cl du rin g  drought 
sea so n  a t  CES alo n g  w ith  check  clones 
RRII 429 and RRII 430. Epicuticular wax 
co n te n t (EW C) ranged  betw een 295 and 
67.6 pg  c m : and was higher in P 120, P 073,

P 193 and in check clones RRIM 600, RRII 430 
and RRII 208. Epicuticular wax content was 
at low est in P  112, P 172 an d  in RRII 417. 
E p icu ticu la r w ax c o n te n t (EW C) ranged  
b e tw e en  295 a n d  67.6 p g  cm  2 an d  was 
h ig h er in P120, P073, P 193 an d  in check 
clones RRIM 600, RRII 430 and  RRII 208.

B io c h em ica l p a r a m e te r s  w e re  
analyzed  in latex o f 17 clones (selection of 
high  and low y ielders) in clonal nurse ry  at 
A g a rta la  d u rin g  co ld  s tre s s  p e rio d  after 
e igh t years of p lan ting . U nder cold stress 
co n d itio n , in te rm s of d ry  ru b b e r yield, 
clones P  20, P 21, P 107 an d  P 57 perform ed 
better than  other clones w ith  41.2, 37.6,37.4 
an d  27.1 g t 1t‘\  respectively w h ile RRII 430 
and  RRII 105 y ielded  20.7 an d  15 g t '1 t 
respectively. C lone PI 7 w as su p e r io r  to 
RRII 430 in CES. In term s of g irth , clones 
P 21, P 107, P 17, P  10, P  110 w ere superio r 
to RRII 430 a t A gartala  w h ile  in CES P 17, 
P 10 and  P 101 w ere found superior. In term s 
of ATP, the clones a t A garta la  (u n d e r cold 
stress) w ere inferior to  p lan ts  a t CES d u ring  
March. C lone RRII 430 h ad  h ighest ATP in 
latex follow ed by P  110 and  P  102 a t CES. 
O ther param eters such as sucrose, thiol and 
inorganic phosphate  w ere also estim ated . 
The resu lts of the ranking  of clones by rank 
sum  m ethod  ind ica ted  th e  s u p e r io r ity  of 
P21, P  20, P 17 and P 107 over clone RRII 430 
at cold stress conditions.

4.3. S e le c tio n  o f  p ip e l in e  c lo n e s  fo r 
a d a p ta b i l i t y  to  tw o  d iv e r g e n t  
environs w ith  cold and  d ro u g h t stress 
Forty-five p ipeline clones p lan ted  in 

th e  y e a r  2012 w e re  s c r e e n e d  fo r  th e ir  
ad a p ta b ility  to  su b -o p tim a l e n v iro n s  of 
In d ia  viz., A g a rta la  (T r ip u ra  S ta te ) and  
D a p c h a r i  (M a h a ra s h tr a  S ta te ) , w h ich  
e x p e r ie n c e  co ld  a n d  d r o u g h t  s t r e s s ,  
re spectively . T he p ip e lin e  c lo n e s  w e re  
evaluated for their juvenile grow th  and  yield 
in clonal nu rse ries a t the above tw o sites



along  w ith  a com parative trial in an optimal 
environ  (Chethackal, Kerala). O f the two 
s u b -o p t im a l  e n v iro n s , p ip e lin e  clones 
d isp la y ed  be tte r g ro w th  and  yield w ith  
better adap tab ility  to cold-stress. Analysis 
of genetic param eters also supported  the 
above trend. U nder cold-prone environ, five 
p ipeline clones viz. P 102, P 107, P021, P 101 
and  P 059 achieved better or sim ilar girth 
w hen  com pared  to check clones, RRII 429, 
RRII 430 an d  abiotic stress tolerant clone 
RRIM 600. U nder d ro u g h t stress environ, 
tw o p ipeline clones viz. P 102 and P 026 gave 
be tte r g irth  than  d ro u g h t-to le ran t clone, 
RRII 208. U n d e r  o p tim a l e n v iro n  at 
Chethackal, check clone PB 260 along w ith 
RRII 414 achieved better girth. Six pipeline 
clones gave g irth  w hich was com parable to 
check  clone RRII 430. R egard ing  m ean 
ju v en ile  y ie ld  perfo rm an ce, P 107 gave 
m ax im um  y ield  in the cold environ  w hile 
P 057 was on p a r w ith  check clone RRII 430. 
In add ition  to the above, sixteen p ipeline 
clones perform ed better than region-specific 
check clone RRII 429.

In the d ro u g h t p rone region, check 
clone RRII 430 gave m axim um  yield. Three 
p ipeline clones viz. P 026, P 061 and P 015 
yielded  better than check clone RRIM 600. 
Two pipeline clones viz. P 027 and P 060 gave 
better yield that was comparable to RR IM 600. 
Six p ipeline clones yielded better than the 
re g io n -sp ec if ic  clone  RRII 208. Twelve 
p ipeline clones w ith  superior grow th and 
yield w ere identified as candidate clones for 
c o ld -p ro n e  e n v iro n . S im ilarly , tw elve  
p ipeline clones w ere identified as candidate 
clones for d rough t-p rone environ. Eleven 
p ipeline clones w ere identified as potential 
cand idate  clones for the optim al environ. 
Based on overall perform ance in term s of 
juvenile g row th  and  yield as well as stability 
of th e se  t ra i ts  u n d e r  d ro u g h t an d  cold 
en v iro n s , fo u r p ip e lin e  clones viz. P 020, 
P 026, P 102 and  P 107 and the hybrid clone

RRII 430 w ere found  p o ten tia l clim ate- 
resilient clones. In add ition  to the check 
clone RRU 430, tw o pipeline clones viz. P020 
and P 026 appeared  to possess m ultifarious 
a d a p tab ility  fo r op tim al as well as sub- 
optim al environs.

Fig. Bot. 1. Adaptability o f pipeline clones under cold, 
drought and optimal environs based on 
luvenile growth and yield (2012 planting)

5. P a r tic ip a to r y  e v a lu a t io n  o f  
rubber clon es in  the p ip e lin e

5.1. Source B ush N u rse ries  o f P ipe line  
clones
A t the C entral E xperim ent S tation, 

C h e th a c k a l, 282 p ip e l in e  c lo n e s  w e re  
m aintained in 17 source bush  nurseries.

5.1.1 Phase 1 (2008)
In the two Central Large Scale Trials 

a t CES, com prising  a total o f 25 pipeline 
clones, significant clonal variation in yield 
w as observed in the third year of tapping. 
In LST 1 (Table Bot. 2), the three check clones 
viz. RRll 414, RRII 430 and  RRII 105 had 
c om parab le  y ield . P ip e lin e  clones P 21 
(85.3 g t"' t 1) followed by P 67 (81.7 g t 11 :) 
showed significantly superio r yield over the 
highest yielding check RRII 414 (57.4 g t 1 1  '•).



In LST 2 (Table Bot. 3), RRII 414 recorded 
significantly superio r yield than  the o ther 
check clones. Five clones P 044, P 063, P 064, 
P 066 and P 070 had  yield com parable w ith 
RRII 414.

In B atch 1, th e re  a re  six  OFTs al 
various locations and  in Batch 2 there are 
five locations. A m ong the Batch 1 OFTs, at 
Calicut Estate, M ukkom , highest yield was 
recorded  in P 061 (61 g  t 11 ') follow ed by 
P 021 (60 g t ' t !) and  check clone RRII 430 
(46 g t ' t 1). In M ooply Estate, am ong the 
batch 1 clones, P 015 and P 074 registered 
h ig h e s t  y ie ld  (52.1 a n d  51.5 g t : t ', 
respectively). In OFT at PCK, Athirapilly 
Estate, h ighest vield was recorded in P 060 
(58 g t 1 t ) fo llow ed by th e  check clone 
RRII 430 (57 g  t : t '). DRC w as h ig h e r  in 
P 010 (35.4 %) followed by RRII 430 (33.8 %). 
In  O FT a t  V ith u  ra , h ig h e s t  g i r th  w as 
recorded in RRII 430 follow ed by RRII 414 
and  P 061. H ighest yield w as recorded  in 
P 067 followed by P 015 and RRII 430. P 021 
and P 076 registered m axim um  yield (82.4 
and 7 6 g t 1 f ,  respectively) in Kanyakumari. 
In M undakkayam  OFT, am ong the clones P

067 (33 g f  f )  had su p erio r y ield  compared 
to control RRII 430 ( 2 9 g f ' f ) .

A m ong  th e  b atc h  2 (five locations), 
P 026 (59.8 g t '111) exhib ited  superio r yield 
a t Be Be Estate a t P u n a lu r w h ich  was on par 
w ith  RRII 430 (63 g  f  f '). In the OFT at 
P e r in th a lm a n n a , P 066  (7 7 .7  g f 1 t >) 
re g is te red  h ig h e s t  y ie ld  w h ile  RRII 414 
recorded 49 g  t ' f I n  the OFT a t Shaliacary, 
P 066 (58.5 g  t'1t 1) was found su p erio r which 
was com parable to both  tine check clones RRII 
414 (58.3 g f  t 1) and  RRII 430 (55.7 g f  t '). 
In the OFT at K oottickal es ta te  (2008), P 063 
an d  P 066 perfo rm ed  b e tte r  than  RRII 430 
in the third year of tapping . P 063 recorded 
the highest girth increm ent rate before (7.6 cm) 
an d  on ta p p in g  (3.1 cm ). In  th e  OFT at 
Devagiri Estate, Kanjirappally, P026 showed 
com parable yield w ith  th a t of the top  most 
check clone RRII 414.

Based on  the diree years da ta  from PCE 
trials (2008), perform ance of clones across six 
locations w as sum m arized . Data on  growth, 
yield and  disease tolerance of four pipeline 
clones P 026, P  015, P 063 an d  P 066 were 
found on par w ith check clones (RRII 414 and

Table Bot. 2. G irth  o t clones across locations in  PCE OFTs and LST (2008) Batch I
Clones Parentage Calicut Mooply Athirappalhi Vithura 1Kanyakumari Mundakkavarri CES LST Mean
P0I0 PB 5/51 x RRU 105 54.3 65.3 50.7 61.2 58.6 543 59.9 573
P015 RRU 203:»PB 5/51 48.2 57.8 51.5 58.2 50 47.1 54.0 52.4
P021 RRII 10? x RRII 118 59.1 54.4 53.8 63.4 58.8 49.6 62.2 573
P06Q RRII 105 m 511 50.7 57.4 51.7 40.9 45.7 48.8
P061 PB 28/83 . 54 5 58.7 57.1 64.5 56.9 525 63.8 58.3
P067 PB215 483 553 56.2 62.4 56.7 44.0 55.0 54.0
P068 RRU 105 51,9 58.4 49.0 63.1 55.9 49.6 56.3 54.9
P074 PB 5/51 53.2 58.7 54.3 60.4 56.9 51.2 56.3 55.9
P076 RRil 203 x RRII 105 49.3 49.8 46.4 61.6 54.9 416 49.2 505
P084 RRII 105» PB86 48.6 60,9 58.8 63.8 52.9 46.1 53.8 55.0
P088 RRII 105x RRIC 52 43.7 62.8 51.7 623 56,1 463 54.8 54.0
RRU 105 RRII 105(C) 47.5 58.9 56.0 59.9 57.6 54.2RRII 414 
RRU 430

RRII 414 

RRII 430
<Q
(Q

55
52.1

60.9
57.3

63.1
563

66.3
68.9

58
59.4

553
53.0

60.0

573

59.8
57.8



Table Bot. 3. G irth  o f dones across locations in  PCE OFTs and LST (2008) Batch II
Clones Parentage BcBe, Perinthal- Kootickal Shaliakary Kanjirappally CES LST I Mean

___________  Punalur manna_____________ Punalur Ranni
P026 PB 242 x RRI1105 602 553 585 58 52.9 585 57.2
P015 RRII 203 x PB 5/51 57.8 56.6 55 62 383 54 54.0
P076 RRII 203 x RRII 105 54.9 503 55.1 56.3 42.1 49 513
P078 PB 86 x RRII 203 616 47.2 543 60.4 31 60 52.6
P087 RRII 105 xPB 28/59 57.5 59.8 55.4 59:4 49.1 53.6 553
P062 PB 5/51 53.9 48.2 49.2 56.1 39.9 50 49.6
P063 PB 28/83 65.2 63.6 623 68.3 42.6 63.7 61.0
P065 PB 28/83 54-3 56 SI-5 57.8 34.7 567 512
P066 PB 28/83 543 57.9 54.8 63.8 34 50 525
P069 PB215 54.8 53.2 563 62 41.4 51.5 53.2
P072 Ch 26 57.2 56.4 56 66.6 50.1 523 56.4
RRII 105 RRII105(C) 58.5 533 563 58.1 39.4 54 53.3
RRII 414 RRII 414 (C) 643 64.6 62 68.1 573 62.5 63.1
RRII 430 RRII 430 (C) 64 59.4 59 63.1 387 59 57.2

RRII 430). In te r im  d ise a se  re sp o n ses  
ind icates clone P 015 to  have better ALF 
tolerance am ong the pipeline clones which 
is on par w ith RRII 430 and RRII 414.

In  PCE P h ase  1- Batch 1, th e  clone 
P 061 (polycross progeny of PB 215 exhibited 
v igorous g row th  (54 cm) w hich is on par 
w ith  RRII 430 (57.8 cm), RRII 414 (59.8 cm). 
P 021 (RRII 105 x RRII 118) also show ed 
v ig o ro u s  g ro w th  (57.3 cm ) on  p a r w ith  
RRII 414 (59.8).

In  PCE 1-Batch 2 trial, P066 (polvcross 
p rogeny of PB 28/83) registered m oderate 
g row th  (53 cm) w hile P 015 (RRII 203 x PB 
5/51) also show ed a g irth  of 54 cm when 
com pared  to RRII 414 (67 cm).

5.1.2 Phase 2 (2010)
In  th e  LST a t CES, P 044 sh o w ed  

com parable g irth  w ith RRII 414 (Table Bot. 
4). Seven pipeline clones w ere better than 
RRII 105. C lones RRII 430, P 70, P 64, and  
P 19 h a d  le sse r ALF in fec tion . RRII 430, 
P  19 a n d  P 64 had  very  low ALF infection 
ind icating  th e ir putative tolerance to ALF.

T hough six OFTs were originally laid 
o u t (in 2010), tw o OFTs a t Bethany and

Table Bot. 4. G irth and ALF (%) o f pipeline clones 
____________ in 2010 LST (CES) ____________
Clone Girth

(cm)
ALF
(%)

RRII 414 57 21
P44 56 25
RRII 430 56 12

P80 55 25

P70 54 20

P 54 49 22

P 64 49 17

P 19 48 15

P53 48 28

RRII 105 47 30

P27 47 25

P99 46 58

P92 43 34

P47 42 28

P98 41 31

P94 40 59

P 57 40 58

Shaliacary estates w ere discontinued  du e  to 
Okhi cyclone and land acquisition by the 
government. In the OFT at Pudukkad, P044, 
P 070 and P 019 show ed highest g irth  in the 
10* year of plan ting  (Fig. Bot. 2). The trial 
was opened  in 2017 w hen the trees w ere



seven years old. Based on overall m ean  
yield over th ree years (2017-2019), y ield  of 
P  092 and P 064 with 59 g t ! t ' w as found 
b e tte r th an  RRII 105 (56 g t ' t 1). P 044 
(54 g t ! t ') w as on  p a r  w ith  RRII 105. 
H ow ever, RRII 430 m a in ta in e d  its  
superiority (68 g  t ' t 1). In the OFT 2010 a t 
Vaniampara estate, g irth  of clones varied 
from 50 cm (P 094) to 64 cm (RRII 430) in 
th e  10th y e a r of p lan tin g . T w o p ip e lin e  
clones P 070 and  P 080 h ad  com parable girth  
with check clone RRU 414 (62 cm). The trial 
w as opened far tapping  in the 9!h yea r. Yield 
in th e  f irs t  fo u r  m o n th s  re v e a le d  P 99 
(82 g t ! f ')  as the h ighest yielder, followed 
bv P 94, P  47 and  P 64 w ith  abou t 70 g f '  t ' 
against 67 g  f t 1 for RRU 430. In the Kaliyar 
OFT, P 044 (55 .2  g  t 1 t ’), P 047, P 074 
(61.8 g r 1f 1), P 064 (58.8 g  t ! t 1) an d  P 098 
(76.9 g  t~; t :) w ere found superio r in te rm s 
of yield w hile RRII 430 registered 74.5 g  t'111. 
In O FT a t  M alan k a ra , P 044 (70.9 g t 111), P
064 (74.3 g t : t !) and  P 099 (95.9 g f  - t>) 
re g is te red  v ie ld  su p e r io r  to  RRII 430 (68 
g f  t ')-

Table Bot. 5. G irth  and ALF (%) o f p ipeline clones
____________ in  2012 LST  (CES) ____________________
Clone Girth ALF

(cm) (%)
RRII 417 
RRII 430 
P 110 
P 104 
P 102 
P 114 
P 101 
P 112 
RRII 105 
P116 
P 156 
P 158 
P 142 
P 96

43 11

4? 7
40 is

40 26

38 20

38 21
36 23
36 44

36 21
35 9
35 10
32 ]7
31 21

5.3.2 Phase 3 (2012)

I n  t h e  2 0 1 2  L S T  a t  C E S , s ix  p ip e l in e  
c lo n e s  h a d  b e t t e r  g r o w t h  t h a n  R R II 105 0 f 

w h ic h  P 1 1 0  a n d  P 1 0 4  s c o r e d  m a x im u m  g ir th  
( T a b le  B o t .  5 ) .  F i v e  p i p e l i n e  c l o n e s  w e r e  
in f e r i o r  to  R R II  1 0 5  in  t e r m s  o f  g i r t h i n g .  T h e  

h i g h  y i e l d i n g  R R I I  4 0 0  s e r i e s  c l o n e s  
e x h i b i t e d  b e t t e r  g i r t h ,  t h u s  p r o v i n g  th e ir  
s u p e r i o r i t y  i n  t e r m s  o f  g r o w t h  a n d  v ig o u r .  
T h e s e  t w o  c l o n e s  a l s o  h a d  v e r y  lo w  A L F 

in f e c t io n  s u p p o r t i n g  t h e i r  putative  to le r a n c e  
to  A L F .

I n  P h a s e  I I I ,  t h e r e  a r e  O F T s  a t  fo u r  
lo c a t i o n s .  I n  t h e  C h e r u v a l l y  e s t a t e ,  h ig h e s t  

g i r t h  w a s  r e c o r d e d  i n  R R U  4 3 0  f o l lo w e d  by 
R R U  4 1 7 , P  1 1 0 , P  1 0 2 , P  101 a n d  P  10 4 . A t 

C a l i c u t  E s t a t e ,  P  1 1 0  s h o w e d  b e t t e r  g i r th  
t h a n  R R U  4 3 0  a n d  R R U  4 1 7 . M o s t  o f  th e  
e x p e r im e n ta l  c lo n e s  w e r e  b e t t e r  th a n  R R U  105 

in  t e r m s  o f  d i s e a s e  t o l e r a n c e .  I n i t i a l  y ie ld  
d a t a  s h o w e d  c h e c k  c lo n e s  R R U  4 1 7  a n d  R R II 430 

a s  t h e  t o p  m o s t  y i e l d i n g  c l o n e s  c lo s e l y  
f o l l o w e d  b y  p i p e l i n e  c lo n e  P 1 1 0 . I n  th e  O F T  
a t  K u m b a z h a  e s t a t e ,  P  1 0 2 , P  1 0 4  a n d  P  110 
w e r e  t h e  v i g o r o u s  c l o n e s  o n  p a r  w i t h  th e  
c h e c k  c lo n e  R R II  4 3 0  ( 5 3 .5 c m )  in  t h e  8 lh y e a r  
o f  p l a n t i n g .  T a p p i n g  w a s  i n i t i a t e d  in  t h e  8 '1’ 
y e a r .  P  1 1 2  a n d  P  1 0 4  s h o w e d  e a r l y  h ig h  
y i e ld  i n  t h e  o p e n i n g  y e a r  (> 6 0  g  1 1 t ') .  A t 

S h a l i a c a r v  O F T , c lo n e  P  0 6 6  ( 4 8 .3  c m ) ,  P 156 

(4 8  c m ) ,  R R II  4 3 0  ( 4 9 .4  c m )  a n d  R R U  4 1 7  

( 4 8 .9  c m )  p e r f o r m e d  b e t t e r  i n  t e r m s  o f  
g r o w t h .

5.3.3 Phase 4 (2014)

In  t h e P h a s e 4  L S T  a t  R R II , th r e e  p ip e l in e  
c l o n e s  p e r f o r m e d  b e t t e r  t h a n  R R II  1 0 5  in  
t e r m s  o f  g i r t h  ( T a b le  B o t .  6 ) .  A l l  t h e  th r e e  
R R U  4 0 0  s e r i e s  c l o n e s  p e r f o r m e d  w e l l  in  
t e r m s  o f  g i r t h .

In t h e  Kailiyadu O F T  a t  S h o r n u r ,  P  171, 
P  1 2 9 , P  1 6 8  a n d  P  1 2 0  s h o w e d  s u p e r i o r  

g r o w t h  a f t e r  R R U  4 1 4 , A t  M a n i c k a l  e s ta t e ,  
h i g h e s t  g i r t h  w a s  r e c o r d e d  i n  R R II  4 1 4



Table Bot. 6 . G irth  o f pipeline clones in  2012 LST 
___________ (CES) In phase 4, LST
Clone Girth

(cm)
Clone Girth

(cm)
RRII 414 48.6 P 171 39.6
RRII 417 46.0 P71 39.2
RRII 430 44.7 P 168 39.1
P 129 43.6 P 174 38.8
P 181 42.4 P 185 38.2
P172 41.7 P48 37.8
RRII 105 41.1 P 178 37.3
P 177 41.1 P 182 37.2
P 133 41.1 P 183 36.8
PB 330 41.1 P73 36.7
P 180 40.7 P I 21 34.5
P 120 40.3 P93 32.9
P 184 39.7 P 173 32.0
P 179 39.6 Mean 39.7

followed by RRII 430, P 133, P 129, P 168 
and RRII 417. At Thiruam pady Estate, 
Kozhikode, four pipeline clones (P168, P 133, 
P 126 and P 071) showed better g irth  
compared to RRII 105 and RRII 414 while 
being inferior to RRII 430 and RRII 417. In 
the trial at KFDC, Nettana, clones P 126 and 
RRII 417 with 42 and 37 cm, respectively 
continued to maintain superior performance 
in terms of girth while clones P 129, P 133, 
RRII 430, RRII 105 and RRII 414 followed it 
w ith  33.5, 31.0, 30.8, 29 and 26.8 cm, 
respectively. Clones P 173, P 171, P 177, P 121 
and P 093 had minimum girth (19 to 20 cm). 
In OFT at Bethany estate, Kanyakumari, the 
trees that got bent due to the Okhi cyclone 
were fully straightened by providing proper 
staking. Growth of trees in all the plots 
during the sixth year after planting was 
good. Among the check clones, RRII 430 and 
RRII 105 exhibited a maximum girth of 50 
to 51cm w hile P 071 (selection from 
polycross progenies), P 133 (ortet selection) 
and P 177 (WxA hybrid) had maximum 
vigour among the pipeline clones. At RPL,

Kulathupuzha, initial establishment was 
very poor and the sample size has got 
reduced due to wild animal attack.

5.3.4 Phase 5 (2016)
In the 2016 OFT at Paalali Estate, Tamil 

Nadu, early growth performance of pipeline 
clones and check clones was assessed. Four 
pipeline clones exhibited superior girth to 
the top performing check clone RRII 105. In 
the 2016 trial at KFDC, Nettana, clone 
RRII 105 was found superior in terms of 
girth with 25.5 cm while the clones that 
followed it were P 200, P 226 and P 205 with 
a girth of 18.8,18.2 and 17 cm, respectively. 
Clones RRII 430 and P 218 were the poor 
performers with 11.2 and 9.3 cm girth, 
respectively. In the 2016 trial at SFCK 
Punalur, four plots were badly damaged 
due to fire outbreak. The check clones RRII 
105 and RRII 430 showed comparable girth 
of 21 cm. Clones P 126 and P 202 showed 
vigorous initial growth comparable to RRII 430. 
Five pipeline clones (P 21, P 26, P 64, P 70 
and P 81) and seven popular clones (RRII 105, 
RRII 414, RRII 417, RRII 422, RRII 429, 
RRII 430 and PB 330) are being evaluated in 
the trial. In the 2016 OFT at Cherupittakavu 
Estate, Punalur, RRII 430 was the superior 
performer (25 cm). P 200 and P 207 had 
better girth than RRII 105.

5.3.5. Phase 6 (2019)
In the latest phase of participatory 

trials (Phase 6, 2019), plan ting  of LST 
comprising 19 pipeline clones and three 
check clones was completed in CES. A total 
of 1360 plants were planted with a plot size 
of 8 and six replications. Planting operations 
were also com pleted in four OFTs at 
Kanyakum ari, P unalur, Padiyoor and 
Nettana. A polvbag nursery of these clones 
was also established at RES, Nagrakata to 
lav out a clonal nursery in this region.



6. B re e d in g  fo r  o th e r  s p e c i f ic
objectives

6.1. Breeding for drough t tolerance
In the LST at RRS Dapchari established 

for screening for drought tolerance drought 
influenced, leaf drying was recorded. Clones 
such as P 114 RRII 430, P 192, P 200, P 68, 
P 63, P 225 and P 83 showed comparative 
tolerance in the first exposure the drought. 
In an attempt to develop drought tolerant 
clones for the non-traditional area, the 
drought tolerance capacity of the selected 
progenies, developed through hybridization 
between high yielding clone (RRII 105; 
female parent) and a drought tolerant clone 
(PB 280; male parent) and the reciprocal 
crossing (PB 280 x RRJI 105), were evaluated 
in a clonal nursery trial in RRS, Dapchari. In 
a trial with 40 experimental clones and nine 
control clones, six hybrid clones exhibited 
consistently superior juvenile yield than the 
check clone RRIM 600 during  the peak 
yielding season. Three clones with superior 
yield performance in the peak yielding 
season also exhibited superior yield during 
summer. The highest yielder 96/69 exhibited 
highest girth as well.

6.2. B reeding fo r d isease tolerance
A clonal nursery was planted with 

imported clones, pipeline clones and other 
Hevea species along with epiphy totic clones 
(spreaders) for disease tolerance screening 
as well as yield.

U nder breeding  program m e for 
evolving high yielding clones RRII 105, 
RRII 414 and RRII 430, with tolerance to 
different diseases, hybridization between 
susceptible high yielding indigenous clones 
w ith to lerant germ plasm  accessions 
including other species H. spruceana and
H. camargoana and two wild germplasm 
accessions viz. RO 380 and RO 2871 was 
attempted over a period of three years. In

a d d itio n  to the above, half-sibs were 
collected from a disease tolerant Brazilian 
clone Fx 516. All these progenies were 
evaluated for juvenile growth and yield at 
the age of diree years. In terms of girth, 
family RRII 430 x RO 380 (mean, 29 cm), 
followed by RRII 430 x H. spruceana (23 cm) 
perform ed w ell. Fam ilies RRII 105 x
H.camargoana and RRII 430 x H.spruceana 
showed comparatively lesser growth. With 
reference to juvenile yield, family RRII 414 
x RO 380 showed maximum yield (mean,
65 g f  t lQ) followed by RRII 430 x RO 380 
and RRII 430 x H.camargoana (15 g t_l t '°). 
Progenies of remaining cross-combinations 
had poor mean yield (7-9 g t 1 t'10). The 
m axim um  in d iv id u a l  p ro g en y  yield 
(191 g t 1 t'"1) was obtained from the cross 
RRII 414 x RO 380, followed by a progeny 
of RRII 430 x RO 380 (54 g f  t ,r'). Half-sibs 
of Fx 516 had a mean yield of 17 g t 1 t 'nwith 
maximum individual vield of 56 g t-' t Kl. In 
the first phase of the breeding programme, 
several interspecific and half-sib selections 
possessing better growth and yield potential 
were identified. These selections will be 
evaluated for mature yield and tolerance to 
major fungal diseases.

7. A n a to m ica l in v e s t ig a t io n s
7.1. Wound callus as explant for tissue

culture
Callus tissue developed at the root 

apex during the hardening process of root 
trainer plants have immense potential in 
tissue regeneration and is being utilised for 
root architecture modification. Structural 
organisation and metabolic status of this 
starved tissue may have immense potential 
to be used as explant in tissue culture 
experiments. Root system of three clones 
with known genetic identity was developed 
through layering and transplanted into root 
trainer cup for the production of callus



th rough harden ing  process. In vitro tissue 
regeneration  from this callus in the lab is 
underw ay.

7.2. P etio lar anatom y for identification of 
H evea  clones

D etailed anatomical studies on distal 
pulvinus of Hevea leaves indicated maximum 
diversity  in structural traits with reasonably 
good stability for characterizing the RRII 400 
series clones. S tructu ra l tra its  viz. inter- 
vascular continu i ty, shape of vascular bundles, 
xylem characteristics and proportion of tissues 
in the stele were examined for characterisation 
of eight Vietnam clones introduced through 
IRRDB c lo n e  ex c h an g e  p ro g ram m e. A 
system atic key w as form ula ted  based on 
structural and  morphological traits for clone 
identification.

8 . S tu d ies  on propagation

8.1. D ro u g h t to leran t rootstocks
A study  was initiated at RRS, Dapchari 

w ith  an  aim  to develop  d ro u g h t tolerant 
rootstocks for the non-traditional areas by 
evaluating d ro u g h t tolerance capacity of the 
seedlings in com parison w ith  the seedlings 
fro m  t r a d i t io n a l  a re a s . T he tr ia l  w as 
a b a n d o n e d  d u e  to  d a m a g e  by  ro d e n t 
in festa tion , m ajority  of field p lan ts w ere 
dam aged and  hence.

8.2. M odified  root tra ine r p lan ts  (MRTP) 
fo r d ise a se  con tro l th ro u g h  crow n 
b u d d in g
Root traine r plants w ith  m odified root 

a rc h ite c tu re  (33 n o s.) w e re  ra ise d  in a 
nursery. C row n  bu d d in g  a t the height of 
eight feet w as carried ou t and transplanted 
in to  th e  f ie ld  a m o n g  w h ic h  six p la n ts  
d e v e lo p e d  in to  h e a l th y  sc io n . C ro w n  
b u d d in g  w ith  Fx 516 was carried ou t in 300 
field p lan ts a t RRU.

A n ew  n u rs e ry  e x p e r im e n t w as 
initiated w ith  rubber leaf as explant. More 
than 300 explants w ere p lanted in polybag 
and kept in polyhouse w ith m ist blower. 
Few set of leaves greenness and  m aintained 
for more than two m onths indicating scope 
for modifying the m ethodology further. The 
w ork is in progress.

9. International Clones

9.1 Large Scale Trials
Tw o larg e  sca le  tr ia ls  (LST) w e re  

established at CES, C hethackal w ith  clones 
im p o r te d  fro m  T h a i la n d  (R R IT  226, 
RR1T 251, RRIT 408, RRIT 3604 a n d  
RRIT 3904), Indonesia (IRR 5, IRR 104 and 
IRR 119), China, Vietnam  and  Cam bodia. 
Bud grafting (250) of six im ported clones 
from  C ote d 'Iv o ire  an d  M y a n m a r w as 
u n d e r ta k e n  to  ra ise  su ff ic ie n t p la n tin g  
material to establish Source Bush N ursery 
(SBN) and  In ternational C lone M useum . 
SBN s o f o th e r  im p o r te d  c lo n e s  from  
T hailand , Indonesia, P h ilipp ines and  Sri 
Lanka etc. are also being m aintained a t CES, 
Chethackal.

9.2. In ternational Hevea  C lone M useum
The International Hava  clone museum, 

consisting of high-yielding as well as SALB- 
res is tan t clones im ported  from  d ifferen t 
IRRDB member countries is being maintained 
at RRU Main Campus.

10. Arboreta o f Hevea c lo n es  and
forest sp ecies

The arboretum  of Htvea consisting of 
55 clones as dem onstra tion-cum -research  
p lo t is b e in g  m a in ta in e d  at RRU M ain 
Cam pus, Kottayam. An arboretum  planted 
in the RRII M ain cam pus d u ring  the year



2014 with 63 assorted forest p lan t species 
along with Hevea is also being  m aintained.

11. Upgradation of Prang Besar Clones 
to Category 1 and re lea se  for  
cultivation in the traditional region

A n e v a lu a tio n  of lo n g  te rm  
perform ance of PB clones in  com parison  
with the RRII 105 across 10 field trials over 
a p e r io d  of 25 y e a rs  h a s  p ro v e d  th e  
su p erio rity  o f clones PB 280, PB 255 an d  
PB 314. These clones have dem onstra ted  
yield over 2500 kg ha 1 y e a r1 in sta tion  trials 
and above 2000 kg ha ' y e a r ' in on farm  trials 
thus indicating their superiority over RRII 105 
in both the stages of evaluation. T hese three 
c lo n e s  th e re fo re  m e r i t  u p g ra d a t io n  to 
Category 1 and  release for cultivation in the 
traditional region. H ow ever, a large scale 
evaluation trial o f these clones for the non- 
traditional regions also have to be initiated.

11.1. Region specificity of the promising 
Prang Besar clones

11.1.1. C lo n e  PB 280 p ro v e d  to  be th e  
superior clone am ong the th ree clones with 
3123 kg ha 1 year ! in Station Trials and  2162 
kg ha 1 y e a r ' in O n Farm Trials. C lone PB 
280 topped the list w ith 2642.5 kg h a 1 y e a r1 
in term s of m ean ranking  across trials. PB 
280 is know n to be drough t tolerant and has 
e x h ib ite d  sp ec if ic  .a d a p ta tio n  to  S o u th  
Kerala (Punalur), and K arnataka (N ettana) 
a n d  C e n tra l  K e ra la  (C h e th a c k a l an d  
K o ttayam ). T hough su sc e p tib le  to 
Phytophthora  an d  O idium , th is  c lo n e  is 
to le ra n t to P ink  disease . T app ing  Panel 
D ryness and Corynespora. C lone PB 280 is 
also prom ising in term s of tim ber yield.
11.1.2. C lone PB 255, the highest g irthing 
clone, though third am ong the three selected 
clo n e s  in te rm s  of m ea n  y ie ld  a c ro s s  
locations (2304 kg ha ' y e a r ')  was superior 
m term s of rubber yield in Kanyakum ari,

N ettana, P ad iy o o r a n d  Kottayam  indicating 
specific ad a p ta tio n  to  South  Tamil Nadu 
South  W est K arnataka , N o rth  Kerala and 
Central Kerala regions in the traditional belt. 
E xcep tiona lly  h ig h  y ie ld  o f th is  clone in 
K anyakum ari is notew orthy. This clone is 
tolerant to Corynespora w ith  a low incidence 
of pink  disease and  m odera te incidence of 
TPD.
11.1.3. C lone PB 314 w as the second highest 
rubber y ie lder w ith  2414.5 kg ha 1 y e a r ' and 
was also the second h ighest g irth ing  clone 
ac ross  10 lo ca tio n s . T h is  c lone  w as the 
h ig h e s t  y ie ld e r  in  o n e  lo c a tio n  and  the 
s e c o n d  h ig h e s t  y i e ld e r  in  fiv e  of the 
re m a in in g  n in e  lo ca tio n s . H ow ever, the 
secondary characteristics of th is clone are not 
very prom ising. This clone show s specific 
ad a p ta tio n  for h igh  y ie ld  in South  Tamil 
N adu, C entral Kerala and  N o rth  Kerala.

12. Upgradation from Category 3 to
C ategory 2 o f  IRCA clon es

Category 2 of the plan ting  recommend­
ations includes clones of proven  high  yields 
over long  term  in large scale trials. These 
clones are  re co m m en d ed  fo r p lan ting  in 
com binations of tw o o r m ore  covering up 
to  50 p e r  cent of th e  to tal area  of a large 
hold ing . C onside ring  the h igh  yield and 
g row th  over long term  in statistically  laid 
ou t large scale station trials a t Kanyakumari, 
Chethackal and  Padiyoor, clones IRCA 130 
a n d  IRCA  111 w e re  fo u n d  p ro m isin g . 
A ccord ing ly , th e y  w e re  u p g ra d e d  from 
C ategory  3 to  C ategory  2 o f th e  planting 
recom m endations for the trad itional region.

13. N ew  Projects
13.1. A project on A ltern a tiv e  sources 

of N atural Rubber: S tudies on the feasibility 
o f c u l t iv a t io n  o f G u a y u le  R ubber 
(Parthenium argentatum) as an  alternative 
source of NR in a r id /se m i-a rid  areas  and 
m arginal lan d s of Ind ia ' has b een  initiated.



T he G o v e rn m e n t of In d ia  h as  been 
approached to include Guayule in the import 
perm it list.
13.2. W ith regard  to the new ly initiated 
pro jec t on  p o p u la tio n  im p ro v em en t for 
enhancem ent of yield in Hevea brasiliensis, 
arrangem ents have been m ade to establish 
'Polycross Seed G ardens' w ith about 21 elite 
and prom ising pipeline clones in an area of 
20 ha a t A rasu  R u b b er C o rp o ra tio n , 
K a n y ak u m ari D is tric t o f Tam il N ad u . 
P lan tin g  m ate ria ls  w ere p re p are d  and  a 
p o ly b a g  n u rs e ry  of se lec ted  clones is 
m aintained for planting in the year 2020.

14. S u p p le m e n ta r y  research  for  
clon e evalu ation  trials

14.1. A m ethod  fo r accurate yield determ i­
n ation  from  clone evaluation trials
E stim ation of yield in experim ental 

trees w as a m atter of concern du e  to various

factors. A s im p le , ra p id  a n d  ac c u ra te  
method has been s tandard ized  to estim ate 
DRC. In this m ethod, instant coagulation 
w as d e m o n s tra te d  th ro u g h  a re v e rse  
coagulation  p ro ced u re . T his enab les  to 
address quick m ethod can be im plem ented 
in all the clone e%'aluation trials that require 
an accurate data recording m ethod. Using 
th is  m e th o d , y ie ld  r e c o rd in g  from  
experim ental trees including LSTs and  PCE 
trials of Botany and  G erm plasm  Divisions 
w as carried out successfully.

14.2. M etallic lab e lin g  fo r experim en tal
trees
P a in t m a rk in g  fo r re ta in in g  the 

identity of experim ental clones is expensive 
as it is to be carried ou t annually  in all the 
trees of various field trials. Fo rreducing  the 
cost, durable and legible alum inium  metallic 
labelling was in troduced  and  installed in 
3000 trees of three PCE trials.

G ERM PLASM  D IV IS IO N

T h re e  g en e  pools-the dom esticated  
gene pool, the w ild germ plasm  belonging 
to  th e  1981 IRRDB co llec tio n , a n d  the 
collection of o ther Hevea species, m ake up 
th e  g e n e t ic  re s o u rc e s  o f Hevea b e in g  
conserved at RRII. The focus o fth e  Division 
is on  th e  m a n a g e m e n t  o f th e  w ild  
g e r m p la s m  c o lle c tio n , its  a g ro n o m ic  
evaluation, screening for diseases, d rought 
and cold stress resistance, tim ber latex traits 
and  u tilization  in crop im provem ent.

1. Introduction, conservation and 
docum entation

1.1. D om estica ted  gene pool (W ickham  
collec tion) from  secondary centers
This collection, generally referred to 

as the 'W ickham  clones' as they have mainly

d esc en d ed  from  the o rig in a l W ickham  
collection of 1876, are being conserved in a 
bud w ood nursery (the clone m useum ) at 
RRII, K o ttay a m , an d  th re e  a rb o re ta  
(G erm plasm  G ardens) at CES, Chethackal. 
The clones in the bu d  w ood nu rse ry  are 
being assessed for their tolerance levels to 
the prim ary  leaf diseases. T he a rbo re ta  
serve the prim ary purpose of conservation 
and scientific da ta  collection as and when 
necessary', and  are a source of clonal flowers 
for breeding w hen required.

Among the five IRCA clones evaluated 
from Germplasm Garden 92, clone IRCA 130 
and  IRCA 111 recorded  the highest g irth  
(86.3 and 85.7 cm, respectively) as com pared 
to the control clone RRII 105 (74.2 cm). IRCA



130 was superior to all o ther clones for yield 
(60.6 g  t 11 '). In an arboretum  com prising
20 Wickham clones in G erm plasm  G arden 
94 in the IS1" year of tapping, RRII 23 was 
the highest y ielder (95.0 g t ! t '), followed 
by RRIC 100(80.9g t t :) and RRIM 609 (71.1 
g t '  f 1), com pared  to 49.0 g  t ' t 1 for the 
p o p u la r  c lo n e  RRII 105. RRII 23 a lso  
continued to be the m ost vigorous clone and 
four other clones w ere m ore v igorous than 
RRII 105.

1.2. 1981 IRRDB wild germplasm
This gene pool w as introduced  du rin g  

1984-1990 into the country, an d  is the focus 
of the Division.

1.2.1. Conservation nurseries

The original nurseries estab lished  at 
the tim e of in troduction , continue to serve 
as a sou rce  o f flo w ers  for h y b rid iza tio n  
program m es. T hese accessions w ere re­
established in com pact new  conservation- 
cum -source  b u sh  n u rse rie s  (SBNs) from  
2003 to  2008. T h e  la rg e  n u m b e r  of 
p o te n tia lly  u se fu l ac ce ss io n s  id en tified  
during  the characterization an d  prelim inary 
evaluation  in the juvenile stage for yield, 
yield contribu ting  traits  like latex vessels, 
disease and  dro u g h t tolerance traits  in these 
SBNs, are being pu t into F urther Evaluation 
Trials. S im ultaneously, these selections are 
also being established in separate bud  wood 
n u rs e r ie s  ( th e  G e rm p la s m  W o rk in g  
Collection) in o rd e r to ensure better care and 
accessib ility . So far, 119 p o ten tia l w ild  
accessions hav e  been  e s tab lish ed  in the 
GWC, to w hich potentially useful accessions 
w ill be added  as and  w hen identified.

1.2.2. Hevea turn

A s e p a r a te  Hevea a rb o re tu m  (o r 
H eveatum ), co m p ris in g  all th e  ava ilab le 
genetic resources, is being estab lished  in 
phases at Teksragre farm, Tura, Meghalaya,

w ith  the p rim ary  in ten tion  of en su rin g  an 
in su rance  collection, as well a s  facilitating 
free cross p o llin a tio n  an d  gen e tic  mixing 
betw een  th e  d iffe ren t g en e  pools. So far, a 
total o f 577 w ild  an d  W ickham  accessions 
h av e  been  estab lished  h ere  in five phases. 
A n o th e r  a r b o r e tu m  c o m p r is in g  120 
a c c e ss io n s  e s ta b lis h e d  e a r l ie r , is  being 
m ain ta ined  a t C entra l E xperim en t Station, 
C hethackal.

1.3. O th er Hevea  species

F iv e  s p e c ie s  (H . ben tham iana , H. 
spruceana, H. nitida, H. camargoana ) o ther 
th an  H. brasiliensis an d  tw o  accessions of
H. pauciflora, a re  b e in g  c o n se rv ed  as  an 
arbo retum  estab lished  in 2006 a t CES. Five 
n a tu ra l p u ta tiv e  in terspecific  h ybrids, two
H. brasiliensis  c lo n e s , a n d  FX 516 (an 
in terspecific  cross be tw een  H. brasiliensis 
and  H. benthamiana) have also been planted 
here. Am ong the o ther species, H. pauciflora 
from Sri Lanka, as well as Fx 516 continue to 
show  relatively good yield.

2. Characterization and preliminary 
evaluation
The last th ree trials in the Prelim inary 

Evaluation Trial form at w ere p lan ted  a t RRS, 
P adiyoor in 2000 (A&B) an d  2002. Nine 
relatively high yielding selections from  here 
viz. AC 3131, AC 552, RO 2136, RO 4363, 
RO 1313, AC 567, AC 1964, RO 341, MT 4351 
and RO 210, and  v igo rous accessions for 
tim ber tra its  MT 4219, AC 4140, M T 387, 
AC 647 and  RO 2883 are  being conserved  as 
m ale parents for fu tu re W x A hybridization 
program m es. A m ong this, the high  yielding 
a c ce ssio n  RO 341 w a s  in c lu d e d  in  the 
F u rth e r  E v alu a tio n  T ria l-2 0 1 9  a t  HBSS, 
N ettana. Wild accession RO 4363 of PET 200A 
w as included  in the abiotic stress tolerance 
s tudies of P lant P hysiology Division.



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

Selections from preliminary evaluations 
with 50-80 per cent of the test'tap yield of 
the controls, are evaluated in detail in clonal 
nurseries (CNs), and those with more than 
80 per cent test tap yield of R R II  105, in field 
trials (FETs) at normal spacing.

3.1. Clonal nursery evaluation
Of the three wild accessions(AC 2199 

MT 1056, AC 2027) with good growth and 
test tap yield higher than R R II 105 identified 
from a clonal nursery planted in 2010 at 
Central Experiment Station, accession AC 
2027 was field planted in FET-2019 at HBSS, 
Nettana.

3.2. Further evaluation trials
All accessions with more than 80 per 

cent of the control yield on preliminary 
evaluation, as well as those with potential 
secondary traits, are subjected to detailed 
evaluation in FETs in statistically laid out 
trials at normal spacing. There are currently 
six FETs comprising 117 accessions. Two 
more FETs comprising 23 and 10 selections 
were p lan ted  at CES and Nettana, 
respectively this year.

Twenty-two wild accessions and three 
control clones are  being evaluated for 
growth and yield traits in the FET 2003. 
Accession RO 2629, AC 4149, and AC 716 
continuously recorded the highest yield, 
while RO 2629 recorded the highest girth 
followed by MT 2233 and AC 626 compared 
to the check clone RRII 105. Wild accession 
RO 4146 was included in the abiotic stress 
tolerance s tu d ie s  of P lant Physiology 
Division. Among the 22 wild accessions in 
FET 2005, MT 4788 and MT 43 had the 
highest yields in the 5"' year of tapping, on 
par with check clones RRII 105, and PB 260. 
MT 4788 however is susceptible to ALF 
disease. In FET 2008, RO 2846 (72.1 cm), AC

176 (69.6 cm) and MT 200 (68.4 cm), 
recorded the highest girth in the twelfth year 
of growth as compared to the check clones 
RRII 105 (59.5 cm). Initiated yield monitoring 
in this trial and wild accession AC 176 was 
included in the abiotic stress tolerance studies 
of Plant Physiology Division. Among the 13 
accessions evaluated in FET 2010 at CES, 
Chethackal, there were seven accessions with 
girth higher than clone RRII 105 and none of 
the accessions were superior to check clones 
RRII 430 and RRII 414. A set of 22 selected 
wild accessions along with three control 
clones, in the sixth year of growth were under 
observation in another FET 2013 at CES. The 
wild accession AC 167 recorded die highest 
girth followed by AC 5280 and RO 2784, 
compared to the check clone RRII 105 (28.4 
cm).

3.3. On-farm trials
Selections from FETs are subjected to 

multi location evaluation in On-Farm Trials 
for confirmation of yield potential. The first 
OFT was established in 2010 at five locations 
viz. B.C. Cheruvally estate in Erumely, 
Malankara estate in Thodupuzha, Mooply 
estate in Thrissur, Calicut estate in Kozhikode 
and Bethany estate in Kanyakumari for 
evaluating the performance of the three 
selected IRCA clones (IRCA 130, IRCA 111, 
IRCA 109) and one wild accession (AC 166).

At Mooply estate, Thrissur, among the 
four test clones, wild accession AC 166 
recorded the highest g irth  (57.4 cm) 
followed by IRCA 130& IRCA 111 (52.6cm). 
Among the check clones, RRII 414 (65.6 cm) 
was superior to RRII 430 and RRII 105. Yieid 
recording this year in the trial was affected 
by rain and flood.

At Malankara estate, Thodupuzha 
among the four test clones, wild accession 
AC 166 recorded the highest girth (51.2 cm)



followed by IRCA 130. Among the check 
clones, RRII 414 (62.0 cm) was superior to 
RRII 430 and RRII 105. Among the test 
clones, highest mature yield was recorded 
by IRCA 111 (53.9 g t : t ‘) and the yield of 
wild accession AC 166 was 26.7 g t 1 t . 
Among the check clones, RRII 430 recorded 
the highest yield (59.6 g t ; t : ). AC 166 and 
IRCA 130 recorded the highest g irth  as 
compared to the check clone RRII 105 in BC 
Cheruvally estate and Calicut estate and the 
trees were opened for regular tapping.

4. Screening for stress tolerance

4.1. Screening for biotic stress tolerance
In a 'hotspot' trial at Ulickal nursery, 

Iritty (Kannoor), 41 short listed wild Hevea 
accessions along with two control clones 
were under evaluation for confirmation of 
field tolerance to Corynespora disease.

4.2. Abiotic stress resistance

4,2.1. Drought tolerance

Twenty half-sib progenies selected 
from 40 potential half-sibs of nine clones in 
a Clonal N ursery  eva lua tion  at RRS, 
Dapchari were multiplied and a polybag 
nursery was raised for a bud wood nursery 
of these selections for further multiplication 
of these selections advancing to a large scale 
trial at RRS, D apchari for developing 
location specific clones. But due to Covid- 
19 pandemic, could not visit the station and 
do any further field operations. In the clonal 
nursery' at RRS, Padiyoor with 31 potential 
haJf-sibs of eight clones, six half-sibs from 
three pre-potent clones were selected on the 
basis of test tap yield and growth under 
drought stress. These selections will be 
advanced to LST.

In the further field evaluation of 
selected H m a  clones al RRS, Dapchari in

collaboration w ith Botany Division, the 
g row th  d u r in g  the sum m er and peak 
periods of growth in the 34 selected Hevea 
clones planted in 2007 comprising 23 wild 
accessions, five HP clones and six check 
clones viz. RRU 430, RRII 414, RRII 105 
RRIM 600, RRII 208 and Tjir 1 was assessed. 
Among the wild accessions, highest mature 
yield was recorded by MT 4788 (88.4 g t 1 f )  
followed by RO 2153 (38.1 g t 1 f ) .  Four wild 
accessions also were found to be promising. 
Among the hybrid clones, 93/105 recorded 
highest mature yield of 38.4 g t ' t 1 and the 
check clone RRII 430 recorded highest yield 
among all (72.3 g t-1 f ’) proving its drought 
tolerance. Highest girth was recorded by 
accession MT 1619 (58.3 cm) followed bv MT 
4788 (551.7 cm). Out of five hybrid clones 
evaluated, hybrid 93/105 recorded highest 
girth (51.0 cm). Among the check clones, 
RRII 430 recorded the highest girth of 55.1 
cm. The growth and yield performance of 
these seedlings will be studied for selecting 
p o ten tial recom binan ts of wild and 
Wickham clones.

4.2.2. Cold tolerance

Two trials comprising of sixty four 
wild Hevea accessions along with check 
clones are  u n d e r ev a lu a tio n  for cold 
to lerance at the R egional Experim ent 
Station, Nagrakata, West Bengal. Highest 
girth was recorded in the accession RO 2902, 
Ml 923 and MT 5105 as compared to the 
check clones SCATC 93/114 and RRIM 600 
in Trial I, while accession RO 2727, MT 915, 
and RO 3197 recorded the highest girth 
compared to that of the controls Haiken 1 
and RRIM 600 in Trial 2. Among the wild 
accessions studied, AC 4653, AC 3514 and 
MT 915 recorded the highest yield. Selected 
wild accessions were included in the abiotic 
stress tolerance studies of Plant Physiology 
Division.



5. Screening for timber characteristics
5.1. Field screening

Out of 25 genotypes evaluated for 
growth at RRS, Padiyoor, MT 941, MT 1032 
and AC 650 recorded the highest annual 
girth as compared to the control clone RRII 
118. These accessions also indicated high 
timber potentiality.

6. U tilisa tio n  o f Hevea  g erm plasm

6.1. Hand pollination programmes
A budwood nursery of HP 2009 hand 

pollination programme was maintained at 
CES, Chethackal, involving three wild 
accessions and six cultivated Wickham 
clones, HP progeny and OP seedlings. Six 
promising hybrids and an OP seedling were 
in the process of further evaluation. Ten 
hybrid progenies from two parental 
combinations of 2009 HP at RRS, Padiyoor 
and seven OP seedling progenies of RRII 105 
evaluated  at RRS, Padiyoor were field 
planted for conducting a Clonal Nursery 
evaluation at HBSS, Nettana. A bud wood 
nursery of these selections is maintained at 
RRII campus.

Selected hybrids showing potential 
juvenile yield in the nursery were multiplied 
and planted  in a field trial for further 
evaluation at CES 20. These comprised 20 
resulting from W xA  hybridisations and 13 
of an interspecific cross (H. brasiliensis x
H. benthamiana).

In the 2016 HP, of the 75 surviving 
W x A  hybrids from three W x A  cross 
combinations, progenies of the cross with

the Oidium tolerant parent RO 2871 showed 
the highest vigour and survival percentage. 
The first round of test tapping identified two 
potential high yielders which will be taken 
up for further evaluation after the second 
round of tapping next year.

In the 2019 HP, 48 hybrids obtained 
were planted in the seedling nursery for 
evaluation. In 2020, 1100 crosses between 
eight selected wild accessions and three 
Wickham clones were made, with an initial 
fruit set of 58 (5.3%).

6.2. Open pollinated progeny evaluation
Growth of the surv iv ing  282 OP 

seedlings collected from the fu rther 
evaluation trials FETs 2003 and 2005, which 
comprised preliminary selections from the 
wild germplasm, interspersed with high 
yielding Wickham control clones was 
monitored and will be test tapped next year.

6.3. Phenotyping of mapping population 
for QTL identification
The interspecific mapping population 

was planted in a field trial in a statistically 
laid out design with four replications for 
phenotyping for yield and other traits.

7. O th e r s tu d ie s

7.1. Studies on alternative sources of 
natural rubber yielding plants
Ceara rubber (Manihot glaziovii) - 

Seven germplasm accessions from Palakkad 
region and four plants multiplied through 
stem cutting collected from Vaikom region 
are being conserved at RRII.



ADVANCED CENTRE FOR MOLECULAR BIOLOGY 
AND BIOTECHNOLOGY (ACMBB)

The Advanced C entre for M olecular 
Biolog)' and Biotechnology (ACMBB) set up 
during the XJ!h Plan period is a functional 
grouping of scientists working in the areas of 
Molecular Biology, Biotechnology, Genome 
A nalysis, M o lecu la r P h y sio lo g y  a n d  
Molecular Pathology. This w as mainiv done 
to functionally merge different labs w orking 
in similar areas for better efficiency and saving 
of resources. ACMBB together constitu tes

ab o u t 15 p e r  ce n t o f RRU research . The 
ACMBB conducts research on various projects 
which includes studies on the m olecular basis 
of genetic im provem ent of natural rubber trees 
a n d  b io te c h n o lo g ic a l  in te rv e n tio n s  for 
d e v e lo p in g  G e n e tic a lly  M o d ified  (GM) 
rubber. S tudies a t ACMBB w ould  help to 
sp e e d  u p  c ro p  im p ro v e m e n t, a id in g  in 
d e v e lo p in g  n e w  h ig h  y ie ld in g , clim ate 
resilient and  disease tolerant clones faster.

I. BIOTECHNOLOGY DIVISION

C ro p  im p ro v e m e n t  t h r o u g h  
biotechnological in terven tions is th e  prim e 
objective of research  in the B iotechnology 
D ivision. G enetic transfo rm ation  in rubber 
w as f in e  tu n e d  fo r d e v e lo p in g  H evea  
transgenics in teg ra ted  w ith  agronom ically  
im portan t genes. E xperim ents w ere done 
for incorporation  of genes  w ith  desirab le 
tra its  for im p artin g  en h a n ce d  biotic and  
ab io tic  s tress  to lerance , im p ro v in g  latex 
yield an d  grow th . Perfecting the system  for 
d e v e lo p m e n t o f a n tib io tic  m a rk e r  free  
transgenics w a s also attem pted . Research 
p ro g r a m m e s  a im e d  to  c o m p le m e n t 
conventional b re ed in g  w ere also  carried 
out. O th er th an  these, deve lopm en t and 
perfection of pro tocols for the propagation  
o f e l i te  H evea  c lo n e s  fro m  d i f fe re n t  
explants, deve lopm en t of p lo idy  variants 
m  vitro app roaches for d isease tolerance 
and cloning and  characterization of genes 
are also being envisaged.

1. D e v e l o p m e n t  o f  T r a n s g e n i c  
P l a n t s

1.1. G e n e tic  t r a n s f o rm a t io n  o f  H evea  
brasiliensis  fo r s tress  to lerance

7.2.7. M ultiple gene integration by repeated 
transform ation in  Hevea brasiliensis 
Transgenic cell lines in teg ra ted  with 

both  hm grl an d  M nSO D  t ra n sg e n e  w ere 
m u ltip lie d  a n d  m a d e  e m b ry o g e n ic . 
rro em bryogen ic  m asses w ere proliferated 
an cultured for som atic em bryo induction. 
Low frequency em bryogenesis was observed.

m edia fo rm u la tio n s  w e re  tried  for 
im proving the frequency of em bryogenesis.

1-2. G e n e tic  m o d if ic a tio n  w ith  h m g rl  
gene fo r im proved  latex y ie ld
G e n e tic  t ra n s f o rm a t io n  u s in g  the 

an th e r ca llus of clone RRII 105 p roduced  
three transgenic cell lines. Two cell lines were 
multiplied and presence of the transgene was



m onitored by PCR analysis. Embryogenesis 
was achieved in one transgenic cell line at a 
low frequency. Fresh Agrobacterium infections 
w ere perfo rm ed  using  the callus derived 
from im m ature anthers of Hevea (RRll 430) 
to  d e v e lo p  tra n sg e n ic  p la n ts  as hm grI 
transgene has proved to improve latex yield 
in Hevea hrasiliensis from earlier experiments. 
Infected calli w ere m aintained in selection 
m edium . Transgenic plants developed earlier 
show ing better yield than the control based 
on test tap  d a ta  w ere m ultip lied  by bud 
grafting.

1.3. G e n e t ic  t r a n s fo rm a tio n  o f Hevea
hrasiliensis  w ith  osm otin gene
Im m atu re  an the r were isolated from 

flow ers of th e  clone RRII 105 and cultured 
in c a llu s  in d u c tio n  m ed iu m  as per the 
s tandard  protocol. The calli induced were 
repeated ly  cu ltu red  in proliferation media 
fo llo w e d  by  e m b ry o  in d u c tio n  m ed ia. 
Em bryogenic calli w ere induced after eight 
months of repeated subculture. Embryogenic 
ca lli w e re  p ro life ra te d  a n d  u sed  for 
transform ation.

P ro lifera ted  em bryogenic calli were 
used for Agrobacterium  infection following 
s ta n d a r d  p ro to c o l .  T he u se  of liq u id  
coculture m edium  instead of solid co culture 
w as fo llow ed  an d  th is  could  reduce the 
bacterial overg row th  considerably. After 50 
days, new  calli line em erged and w ere kept 
for proliferation.

A fte r m o le c u la r reco n firm atio n  of 
tobacco osm otin  gene integration, native 
osm otin gene w as am plified from Hevea and 
sequenced  and  com pared w ith the inserted 
gene sequence. The native gene sequences 
w ere dep o sited  in the gene bank.

1.4. D e v e lo p m en t of Hevea transgenics
w ith  IPT gen e for TPD tolerance
G enetic  transform ation  experim ents 

for re g en era tin g  transgenic Hevea p lants

incorporated with iso-pentenyitransferase 
(ipt) gene for enhanced vegetative grow th 
as well as TPD tolerance w ere carried out. 
Agrobacterium tumefaciens harboring the gene 
construct was infected w ith em bryogenic 
callus derived  from leaf tissues initiated 
during  the reporting  year for generating  
more transgenic lines. Several transgenic 
lines incorporated with ipt gene obtained 
could be proliferated and also tested to be 
GUS positive. Embryogenic callus initiation 
and further embryo induction was obtained 
in ea rlie r s tan d ard ized  m ed ium  fo r leaf 
explants. All experim en ts for transgen ic 
callus proliferation and em bryo induction 
w e re  c a rr ie d  o u t in th e  p re s e n c e  of 
Kanamycin (200 m g L '). PCR amplification 
(700 bp) of the isopentenyl transferase gene 
was obtained in transgenic callus w ith  gene 
specific prim ers.

Embryo induction was observed in MS 
medium supplem ented w ith 50 g  L 1 sucrose 
and addition of am ino adds. A m m onium  
nitrate and potassium hydrogen phosphate 
at reduced concentration and  add ition  of 
calcium nitrate favored em bryo induction. 
Addition of stress inducing com pounds such 
as polyethylene glycol (8 g  L~'), and phytagel 
(0.4%) en h a n ce d  the em b ry o  in d u c tio n  
frequency. MS m edium  containing sucrose 
(30 g L ’), B. vitam ins and phytohorm ones 
viz., GA (0.8mg L ’) and IBA (0.2mg L !) gave 
highest embryo maturation and  germination. 
The ipt t ra n s fo rm a n ts  sh o w e d  sev e ra l 
d e v e lo p m e n ta l a b n o rm a litie s . S ev era l 
embryos germinated and some of the shoots 
were bushy. Shoots of such em brovs d id  not 
develop further. The constitutive expression 
of ipt gene by its native promoter might have 
enhanced cytokinin production leading to 
phenotypic abnormalities in the transformants. 
Twelve plants that developed in vitro were 
subjected to hardening. The p lan ts were 
transferred to sterile soilrite and optim um  
humidity was maintained. Three p lan ts that



survived the initial phase of hardening  were 
transferred to big polybags w hich survived 
only for one month. Attem pts for hardening 
of the plants are being continued.

1.5. D evelopm ent of bio tic/ab io tic stress 
tolerant p lan ts w ith  Hsp31 gene
Agrobacterium  m e d ia te d  g e n e t ic  

transform ation experim ents w ere carried 
out to incorporate Hsp31 gene into Hevea for 
abiotic/biotic stress tolerance. Em bryogenic 
callus of clone RRII 105 and  RRII 414 w ere 
u sed  as  ta rg e t tissu e s  fo r n ew  g e n e tic  
transfo rm ation  ex p erim en ts . C allu s  w as 
desiccated by slow  d ry in g  in the lam inar 
flow hood before Agrobacterium infection. 
Putatively transgenic lines em erged  from 
th e  in fe c te d  t is s u e s  w ith  a v e ry  h ig h  
frequency. AH the pro liferating  transgenic 
lines obtained w ere m ain tained  by regular 
subculture since the construct does no t have 
a qualitative marker.

E m bryo  in d u c tio n  a n d  p la n t 
regeneration was also attem pted from earlier 
dev e lo p ed  H sp 3 l g en e  in c o rp o ra te d  
embryogenic callus. Embryo induction with 
n ec essa ry  m o d if ic a tio n s  w e re  trie d  fo r 
enhancing efficiency. Somatic embryogenesis 
and in intro plant regeneration was obtained. 
Five transgenic p lan ts regenerated in vitro 
were transferred to soilrite of which tw o could 
survive only the initial phase of hardening.

1.6. G enetic transfo rm ation  of Hevea for 
enhanced  b io tic  and  ab io tic  stresses 
by the m an ip u la tio n  of ep icu ticu lar 
w ax  th ro u g h  S h in e  (S H N l)  
in teg ra tion

Ab a pre lim inary  step , ep icu ticu la r 
w ax w a s q u a n t i f ie d  fro m  d if fe re n t 
developm ental stages of leaves from H m x  
benthamiam  an d  RRII 105 in tw o seasons 
(w in ter & rainy) from tw o different sources 
(field grow n trees and budded plants) and 
no s ig n .fica n t varia tio n  in wax c o n te n t

am o n g  H.bentham iana  a n d  RRII 105  was 
noticed.

1.7. G e n e tic  t r a n s f o rm a t io n  w ith  S-6- 
PD H  fo r ab io tic  s tre ss  tolerance
To initiate transform ation experiments, 

target tissues w ere generated  w ith  immature 
a n th e r  fo r clones RRII 105 an d  RRII 430, 
C allus w as in d u ce d  an d  pro life rated  and 
e m b ry o g e n ic  c a llu s  a lso  ra is e d . U sing 
s tan d ard  protocol, tran sfo rm atio n  experi­
m en ts  w e re  c a rr ie d  o u t u s in g  tw o  gene 
construct of S-6-PD H  specific to cytoplasm 
and leaf w ith  RRII 430 callus.

1.8. D e v e lo p m e n t  o f  m a r k e r  free  
transgen ics in  H evea brasiliensis

1.8.1. D e ve lo p m e n t o f  m a rk er  fr e e  gene 
construct

A tte m p ts  fo r d e v e lo p in g  th e  gene 
constructs w ith  m arker free system  could not 
give any  positive results. H ence attem pts to 
verify the sequence fidelity' o f the plasmids 
w ere made. Plasm ids b ro u g h t from  Arkansas 
University was extracted an d  used for E. coli 
t r a n s fo rm a tio n . P o s it iv e  c o lo n ie s  w ere 
identified by colony PCR and  glycerol stocks 
w ere prepared . P lasm ids w ere isolated from 
this culture using standard  protocol and send 
for sequencing.

1-9. G ene id en tifica tio n  fo r deve lopm en t 
o f clim ate re s ilien t tran sg e n ic  p lan ts
T he g en o m ic  a n d  cD N A  sequence  

inform ation of the transla tionally  controlled 
tum or protein (TC IP) gene from Hevea clone 
RRIM 600 w as collected. S equences were 
deposited in genbank  u n d e r the MN075137 
and  MK990704.

A project on “ D evelopm ent of Hevea 
t ra n s g e n ic  p la n ts  in te g ra te d  w ith  th e

T^TP ' ° nally  co n tro lled  tu m o r  p ro te in  
UCTP) gene tow ards im proved  vegetative 
g ro w th  an d  to le ra n c e  to  ta p p in g  pane l 
dryness (TPD) syndrom e" w as approved  by



Science and  Engineering Research Board 
(SERB), DST fo r e x te rn a l fu n d in g  and 
attem pts are being m ade to make the project 
functional.

2. P ropagation  of Elite Hevea Clones
2.1. S o m a tic  em b ry o g e n es is  an d  p lan t

regeneration  from im m ature anther,
clone RRII 414
Since som atic em bryogenesis in Hevea 

is s t r i c t ly  d e p e n d e n t  on  g en o ty p e s , 
experim ents on som atic em bryogenesis for 
RRII 400 se r ie s  clones w as ca rried  out. 
Earlier developed  protocol of RRII 414 was 
used  for ca llu s induction  from im m ature 
an the r of clones RRII 105 as well as RRU 414, 
RRII 417 an d  RRII 430. C allus was induced 
in m ed ium  conta in ing  2.0 m g L ' 2,4-D + 2.0 
m g  L 1 BA a n d  p ro life ra ted  in the sam e 
m e d iu m  by  su b -c u ltu re . Em bryogenic 
callus w as obtained  for clone RRII 105 and 
430 and  em bryogenesis attem pted.

2.1.1. Influence o f  calcium on induction o f
callus and embryogenesis
To identify the suitable form of calcium 

at op tim um  level and to address w hether the 
calcium in callus induction m edium affects 
e m b ry o  in d u c t io n  an d  fu r th e r  p lan t 
regeneration, experim ent was repeated with 
selected concentrations. Callus induction 
m edium  w as supplem ented  with both CaCl, 
and C aN O , at th ree concentrations (3mM, 
6mM , 9m M ). Im m atu re an thers (60 nos.) 
w ere d issected ou t and inoculated in each 
com bination and  experim ent was repeated 
tw o  t im e s . C u ltu r e s  w e re  k ep t u n d e r  
da rk n ess  for tw o m onths. A fter 50 days, 
cu ltures w ere evaluated for callogenesis and 
resu lts revealed that both forms of calcium 
responded m ore or less equally. By increasing 
calcium to 6mM, friability w as increased and 
very friab le ca llu s ob tained  at 9mM. For 
op tim izing  the exact concentration, friable 
callus induced  from each combination were

sub-cultured to em bryo induction medium 
and kept for embryogenic calli formation /  
embryogenesis.

2.1.2. Influence o f  coconut w ater on callus 
induction
A prelim inary attem pt was m ade to 

test the effect of coconut water(CW ) at three 
levels (0, 5, 10%) for callus induction from 
im m ature an ther of clone RRII 105. After 
50 days of culture, observations w ere m ade 
and it was show n that CW yielded good 
response for callogenesis. Based on the 
observations, ex p e rim en t w as re p eate d  
twice with 60 anthers/com bination.

2.13.E nhancem ent o f  so m a tic  em bryo  
induction: A  comparison o f solid  w ith  
liquid medium
To im prove the quality and  quantity  

of somatic embryos, a liquid cu lture phase 
was experimented. Embryogenic callus was 
transferred  to liqu id  m edium  for one to 
seven days w ith half strength  of em bryo 
induction  m edium . A fter each day, the 
c a llu s  w as c u l tu re d  to  s o lid  e m b ry o  
induction m edium  lacking horm ones along 
w ith  so lid  e m b ry o  in d u c tio n  m e d iu m  
containing horm ones as control k ep t for 
embryogenesis.

2.1.4. Encapsulation o f  somatic embryos and 
synthetic seed production 
S y n th e tic  see d s a re , en c a p su la te d  

somatic embryos covered w ith a protective 
coating formed by Na alginate and  CaCl, 
solution. In earlier attem pts few em bryos 
were obtained, bu t the quality' w as no t good. 
To find out the ideal hydrogel and  its exact 
com bination, experim en ts w ere in itia ted  
with 16 com binations of Na alginate (1-4%) 
and  CaC12 (50-200mM) a t fou r d iffe ren t 
concentrations. P relim inary experim ents 
w ere carried ou t w ith  nodal e x p la n ts  to 
id en tify  th e  exact c o m b in a tio n  a n d  
experiments are being repeated.



2.2. Som atic em b ry o g e n es is  from  lea f
explants
Callus induction in cu lture leaves of 

clone RRII 105, RRII -114 and  RRII 422 was 
c a rr ie d  o u t. R ate a n d  t im e  o f c a llu s  
induction was found to vary  w ith  the clone. 
As reported earlier, callus proliferation with 
change in tex tu re w as ach ieved  th ro u g h  
re p e a te d  s u b c u l tu re  in  m e d iu m  w ith  
gradual increase in cyo tk in in \ auxin  ratio  
and sucrose concentra tion . The effect of 
d iffe re n t c o n c e n tra tio n  o f a d e n in e  
h em isu lfate (0-300 m g L ’)  in th e  ca llu s  
in d u c tio n , p ro l i fe ra t io n  a n d  e m b ry o  
in d u c tio n  m e d iu m  w a s a lso  s tu d ie d . 
Towards the end  of the subcu ltu re period 
fo r c a llu s  p r o l i f e ra t io n  a n d  te x tu re  
im p ro v em en t effec t o f s tre s s  in d u c in g  
com pounds such as poly  eth y len e  glycol 
and  phv tage l at d iffe ren t concen tra tions 
w ere also supplem ented  in th e  m edium  for 
induction of embryogenic callus. Embryogenic 
callus induction and somatic embryogenesis 
was obtained  in th e  ea rlie r s tan d ard ized  
m edium  in RRII 105 and  RRII 414. Stress 
inducing  co m pounds in the p ro liferation  
and  em bryo induction  m edium  triggered  
form ation of em bryogenic callus. Presence 
of adenine hem isufate at a concentration of 
30 m g L in the callus induction m edium ,
100 mg I  in the callus proliferation medium  
andI 185 mg L ! in the em bryo  induction  
m edium  favored embryogenesis. The am ino 
a c id s , a s p a ra g in e  an d  L -g lu ta m in e  a t 
different concentrations was supplem ented 
in the em bryo induction medium. Frequency 
of em bryo induction could be enhanced by 
the presence of asparagine (150 m g L ') and 
g lu ta m in e  (800 m g  L ') in th e  em b ry o  
induction m edium . Somatic embryos after 
one week cu ltu re in m atu ra tio n  m edium  
w ere subjected to slow desiccation. Presence

inf. 31 dm erenl concentration also
influenced germination of somatic embryos 
of w hich 0.5 m g L-  was found to b e X

op tim um . G erm ina tion  of the desiccated 
em bryos w as carried ou t in W PM  medium 
s u p p le m e n te d  w ith  p h y to h o rm o n es, BA 
GA and IB A. In vitro p lan t regeneration was 
obtained  in MS m ed iu m  con ta in ing  BA and 
GA. A c c lim a tiz a tio n  o f th e  p la n ts  was 
a t te m p te d  in  s o i l r i te  u n d e r  h u m id ity  
controlled conditions w here the plants could 
surv ive the initial h ard en in g  phase.

2.2.1. E ffect o f  s a l ic y l ic  a c id  on som atic
em bnjo induction

T he e x p la n ts  w e re  p re tre a te d  with 
differen t concentra tion  o f salicylic acid (0-5 
m g  L ') a lo n g  w ith  p h y to h o rm o n e s  BA, 
N A A  an d  2,4-D  fo r fiv e  m in u te s  before 
c u ltu re  in itia tio n  to  s tu d y  its  effec t on 
em bryo  in d u c tio n . It w a s o b se rv ed  that 
callus induction  w ith  im p ro v ed  tex tu re was 
obtained  in 20 per cen t of the cu ltu res and 
g o o d  s w e ll in g  w ith  p ro e m b r y o  like 
pro trubances observed  in 10 p e r  cen t of the 
cultures. To stu d y  th e  effect o f salicylic acid 
on em b ry o g e n ic  ca llu s  in d u c tio n  it was 
supp lem en ted  in ca llus in d u ctio n  m edium  
a t d ifferen t concentra tion  (0-5m g L ') along 
w ith  th e  p h y to h o rm o n e s  BA, 2,4-D and 
NAA. A dd ition  o f 2.0 m g  L 1 salicylic acid 
m the callus induction  m ed iu m  an d  1.0 mg 
L in the callus p ro liferation  m ed iu m  had a 
syn erg is tic  effec t on e m b ry o g e n ic  callus 
in itia tio n  from  th e  p r o l i f e ra te d  ca llu s . 
Experim ents are being  repeated .

2.3. Ex v i tr o  a d v e n t i t io u s  ro o t in g  fo r
p ro d u c tio n  of se lf-ro o ted  clones

Som atic p lan ts o f d o n e  RRII 105 iv m  
established in n u rse ry  as stock p lan ts  and 
green ud grafted  p lan ts  w ere generated .

ese ud  g ra fte d  p la n ts  m a in ta in e d  in 
p o  y a g s  in  th e  g la s s  h o u s e  w ere 
experim ented for ex vitm  rooting. Ev vitro 
roo tng o seedling  shoo ts w ere also tried 
simultaneously. Experiments w ere continued



to identify suitable conditions and potting 
m ed ium . H o rm o n e  pu lse  w ith  different 
com binations of phy tohorm ones such as 
BA ,TD Z, IBA A N D  NA A  at d iffe ren t 
concentration w ere tried for different time 
intervals. The shoots w ere transferred to 
sterile soilrite as well as mixture of sand and 
soil (1:1) for ex vitro rooting under hum idity 
control. A d v en titio u s  root induction was 
observed in seedling  shoots and few clonal 
shoots in a horm one com bination of BA, IBA 
and N A A  as  well as, TDZ, IBA and NAA. 
E xperim ents are being repeated.

3. In d u c tio n  o f p lo id y  v aria tion  in 
H e v e a  b ra s il ie n s is  th ro u g h  in  
v itro  tec h n iq u e s

3.1. D e v e lo p m e n t  o f h o m o z y g o u s  
d ip lo id s  in  Hex>ea

3.1.1. Embryo sac culture fo r  the development 
o f  gynogenic haploids
T he c lo n es  iden tified  for initiating 

new  hap lo id  cu ltu res during  the reporting 
period w ere RRII 105, RRII 414, RRII 429 and 
PB 330. E m bryo sacs w ere isolated from 
m ature , u n opened  female flowers of these 
clones using the standardized technique and 
c u l tu r e d  fo r  c a llu s  in d u c tio n . It w as 
observed  tha t callus could be obtained in all 
the clones, though w ith different frequencies 
of callus induction , w ithin four m onths of 
c u ltu re . T h e  tim e  sp a n  taken  for callus 
initiation varied am ong the different clones, 
PB 330 being  the fastest responding clone 
w hich took h a rd ly  one m onth for haploid 
callus induction . A fter proliferation the calli 
w e re  s u b -c u ltu re d  fo r em b ry o g e n esis . 
E m erg en ce  o f e m b ry o g e n ic  ca llu s  w as 
observed in all the clones except RRII 429. 
Somatic em bryos have been induced in the 
clone PB 330. Som e of the germ inating  
em b ry o s  o f th is  c lo n e  are  in th e  p lan t 
regeneration  stage.

From the haploid cultures of previous 
year, plantlets could be regenerated from 
both RRII 105 and RRII 414. Regenerated 
p la n tle ts  w ith  m a tu re d  lea v es  w e re  
subjected to hardening. Success rate during  
hardening was m ore in the clone RRII 414, 
compared to that of RRII 105. Plantlets from 
both the clones survived the initial phase of 
hardening . H ow ever, up  on transfer to 
polybags filled with top soil for the second 
stage of hardening, only those p lan ts from 
RRII 414 could survive. Subsequent field 
establishment also could be achieved for this 
clone. Repeated cytological analysis of leaf 
sam ples from different w horls du rin g  the 
co u rse  of p la n t g ro w th  from  th e  filed  
e s ta b lish e d  its  h a p lo id  n a tu re  w ith  a 
chromosome count of n=18. This is the first 
report of field es tab lishm en t of h ap lo id  
p lan ts  w ith  confirm ed  p lo id y  in Hevea 
brasiliensis through em bryo sac culture.

The callus obtained from the em bryo 
sac ce lls  of Hevea c lo n e  RRII 422 w as 
co n firm ed  as  h a p lo id  th ro u g h  flow  
cytom eter studies. Somatic em bryogenesis 
was achieved from the em bryogenic masses 
developing from callus cultures. Embryo 
in d u c tio n  effic ien c y  w a s 32 p e r  ce n t. 
M aturation of the em bryos w as achieved in 
half strength MS medium  containing BA (1.0 
mg L';) and NAA (0.3 m g L 1). M atured 
embryos w ith bipolar differentiation w ere 
ob served  in h a lf s tre n g th  MS m ed iu m  
supp lem en ted  w ith  K inetin  (1.5 m g L ') 
along w ith GA^ (1.0 m g L'1).

3.2. D evelopm ent of po lyplo ids
E m b ryogen ic  c a llu s  b e lo n g in g  to 

clones RRII 105, RRII 414 and PB 330 w ere 
s u b jec te d  to  co lc h ic in e  t r e a tm e n t  by 
culturing the calli over callus proliferation 
medium  enriched w ith  different levels of 
co lch ic ine fo r d iffe re n t tim e  in te rv a ls . 
Emergence of new callus could be obtained 
from all the clones w ithin three m onths after 
the colchicine treatment. These calli have



been proliferated and transferred to em bryo 
induction medium for further development.

4. In vitro  approaches to com plem ent 
conventional breeding programmes

4.1. Induction of Polyem bryony

4.1.1. Development o f uniform seedlings
In o rd e r to deve lop  a p a th w a y  for 

developing  uniform  seed lings of kn o w n  
parentage, in vitro pollination experim ents 
w ere c o n d u c te d . In f lo re sc e n c e  w e re  
collected from field grow n trees and  the cu t 
end was dipped in distilled water. Stigm atic 
pollination  was ca rried  o u t w ith  freshly 
opened flowers. A fter 48 h, flow ers w ere 
sterilized and fertilized ovules w ere isolated 
using standard  protocol and  inoculated in 
the media.

S im u lta n e o u s ly , in  v itro  o v u la r  
p o llina tions w ere also  ca rrie d  o u t using  
isolated ovules. Em bryogenic calli emerged 
from  one fertilized  o v u le  re su lte d  from  
stigmatic pollination. S im ultaneously fruits 
w ere collected from  the field one to tw o 
w eeks afte r po llina tion  an d  ovu les w ere 
iso la ted  a f te r  su r fa c e  s te r i l iz a tio n  and  
cu ltured. Results aw aited.

^ield recording in the polvem brvonv 
derived plants was continued. The first year 
>ield data recording was completed in the field 
planted polyembryony derived seedlings. Poly 
p lants had lowest CV am ong all treatments 
indicating their better uniformity.

s . / n - v i t r o  s c r e e n in g  o f  r u b b e r  
c lo n es  fo r d isease  to le rance

5.T. In  v itro  a p p ro a c h e s  to  im p a r t  
C orynespora Leaf Fall D isease (CLFD) 
tolerance in  H evea brasiliensis

5.1.1. I,, v i tr o  se lec tio n  o f  C o ,y„ esp or„

r L h Z  J T S Rl<"  105 and
M U  414 through toxin challenge

D uring the previous year, experim ents

w ere in itia ted  w ith  RRII 105 w hich is the 
m ost popular, h ig h  y ie ld ing  clone which at 
th e  sa m e  t im e  is s u s c e p tib le  to CLFD 
E m b ry o g e n ic  ca lli  w e re  c u l tu re d  over 
m ed iu m  fortified  w ith  d iffe ren t levels of 
cassiicolin toxin. A fter six w eeks in culture, 
the su rv iv ing  to leran t calli w ere proliferated 
in toxin free m ed ium  an d  again  exposed to 
the toxin for an o th e r six  w eeks afte r which 
they w ere transferred  to  toxin free m edia for 
f u r th e r  d e v e lo p m e n t in c lu d in g  em bryo 
induction , su b seq u e n t em bryo  germ ination 
and  p lan t regeneration. Regenerated plants 
w e re  su b je c te d  to  a c c l im a t is a t io n  by 
transferring  to earthenw are  pots filled with 
potting m ixture consisting of top soil, sand 
and Soilrite in equal p roportion . Plants which 
su rv ived  the initial stage o f h a rden ing  were 
then transferred to big poly  bags containing 
top soil and  kept u n d er partia l shade. Later 
the plants w ith  a t least tw o w horls o f m ature 
leaves w ere field p lan ted  an d  m ain tained  
w ith  re g u la r w a te rin g  a n d  m an u rin g  for 
further foliage developm ent. A ttem pts have 
also been initiated for m ultiplication of the 
field established plants th rough  bud grafting.

S im ultaneously, d u rin g  the reporting  
period, the sam e experim en ts  w ere carried 
o u t w ith  a n o th e r  e lite  c lone  RRII 414 by 
e x p o sin g  e m b ry o g e n ic  ca lli to  d iffe ren t 
levels of cassiicolin toxin. P lant regeneration 
from the toxin challenged  calli h as  already  
been ach ieved  for th is c lone  an d  fu rth e r 
experim ents are in p rogress.

5.2. L a b o ra to ry  le v e l  c o n f irm  a t io n  of 
to lerance  o f th e  re g en era ted  p la n ts  
tow ards C oryn ispora lea f fall d isease 
(CLFD) - Leaf w ilt b ioassay

In o rd e r  to  c o n f irm  w h e th e r  th e  
p la n t ie ts  re g e n e r a te d  fro m  th e  to x in  

a i tu a te d  c u ltu re s  h a v e  a c q u ire d  the 
d esire d  to le ra n ce  to w a rd s  cassiico lin , a



laboratory level experiment was performed 
using detatched leaves of the field established 
plants.

Leaf wilt bioassay was employed for 
testing the disease tolerance of the field 
established somatic planLs raised from toxin 
challenged callus com pared to the 
unchallenged control plants of RRII 105. In 
this assay, healthy young leaflets of light 
green stage were excised from both the 
experimental and normal plants and placed 
in McCartney bottles containing the toxin 
in such a way that the cut end of the petiole 
was im m ersed  in the toxin solution. 
Simultaneously leaflets of the same stage 
from both experimental and normal groups 
were placed in bottles containing sterile 
distilled water which served as the control. 
The leafle ts  w ere incubated at room

tem perature and wilting intensity was 
assessed after 24 hours. Leaves of the 
normal plants exhibited browning and 
curling up of leaf tips followed by necrosis 
after 24 hours of toxin treatment whereas 
the leaves of the experim ental p lants 
remained intact without any signs of wilting 
even after 24 hours of toxin treatment. In 
other words, leaves of the control plants 
differed from leaves of experimental plants 
derived from selected calli by greater degree 
of aggressiveness in w ilting intensity. 
Leaves from plants belonging to both the 
groups subjected to the control treatment of 
immersing in sterile distilled water showed 
no signs of wilting. These results reveal that 
the p lants regenerated from toxin 
habituated plants have acquired certain 
level of tolerance towards CL.FD.

II. G ENO M E ANALYSIS LABORATORY

O ngoing  research projects in the 
Genome Analysis Laboratory are grouped 
under four major areas of research viz. (1) 
development, optimization and validation 
of m olecular tools for the assessment of 
gene tic  d iv e rs ity  and evo lu tionary  
re la tio n sh ip s  in ru b b er and genetic 
linkage m ap p in g  (2) developm ent of 
genetic m arkers for biotic and abiotic 
stress tolerance and understanding the 
stre ss  a d a p ta t io n  processes through 
transcriptom e analysis (3) cloning and 
c h a ra c te r iz a tio n  of agronom ically  
important genes and (4) rubber genome 
sequencing and de-now  assembly. Besides 
the  ab o v e  research  p rogram s a 
collaborative project has been initiated 
w ith CS1R-NEERI on conversion  of 
tropical forests to rubber plantations in

Kerala and its im pact on the soil 
environment and different eco-restoration 
strategies.

1. Developm ent, optim ization and  
validation of m olecular tools for 
the assessment of genetic diversity 
in rubber, clonal identification and 
genome mapping

1.1. Single nucleotide polymorphism s 
(SNPs) in Hevea

1.1.1. SNP identification and haplatype 
structuring in the latex biosynthesis 
gates of Hevea brasiliensis 
Phosphomevalonate kinase (PMVK) is

a key enzyme in the rubber biosynthesis 
pathway which catalyzes the conversion of



mevalonate 5-phosphate and ATP to 
mevalonate 5-diphosphate and ADP leading 
to the  synthesis of IPP, the m onomeric 
subunit of natural rubber. Identification of 
variants and alleles of the gene encoding this 
enzyme is important in understanding the 
evolution of rubber biosynthesis genes in 
Hevea and for utiliz ing  them  in crop 
improvement programs for developing high 
yielding clones. A highly distorted PMVK 
gene indel locus associated with a short viral 
gene sequences was identified in Hevea. The 
presence of this indel allele was screened in 
popular clones, wild accessions, two hybrid 
progeny populations and five Hevea species. 
Frequency of the deletion allele was very 
high in natural population (wild accessions 
and species) whereas in popular clones, 
insertion allele frequency was higher. The 
progeny populations also showed distorted 
allele segregation with high frequency ot 
insertion allele. Probably, se lective  
breed ing  and sh ared  ancestry  of the 
popular clones may be responsible for this 
trend. On the contrary m eiotic drive 
characteristics of the deletion allele which 
is almost free of viral sequences may be 
responsib le  for its  high frequency in 
naturally occurring populations.

2.1.2. Development o f a rapid clone identification 
system based on SNP markers 
Fifteen popular clones were selected 

for genotyping using gene specific SNP 
primers. Genotyping was performed using 
three SNP markers and data was compiled 
In order to identify novel unique SNPs, 
selected region from genes like HMGR.’, 
HMGS and REF were amplified from the 
genomic DN A of 15 clones. Sequencing and 
b io in torm atics analysis revealed the 
presence of one new SNP from HMGR gene 
Sequence analysis of REF and HMGS gene 
is in progress.

2 . Characterization o f stress-tolerant 
clones o f Hevea u sin g  molecular 
markers and understanding gene 
regulation under abiotic stresses

2.1. Characterisation of NAC promoter 
seq u en ce  and d ev e lo p m en t of a 
microsatellite m arker
Genetic variations in gene promoters 

play key roles in the determination of gene 
expression and phenotypes, and transactivation 
regulation  of nearby  genes due to 
polymorphic short tandem repeats (STRs) in 
p rom oter sequences has a lread y  been 
reported. Therefore, allelic polymorphisms 
observed between RRIM 600 and RRII 105 in 
NAC-tf promoter sequence reported last year 
may have a regulatory role on differential 
expression of NAC-tf Although evidence to 
su p p o rt STRs as fu nctional elem ents 
continues to accumulate, little information is 
know n about how they operate. A 
microsatellite primers was designed to perform 
allelic profiling of the above short tandem 
repeat (STR) at the upstream of the promoter 
sequence of the NAC-tf gene from Hevea with 
the intention of developing it as a marker for 
abiotic stress tolerance. Microsatellite P C R  
reactions were set for 36 popular clones to 
assess the allele s ta tus of their NAC-tf 
m icrosatellite locus. The experim ent to 
screen the alleles is in progress.

2.2. M ethy la tion  d ynam ics o f Hevea 
hrasiliensis genome

2.2.1 . Identification o f  epigenetic markers fo r  
abiotic stress in Hevea 

Bisulfite converted promoter region 
sequences of REF and H M GS  from 24 DNA 
samples derived from the clone RRII 105, 
RRIM 60U and RRIC 100 before imparting 
t e stress, after two weeks of giving stress 
and one month post stress were analysed 
using bioinformatics tools to identify DNA



methylation changes associated with abiotic 
stress. C onsistent CG and CHG methylation 
ch a n g e s  b e fo re  a n d  a f te r  s tre s s  w ere 
observed in the prom oter region of HMGS 
gene. Only CG methylation patterns changes 
w ere d e te c te d  in REF p ro m o te r region 
a n a ly se d  a n d  c o n s is te n t  clone specific 
patterns could  not be located. Sequencing 
of m o re  c o lo n ie s  re q u ire d  as the Sinic 
bisulfite conversion quality  of REF promoter 
region was not satisfactory for some samples; 
sequencing of additional colonies has to be 
carried out.

23. F unctional genom ic s tudies in Hevea

2.3.1 Identification and validation o f fungal 
transcripts obtained from  Hevea root 
transcriptom e data

T h e  p re s e n c e  o f tw o  A rb u sc u la r 
M ycorrhizal Fungal (AMF) transcripts in the 
root tissue of Hevea was confirm ed bv root 
trancrip tom e analysis. Tissue specificity of 
the tran sc rip ts  w as estim ated by RT PCR 
using root, bark  and  leaf RNA. Gene specific 
am plification an d  sequencing revealed that 
transcript-1 hav e  82 per cent homology to a 
h y p o th e t ic a l  p ro te in  o f Rhizophagus 
irregularis an d  transcript-2 have 64 per cent 
h o m o lo g y  to  a h y p o th e tic a l  p ro te in  of 
Diversispora epigaea (b o th  are  AM fungi 
u n d e r Glomeraceae fam ily). Prelim inary 
re s u lts  o b ta in e d  c le a r ly  in d ic a te  the 
presence of beneficial AM fungi within the 
root tissues of rubber. In order to verify their 
association w ith  p lan t age, attem pts were 
m ade to  d e te c t th e ir p resence in root of 
rubber p lan ts  of d ifferen t age (5 m onths to 
5 years). T he experim en t is in progress.

3. C lo n in g  and characterization of 
agronom ically  important genes

3.1. C lo n in g  a n d  c h a ra c te r iz a t io n  of 
W IN1/SH N 1  gene from Hevea 
INDUCER1/SHINE1 (W IN l/SH N l) is

a transcription factor of the ethylene response 
factor (ERF) family. This transcription factor 
is know n  to tr ig g e r  e p ic u tic u la r  wax 
produc tion  thereby  en hancing  d ro u g h t
tolerance in several plants. A ttem pts were 
made to amplify two isoforms of W IN  genes 
(WIN1 and WIN1X) from the genomic DNA 
of clone RRII 105 and H. benthamiana. As 
predicted from w hole genom e sequence 
data, a 750 bp am plicon was obtained for 
WIN2 gene. Similarly a 870 bp fragment was 
obtained from both the genotypes for WIN1X 
isoform. Sequence analysis of W IN  gene 
isoforms revealed that both the isoforms had 
significant sequence variations in the tw o 
genotypes. Both the genes had one intron 
near the 5' end. Intron size was different in 
bo th  th e  g en o ty p e s  fo r W IN 1 X  g en e  
whereas WIN1 intron was of the sam e size. 
Sequence an a ly sis  of W IN1  g en e  from  
RRII 105, RRII 414, RRII 430 a n d  H 
benthamiana revealed the presence of 11 SNPs. 
Sequencing also establish the presence of an 
SNP induced prem ature stop codon in one 
allele of W IN! gene in RRII 105 which m ight 
have tran sla te d  to a tru n ca ted  p ro te in . 
Further analysis to characterize them  is in 
progress.

3.2. C lo n in g  an d  c h a ra c te r iz a tio n  of 
O sm otin gene from Hez>ea 
O sm otin is a s tre ss  responsive  

multifunctional basic protein belonging to 
PR-5 protein family providing osmotolerance 
to plants. Genomic region of Heiva osmotin 
gene was amplified and sequenced from the 
done RRII 105. Sequence analysis revealed 
that the gene is intron less in nature. Two 
different alleles were obtained from RRII 105 
with five single nucleotide changes. O ut of the 
five, three single nucleotide variations were 
non-synonymous. Both the sequences were 
submitted to genbank (Acc. No. MN683520 
and MN683521).



4. M e ta g e n o m ic s  and  m icro b e  
identification in rubber eco sy s­
tem s (Collaborative project with 
CSIR-NEERI)

T h e  f u n g a l  I T S  r e g i o n  w a s  

s u c c e s s f u l l y  a m p l i f i e d  f r o m  a l l  t h e  1 3 0  
s a m p l e s  u s i n g  f u n g a l  IT S  r e g i o n  s p e c i f i c  
p r im e r s .  L ib r a r ie s  w e r e  c r e a t e d  u s i n g  th e  

a m p l i c o n s  d e r i v e d  f o r  N e x t  G e n e r a t i o n  

S e q u e n c e  (N G S )  a n a ly s i s .  G o o d  q u a l i t y  r a w  

s e q u e n c e  d a t a  w a s  d e r i v e d  f r o m  113 
s a m p le s  a n d  b i o i n f o r m a t i c s  a n a l y s i s  i s  in  
p r o g r e s s  t o  d e r i v e  u s e f u l  i n f o r m a t i o n  f r o m  
th e  d a t a .

5. D e v e lo p m e n t  o f  g e n e t ic a lly  
m o d if ied  ru b b er p la n ts  w ith  
agronom ically desirab le  traits

5.1. M o le c u la r  c h a r a c te r i s a t io n  o f 
transgenic lines developed

5.1.1. E s tim a tin g  th e  s i te  o f  g en o m ic  
in teg ra tio n  o f  M nSO D  gene in the  
transgenic M nSO D plants developed by 
RRII

D e t a i l e d  m o l e c u l a r  c h a r a c t e r i s t i c s  o f  
f l a n k i n g  s e q u e n c e s  o f  i n s e r t i o n s  p l a y  a n  

im p o r t a n t  r o l e  in  t h e  s a f e t y  a s s e s s m e n t  o f  

g e n e t i c a l l y  m o d i f i e d  c r o p s .  I t  i s  a l s o  

e s s e n t i a l  t o  u n d e r s t a n d  w h e t h e r  n a t i v e  
g e n e s  a r e  d i s r u p t e d  d u r i n g  th e  p r o c e s s  a n d  

to  p r e d i c t  a n d  a s s e s s  i t s  i m p a c t  o n  th e  p l a n t  
d e v e l o p m e n t  a n d  f u n c t i o n .

I n  o r d e r  t o  i d e n t i f y  t h e  f l a n k i n g  
s e q u e n c e s  o f  o n e  l i n e  o f  t h e  M n S O D  

t r a n s g e n i c  r u b b e r  p l a n t  d e v e l o p e d  b y  R R II ,

a PCR based  re s tr ic tio n  d igestion  library 
m ethod  w as follow ed. G enom ic DNA from 
the transgenic p lan t w as isolated and  three 
d iffe ren t restriction endonuc lease  digestion 
lib raries w as created . Respective adaptors 
w ere ligated to th e ir en d s and  nested PCR 
am plifica tion  w as p erfo rm ed  using  adaptor 
based  p rim ers  and  gen e /co n stru ct specific 
prim ers from 5' as well as 3 ' ends. Secondary 
am plification, purification  of am plicons and 
cloning  is in progress.

6. Genome sequencing and de- 
novo assembly of rubber (Hevea 
brasiliensis) genome

6.1. Transcriptome sequencing

6.1.1. D ifferen tia l Gene Expression  (DGE) 
Screening

A total o f 829 d ifferen tially  expressed 
genes  w'as id en tified  b e tw e en  YA (Latex 
from  h igh  y ie ld ing  g e rm p la sm  accession) 
an d  YC (Latex from  low  y ie ld in g  clone) 
sam p les  w ith  s tr in g e n t h o m o lo g y  search 
crite ria  ag a in st Ricinus com munis protein 
data  set.

T ranscript quantifica tion  by RNA-Seq 
using  E xpectation M ax im izatio n  m ethod 
and  d ifferential expression  ana lysis using 
E m p iric a l A n a ly s is  o f  D ig ita l  G ene 
Expression Data in R y ie lded  a total o f 435 
transcrip ts betw een N (Bark sam p le  from 
healthy plant) and  T (Bark sam ple from TPD 
p lan t - 20, 50 and  80 p e r cent TPD sam ples 
pooled together) sam ples. T hese transcripts 
w ill be fu r th e r  a n n o ta te d  a n d  screened  
using  hom ology search.
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P la n t P a th o lo g y  D ivision  research 
focuses on m onitoring the pests and diseases 
of rubber and  their m anagem ent through 
c hem ical a n d  b io lo g ic a l  m e th o d s, 
e v a lu a tio n  o f  n e w  c lo n e s  fo r d isease  
resistance, identification of genes involved 
in d is e a s e  to le ra n c e ,  id e n tif ic a tio n  of 
quantitative tra it loci for disease tolerance, 
understanding  the biotic etiology of tapping 
panel dryness,beneficial m icroorganisms for 
plant g ro w th  and  d isease m anagem ent etc. 
In add ition  to the focus areas of research, 
the D iv ision  takes up  testing of spraying 
equipm ent, p lan t protection chemicals and 
an a ly sis  o f w a te r  sam p les  fo r bacterial 
population. Training on disease management, 
m a in ten a n ce  o f  s p ra y  e q u ip m e n t and 
apiculture are the other activities undertaken 
by the Division.

A d v iso ry  on  d isease  m anagem en t 
th ro u g h  d ire c t  fie ld  v is its , te lep h o n ic  
advisory, W h a ts  A p p  and  O nline Rubber 
Clinic w ere also undertaken  by the Division. 
During the rep o rtin g  year 1220 cases were 
attended through  W hat Sapp and telephonic 
advisory. 387 w a te r sam ples w ere analysed 
for m icro b ia l c o n ta m in a tio n  d u rin g  the 
reporting year.

1. Leaf d isea ses

L l. A bnorm al lea f fall disease
Survey o n  abnorm al leaf fall disease 

was carried o u t d u rin g  2019 disease season 
in Kerala and  South  K arnataka and it was 
observed tha t leaf fall incidence was low 
irrespective o f c lo n e s  a n d  reg ions. No 
difference w as observed  betw een the clone 
RRI1105, RRII 414 and  RRII 430.

im p a c t o f  ab n o rm a l lea f fall d isease 
(ALF) on g ro w th  a n d  y ie ld  w as d iffe ren t 
am ong th e  c lo n e s  R R ll 414, RRII 422,

RRII 429 and PB 260 giving varying results.
severity of ALF disease in general was 

low during 2019. Among the clones, 70-90 
p e r cent leaf fall w as re c o rd e d  in 
unprotected blocks of RRII 414, RRII 422, 
RRII 429 and PB 260. The girth and yield of 
the trees in the sprayed blocks continued to 
be significantly higher in clones RRII 429, 
RRII 414 and PB 260.

Yield variation was recorded am ong 
the clones due to ALF at CES Chethackal. 
ALF was more in the clone RRII 429 (25.3%). 
The crown budded trees in CES, Chethackal 
recorded higher yield than control clone (PB 
260). The yield loss data is presented  in 
Table Path. 1.

Table Path.I. Yield loss due to abnormal leaf fall 
____________disease
Clone Yield loss (%)
RRII 414 13.6?
RRII 429 24.38
RRll 422 20.20
PB 260 20.07
Grown bud 31.13

1.2. Corynespora disease

2.2.2. Disease management
N u rse ry  e v a lu a tio n  o f b io ag e n ts  

(endophytic bacteria) and integrated control 
against Corynespora leaf fall disease on the 
clone RRII 105 was carried ou t at Ulickal 
nursery. The endophytic bacteria (8LK) were 
a p p lied  as b ro th  ( I x l fm L ‘) a n d  ta lc  
formulation with carbendazim (500 mg) and 
Thiophonate methyl. The integrated treatment 
(carbendaz im  0.025% + A n tagon istic  
endophytic bacteria in broth (lxlOsmL ‘) was 
on par with recommended chemicals (Table 
Path. 2). The disease intensity was recorded 
at 0-5 scale.



Table Path. 2. Effect of in tegrated  treatm ent on
Coynespora leaf fall disease

Treatments Disease
Intensity

Kndophvtic bacteria * Carbendazim 0.025"; 0. 7

Carbendazim (0.®%) 1.2

Control 3.3
Thiophonate methyl (0.04%) + 
Endophytic bacteria 0.2

Thiophonate methyl (0.07%) 0.4
Endophytic bacteria alone 0.6

CD (P=0,05) 0.3

Evaluation of new generation fungicides, 
Propineb, Thiophonate m ethyl along  w ith 
recom m ended fungicides an d  in teg ra ted  
treatm ent w ith endophy tic  bacteria (8LK) 
were carried out a t Karnataka State in tw o 
locations during  2019-20 disease seasons. The 
endophytic bacteria w ere applied in broth 
( lx l0 8m L':) and talc form ulation. Am ong the 
treatments, integrated treatm ent was found 
significantly superior to all o ther treatm ents 
in controlling the d isease in 2020 d isease 
season. The new  fungicide Propineb  was 
found effective in tw o locations. The results 
from 1 oca don 2 (Kaniyoor) are given in Table 
Path. 3.

Table Path.3. Effect of teatments on the control of
____________Corynespora disease
Treatments j -
 ------- —;— _______ . ______________ Intensity
Endophytic bacteria +Thiophonate 
methyl (0.035%) 0 3
PropinebflgL ) 0 4

Endophytic bacteria •* Carbendazim (0.025%) 0,3 

Carbendazim (0.05%) j j

Thiophonate methyl (0.07%) 0 ,
Endophytic bacteria I 0
Control
CD (IMJ.05) ~  ----------- ~ ------

7.2.2. W hole genom e sequence o f  virulent
Corynespora isolate
Identified the v iru len t genes from the 

whole genom e data  of a v iru len t Corynespora 
i s o la te . T h e  p r e d ic te d  p r o te in s  were 
s e a rc h e d  a g a in s t  D a ta b a s e  o f  Fungal 
V irulence Factors (DFVF), a comprehensive 
online database  of kn o w n  fungal virulence 
factors using  b last p , w hich  collected 2058 
pathogenic genes p ro d u c ed  by 228 fungal 
s t r a in s  fro m  85 g e n e ra .  1026 p ro te in s  
( a p p ro x im a te ly  1 0 % ) o f  th e  o rg an ism  
m atched aga inst the d ata b ase  w ith  e value 
<0.0001. 229 (approx im ate ly  22%) proteins 
w e re  c la ss if ie d  as  le a f  s p o t  associa ted  
virulence factors of the m ap p ed  genes which 
is p re d o m in a n t in rubber.

1.3. P ow dery  m ild e w  d isease

P o w d ery  m ild e w  d ise a se  incidence 
w a s o b se rv e d  to  b e  low  in  th e  2019-20 
d isease  season . A b io -d u s t d eve loped  with 
e n d o p h y t ic  b a c te r ia  a lo n g  w ith 
re c o m m e n d e d  fu n g ic id e , ca rb en d a z im  
(0.025% /kg) d u s te d  p ro p h y la c tic a lly  on 
RRII 105 t r e e s  a t  C E S, C h e th a c k a l. 
T re a tm en ts  w e re  im p o se d  a t e ig h t days 
in te rv a l .  N o d is e a s e  in c id e n c e  in  the 
experim en tal area (D isease escape).

1.4. C o lle to trichum  C ircu la r Leaf Spot

T he c ircu lar leaf sp o t sym ptom  and 
le a f  fa ll w a s r e p o r te d  d u r in g  M ay  to 
N o v e m b e r 2019 in th e  trad itio n al rubber 
grow ing areas. The pathogen is identified as 
Colletotrichum sp p . H e a v y  lea f fall was 
observed in the infected plantations of mature 
and im m ature area. The sym ptom  is pin spot 
with yellow /brow n halo initially w hich turns 
white discolored round spot on the mature 
leaf and later leading to leaf fall (Fig. Path. 1). 
The sym ptom  size varies betw een 1-8 mm 
diam eter. D uring  the re p o rtin g  year, die
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disease incidence observed in the plantations 
of Thrissur, ldukki, Kottayam, Emakulam, 
Pathanamthitta districts and Punalur region. 
Disease appeared  after the sum m er rains and 
the season w as from  M ay to  November.

In f e c t io n  w a s  on  m a tu re  leaves. 
Infected leaves w ere w ith  discoloured white 
spots (1-3 cm  in d iam eter). Leaf yellowing 
and d a rk  ro u n d  in fec tion  s tarts  in early 
m onsoon. C erta in  infected spotted  leaves 
rem ained on th e  tree  for the whole year. 
In term ittent rain  and  d ry  spells increase the 
disease incidence. All recom m ended clones 
were su sce p tib le  to  this disease. Disease 
spread  w a s fro m  low er leaves to u p p er 
w hirls.and the leaf fall observed from lower 
m ature leaves an d  sp reads to upper whirls. 
A round 3000 sam ples wrere observed, and 
in all the sam ples Colletotrichum spores were 
present. D isease incidence reduced  in the 
sp rayed  a re a s  in th e  o b se rv a tio n  trials. 
Spraying o f w a te r based fungicides at seven 
days in terv a l w a s fo u n d  effective in  in 
controlling th e  disease.

1 .5 . T h r e a d  b l i g h t  d i s e a s e

A survey on the incidence and severity 
of thread blight disease was undertaken  in 
the Pala, Thodupuzha and Kotham analam  
regions in 2019-20. T he inc idence  and  
severity varied from 10-60 per cent and the 
highest incidence was observed at Kaliyar 
region.

2. Tapping panel dryness (TPD)

Experiment was conducted at RRII and 
Central Experimental Station Chethackal. 
Trees were selected for daily tapping  and 
graded them into TPD /healthy by visual 
observation. The trees w ere m onitored  
continuously for TPD incidence and grouped 
to TPD affected, p a rtia lly  affec ted  and  
healthv. The affected trees were treated with 
1000 ppm  Tetracyclin in the tapping panel 
daily. Bark tissue from the affected region 
and healthy region w ere processed and 
observed under microscope and confocal 
scanning m icroscope. The tissues w ere



s ta in e d  w i th  n u c l e a r  f l u o r e s c e n t  s t a i n  B i s -  
b e n z a m id e  (F lu o r e s c e n t  n u c l e a r  s t a i n - m i n o r  

g r o o v e ) .  T h e  te tr a c y c l in  (l(MX) p p m )  t r e a t e d  
T P D  tr e e s  s h o w e d  f r e s h  la te x  p r o d u c t i o n  in  
t h e  p a n e l  T h e  m ic r o s c o p ic  e x a m i n a t i o n  o f  
t h e  p h lo e m  r e g io n  s t a in e d  w i t h  C o n g o  r e d  
r e v e a le d  t h a t  t h e  a f f e c t e d  p h l o e m  r e g i o n  
w a s  b lo c k e d  w i th  c a lJ o s e  d e p o s i t s .  H e a l t h y  

r e g io n  w a s  t o t a l l y  f r e e  f r o m  c a l lo s e  d e p o s i t .  
T h e  s e c t i o n s  f r o m  t h e  T P D  p l a n t s  s h o w e d  

n u c l e a t e d  o r g a n i s m s  in  t h e  s i e v e  t u b e .  A t  
th e  s a m e  t im e ,  t h e s e  o r g a n i s m s  w e r e  t o t a l l y  
a b s e n t  in  h e a l t h y  s i e v e  t u b e s .

3. QTL m arker d e v e lo p m e n t fo r
disease tolerance

3.1. Leaf diseases

3.1.1. Abnormal leaf fa ll disease

G lo b a l  a n a ly s i s  o f  r u b b e r  t r a n s c r ip to m e  

in  r e s p o n s e  t o  Phytophthora i n f e c t io n ,  u s in g  

r e s i s t a n t  (FX  51 6 )  a n d  s u s c e p t ib l e  ( R R IM  600) 
c l o n e s ,  i n  b o t h  c o n t r o l  a n d  p a t h o g e n -  

c h a l le n g e d  c o n d i t i o n s  w a s  u n d e r t a k e n .  N G S  

s t u d y  p r o v i d e d  u n d e r s t a n d i n g  a b o u t  t h e  

d i f f e r e n t i a l l y  r e g u la t e d  g e n e s  a n d  i l l u s t r a t e d  

c r i t i c a l  p a t h w a y s  i n v o l v e d  a t  d i f f e r e n t  

s t a g e s  o f  d i s e a s e  d e v e l o p m e n t  a t  v a r y i n g  
t im e  p o in t s .  T r a n s c r i p t i o n  f a c to r  g r o u p  w e r e  

u p - r e g u la t e d ,  w h ic h  c o u ld  b e  a s s o c i a te d  w i th  

e n h a n c e d  im m u n i t y  a g a i n s t  t h e  p a th o g e n .  

U p - r e g u l a t i o n  o f  d i s e a s e  r e s L s t a n t  p r o t e i n  
a s c e r t a in e d  a b o u t  c lo n a l  r e s p o n s e  to  p a th o g e n .  

In c r e a s e  in  c a r b o h y d r a t e  m e ta b o l i s m  s h o w e d  

in d u c t io n  o f  d e f e n c e - r e l a te d  g e n e  e x p r e s s io n  

a n d  r e p r e s s i o n  o f  p h o t o s y n t h e s i s .  U p -  

r e g u la t i o n  o f  c h i t in a s e ,  b e ta - g lu c a n a s e ,  a n d  

g e n e s  in v o lv e d  w i th  p r o te o ly s i s  p r o v e d  a b ili  ty  
o f  r e s i s ta n t  h o s t  to  d e g r a d e  p a th o g e n  ce ll  w a l l  

c o m p o n e n t s .  P a th o g e n e s i s - r e l a t e d  p r o t e i n s  
w e r e  c o n f i r m e d  t o  b e  s y n t h e s i s e d  a n d  

a c c u m u la t e d  w i t h  t im e  to  p r e v e n t  i n v a s io n  

a n d  e s t a b l i s h m e n t  o f  p a th o g e n .  P R  2  (2- l ,3 -

g lu c a n a se ) , PR 3 (c h it in a se )  and  PR 7 
(endoprotease) w ere found to be released to 
plant intercellular space. Catalyse degradation 
of structural com ponents in the cell walls of 
pathogen  w as estab lished . Transcriptional 
regulation estab lished  its role in defending 
infection from  p rogressing  in the resistant 
clone. V alidation th ro u g h  qRT-PCR assays 
as well as u sing  m ore  n u m b er of tolerant 
clones is in p ro g ress  to  confirm  differential 
regulation of transcrip ts upon  infection with 
p athogen .

O ne h u n d re d  W ickham  clones were 
tested  for their to lerance to  Phytophthora bv 
d eta ch ed  lea f d isc  assa y  u s in g  zoospore 
suspension. T he clones w ee categorized into 
5 g ro u p s  based  on  th e ir  re sp o n se  to the 
path o g en s. Ten clones w e re  found  to be 
h igh ly  to leran t, 20 w ere to leran t, 26 were 
m o dera te ly  to le ra n t, 34 w e re  susceptible 
and  10 w ere h ighly  susceptib le. O ne more 
ro u n d  o f s c r e e n in g  is  in  p ro g r e s s  for 
confirm ation.

3.1.2. Corynespora lea f disease

O ne h u n d re d  an d  six ty  fou r Wickham 
clones w e re  tes ted  fo r th e ir  to lerance  to 
Corynespora th ro u g h  leaf w ilt bioassay using 
toxin iso la ted  from  Corynespora cassiicola. 
Twelve clones w ere identified  to  be highly 
to le ra n t,  45 to le r a n t,  50 m o d e ra te ,  43 
s u s c e p tib le  a n d  14 h ig h ly  su sc e p tib le . 
Tw enty six clones recently  im ported  from 
five d ifferen t coun tries th ro u g h  the IRRDB 
clone ex c h an g e p ro g ra m m e  (e ig h t from 
V ietnam , five  from  T h a ila n d , five from 
China, five from  C am bodia an d  three from 
In d o n esia ) w e re  tes ted  fo r th e ir  level of 
to lerance. A m ong th e  e ig h t clones from 
V ietnam, fou r w ere found to be tolerant to 
Corynespora. All five clones from  Thailand 
show ed m odera te to high levels of tolerance. 
A ll fiv e  c lo n e s  b o th  fro m  C h in a  and 
Cam bodia w ere found to be h ighly  tolerant



whereas the th ree Indonesian clones were 
m o d e ra te ly  s u s c e p tib le /  to le ra n t to 
Coyrnespora.

,3.2.3. Colletotrichum lea f disease

O ne hu n d re d  and  sixty four Wickham 
clones w ere tes ted  for th e ir tolerance to 
Colletotrichum th ro u g h  leaf w ilt bioassay 
using tox in  iso la ted  from  Colletotrichum 
acutatum. O f the 164 clones tested, 10 were 
highly to leran t, 32 w ere tolerant, 52 were 
m oderate, 54 w ere susceptible and 14 were 
highly suscep tib le to Colletotrichum. A total 
of 26 in ternational clones recently imported 
from five d iffe ren t countries through the 
IRRDB clone exchange program m e (eight 
from V ietnam , five from Thailand, five from 
China, five from  C am bodia and three from 
Indonesia) w e re  tes ted  for their level of 
tolerance to Colletotrichum. Among the eight 
clones from  V ietnam , tw o w ere susceptible 
to Colletotrichum. All five clones each from 
T h a ila n d , C h in a  a n d  C a m b o d ia  w ere 
suscep tib le  to  Colletotrichum. The three 
In d o n e s ia n  c lo n e s  w e re  m o d e ra te ly  
susceptible/ to leran t to Colletotrichum.

4. Construction o f genetic linkage 
m ap, m a p p in g  o f  quantitative  
trait lo c i and  d ev elo p m en t of 
h ig h  th r o u g h p u t m arkers for 
early detection o f leaf diseases of 
rubber

Disease response of pa rents and progeny 
population derived from an interspecific cross 
between Hevea brasiliensis (clone RRII 105) as 
the maternal parent and H. benthamiana (clone

F4542) as the paternal parent to three major 
pathogens: Phytophthora meadii, Corynespora 
cassiicola and Colletotrichum acutatum were 
carried out in controlled laboratory conditions. 
Tolerance to Colletotrichum and Con/nespora 
was evaluated through leaf wilt bioassay 
using toxin isolated from the respective 
pathogen. Tolerance to Phytophthora was 
estimated by detached leaf disc assay using 
zoospore suspension. They were categorized 
into five groups namely highly tolerant (HT), 
tolerant (T), moderately tolerant/ susceptible 
(M), susceptible (S) and highly susceptible 
(HS) based on their response to each pathogen. 
As genotypic data generated  u sin g  next 
generation sequencing platforms may contain 
errors which can significantly im pact the 
analysis of data, additional data filtering 
methods were employed to effectively remove 
these errors before performing analyses w’ith 
v ary ing  phen o ty p es  u sin g  the sam e 
population. Linkage m ap w as constructed 
w ith  the filtered  g en o ty p ic  d a ta  w hich 
grouped into 18 linkage groups, consistent 
with the chromosome number of Hevea (m=18). 
QTL markers were identified for all three 
diseases. Genotypes at two markers in LG 1 
and four markers in LG 8 distinguished highly 
resistant progeny. Two progenies possessed 
all three resistance genes and could be useful 
in pyramiding the resistance. Genetic analysis 
iden tified  p a thogenesis-re la ted  p ro te in  
coding sequences in QTL regions. Candidate 
gene sequences identified could be useful in 
designing primers for resequencing of these 
genes and could be useful in pathogenesis 
related gene isolation.



T h e  m a jo r  a r e a s  o f  r e s e a r c h  in  t h e  
P l a n t  P h y s i o l o g y  D iv i s i o n  a r e  s t u d i e s  o n  
p h y s i o l o g y  o f  g r o w t h  a n d  y i e l d ,  

e n v i r o n m e n t  a n d  s t r e s s  p h y s i o l o g y ,  g e n e  
e x p r e s s i o n  a n a l y s i s  in  r e l a t i o n  to  r u b b e r  

b i o s y n t h e s i s ,  l a t e x  f l o w ,  e t h y l e n e  
b io s y n t h e s i s  a n d  s ig n a l l i n g  a n d  s t u d i e s  o n  

e c o lo g ic a l  im p a c t  o n  r u b b e r  c u l t i v a t io n .

C l o n a l  r e s p o n s e s  w e r e  s t u d i e d  i n  
H e v e a  u n d e r  h i g h  a n d  l o w  t e m p e r a t u r e  

s t r e s s e s  in  t e r m s  o f  e x c e s s  l i g h t  m a n a g e m e n t  

a n d  o t h e r  s t r e s s  a d a p t i v e  m e c h a n i s m s .  

M a n y  w i ld  g e r m p l a s m  a c c e s s i o n s  a n d  o r t e t s  
s e l e c t e d  f r o m  d i f f e r e n t  a g r o - c l i m a t i c  

c o n d i t i o n s  w e r e  e v a l u a t e d  f o r  t o l e r a n c e  to  

e x t r e m e  c l im a t i c  c o n d i t i o n s .  O b s e r v a t i o n s  
i n d i c a t e d  t h a t  A g a r t a l a  s e l e c t i o n s  w e r e  
s u p e r i o r  t o  o t h e r  o r t e t s  f o r  g r o w t h  v i g o u r  

a n d  t e s t  t a p  y i e l d .  F i e ld  a p p l i c a t i o n  o f  a  
p l a n t  g r o w t h  r e g u l a t o r ,  k n o w n  a s  

p a c l o b u t r a z o l e  ( P B Z )  a n d  e v a l u a t i o n  o f  

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

r u b b e r  p l a n t s  i n d i c a t e d  t h a t  b e t t e r  t r u n k  

g i r t h  in  a  t r e a t m e n t  w i t h  P B Z @ 0 .2 5 g c m - l  
d i a m e t e r .  G e n e  e x p r e s s i o n  a n a l y s e s  w e r e  

c a r r i e d  o u t  t o  u n d e r s t a n d  e t h y l e n e  
m e d i a t e d  s ig n a l  t r a n s d u c t i o n  a n d  e t h y l e n e  
b i o s y n t h e s i s  in  d i f f e r e n t  r u b b e r  c lo n e s  w i th  

v a r y i n g  r a t e  o f  m e ta b o l i s m .  O v e r a l l  l i f e  t im e  

e m i s s i o n  p o t e n t i a l  o f  v a r i o u s  r u b b e r  
f a r m i n g  a c t i v i t i e s  i n  t h e  t r a d i t i o n a l  
p l a n t a t i o n  r e g i o n  w a s  a c c o u n t e d  t o  b e  
a r o u n d  2 7  M T  C 0 2 h a  .

1 . E n v ir o n m e n ta l  an d  S tr e s s  
P h y sio lo g y

1.1. S tudies on adaptive m echanism s in 
H evea for d ro u g h t and  cold stresses 
A n  e x p e r im e n t  w a s  c o n d u c te d  w i th  a n  

o b je c t iv e  to  s t u d y  th e  a d a p t i v e  m e c h a n i s m s

o f ru b b e r  p la n ts  fo r d r o u g h t  an d  cold 
stresses. Polybag  p la n ts  of d ifferen t clones 
w ith  c o n tra s tin g  resp o n ses  to  d ro u g h t and 
c o ld  s t r e s s e s  w e r e  r a is e d  a t  RRU 
ex p e rim en ta l fa rm  an d  w e re  subjected to 
stress  co n d itio n s . A s a m ea su re  of excess 
lig h t m an a g em en t in  p la n ts  u n d e r  stress 
xan th o p h y ll cycle p ig m e n t an a ly sis  was 
ca rried  o u t in six d iffe re n t H evea clones 
o f  v a r y in g  c o ld  to l e r a n c e .  M arked  
v a ria tio n s  in  ca ro ten o id  p ig m en ts  content 
am o n g  th e  ru b b e r c lo n e s  w e re  observed 
in response  to  low  te m p e ra tu re  stress. The 
p r o p o r t io n s  o f  x a n th o p h y l l  p ig m en ts  
(n e o x a n th in , z e a x a n th in ,  v io lax an th in , 
lu tein  an d  2-caro tene) w e re  large ly  altered 
by cold s tress. A m a rk e d  a n d  s im ila r level 
o f  i n c r e a s e  in  z e a x a n th in  and 
a n th e ra x a n th in  c o n te n ts  w a s observed  in 
clones RRIM 600 an d  RRII 422. Stressed 
le a v e s  s h o w e d  a n  in c r e a s e d  to tal 
ca ro ten o id s  to to tal ch lo ro p h y ll ra tio  (X+C 
/  C hi a+b) w h ich  w a s c o rre la te d  w ith  a 
h ig h e r  x a n th o p h y l l  p o o l  to  to tal 
c h lo ro p h y ll ra tio  (V+A+Z /  C h lo ro  a+b) 
an d  a h ig h e r  lu te in  to  to ta l ch lorophyll 
ra tio . T his in fe rred  an  e n h a n ce d  level of 
pho to  p ro tec tio n  u n d e r  stress  condition  as 
bo th  xan th o p h y ll p ig m e n t poo l a n d  lutein 
p ro tec t the p h o to sy n th e tic  a p p a ra tu s  from 
p h o to - o x id a t iv e  d e s t r u c t io n .  U pon 
a llow ing  co ld  s tre s s  recovery , clones like 
RRII 208, RRU 430 a n d  RRII 422 show ed 
be tte r re g ro w th  w h e re a s  RRII 105 did not 
sh o w  an y  recovery  from  tw o  w eek  period 
of co ld  s tre s s . In th e  ca se  o f  d ro u g h t 
recovery all the clones sh o w e d  regrow th 
and  clones RRII 429, RRII 430 an d  RRII 422 
had  new  b ra n c h  d e v e lo p m e n t. F u rther 
an a ly sis  of d a ta  is  b e in g  c a rr ie d  o u t to 
classify  the clones for re la tive d ro u g h t and 
cold to lerance  p o ten tia ls .



1.2. Studies on drought effects on Hevea 
in relation to oxidative stress and 
antioxidant responses
G erm p lasm  accessions namely, MT 

5100 and  MT 4788 and a few elite clones 
namely, RRII 105, RRII 208 and RRIM 600 
w ere raised a t RRII farm. Drought stress 
was im posed  by w ith d raw in g  irrigation. 
A nalysis of x an th o p h y ll cycle pigm ents 
u n d e r c o n tro l  a n d  d ro u g h t  co n d itio n s  
revealed significant variations am ong the 
p ig m e n t c o m p o n e n ts  of x an th o p h y lls . 
However, there w as not m uch variation in 2 - 
ca ro tene c o n te n t in con tro l and  drough t 
im posed plants. The ratio of zeaxanthin to 2- 
carotene w as found increased under drought 
condition in all the clones studied. Excised 
leaf w a te r lo ss level w as alm ost sam e in 
MT 5100 an d  MT 4788. A m ong the elite 
clones RRII 208 show ed relatively a small loss 
of w ater con ten t from mesophyll tissue than 
other clones.

1.3. Physiological adaptation of selected 
ortets u nder varying agro-dimatic 
conditions in India
A m u lti-lo c a tio n  tria l w ith  sixteen 

o r te ts  s e le c te d  fro m  five  d iffe ren t 
ag roclim atic  reg io n s of India along  with 
seven check clones w ere p lanted at three 
different locations in 2012 is continued in 
w hich CES, C hethackal being  one of the 
locations. T he y o ung  plants were allowed to 
grow in a closed  p lan ting  design till four 
years a f te r  th a t  a lte rn a tiv e  p lan ts  w ere 
rem oved to a llow  norm al spacing for the 
plant grow th . M ean girth  recorded for ortets 
during M arch 2020 ranged from 28.1cm for 
o rte t N G K  69 to  46.9 cm fo r RRSA 98 
(Agartaia selection) w hich was on par with 
that of check clone RRII 430 (46 cm). Three 
years consecutive test tap yield indicated that 
o rte ts  RRSA 98 fo llo w e d  by RRSA 585 
recorded h igher yield and  NGK 69 and DAP 
34 re c o rd e d  th e  lo w e s t  y ie ld . G enera l

o b se rv a tio n s  in d ica te d  th a t Agartaia
selections w ere superior to o ther ortets for 
growth vigour and test tap yield.

2. Production Physiology (Growth 
and Yield)

2.1. Productivity enhancem ent of NR 
through HDP and growth regulation 
by application of PBZ
This project was continuing a t RRII 

experim ental farm w ith  an  objective of 
finding out the response of rubber plants to 
the exogenous application of paclobutrozole 
(PBZ), canopy and root system m odulations 
and  en h a n ce m e n t of NR p ro d u c tiv ity  
through high density planting (HDP). The 
treatments were control, PBZ @ 0.25g cm 1 
diam eter and PBZ 0.5g cm-1 diam eter in 
d ifferen t spacing  and  p lan ting  m ateria l 
(polybag and root trainer p lan ts of clone 
RRII 430). The grow th data indicated better 
trunk girth in plants raised from polybag 
plants as plan ting  m aterial w ith  5mx5m 
spacing and PBZ @ 0.25gcnr' d iam eter than 
o ther treatments. The effect of plant grow th 
regulator and planting density on girthing 
showed variation between 0.25g and  0.5g 
PBZ applications.

2.2. Intercropping with tree crops in 
rubber
This project was continuing a t CES, 

Chethackal with a major objective of finding 
o u t th e  im p act of tree  in te rc ro p s  an d  
com petition for light on the g row th  and 
yield of rubber plants. The mean trunk girth 
was 71.5 cm, 7L2 cm and 71.3 cm for pure 
stand of rubber, three row s of m ahogany 
and rubber with one row of m ahogany trees 
along with one row of pathim ugam  trees, 
respectively. The grow th data indicated that 
tree intercrops did not affect the girth  of 
rubber plants. The trees were tapped for 
seven years under S/2 d3 system of tapping



and from April 2017 onw ards the tapping  
system was changed to S/2 d7 and m onthly 
stim ulation was provided  a t  2.5 per cent 
ethephon. When the rubber yield in pure 
stand of rubber compared with intercropped 
plots there was significant reduction in tree 
intercropped treatments with 100.2 g, 80.0 g 
and 78.0 g  per tree per tap for control, w ith 
three row s of m ahogany and  one row  of 
mahogany+pathimugom trees, respectively. 
The re su lt sh o w ed  th a t tre e  in te rc ro p s  
obstructed rubber yield m arkedly. A m ong 
the intercrops, the pathim ugom  stand  was 
very poor d u e  to shad in g  by th e  m atu re  
rubber trees, w hereas m ahogany trees (62 
cm) w ere grow ing  better as an  inter-crop 
with rubber because the m ahogany canopy 
height was as equal to rubber canopy in a 
grow n-up plantation.

2.3. E ffec t o f  s t im u la t io n  on  la te x  
re g en era tio n  m ech an ism  in  H evea 
brasiliensis

To u n d e r s ta n d  th e  m o le c u la r  
m ec h an ism  a s so c ia te d  w ith  latex  
regeneration after ethephon stim ulation in 
different clones, the relative expression levels 
o f fo u r  g en e s  e n c o d in g  key  re g u la to ry  
enzym es invo lved  in  latex  re g en era tio n  
m echanism  (sucrose transporters SUT 1&2, 
ATPase and  G lu tam in e  sy n th a tase  (GS) 
w ere analysed in latex sam ples of clones 
RRII 105, a clone w ith  high m etabolic rate 
and good response to stim ulation, PB 260, a 
high m etabolic clone w ith  very low  sucrose 
levels and low response to stim ulation and 
RRII 33 and  RRII 38, low  m etabolic and  low 
stim u la tio n  response  clones. The clones 
w ere selec ted  based  on  latex y ield  and 
biochem ical com ponen ts re la ted  to latex 
metabolism observed in stim ulated and un- 
sh mu la ted trees for previous three years The
trees w ere tapped under d3system  with three

stimulations per year (May, September and 
November). The qPCR data indicated that the 
expression of these genes was differentially 
regulated in different clones after stimulation 
(Table Phy. 1). SUTs, ATPase and GS were 
significantly up regulated in clone RRII 105 

than PB 260 after simulation compared to 
their control trees. The pattern of expression 
of SUTs and GS were similar in stimulated 
trees of low yielding clones compared to 
unstimulated control. Yield increase was also 
high in clone RRII 105.

Table Phy. 1 Relative quantification (fold change) of 
genes related to latex regeneration in 
different clones with varying 
metabolism and response to 
stimulation

Treatment/clones SUT] SUT2 ATPase n s
Unstimulated controls 1 1
RRI1105 3.96 3.8 3.11 3.77
PB 260 3.88 2.44 2.05 2.72
RRII 33 0.92 1.32 0.85 1.33
RRII 38 0.5 0.52 1.15 1.54
CD (clone x treatment) 0.18 0.51 0.39 0.49

2.4. M olecu la r an d  b io ch e m ic al basis of 
e th y len e  in d u ce d  latex  p ro d u c tio n  in 
H evea brasiliensis E thy lene  receptors 
an d  signal tran sd u c tio n  m echanism
To study the molecular mechanism of 

e thylene induced  latex production , 
expression level of genes involved in ethylene 
biosynthesis viz. S-adenosyl methionine 
synthase (SAM), ACC Synthase (ACS), ACC 
oxidase (ACO); ethylene perception and 
signal transduction (ETR1 , ETR2, ERE) and 
cyanide m etabolism  (p-C yanoalanine 
synthase ([3- CAS) was carried out in different 
clones with varying response to stimulation. 
Ethylene receptors ETR1 , ETR 2, p- CAS and 
ethylene response factor (ERF) were highly 
up regulated after ethephon stimulation in 
clone RRII 105 which was reflected in yield



Table Phy. 2 . Relative quantification (fold charnel „
transduction in bark samples of d f f f e r e n f S  *!? '°  ethyle" e biosynth« is «•«» signal stimulation F cmerent clones with varymg metabolism and response to

Treatment/Clone

----------------^Unstimulated controls* 1 j
RRII 105 232
PB 260 4.42
RRII 33 1.25
RRU 38 0.94 0.84

1.453.66 2.90
0.98 1.36

075 0.64 052
14 5  0.49 0.54 035 0 87

CP (done x treatment)__________QjQ 0.36 0.38 0.34
♦Control trees of respective clones as calibrator ------ ---------------------------—-------------------

increase also. Ethylene biosynthetic genes 
were significantly u p  regulated in stimulated 
trees of clone PB 260 (u n d er d3 tapping with 
three stim u la tions  p e r year). The receptors 
and signalling  genes w ere not further up- 
reg u la ted  a f te r  s t im u la tio n  in this high 
m etabolic clone com pared  to control trees. 
The p attern  o f expression  of all the ethylene 
biosynthetic genes w ere sim ilar in control 
and stim u la ted  trees o f low  yielding clones 
RRU 33 an d  RRII 38. The receptors ETR1 
and ETR2 w e re  d o w n  regula ted  in these 
clones (Table P h y  2). D uring  the period of 
experim ent m ore  n u m b er of trees of clone 
PB 260 s u c c u m b e d  to  TPD  sy n d ro m e. 
Experiments on  gene expression analysis in 
bark tissue of these  TPD affected trees are 
progressing.

2.5. Relationship of ATP status of latex
with rubber yield
F u rth e r to  confirm  o u r earlier studies 

on latex [ATP] as a physiological m arker 
for ru b b e r y ie ld , a field  experim en t was 
initiated a t RRII fa rm  w ith  five polyclonal 
selections screened  based  on latex ATP and 
three contro l clones (RRII 105, RRII 417 and 
RRII 430). Test ta p p in g  w as initia ted  in 
these clones d u rin g  peak  y ie ld ing  season 
2019 to ev a lu ate  th e  yield potential of these 
clones.

3 . S e c o n d a r y  m e t a b o l i t e s

3.1. Water relation of latex with reference 
to the content of inositols and sugars 
in the latex during drought
This study  was continuing w ith an 

objective to know the relationship of latex 
osmolytes and water relations in term s of 
d ro u g h t tolerance m echanism  in Hevea 
clones. Growth of the plants was observed 
by recording the trunk girth. Three years 
growth data showed only a slight difference 
in mean girth among the clonal m aterials (4 
clones) used in the experim en t. In  an  
experiment with studies on w ater relations 
in ethephon stim ulated trees peak yielding 
season latex samples from the control and 
stimulated trees of five different clones were 
collected from a trial at CES, Chethackal. 
Observations on osmotic potential of latex 
serum indicated higher osmotic concentration 
in RRIM 600 a relatively drought tolerant 
clone than other clones.

4. Ecological im pact of ru b b e r  
cultivation
A provisional re p o rt on life cycle 

emission potential of various field activities 
in a rubber plantation was subm itted. The 
data analysis indicated that farm activities 
re la ted  to lan d  co n v e rs io n , p la n tin g



operation and tillage are no t considered to 
be the m ajor sources of GHG em ission  bu t 
the em issions are largely associated w ith 
fe r t i liz e r  a n d  fo ss il fu e l u s e  in th e  
p la n ta t io n  a c t iv i t ie s  a n d  t r a n s p o r t .  
Potential emission from the use o f chemical 
fertilizers alone w as likely to  be aro u n d

12.7 MT CO, ha 1 life c y c le 1. Em issions from 
th e  u s e  o f  p e s t ic id e s  a n d  w e e d ic id e s  
a c co u n ted  to  be a ro u n d  5 M T C O , ha 
O verall em ission  from  ru b b e r farm  after 
ac coun ting  the m ajo r p lan ta tio n  activities 
in trad itional reg ion  is  a ro u n d  27 MT CO, 
h a '1 cycle '1.

LATEX HARVEST TECH N O LO G Y  D IV IS IO N

T he D iv is io n  c o n t in u e d  fo c u se d  
research  on c ro p  h a rv e s tin g  a sp e c ts  of 
rubber. The ongoing trials on  low’ frequency 
tapping, low frequency' controlled upw ard  
tapping  and program m e on p opu lariz ing  
weekly tapping  am ong sm all and  m edium  
hold ings w ere con tinued  and  progressed  
well du rin g  the period u n d e r report. O ther 
activities of the d iv ision  inc luded  testing 
a n d  e v a lu a t io n  o f  v a r io u s  p r o d u c ts ,  
advisory and train ing  on all aspects of crop 
harvesting of rubber.

1. Low Frequency Tapping
1.1. Programme on popularizing weekly 

tapping
The grow ers w ho have participated in 

the program m e continued w eekly tapping  
w ith  sa tisfac to ry  re su lts . T app ing  days 
realized show s considerable variation due 
to  c l im a tic  c o n s tra in ts  an d  p ra c tic e s  
follow ed (Tables LHT. 1-3).

1.2. Low frequency (dlO) tapping system 
in clone RRII 105

1.2.1. Large scale trial on dlO frequency o f  
tapping in clone R R I1105 
The large scale onfarm  com m ercial 

e v a lu a tio n  tria l in 1987 fie ld  on  d lO  
frequency tapping  initiated d u ring  2015 at 
K anthim athv Estate , Kulasekharam , Tamil

Table LHT 1. Yield performance of clone RRU 105 
____________ under weekly tapping_________
Location/Region Yield Tapping Number

(g t ’ t ') days of plots
Thodupuzhal 82.2 42 6

2 113.2 41 2

3 78.2 42 6

Muvattupuzha
1 69.8 40 3
2 90.4 41 6

3 107.6 42 10

Kanjirappally
1 105.3 28 3
2 96.9 43 5

Thrissur
1 95.3 52 2

Thalaserry
1 122.8 32 1

Mean 96.2 40
Total 44

N adu  in 10 tap p in g  b locks (425-450 trees 
block ■) w as con tinued . M ean d ry  rubber 
yield of 1813 kg h a 1 w ith  30 tap p in g  days 
u n d er renew ed basal panel tap p in g  could 
be obtained  u n d e r d l  0 frequency of tapping 
du rin g  2019-20. Per tap  y ield  ran g ed  from 
33 kg to 84 kg and  g t 11 1 ranged  from  70 to 
196 g. C ontrolled U pw ard Tapping  (LFCUT) 
u n d e r dlO frequency  w ith  p erio d ic  panel 
change was also in troduced  in fou r tapping



Table LHT 2. Yield performance of clone RRII 414 
under weekly tapping

Location/Region Yield
( g t ' t - 1)

Tapping
days

Number 
of plots

Koltavam
1 78.5 46 2

Muvattupuzha
1 57.4 37 1
2 72.6 41 3

Thodupuzha
1 106.9 41 5

Kanjirappally
1 83.1 43 6

2 73.1 35 15
Thalaserry

1 131.1 52 1

2 68.1 38 1

Mean 83.9 42
Total 39

Table LHT 3. Yield performance of clone RRII 430
and mixed clone under weekly tapping

Location/Region Yield Tapping Number
( g f f ) days of plots

Muvattupuzha
1 66.1 41 2

2 84.1 40 3
3 118.8 40 2

4* 80.3 40 4

5* 107.3 41 2

6* 120.5 44 1

Kottarakkara 75.1 33 1

Thalaserry
I 99.3 30 1

Palakkad
1 77.3 41 1

Puthur (Karnataka)
1 61.4 50 5

Mean 89.0 40 ~ —

Tapping further yield increase could be 
obtained ranging d from 74 to 240 g t ' t 1 .

7.2.2. Exploratory trial on dlO frequency o f 
tapping in clone RRII 105 
T h is ex p lo ra to ry  tr ia l  on dlO 

frequency of tapping  was initiated from 
April 2004 at CES, Chetackal in field 1987 
in clone RRII 105 and dlO frequency of 
tapping with once in 20 day's stim ulation 
continued to give good yield during  201.9- 
2020. CUT (S/3 dlO) was practiced for six 
months and rest of the m onths trees were 
tapped in the basal panel tapping (S/2 dlO). 
Yield of 1715 kg 400 tree s1 was obtained 
during 2019-2020. It was 4.3 kg tree* year1 
and 52.1 kg tap1
1.23. Large scale experim ent on Low  

Frequency Tapping (dlO) in clone RRII 
105 (Panel BO-1)
The large scale experim ent on dlO 

frequency of tapping in com parison w ith 
w eek ly  ta p p in g  to s tu d y  th e  y ie ld  
perform ance of clone RRII 105 in 2009 field 
laid out during 2018 at Kanthimathy Estate, 
Kulasekharam, Tamil N adu was continued. 
There were five treatm ents com prising of 
weekly and dlO frequencies of tapping and 
different levels of stim ulation. Significant 
vield variation among the treatments was 
observed. Higher d ry  rubber yield was 
observed under weekly tapping. However per 
tree yield of 4.7 kg could be realized under 
dlO frequency of tapping with 5 per cent 
ethephon (18/y) application (Table LHT 4).

Table LHT. 4. Yield performance of clone RRII 105 to 
dlO frequency of tapping

Treatment
156 b 73 b 

7.8 a

blocks. Initial re su lts  a re  prom ising. With 
the in tro d u c tio n  o f  C o n tro lle d  U pw ard

TT S/2 d6 ET 2.5% Pa 12/y 
T2- S/2 d6 ET 5% Pa 12/y 
T3- S/2 d 10 ET 2.5% Pa 18/y 152 be 4.5 c
T4- S/2 dlO ET 5% Pa 18/y 147 c 4.7 c
rs- S/2 dlO ET 2.5%, 5 % Pa 18/v 150 be 4.5 c
Values followed by same IcUtrh art ■.gnifkantly different



1.2.4. Large settle experim en t on Low
Frequency Tapping (dlO) in clone RRII
105 (panel BO-2)
An RBD experiment was laid out in 

six blocks of clone RRII 105 (Field 2002) and 
imposed yield stim ulation  as per the 
schedule under LFT systems. There were 
six treatments and four replications (80 trees 
plot ') com prising d7 (w ith m onthly 
stimulation as control) and dlO frequencies 
of tapping with different frequencies of 
stimulation. Yield under weekly tapping 
with monthly stimulation (ET.2.5%) was 
comparable to that of dlO frequency of 
tapping with once in 10 days and once in 20 
days stimulation (ET5%). Yield of 1451 kg 
400 trees-1 was obtained under d7 frequency 
of tapping with monthly stimulation (ET 
2.5%) in the BO-2 (3) panel (Table LHT. 5). 
Mean drc u nder dlO frequency w ith 
m onthly stim ulation  (2.5%) was 
significantly higher than weekly tapping 
(Table LHT. 5).

Table LHT.5. Yield response to Low Frequency 
____________Tapping (S/2 dlO) in done RRII 105
Treatment Yield DRC

(Kg 400 trees1) (%)
T1 - S/2 d7 ET 2.5% 12/y 1451 a 40.7 cd
T2- S/2 dlO ET 2.5% 36/y 1371 ab 41.0 bed
T3-S/2dlQET2.5% 18/y 12 12  ab 42.1 b
T4-S/2dl0 ET 5% 18/y .' 1307 b 40.4 d
T5- S/2 dlO ET 2.5% 12/y 1222  b 43.9 a
T6 -  S/2 dlO ET 5% 12/y 1215b 41.6 cd
Values foltoweii fry a common alphabet an- not 
different by DMRT

f significantly

2. C on tro lled  U p w a rd  T a p p in g  
(CUT)

Controlled Upward Tapping (CUT) is 
a powerful technology and a tool to get 
sustainable yield from old and senile rubber 
trees to improve productivity in plantations.

P roper im plem enta tion  of Controlled 
Upward Tapping (CUT) with appropriate 
stim u la tio n  can a d d re s s  decline in 
productivity to a great extent with profitable 
returns.

2.1. Large scale on farm  trial on Low
Frequency Controlled Upward tapping
(LFCUT) under weekly tapping
The large scale on farm trial on Low 

frequency con tro lled  U pw ard  tapping 
(LFCUT) u n d e r w eekly tap p in g  with 
periodic panel change initiated during 2017 
at Kanthimathy estate, Kulasekharam, Tamil 
Nadu in 12 tapping blocks (8 blocks of 1978 
mixed clone and 4 blocks of 1962 seedling 
population) was continued with promising 
results (Table LHT. 6).

3. O ther E xperim ents

3.1. Response of RRII 400 series clones to
yield stimulation
At CES, Chethackal, in field 2004, RRII 

400 series clones (RRII 414, RRII 422 and 
RRII 429) were identified for the experiment. 
The s ta tistical design  w as com pletely 
random ized  s ing le  tree  s in g le  plot 
consisting of more than 100 trees of each 
clone. Tapping system adopted in this trial 
S/2 d3 6d/7. Three rounds of stimulation 
(ET 2.5% pa) was given during 2019-2020 in 
comparison with the unstimulated control 
trees (50% trees for stimulation and 50% 
trees unstimulated, for each clone).

In clone RRII 422, stimulated trees (S) 
showed significantly higher yield than 
unstim ulated trees (US). No significant 
yield increase was noticed in stimulated 
trees of clones RRII 414 and RRII 429 (Fig. 
LHT. 1). Good yield was observed both 
stimulated and unstimulated trees of clone 
RRII 422 than other two clones of RRII 414 
and RRII 429 in BO-2 (4) panel.



Table LHT. 6. Yield performance of LFCUT u 
weekly tapping 

Monih Mixed clone
kg block' g e t " kg block1

Apr'19 100 62 1 1 1 73
May 107 50 167 78
June 59 37 76 66
July 126 75 177 83
Aug 125 77 158 98
Sep 123 87 108 98
Oct 160 109 160 107
Nov 164 99 164 96
Dec 174 106 180 109
Jan'20 190 105 291 152
Feb 94 74 135 85
Mar 94 73 93 87
Total 1503 1820
Mean 141 80 152 94

3.2. Response of clone RRII 430 to yield 
stimulation under LFT
In an o th e r experim ent at HML, 

Palapilly Estate, performance of clone RRU 
430 to yield s tim u la tio n  under Low

Frequencies of Tapping (d3. d4 and d7) was 
studied from |une 2016 in field 2000 (Panel 
BO-1). The statistical design was RBD with 
tour treatments and five replications. Each 
replication consists of more than 300 trees. 
There were four treatments comprising of d3 
(without stimulation as control), d3 (2/y), d4 
(4/y) and d7 (12/y) frequencies of tapping.

Agro climatic constraints had affected 
the crop performance during the year under 
report. Higher dry rubber yield was 
observed under weekly tapping (70 g t 11'1) 
followed by d4 frequency of tapping (56 g t 111) 
and d3 frequency of tapping (46 g f 1 f ) .  
Annual mean drc values of trees tapped 
under d7 frequency of tapping with twelve 
rounds of stimulation was higher (42%).

4. Testing and evaluation of products,
training and advisory

Eight rainguard adhesive samples, 36 
LDPE samples and four Ethephon samples 
were tested during the year under report. One

414 - S 414 -US 422 -S 422-US 
frg- LHT.1. Cumulative yield performance of RRT1400 series



A dvanced C entre for Rubber 
Technology (ACRT) established during the 
10th plan period by integrating different 
units in rubber technology/processing 
disciplines under Rubber Board started 
functioning in the present form from 2006 
onwards and a new building commissioned 
in February 2009. Now ACRT comprises of 
two Divisions namely. Rubber Technology 
Division (RT) and Technical Consultancy 
Division (TC). The Centre mainly focuses 
research on the downstream activities of

rubber sector like prim ary processing, 
rubber technology research, quality control 
of rubber products, product development 
etc. The Centre also conducts research work 
on long-term projects which has industrial 
importance. The Centre is also engaged in 
the preparation of project reports, defect 
analysis and trouble shootings of rubber 
p ro d u cts /fac to ry  p rocesses. Being a 
recognized research centre of Universities, 
ACRT has registered scholars for Ph.D 
programmes.

RUBBER T E C H N O LO G Y  D IV IS IO N

In the current year activities of the 
Division were focused mainly on evolving 
improved techniques in rubber processing 
latex technology (preparation of DPNR 
directly from filed latex without creaming 
or centrifuging and new leaching process to 
reduce extractable protein in NR surgical 
gloves), rubber technology (NR latex carbon 
black master-batch and silica reinforcement 
of NR) and rubber recycling (stable free 
radical assisted  d evu lcan ization  and 
cytotoxicity analysis of crumb rubber from 
end of life tyres).

1. R ubber Processing

1.1. Preparation of sheets from preserved
latex
It has been a dem and from the 

growers and processors to prepare RSS 
sheets from the preserved latex. We have 
conducted  m any experim ents using 
different techniques and finally we found 
that if we pre-treat the latex we can retain

the quality within the limits. In order to find 
out whether the pre-treatment affects the 
technological p ro p erties  of the rubber 
prepared from the preserved latex, the 
rubber thus obtained was com pounded 
using ZnO-5, stearic acid-2, antioxidant-1, 
HAF black-40, naphthenic oil-4, CBS-1,

Table Chem. 1 . V ulcanizate p roperties  of sheets
______________ prepared from treated preserved latex
Properties Control Pre- Pre-

treated treated 
LATZ HA

_____________________________ latex latex
Tensile strength (MPa) 27.01 26.42 26.-14
Tear strength (N/mm) 98.24 97.17 97.11
Modulus 100% (MPa) 2.81 2.59 2.10

Modulus 200% (MPa) 5.84 5.83 4.80
Modulus 300% (MPa) 10.48 1.0.46 9.86
Elongation at break (%) 608 573 580
Compression set (%) 19 20 20

Heat buildup (AUC) 18 14 17
Abrasion loss (mm3) 113 83 88

Hardness, Shore A 58 58 57



Table Chem. 2. The raw rubber properties of solid DPNR prepared by RRII process__________________
DPNR_____ Nitrogen (%) Dirt content Volatile matter Ash content TO PRI MV
DPNR-1 0.09 003 049 533 3L0 7^ 6 l T
DPNR-2_________ 0T1__________ 003________ 0-45 0,34 325 78 64.3

sulphur-3 per hundred part of rubber. The 
technological properties were studied. The 
results are shown in Table Chem.l.

The results show that the heat buildup 
and abrasion loss were lower for the treated 
sam ple com pared  to control. Other 
properties were comparable to control. This 
showed that the pretreatm ent does not 
adversely affect the technological properties 
of dry rubber prepared from it.

2. Latex T echnology

2.1. Production of solid deproteinised 
natural rubber (DPNR-S)
The DPNR solid  sam ples were 

prepared by processes developed at RRII. 
The evaluation of raw rubber properties of 
solid DPNR by standard protocols is given 
in Table Chem.2.

2.2. Preparation and evaluation of DPNR 
latex
The preparation of DPNR latex by 

treatment of field latex with a deprotenizing

m ixture, followed by cream ing was 
attempted. The stability of the deproteinised 
latex after 24 h and creamed latex were 
observed and those having stability were 
evaluated. The total solid in creamed latex 
varied from 50-59 per cent. The creamed 
DPNR latex and controls were compounded 
using 2 phr sulphur, 1.5 phrZDEC,0.5 phr 
ZnO, and lp h r  an tioxidant (SP). The 
vulcanisation of casted film samples after
24 h of casting were done at 100°C for 45 
minutes. The measurement of extractable 
protein (EP) in the film samples before and 
after leaching was done as per ASTM D 
5712. The creamed DPNR films showed 
significantly lower EP (500 pg/dnr) than the 
control NR latex without deproteinization 
treatment (2500 pg/dm2) before leaching. 
The cream ed DPNR film was fu rther 
subjected to leaching u nder d ifferent 
conditions and its EP values measured. The 
EP value of control film was 570 pg/dm:. 
The EP value for the creamed DPNR films 
varied from 494 to 63pg/dm- depending on 
the leaching conditions (Table Chem. 3).

Table Chem. 3. Extractable proteins of DPNR films by ASTM Dj 712
f  --------------------------- Extractable protein level Percentage decrease
Type of leaching fr /Jd m 1)_______________ from control

Control DPNR film before leaching
493 13.4

leaching in hot water at 80p C, 10 min ~ ^  ̂
Leaching by in house method-1 " 47 2
Leaching by in house method-2 ^  ^  g
Leaching by in house method -3 _ 65 6
Leaching for 30 min in PBS ^  gg_j
Leaching for 72 hrs in PBS buffer ^  gg <.
Leaching for 72 hrs in stilled w ater_________________  __________——  ----------  ’ —



3. Rubber Technology - Reinforcement
of rubber

3.1. NR Latex carbon black m aster-batch
L atex-carbon black m aster-b atch e s  

w ere prepared in presence of 10 p arts nano  
filler. T he v u lc a n iz a te  p ro p e r tie s  w e re  
stud ied  and  com pared w ith  a control (Dry 
mix). The results are show n in Table Chem. 4.

Table Chem. 4. V ulcanizate properties of master- 
_____________ batch with nano filler_____
Properties Control Master Batch
Tensile strength (MPa) 25.74 25.0)
Tear strength (N/mm) 135.53 132.88
Compression set (%) 16.38 16.30
Heat buildup (°C) 29 27
Abrasion loss (mm3) 94 73
Modulus 100% (MPa) 3.14 5.45
Modulus 200% (MPa) 7.90 11.34
Modulus 300% (MPa) 13.97 17.78
Elongation at Break (%) 507 430
Hardness, Shore A 62 66

Flex Resistance (cycles) 152131 381786

T he re s u lts  sh o w  th a t  th e  te n s ile  
strength, tear strength and  Com pression set 
of m aster-batch  is co m p a rab le  to th a t  o f 
control. H eat bu ildup  was also slightly lower 
for the m aster-batch com pared to control. 
The abrasion loss for the master-batch was 
73 mm 3 while th a tfo r the control w a s94 m m 1 
w h ic h  sh o w s  th a t  a b ra s io n  lo ss  w as 
c o n s id e ra b ly  lo w e r fo r m a s te r -b a tc h  
com pared to control. The modulus, hardness 
and flex resistance of the master-batches were 
considerably higher com pared to control.

Latex  ca rb o n  black  m aster-batches  
w ere prepared  by replacing ISAF w ith HAF. 
The sam p les  w ere com p o u n d ed  and  the 
vulcanizate p roperties w ere stud ied . The 
resu lts  are show n in Table C hem .5.

Table Chem. 5. Vulcanizate properties of master- 
________batch with HAF
Tests Control 

(Dry mix)
Master-
batch

Tensile strength (MPa) 18.16 15.81
Tear strength (N/mm) 75.6 74.88
Elongation at break (%) 366.58 333.71
Modulus, (100%) 3.39 3.50
Modulus, (300%) 13.82 14.08
Hardness, Shore A 66 66
Abrasion loss (cm3) 94 107
DeMattia Flexing,
Complete failure 38243 147524
Compression Set 2636 35.7
Heat buildup (A°C) 18 18

L atex  c a rb o n  b lack  m as te r-b a tch e s  
w ere p re p are d  an d  the crosslink density  of 
the m aster-batch  w as ad justed  w ith  tha t of 
the d ry  m ix by ad justing  the accelerator and 
the sam ples w ere analyzed . T he resu lts  are 
show n in Table Chem . 6. The resu lts showed 
th a t the p ro p e rtie s  are  n o t im p ro v ed  by 
increasing the crosslink  density.

Table Chem. 6. Vulcanizate properties of master- 
______________batch w ith equal crosslink density
Properties Control 

(Dry mix)
Master
batch

Flexing (Complete failure) 38243 147524
Compression Set (%) 26.56 35.7
Heat buildup (D°Q 18 18
Tensile strength (MPa) 18.16 15.81
Tear strength (N/mm) 75.6 74.88
Elongation at break (%) 366.58 333.71
Modulus 100% (MPa) 3.39 3.50
Modulus 300% (MPa) 13.82 14.08
Hardness (Shore A) 66 66
Abrasion loss (mm1) 94 107

3.2. S ilica R ein fo rcem en t o f NR
Silica has equal reinforcing potential as 

carbon black in rubber. To achieve the same, 
silica has to be treated w ith a silane coupling 
agent and it w orks very well w ith synthetic



ru b b e r w h ic h  is th e  b as is  o f m odern  
passenger car tyre technology. In comparison 
w ith c a rb o n  b lac k  re in fo rcem en t, silica 
reinforcement provides high wet grip (safety), 
low ro lling  resistance (energy saving) and 
equal abrasion resistance (durability) among 
which safety is the m ost im portant aspect for 
car tyres.

NR is the key raw  material for truck/bus/ 
earth m overs/ air craft tyre manufacturing and 
a b rasio n  re s is ta n c e  is th e  m o s t critical 
p roperty requirem ent. D ue to reasons so far 
n o t fu lly  e s ta b l i s h e d ,  s ila n ise d  s ilica 
reinforced NR could not achieve the same 
level of ab rasio n  resistance tha t could be 
achieved by ca rb o n  black reinforcem ent. 
This is the prim e reason for the non-use of 
silica as re inforcing filler in truck and other 
tyres. It is a s s u m e d  th a t  low  ab rasion  
resistance originate from insufficient number 
of covalent bond formation between silanised 
silica a n d  N R  m a in  c h a in  d u r in g  
vulcanisation.

T he s ta n d a r d  cu re  system  used  in 
silica re inforced  rubbers is CBS or TBBS/ 
D P G /Su lphur co m b in atio n  w hich works 
very well in  deve lop ing  sufficient am ount 
of covalent b o n d s betw een silanised silica 
and synthetic  rubbers. This bond formation 
is e s s e n tia l  fo r  d e v e lo p in g  ab ras io n  
resistance equ iva len t to carbon black filled 
vulcanisates. It w as found that this standard 
cure system  w a s used  in N R/silica/silane

system resulted in poor abrasion resistance 
compared to the NR/carbon black system. 
Table Chem. 9 shows the significance of the 
cure system on the reinforcement of NR with 
silica. In these experiments, silanised silica 
(sSilica) was used to avoid the complications 
of in situ silanisation of silica during  mixing. 
The results in the Table Chem.7 clearly show 
that abrasion resistance com parable w ith 
NR/HAF system can be achieved w ith NR/ 
Silica system  by using  ap p ro p ria te  cure 
system.

4. R u b b er recycling

4.1. R ecy c lin g  of ru b b e r :  S to ra g e
behavior of devulcanized ru b b er
N R b ase d  o r ig in a l  s a m p le  to  be 

devulcanized was prepared and properties 
determ ined. The test sam ples and tensile 
sheet for devulcanization w ere m oulded  at 
150°C at optim um  cure time. The sam ples 
were devulcanized by shearing in a two roll 
mill in presence of 4-hydroxy TEMPO (4phr) 
(DV- H T sam p les) a n d  w ith o u t  u s in g  
TEMPO (DV sam ple). The devulcanized  
sam ples were kept in a  closed plastic bag at 
room  tem perature for storage studies after 
determ ining the residual crosslink density, 
c ro ss lin k  d e n s ity  d i s tr ib u tio n  an d  
revulcanizate properties immediately after 
devulcanization. The stored sam ples w ere 
characterised after 20 days and com pared

Table Chem. 7. Comparison of cure system in NR/s Silica reinforcement__ ____________________________
Property__________________ CBS/DPG/5 Cure .system 1 Cure system 2 Cun? system 3 NR/HAFSemi-EV
Tensile strength. (MPa) 25 25.5 20.3 24 25
Ml 00; (MPa) 2.5 2.6 3.2
M2G0, (MPa) 5.7 6.7 8.3 8-4
M300, (MPa) 9.9 12-4 1 5 1  14 5  10  9
Elongation at break, (%) 565 503
Tear, (N/mm) 1 1 5  116  80.1

Din abrasion loss, (mm1) 157 99-6 97

Hardness, Shore A 70 ^ ___________ ______ ______ ________________ — —



Table Chem. 8. C rosslink density  and crosslink  
_____________ d i s t r i b u t i o n _______________

Sample Crosslink
density *

I04 mole/cm '

Polysulphidic 
cross links.

Di + Mono 
sulphidic 

rosslinks, %
Original
sample* 3.334 72.54 27.46
DV0 1.458 (43.7%) 65.31 34.7
DV20 1.538(46.13%) 69.89 30.11
DVHT0 1.2G32 (36.1%) 36.09 66.2

DVHT20 1.398 (41.9%) 41.92 59.8

w ith  th e  sam p le  p ro p e rtie s  im m ediately  
after devulcanization.

A com parison of the crosslink density, 
crosslink d is tribu tion  of the devulcanised  
sam ples w ith  o rig inal sam ple is given  in 
Table Chem .8. Irrespective of the m ethods, 
the crosslink density  of devulcanised rubber 
in c re a se d  w ith  s to ra g e  u n d e r  a m b ie n t 
tem perature. It is also in teresting  to note 
that, in both cases, the po lysulphid ic links 
increased  w ith  s to rag e  and  th e  p e r  cent 
in c re a se  is  h ig h e r  w h e n  th e  e x te n d  of 
devulcanisation is higher. The revulcanisate 
p roperties of the sam ples are given in Table 
Chem . 9. The storage of the devulcanised 
ru b b e r for 20 d ay s d id  n o t sign ifican tly  
affect the revulcaniste properties.

4.2. C y to to x ic i ty  a n a ly s i s  o f c ru m b
ru b b e r (CRP)from  en d  of life tyres
The TGA analysis show s tha t the CRP 

co m p o s itio n  h a s  low  m o lecu la r w e ig h t 
com ponents of 4 p e r cent, po lym er content

of 55 p e r  cent, carbon black filler o f 32 per 
cen t and  silica filler o f 8.8 p e r cent (w/w). 
The H PLC stud ies of CRP show ed that the 
aqueous leachable com ponents significantly 
increased w ith  the reduction  in particle size 
of CRP a n d  increase  w ith  leach ing  time 
w ith  aqueous ex traction  buffers used in the 
study . H ig h er leach ing  w as o bserved  in 
PBS ex tra c t th a n  n e a t a q u e o u s  ex tracts, 
h e n c e  th e  PBS e x tra c ts  w e re  u se d  for 
cytotoxicity  stud ies

The cytotoxicity ana lysis of aqueous 
extracts of CRP in bo th  p h o sp h a te  buffered 
s a l in e  (PBS) a n d  m in im u m  e s s e n tia l  
m edium  (MEM) w ere done against L929 cell 
lines. The ISO 10993-5 m ethod  show  Grade
0 cytotoxicity w ith  in tact cell m orphology 
(Fig. Chem . 1) an d  th e  M TT assay  a t the 
d ifferen t d ilu tions  (50-6%) of th e  72 h  PBS 
extraction of CRP show s h ig h  cell viability 
(80-100%) as in the cell contro ls (Fig. Chem. 
2). The aq u e o u s p h o sp h a te  bu ffer saline 
(PBS) extracts of the CRP show s absence of 
cytotoxicity.

The m orphology loss of cells treated 
w ith 100 per cent MEM extract show s severe 
grade 4 cytotoxicity and  trea ted  w ith  50 and 
25 p e r cent d ilu tion  of MEM extract show s 
g ra d e  2 c y to to x ic ity  as p e r  ISO 10993-5 
m ethod (Fig. Chem . 3). T he MEM extracts 
of the CRP show s significant cytotoxicity  in 
MTT assay The differen t d ilu tions (100-12%) 
of the 72 h MEM ex tracts show s low cell 
v iability  (20-50%) like th e  positive control

Table Chem. 9. Comparison ()f re-vulcanisate properties
Properties. Original sample* DV0 DV 20 DVHT0 DVHT20
Tensile strength. (MPa) 24.1 15.1 13.57 21.9 20.1
Ml00, (MPa) 3.4 2.39 2.87 1.61 2.45
M200, (MPa; 8.0 6.33 722 5.9
M3Q0, (MPa) 135 12  J 13.95 10.2 11

461 332 300
Tear strength, (N/mm) 116.4 37.0 38.8 66.35 68.6
N'R-100, HAF-50, Aromatic oil1-5, A.O. TDQ 1,5,ZnO-4, Slearic acid- 2, CBS-1.5, S-1.5.



Fig. Chem. 1. The intact cell morphology of L929 cell line after the treatment with the PBS extract of CRP after 24 h 
(A), 72 h (B) and 7 days (Q of PBS extraction by ISO 10993-5 method

■V5$

A B c
Fig. Chem. 3. The MEM extract of CRP treated with L929 cell line at .00 (A), 50 (B) and 25 per cent (Q  dilution as 

per ISO 10993-5 method
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Fig. Chem. 4. The MTT assay of the MEM extract of CRP (after 72 h incubation of CRP 
in MEM) in L929 cell line

(Fig. C h em .l). Both the above assays show  
the presence of cytotoxicity for MEM extract 
o f CRP.

U n d e r n o rm al a q u e o u s  e x tra c tio n  
c o n d itio n , C RP e x tra c t  is n o t  sh o w in g  
cy to toxicity  ag a in st L929 cell lines. But 
caution  has to  be taken as it  has leachable 
co m p o n e n ts  w ith  in h e re n t p o te n tia l  to 
sh o w  toxicity  fo r m am m alian  cell lines, 
d ep e n d in g  on the ex traction  bu ffer used

a n d  th e  c o n c e n t r a t io n  o f  le a c h a b le  
com ponents.

5. D e v e lo p m e n t /a d v is o r y  w o rk / 
project w ork

T ested  a n d  r e p o r t  g iv e n  fo r the 
d a m a g e d  ty re s  re fe r re d  fro m  v a r io u s  
consum er d ispu tes  redressa l forum  in the 
country.

TE C H N IC A L C O N SU LT A N C Y  D IV IS IO N

T echnical C o n sta n cy  D iv ision  w as 
c o n stitu te d  w ith  th e  aim  to ap p e ase  the 
dem ands of the rubber based m anufacturing 
industries in the country. The goals of the 
D ivision are in tended  in such a way th a t the 
ru b b e r  b a se d  u n i t s  o f th e  c o u n try  
n um bering  to over 3845 will be able to take 
a d v a n ta g e  o f th e  a p p lie d  re sea rch  and  
developm ental activities being conducted in 
RRII. Technical C onsultancy D ivision is an 
NABL ap p ro v e d  lab o ra to ry  an d  h as  the 
fac ility  to  te s t e n o rm o u s  p a ra m e te rs  of

rubber produc ts. The latex p ro d u c ts  testing 
se c tio n  o f th e  D iv is io n  h a s  a lm o s t all 
facilities an d  p ro b a b ly  it is the on ly  one 
labora to ry  in the p ub lic  sector. S ince the 
lab o ra to ry  is fo llo w in g  ISO 17025: 2005 
n o rm s  fo r its  ro u t in e  a n a ly s is  its  te s t  
ce rtificates are  u n iv e rsa lly  valid  an d  are 
valuable to  th e  exporte rs of ru bber products 
in the country. The Division also stack  up 
k n o w le d g e  on  in d u s tr ia l ly  im p o r ta n t  
p roblem s by conduc ting  R&D program m es 
so tha t th e  problem s in the m anufactu ring



sector can be overcom e w ithin the shortest 
possible time.

T h e  s e r v ic e s  p ro v id e d  are  R&D 
activities of ru b b e r industry  (both products 
an d  p ro c e s s e s ) , d e v e lo p m e n t of new  
p ro d u c ts , tes tin g /c e rtific a tio n  of rubber 
p ro d u c ts  a s  p e r  re le v a n t n a tio n a l and  
international s tandards. The services offered 
by the d iv ision  include (i) testing support 
to  i n d u s tr i e s  a s  p e r  n a tio n a l an d  
international s tandards i.e., ISO, BIS, ASTM, 
EN, ASRTU etc. ii) P roduct development- 
dem onstra tion /practical training for quality 
im provem en t (iii) evaluation of chemicals 
(iv) p re p a ra t io n  of p ro jec t profiles and 
technical bu lletins (v) advisory services and 
(v i) c o n d u c t in g  a w a re n e ss  m e e tin g s / 
lectures to en trep ren eu rs  regarding trouble 
shooting/cost reduction of factory processes.

The highligh ts of the projects are gi ven
below.

1. Research Projects

1.1 Shelf life  study  of gloves
Shelf life prediction of rubber medical 

p ro d u c ts  is u n a v o id a b le  s in ce  c lie n ts ' 
dem and for reliable prediction of shelf life 
in the lab. Shelf life tim e of gloves was 
calculated using WLF equation, based on 
tw o  p a ra m e te rs :  te n s ile  s t re n g th  an d  
crosslink density. 75 percent re ten tion  of 
properties has to be m aintained by all gloves 
as per the relevant specifications. W hen the 
study  conducted at different temperatures for 
14 days the 75 percent retention was achieved 
for d iffe ren t p ro p e rtie s  a t  d iffe re n t 
temperatures. From Fig. TC.l, it is clear that

Temperature (°C)
—  Tensile strength Tear streoSth

 ......Force a t break ---------C ross hnk  density

Fig. TC.l. Effect o f temperature on property retention



on 14* day 75 percent retention for tensile 
strength was obtained at 68GC, tear strength 
obtained at 64°C and force a t break at 66°C. 
C rosslink density  values increased as the 
temperature increases from room temperature 
to 80C.

Calculations using ARDL P & K method 
was done. Real time experimentation on shelf 
life of rubber surgical gloves of the first vear 
was conducted. Evaluations of the data in 
cross link density, swell index, tensile and tear 
properties are in progress.

1.2. M o rp h o lo g ic a l  S tu d ie s  on  Latex 
F ilm s o f P re v u lc a n iz e d  P rese rv ed  
F ield C ream ed Latex (PPFCL)
L atex  c a s te d  p ro d u c ts  fro m  

prevulcanized preserved cream ed field latex 
(PPFCL) and  cream ed latex (CL) (control) 
w ere utilized for stu d y in g  the properties.

Acetone extractables and  ash determ inations 
w e re  d o n e . A c e to n e  e x tra c tio n  shall be 
considered solely as a quantitative expression 
of a p ro p e rty  n o rm a lly  asso c ia te d  w ith 
degree of cure. M oreover, residual chemicals 
available also  com e in acetone extract, i.e. 
from the values it is clear tha t CL has 0.6 
p e rc e n t m o re  a c e to n e  e x tra c ta b le s  than 
PPFCL. It w as found tha t low er ash content 
values w ere observed  in the case of PPFCL 
com pared  to  CL. This m ay be the reason for 
the observation of better clarity films derived 
from PPFCL.

Protein  co n ten t w as com pared  after 
and  before leach ing  o f the film s. Before 
leaching, the p ro te in  con ten t of PPCFL film 
w as 772pm g 1 and that of CL w'as 665pm g  '. 
There w as a sligh t difference in their values. 
D u r in g  p re v u lc a n iz a tio n , h y d ro ly s is  of 
pro tein  had  taken  place. This m ay  be reason

Strain (% )

Before ageing PPFCL Before ageing CL 

— -A fie r  ageing PPFCL •••■*— After ageing CL
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for the change in values. D uring leaching 
w ater so lub le pro te in  were extracted and 
resulted in low er protein content of PPFCL 
film.

T h e  e f fe c t o f p re v u lc a n iz a tio n  of 
p reserved  field latex and  its cream ing on 
sfcress-strain p roperties  w ere studied; the 
o b se rv a tio n s  w e re  d ra w n  in the Figure 
below . B efore ag e in g , the m odu lus and  
tensile values w ere higher in PPFCL than in 
CL. But after ageing the m odulus and tensile 
values are  h ig h er for CL.

T h e  h ig h  m o d u lu s  be fo re  ageing  
indicated th a t m axim um  crosslinking had 
taken place

B eyond certain  period due to over­
vu lcanization  and  the consequent restricted 
coalescence of rubber particles, decrease in 
m odu lus an d  tensile was observed.

In w a te r absorp tion  studies it is found 
that leaching proceeded more rapidly in the 
case of p re v u lc a n iz e d  film  than  th a t of 
control film. Leaching and water absorption 
p ro c eed s  m ore  ra p id ly  in  prevulcanized  
film  th a n  in  p o s tv u lc a n iz e d  film . For 
prevulcanized , film rate of drying was faster 
com pared  to cream ed film.

1.3. R u b b er-b ased  adhesives
T he perform ance of a natural rubber 

(N R)-based solution adhesive for rubber to 
ru bber b ond ing  w as exam ined. The effect 
of d ifferen t grades of CB say ISAF (N220), 
H A F (N 330) an d  GPF (N 660) as a 
reinforcing filler in adhesive was evaluated. 
The lo ad in g  used was different for the three 
g rades of CB in order to achieve the required 
level o f h ardness  for the adhesive. A blend 
of n a tu ra l rubber and butad iene rubber was 
u se d  as  th e  a d h e re n t  s u b s tra te . T he 
vu lca n iz a tio n  characteristics, m echanical 
p ro p e rtie s , sw e llin g  m ea su rem en ts  and 
adhesion  streng th  of different CB filled NR-

based solution adhesive were studied. The 
m easured properties of all the three grades 
of CB filled NR-based solution adhesives 
were found to be com parable at the fixed 
hardness level. The effect of w ood rosin 
(WD), coum aro n e-in d en e (C l), te rpene- 
phenol (TP) and phenol-form aldehvde (PF) 
re s in  ta c k if ie rs  on  th e  v u lc a n iz a tio n  
characteristics, mechanical properties and 
adhesion strength of carbon black (CB) filled 
NR-based solution adhesives was studied. 
Retardation of vulcanization properties was 
observed by the addition of tackifiers in NR- 
based so lu tion  adhesives. R eduction  in 
mechanical properties of NR adhesive was 
a lso  o b se rv e d  by  th e  in t ro d u c t io n  of 
tackifiers. Solvent-based polychloroprene 
(CR) adhesive was form ulated using four 
differen t types of tackifiers. W ood rosin 
(W'D), c o u m a ro n e - in d e n e  re s in  (C l), 
terpene-phenolic resin (TP) and  para-tert- 
butyl phenol-form aldehyde (TBPF) resin 
w ere added into CR at am ounts betw een 20 
and 50 p h r (pa rts  p e r h u n d re d  p a r ts  of 
rubber). Effect o f resin natu re and am ount 
on the adhesion peel strength was measured 
on both lea the r to lea ther an d  ru bber to 
rubber joints, and the resin that provides the 
o p tim u m  a d h e s io n  p e r fo rm a n c e  w a s 
identified. Results indicated that the natu re 
of resin greatly influenced the perform ance 
of the CR adhesive. The peel strength of CR/ 
TBPF adhesive was higher than that of CR/  
TP, CR/CI and CR/W D adhesives. The role 
of four different types of nanofillers (layered 
silicates) on  the p ro p e rties  of CR-based 
adhesives was exam ined. The compatibility 
of various nanofillers w ith polychloroprene 
(CR) in CR-based adhesives was s tud ied  
u sin g  d iffe ren tia l sca n n in g  ca lo rim e try  
(DSC). Role of nanofillers on the therm al 
d ec o m p o sitio n  re s is ta n c e  of C R -based  
adhesives was also studied.



1.4. Effect o f reclaim  ru b b e r on NR/BR
blend  system  for tire  tread
The whole area of the work was 

focused on developing high quality and low- 
cost tire tread materials. For this purpose, 
various studies were conducted on NR/BR 
blends. Studies of interest include the 
incorporation whole tire reclaim rubber and 
latex waste reclaim rubber on NR/BR blend 
systems and incorporation of carbon black 
filler in the latex stages of the elastomers. 
The effects of both the reclaim rubbers were 
studied in detail. For this purpose, a total 
mix of IS numbers was taken to optimize 
the amount of reclaim rubber on NR/BR 
blend for tire tread application. Samples for 
study ing  tensile  s treng th , abrasion  
resistance, heat build-up and compression 
set were moulded and tested according to 
ASTM standards. Study on the effect of 
reclaim rubber on therm al degradation 
characteristics was carried out. Activation 
energy  of NR/BR/reclaim  rubber was

stud ied  using  TGA analysis. S tu d y  on the 
e f fe c t  o f  re c la im  ru b b e r  o n  th e rm a l 
deg radation  characteristics w as carried out. 
C orre la tion  o f therm al b ehav iour w ith the 
rh eo m etric  c u rv es  w ere also  ca rried  out. 
D ispersion s tu d y  of w hole tire reclaim  using 
ca rb o n  black  d isp e rg ra d e r  has also  been 
perform ed. Scanning electron microscopy of 
NR/BR/W TR b lends w ere perfo rm ed  and 
evaluated  for d isp ers io n  quality. T he result 
w a s  c o r re la te d  w ith  c a rb o n  b lack  
d i s p e r g r a d e r  a n a ly s is .  A n  a b ra s io n  
re s is tan c e  index  o f 160 is accep tab le  for 
PCTR accord ing  to ASRTU. This param eter 
is well sa tisfied  by  th e  in co rp o ra tio n  of 
reclaim  ru bber (Fig. TC. 3).

L ite ra tu re  s u rv e y  on  fille r  m a s te r  
batch  technique w as p erfo rm ed  to develop  
trea d  m ateria l w ith  s u p e r io r  quality . An 
attem pt to disperse carbon black (N220) was 
perform ed. A trial an d  e r ro r m eth o d  was 
used to develop  a stab le d ispersion  of N220.
25 per cent d ispers ions of N220 and  N330

NR'BR/LWR
□Abrasion loss nAbrasion Res stance Index

Fig. TC 3. Plots of abrasion resistance with v ,r,, .
with various combination of NR/BR/LWR



w ere p re p are d . 4 m ixes of NR/BR/CB were 
taken in  an internal mixer to study the effect 
of filler incorporation a t the latex stage itself. 
M echanical properties w ere studied.

1.5. R adiation vulcanization /
P re v u lc a n iz e d  n a tu ra l ru b b e r  latex

N a n o  a n d  m icro  com posites of 
ra d ia tio n  vulcanized  natural rubber latex 
(RVNRL) w ere prepared  by incorporating 
a q u e o u s  d isp e rs io n  of fum ed silica and 
c o n v e n tio n a l c h in a  clay. The crosslink  
density  w as com puted  and was found that 
RVNRL n an o  silica com posite have higher 
crosslink density  com pared to RVNRL-clay 
com posites. RVNRL-nano silica composite 
have offered  a significant im provem ent in 
th e  m e c h a n ic a l p ro p e rtie s . T he tensile  
s tren g th  increased w ith  silica loading up  to 
three p h r  an d  then decreased. In the case of 
RVNRL-clay com posites, tensile strength 
was decreased  continuously. Tear strength 
o f n an o s ilica  co m p o sites  was increased 
continuously . FT-IR spectra of nano silica 
and  ch ina clay com posites w ere analyzed. 
T ransparency  increased  upon nano silica 
lo a d in g  u p to  1 p h r  an d  th en  s lig h tly  
d e c re a s e d . In th e  case o f ch ina  clay 
com posites, transparency decreased even at 
low concentration. It was evident that loading 
of s i lic a  s ig n if ic a n t ly  im p ro v e d  the 
m echanical properties.

T h e  a d d it io n  of fillers to  polym er 
m atrices is a pow erful tool to confer their 
i n te r e s tin g  p ro p e r t ie s  to th e  p o ly m er 
m ateria ls . A m ong  the d iffe ren t po lym er 
com posites, transparen t com posites are of 
p articu la r interest due to their significance 
in a w id e  range of applications. To obtain a 
h igh level of transparency  in the polym er 
com posites, it is necessary to minim ize the 
a g g reg a tio n  of the partic les  that induce 
significant light scattering and thus obstruct 
the ap p lica tio n  for transparen t m aterials.

The effect of three types prevulcanized latex 
film  (su lp h u r, p e ro x id e  an d  ra d ia tio n  
prevulcanized natural rubber latex) and their 
com posites on lig h t tra n sm itta n c e  w as 
s tu d ie d . The tran sm ittan ce  values a t a 
wavelength of 600 nm and thickness of 0.2-0.3 
mm at which maximum light transmittance 
w as o b ta in ed  an d  is o p tim iz e d . T he 
tra n sp a re n c y  of th e  co m p o s ite s  is 
tem perature dependant. It is found that after 
leaching and  ageing, transparency  of the 
com posites was im proved . A m ong three 
different prevulcanized latex film, radiation 
v u lca n iz ed  n a tu ra l  ru b b e r  latex  h as  
m axim um  transparency'. The ad d itio n  of 
nano  m eter o rd e r partic le  is  effective to 
obtain high transparency.

2. T e s t i n g  a n d  c e r t i f i c a t i o n

2.1. N A B L a c c re d ite d  te s t in g  se rv ic e s

The NABL Desktop Surveillance audit 
of the TC laboratory has been carried out 
successfully on O ctober 10<h 2019. Three 
officers had participated in the training on 
"Laboratory Quality M anagem ent System 
and Internal A udit as per ISO/IEC 17025: 
2017" conducted a t STIC, Kochi on  19111 to 
22nd June 2019. Works like inter laboratory 
co m p a riso n , ca lib ra tio n  o f e q u ip m e n t, 
internal audit were perform ed. All officers 
attended  the concerned w orks re la ted  to 
D e sk to p  S u rv e illan ce  A u d it  o f NABL. 
Division undergone D esktop Surveillance 
a u d i t in g  of NABL. c o m p le te d  th e  
procedures and the validity of the period is 
up to 22/11/2020. A new  quality  m anual as 
per ISO/IEC 17027:2017 for upgrading  the 
sy s tem  fro m  ISO /IE C  17027:2005 w a s 
prepared. Final m odification is going on.

The labora tory  fo llow s th e  ISO/ISE 
17025 d o c u m e n ta tio n  an d  n a t io n a l /  
in tern a tio n a l tes tin g  p ro c e d u re s  fo r its 
ro u tin e  services. P ro d u c ts  b e lo n g in g  to



n a tu ra l ru b b e r, sy n th e tic  ru b b e r, latex, 
therm oplastics are tested as per the relevant 
national and international standards (export 
m arket). Various kinds o f ru b b er p roduc ts 
tested in the Division are b ridge bearings, 
rubber diaphragm s, pre-cured/conventional 
trea d s , b o n d in g  g u m , black  vu lcan iz ing  
cem en t, ty re  flap s , in n e r  tu b es , ru b b e r  
channels/beadings, floor m ats, Hawaii soles, 
sp o n g e  rubber, O -rings , bushes , eng ine  
m ounts, au tom obile com ponents etc. The 
major c la sse s  o f la tex  b ase d  goods tes ted  
include exam ination  and  surgical gloves, 
latex adhesives, latex thread, balloons, Folly 
ca theters, condom s etc. P u rity  of rubber 
chem icals and  the quality  certification of 
reclaimed rubber are also tested consistently 
by the Division. A clear p icture of the rubber 
p ro d u c ts  tested  for the last year is given 
below  in Table TC. 1.

TabieTC. 1. Num ber of sam ples tested and the 
revenue collected (2019-20)

No. of clients 359
No. of samples tested 649
No. of parameters analysed 2205
Consultancy letters/e-mail 12%
Hands-on training imparted 5
No. of test reports issued 649
Component analysis 64
Total revenue collected, Rs IK.74, 884

3 . P r o d u c t  d e v e l o p m e n t

T h e  d iv is io n  o ffe rs  fa c il it ie s  to  
industrialist as well as existing rubber based 
en trep reneurs in the developm ent of rubber 
p ro d u c ts  b a se d  on b o th  sy n th e tic  a n d  
natura l rubber. In this area, the num bers of 
serv ices given  are ca tegorized  as follows 
(Table TC. 2).

Som e of the p rim e clien ts w ho are 
a v a ilin g  th e  serv ices  of th e  d iv isio n  are 
VSSC, BPCL Kochi etc.

Table TC. 2. Number of know-how transferred to 
____________industries
N'ame of products developed Numbers
Adhesives 3
Automobile components 10
Expanded rubber sheets and soles 3
Fire resistant mats 1
Latex based dipped and foamed goods 5
Pre-cured tread, bonding gum and tube valve 15
Rubber based agro machinery components 
Rubber based engineering components for

2

railway, defence, BSF etc. 2
Rubber molds 1

4 .  E x t e r n a l l y  f u n d e d  m a j o r  p r o j e c t s

4.1. C onsu ltancy  to  M /s K arn atak a  Forest 
D e v e lo p m e n t  C o r p o r a tio n  L td , 
S ullia , K arnataka
T h e  c o n s u l ta n c y  w o rk  fo r  M /s. 

K arnataka Forest D evelopm ent Corporation 
Ltd, (KFDC) Sullia, for the im provem en t in 
quality  and  consistency' of processing  units 
(centrifuging latex / an d  cru m p  ru bber was 
com pleted.

4.2. D esign  o f en v iro n m e n t m anagem en t 
sy s te m  fo r  t e c h n ic a l ly  s p e c if ie d  
ru b b e r u n it

P re lim in a ry  d e s ig n  o f th e  E ffluent 
trea tm e n t system  for M /s. S o u th e rn  TSR 
LLP, Guvvahatti, A ssam  w as p re p are d . As 
per the feedback, it w as redesigned  to m ake 
it cost effective w ith  en v iro n m e n t friendly 
effluent trea tm en t system .

4.3. D iv e rs if ic a tio n  o f In d u s tr ia l  u n it-  
COIRFED at A lleppey
A fter the v isit to the K erala S tate Co­

operative C oir M arketing  Federation  Ltd. 
(Coir fed), Alleppey, p re lim inary  evaluation 
and data  collection for use of coir p ith  in the 
d ev e lo p m e n t o f a su ita b le  p ro d u c t w ere 
investigated. A d ra ft p roposal for getting 
fu n d s  fo r th e  p ro jec t from  C o irfed  w as 
p re p are d . Possibilities fo r m ak ing  co ir /



rubber p ro d u c ts  like weed control blanket
a n d  a g r ic u l tu r a l  p ro d u c ts  a re  being
investigated.

4.4. O th e r  pro jec ts

• R e v is e d  p ro p o s a l  fo r fu n d in g  of 
Incubation C entre a t RRII under MSME 
w as p resen ted  for approval of KS1DC.

• P roposal for REACH laboratories have 
b e e n  s u b m it te d  as re q u e s te d  by 
A s s o c ia tio n  o f M at M an u fac tu re s  
Kerala.

• D eveloped  H ouse Hold Gloves using 
Prevulcanized latex, Room Temperature 
cure latex and  O rdinary compound.

• R e-d e s ig n e d  th e  a u to m atic  d ip p in g  
p lan t an d  also prov ided  the technology 
fo r th e  m a n u fa c tu re  of h o u seh o ld  
g loves for NEBEL India Pvt, Bodhjung 
N agar, T ripura

• P la n t  la y -o u t  w as o ffe re d  to M /s. 
M ax im us R ubber Industries, a tread 
ru b b e r m anufacturing  unit at Tripura.

• V is ite d  M /s. D N N G  And Company, 
M um bai and  has given directions for 
the construction of the dipping plant for 
the m anufactu re  of latex based "snake 
b ite  resistan t shoes" (patented product) 
fo r p ro te c tin g  lab o re rs  invo lved  in 
ag r ic u ltu ra l  ac tiv ities ag a in st snake 
bite.
G iv en  c o n su lta n c y  to M /s. Kerala 
M inerals & Metals Ltd, Chavara, Kollam 
for the study  on prem ature failure ot 
Rubber lining materials.

• Prepared Project report for fully automatic 
Surgical Gloves m anufacturing unit of 
M /s. R avenbuck  Latex & S urgicals, 
Rubber Park

• A s p e r the request received from an 
en trepreneur to develop a project profile 
for starting rubber band unit w ith semi

au to m atic  d ip p in g  m achinery , was 
completed.

Common Facility Service Centre <CFSC), 
Manjeri. Development o f project report for 
Interm ix unit. T echn ica l d e ta ils  to 
proceed w ith  the project re p o rt and 
commercial details are to be finalised 
after the reply from the organisation. 

Consultancy services w ere given and 
technical report was prepared for M/s. 
NHM P M ulty Production Industries, 
Tripura on 29/10/19 in the production 
of fluorescent rubber band from field 
latex.
Prepared and subm itted report on cost 
benefit study  of Kanyakum ari Rubber 
Park
Technical report and hands-on training 
was given on orthodontic rubber band 
w h ich  co m p lie s  w ith  th e  FDA 
regulations.
Technical co n su ltan cy  serv ices an d  
hands-on  train ing  given  on  Exercise 
Band to M/s. J K Polymers, Punjab 

RRII registered as a host institu te for 
Incubation C entre u n d er MSME, Govt, 
of India

5. P ro je c t p r o f i le s /T e c h n ic a l  b u l l e t i n s

As per the request of the entrepreneurs, 
five project profiles and  technical bulletins 
were issued on paym ent basis.

6 . A d v i s o r y  s e r v i c e s

M atters relating to various aspects like 
se le c tio n  of ra w  m a te r ia ls , d o sag e  o f 
in g re d ie n ts ,  r e d e s ig n  of fo rm ula tion ,, 
processing conditions, recent regulation etc. 
w ere alw ays a subject of concern am ong the 
clien ts. D iv is io n  h ad  given a p p ro p ria te  
guidance in all these aspects.



7. M iscellaneous work

7.1. S pecia lized  h an d s  on tra in in g  w ith  
technical reports was given to various clients 
such  as M /s. N H M P  M u itv  P ro d u c tio n  
Industries , T ripura in the p ro d u c tio n  of 
fluo rescen t ru b b e r b a n d  from  field  latex, 
M /s. O sw al P o lym ers, K o ttay am  in the

m a n u f a c t u r e  o f  c a r p e t  b a c k in g  a n d  
M /s. P eriyar R ubber Band on orthodontic  
ru bber band  p rep ara tio n , w hich  com plies 
w ith  the FDA regu la tions etc.

7.2. R e v ise d  20 n o s . o f  BIS s t a n d a r d s  
re la te d  to  n a tu ra l  ru b b e r  latex  a n d  raw  
rubber.

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

T h e  b ro a d  re s e a r c h  a r e a s  o f  th e  
D ivision com prises o f farm  m anagem ent, 
p rim ary-processing  and m arketing , rubber 
p r o d u c ts  m a n u fa c tu r in g  in d u s tr y  a n d  
fo re ig n  t r a d e  a n d  in te r c r o p s  a n d  b y ­
p roduc ts . In these areas  in ter-d iv isional 
collaborate projects are also undertaken  for 
c o m p re h e n s iv e  u n d e r s ta n d in g  o f  th e  
sector.

1. C ollectiv ism  to circum vent the 
structural bottlenecks in the rubber 
sm allholdings sector o f Kerala for 
ameliorating tappers scarcity and 
ensuring sustainability

The study  suggested  collectivism  to 
c irc u m v en t s tru c tu ra l bo ttlen eck s in the 
ru bber sm allh o ld in g  sec to r of K erala for 
re so lv in g  ta p p e rs  sca rc ity  an d  en su rin g  
sustainability'. The sm allhold ing  sector of 
Kerala, w hich is still the prim e contribu tor 
to the national rubber production , is under 
s ev e re  c r is is  d u e  to sh o rta g e  of ru b b e r 
tap p e rs  and  dec lin in g  profitab ility . The 
sector has becom e incapable to attract new 
e n tra n ts  for tap p in g  as w age incom e of 
t a p p e r s  is  m u c h  lo w e r th a n  th e ir  
c o u n te rp a r ts  in  th e  ru ra l lab o u r m arket

(Table Eco. 1) th ro u g h  w age ra te of tappers 
has been  in creasin g  in th e  sec to r till the 
recent past (Fig. Eco.l).

In the p re sen t scenario , the sec to r is 
incapacita ted  to au g m e n t w ag e incom e of 
the tap p e rs  for th e  ex istence of s tru c tu ra l 
b o t t le n e c k s  su c h  a s  s m a l le r  s iz e  of 
ho ld ings, less n u m b er o f trees ava ilab le for 
tapping , piece ra te  w ag e p ay m e n t system  
a n d  p re v a le n c e  o f  s in g le  g ro w e r  
d ep e n d en c e . T he a v e rag e  a n n u a l w age 
incom e of tap p e rs  in the sec to r w as found 
to be m uch lo w er th an  w ag e in co m e of 
a g ric u ltu re  lab o u re rs  an d  h e lp e rs  in the 
rural construc tion  sector. To a ttra c t m ore 
ta p p e rs  in to  the se c to r  w a g e  in co m e of 
tap p e rs  h as  to be increased . T his w ou ld  
be p o ssib le  on ly  th ro u g h  co llec tiv ism  as 
th ro u g h  co llec tiv e  a p p ro a c h e s  o n ly  the 
s tru c tu ra l b o ttle n ec k s id e n tif ie d  co u ld  be 
c irc u m v en ted . C o llec tiv ism  will n o t  on ly  

P. t h e  t a P P e r s  to  g e t  r e g u la r  
em p lo y m en t, su ff ic ie n t ta p p in g  task  an d  
re m u n e ra tiv e  w ag e incom e, it w ould  also 
ia v e  th e  a d d e d  a d v a n ta g e  o f b rin g in g  
dow n the cost o f p roduc tion  and  increasing 
p ro fitab ility  of n a tu ra l ru b b e r cu ltivation  
as it w ould  facilita te large sca le ad op tion  
o f c o s t  s a v in g  te c h n o lo g ie s  lik e  low  
frequency  tapping .



Fig. Eco. 1. Trend in wage rale of tappers (1980-2017)

2. Tariff p o lic ies and external trade 
p erform ance o f India's rubber 
and rubber products under the 
RTAs

T h e  s tu d y  w a s in itia te d  in the 
backdrop  of h ig h er g row th  in im ports of 
ru b b e r  a n d  ru b b e r  p ro d u c ts  from  the 
m em ber co u n trie s  of the Regional Trade 
A g re e m e n ts  (RTA) o f In d ia . P ro d u c t 
subhead ing-w ise trade data of rubber and

ru b b e r  p ro d u c ts  p ro v id e d  by 
UNCOMTRADE in the W orld In tegrated  
Trade Solution (WITS) of the W orld Bank 
was used for the study. Trade data of 38 
countries spanning 30 years for rubber and 
rubber products (at the six d ig it level of HS) 
w e re  c o llec ted . T he s tu d y  a n a ly se d  
product-w ise im pact of tariff liberalisation 
under the RTAs on the im port of rubber and 
rubber products of India. All the p roduct 
subheadings covered u nder the chapter on

TableEcaL

•erage working wage rale

•s in rural Kerala
Estimated average 
annual wage 
income (Rs.)

Tappers Piece rate system 151' Rs. 1.75/tree 
x 286 trees

Agricultural labourers 
Helpers in construction sector

Daily wages 
Dailv wages

180
230

per tapping day' 
750*
800“

75,575
135.000
1.84.000



rubber and ru b b er p roducts (C hapter 40) o f 4 . 
H arm onised System N om enclature of the 
W orld C ustom s O rganisation are analysed 
using  gravity  m odelling. For the analytical 
p u rpose  m ajor rubber and ru bber products 
w ere classified into four categories such as 
raw  material., in term ed ia te , n o n-ty re  and 
tyre industries based on d ie value addition  
of the industry . A long w ith  the grav ity  
m odelling  the study  also  used  structu ra l 
c h a n g e /b re a k  te s t  to  u n d e r s ta n d  th e  
structu ra l b reak in im ports of rubber and 
rubber p ro d u c ts  of India associa ted  w ith  
o th e r  e v e n ts /f a c to rs . T h e  p re lim in a ry  
resu lts of the analysis show s tha t the du ty  
reduction u n d er the RTAs of India affected 
only  six teen  p ro d u c t su b h ea d in g s of the 
ru bber industry  of India.

3. S tu d y  on  the s o c io -e co n o m ic  
im p a ct o f  r u b b er  c u ltiv a tio n  
under the Block P lanting U nits 
in Tripura

T h is  s tu d y  is  an  a t te m p t  to  
u n d e rs ta n d  th e  d e c a d a l c h a n g es  in th e  
so c io -e co n o m ic  c h a ra c te r is t ic s  o f trib a l 
ru b b e r  g ro w e rs  in  T r ip u ra .  T h e  f i r s t  
c o m p re h e n s iv e  s tu d y  o n  th e  so c io  
econom ic im pact of N R cultivation u nder 
the block p lan ting  schem e of Tripura was 
com pleted  and  re p o rted  d u rin g  the year 
2009-10. In  o rd e r  to ca p tu re  the decadal 
c h a n g e s  in  th e  s o c io -e c o n o m ic  
characteristics of the tribal society d u e  to 
ru b b e r cu ltivation , a su rv e y  in the sam e 
reg ion  w ass co n d u c te d  d u r in g  th e  year 
2019-20. Field survey in Tripura, am ong 421 
ru b b er farm ers u n d e r n ine block planting 
un its  and  tw o g ro u p  process centres, viz.,
(i) R am babu Para (ii) Khamber Bari (iii) Rani 
( iv )  D a r ia b a g m a  (v ) K a r ia y a m u r a  II 
(v i) L akshm andepha (vii) RS Para (viii) PS 
P ar a (ix) K a m a la sa g a r  (x) R a ja rsh ia n d  
(xi) Janm abhum i w ere com pleted.

E v a lu a t io n  o f  a d o p t io n  o f  
R ubber Board's recom m ended  
practices by grow ers

T h e  R u b b e r  B o ard  re c o m m e n d s  
v a r io u s  ru b b e r c u ltiv a tio n  p ra c tic e s  for 
increasing p roduc tiv ity  an d  reducing  cost 
o f production  of rubber. T hough adoption  
of technologies developed  by R ubber Board 
like im proved  clones w ere w idely  adop ted  
by farm ers, technologies recom m ended for 
b e t te r  fa rm  m a n a g e m e n t  a re  n o t  w ell 
received by farm ers. T hrough  the Rubber 
Board m ade concerted efforts to popu larise  
th e se  ru b b e r  p r o d u c tio n  te c h n o lo g ie s  
through  its ex tension  netw ork, adop tion  by 
the farm ers w ere no t encouraging . In this 
backdrop  a s tu d y  has been un d ertak en  by 
the Division w ith  the objectives (i) to  study  
th e  level of ad o p tio n  o f d iffe ren t ru b b er 
p ro d u c tio n  te c h n o lo g ie s  b y  th e  
s m a l lh o ld e r s ,  (ii)  to  s tu d y  fa rm e rs ' 
p e rc e p t io n  on  im p o r ta n c e  o f ru b b e r  
p ro d u c tio n  te c h n o lo g ie s  fo r e n h a n c in g  
p ro f i ta b il i ty  a n d  to  s tu d y  th e  fa c to rs  
influencing ad op tion  of ru bber p roduction  
technologies.

A w ell-struc tured  q u estionnaire  was 
p repared  for da ta  collection. D ata will be 
c o llec ted  from  1000 ra n d o m ly  se lec ted  
farm ers from South, C entral, N orth-centra l 
and  N orth  Kerala using  trained  personnel. 
D e sc rip tiv e  s ta tis tic a l, A d o p tio n  Index , 
A doption Q uo tien t and  Likert Scale will be 
used for in terp re ting  the data.

5. Trends in  R ubber C on su m ption  
in  th e  N o n -T y re  se c to r : A n  
exploratory an alysis

A s tu d y  o n  th e  t r e n d s  in  ru b b e r  
c o n s u m p tio n  in  n o n - ty re  s e c to r  w as 
u n d e r ta k e n  in th e  D iv is io n  d u r in g  the 
reporting  period . T he m ajor objectives of 
the s tu d y  are: to ana lyse the tren d s in the



composition of consum ption  of rubber in the 
selected n o n-ty re  p ro d u c ts  and  to identify 
the techno-econom ic factors con tribu ting  to 
the c h a n g e s  in  th e  c o m p o s it io n  of NR 
consum ption in  th e  no n-ty re  sector. A well- 
structured q u estio n n aire  w as p repared  for 
da ta  c o lle c t io n  a n d  w a s  s e n t  to  
m anufacturers o f no n -ty re  p roducts.

6. P olicy  a d v iso r ie s  to the R ubber 
B o a rd /M in is try  o f  C om m erce  
and Industry

B ased  o n  th e  r e s u l t s  o f s tu d ie s  
u n d e r ta k e n  in  th e  D iv is io n , p o lic y  
advisories w ere given  to R ubber Board and 
to the M inistry  on  v ario u s m atters.

• A deta iled  n o te  on  A SEAN-India FTA 
with latest tren d s in trade w as prepared, 
a n d  c o m m u n ic a te d  to  th e  J o in t

D irec to r (Eco), P lann ing  d iv ision  for 
com m unica ting  to the Parliam en ta ry  
com m ittee

• Provided  the deta ils  on the im port of 
rubber pro d u c ts  o f India from ASEAN 
to the P lanning  d iv ision  in response to 
th e  q u e ry  in P arliam en t, on im p o rt 
g ro w th  o f ru b b e r  p r o d u c ts  fro m  
ASEAN m em ber countries

7. C onsultancy /A d visory  w ork

• Estimated the up se t value of m ore than  
50000 rubber trees of M /s State Farm ing 
C orporation of Kerala Limited, Punalur 
in January 2020 and  com m unicated.

• Estim ated the tim ber volum e an d  upset 
value of rubber trees in RRS D apchari 
and  intim ated.

C E N T R A L  EXPER IM ENT ST A TIO N , CH ET H A C K A L

T h e  C e n t r a l  E x p e r im e n t  S ta tio n , 
Chethackal es tab lish ed  in 1966 is situa ted  
at a distance o f ab o u t 56 km  from Kottayam. 
The S tation h a s  a total land  area  of 254.8 ha 
of which 36.4 ha is u n d e r  im m atu re  rubber, 
151.8 ha u n d e r m atu re  ru b b e r and  27.59 ha 
ar*?a is u n d e r  b u d w o o d  n u rse ry  an d  close 
planting. T he S ta tion  m eets the field trial 
needs o f v a r io u s  d i s c ip l in e s  like  c ro p  
im p ro v e m e n t, c ro p  m a n a g e m e n t, c ro p  
protection, c ro p  physiology, latex harvest 
technology an d  m eteorological observation. 
The Station w orks u n d e r A and  B D ivisions 
Of alm ost equa l area. T he p rio rity  areas of 
e* peri m en tation  a t p re sen t are  breed ing  for 
high yield a n d  o th e r beneficial secondary  
characters w ith  special em phasis on d isease 
a»d d ro u g h t to lerance, eva luation  of clones

developed conventionally, nu trition  studies, 
in tercropp ing  system s, reduction  in cost of 
cultivation, p lan tin g  system , low  frequency' 
tapp ing  system s, G erm plasm  evaluation  etc.

Total n u m b er of research  tria ls  u n d e r  
various D ivisions are 91. A three p a rt tree 
c row n b u d d ed  area w ith  canopy  from  FX 
516 is la id  to  s tu d y  d is e a s e  re s is ta n c e  
m echanism s. The E ddv covariance to w er 
i n s ta l le d  in  th e  S ta t io n  g iv e s  m ic ro  
e n v iro n m e n ta l  d a ta .  T h e  S ta t io n  a lso  
functions as  a  centre for tra in in g  g ro w ers  in 
v a rio u s  aspects  in  fa rm in g  o p e ra tio n s  of 
rubber p lan ta tio n  industry.

D uring  the re p o rtin g  period , th e  to tal 
crop  realized  w as 111 MT. T he total n u m b er 
of ta p p in g  d a y s  re a lised  w a s 295 a n d  56 
tappers  w ere engaged  fo r tap p in g . T he total



m an -d a y s  en g a g ed  in th is  s ta tio n  w ere 
35039 d a y s . T he S ta tio n  h a v in g  155 
perm anent w orkers is m anaged  by Officer- 
in -c h a rg e  w ith  24 s ta f f  fo r  o ff ice  
a d m in is tr a t io n , fa rm  m a n a g e m e n t, 
d isp en sa ry , s e c u rity  a n d  c a n teen . T he

dispensary  a ttached  to th e  S tation caters to 
the m edical needs o f the w orkers. The total 
patients attended  to du ring  the period under 
re p o rt  w ere 3233. T he to tal IEBR raised 
d u rin g  the re p o rtin g  p e rio d  w as Rs. 1.45 
crores.

R E G IO N A L RESEARCH  ST A TIO N , G U W A H A T I, A S S A M

1. Crop Im provem ent

1.1 O n-farm  evaluation  of selected ortets 
o f Hevea

In an attem pt to evaluate perform ance 
o f s e lec ted  p ro m is in g  o r te ts  u n d e r  th e  
a g ro c lim a te  o f A sssm , fiv e  g e n o ty p e s  
(3 p rim ary  o rte t  se lec tio n s  viz. RRSG 9, 
RRSG 3 and  RRSG 1 an d  tw o  clones viz. 
RRIM 600 and  RRU 429) w ere p lan ted  in 
large scale in M origaon d istrict. G irth  of 
o rtets after fou r years o f p lan ting  w as a t p a r 
w ith RRIM 600. H ow ever, m ean  g irth  of 
RRII 429 was high  com pared  to  tha t of RRIM 
600 o r o ther ortets.

Table Ghv. 1 . Girth at 4 year of planting
Name of Mean girth Range of
clones/ortets at 4,fc years of girth (cm)

planting (cm)
RRIM 600 25.8 17.0 - 38.8
RRSG 1 26.1 1S.9 - 35.5
RRSG 3 26 2 19.0-34.5
RRSG 9 24.9 16.0-35.1
RRII 429 29.2 17.8-42.1
CD (P=0.05) NS

1.2. O n - fa rm  e v a lu a t io n  o f  p o te n t ia l  
clones in  A ssam

For final evaluation of po ten tial clones 
o f NE u n d e r  th e  ag ro c lim a te  o f A ssam , 
b udd ing  of SCATC 88/13, RRII 429, RRI 1417, 
RRIM  600 and  RRII 208 w as com pleted  and 
polybag  p lan ts  w ere raised. P lan ting  will 
be done in next season. A rea w as cleared 
and  field p repara tion  is u n d e r  progress.

2. Crop M anagem ent

2.3. S o il fe r t i l i ty  m a p p in g  in  A ssam , 
A ru n a c h a l P ra d e sh , W est B engal, 
M an ipur, M izoram  an d  N agaland
A survey of ru b b er g ro w in g  soils of 

N o r th - E a s t  In d ia  w a s c o n d u c te d  fo r 
d eveloping  soil fertility  assessm ent based 
o n line  fe rtilizer reco m m en d a tio n  system  
and  d u ring  the reporting  y ea r a total of 484 
soil sam p les  w ere co llected  from  A ssam . 
Location coord inates of all the soil sam ples 
w ere recorded using  GPS device along  with 
data  re la ted  to cu ltu ra l p rac tices of each 
location. Soil sam ple collection from  West 
Bengal, A runachal P rad esh  an d  M an ipur 
was a lready  com pleted  d u rin g  last year.



R E G IO N A L  RE SEA R C H  ST A TIO N , A G A R TA LA , TR IPU R A

T he m ajo r a re a s  of re search  of this 
S tation a re  e v a lu a t io n  o f c lo n e s , c ro p  
management, latex harvesting and  ecosystem 
study. Site specific n u trien t m anagem en t 
recom m endations to ru b b e r g ro w ers  and 
estimation of d ry  ru b b e r c o n te n t of latex 
samples are being  continued .

1. Crop Im p rovem ent

The crop  im p ro v em en t program m es 
were u n d e r ta k e n  fo r d e v e lo p m e n t an d  
evaluation of clones fo r th is region. O ne 
hundred an d  th irty  one selec ted  clones viz. 
20 hybrids, 21 O P  p rogen ies  an d  90 half-sib 
progenies w e re  u n d e r  e v a lu a tio n  in six 
clonal and  seed lin g  nurseries.

In clonal n u rs e ry  ev a lu a tio n  o f O P 
progenies (2013), th e  test tap  d a ta  show ed 
that mean yield  w as h ig h est for AGO P 08A/ 
31(101.7g t '1 lO t ') an d  low est for AGOPO8A/ 
32 (38.0 g  t'1 10trl). In  an o th e r O P progenies 
nursery (2014), test tap  yield w as h ighest for 
AGOP08B/15 (78.4 g t '1 lO f )  an d  low est for 
AGOP 09/153 (27.7 g  f  1 0 f) .

In c lo n a l n u r s e r y  e v a lu a t io n  of 
selected half-sibs (2014), test ta p  yield was 
highest for AG H S 09/207 (99.5 g  t 1 lO f') and 
lowest for A G H S 09/04 (29.4 g  t ' lO t'). In 
another h a lf-s ib s  n u rse ry  (2015), tes t tap  
yield data  in d ica te d  tha t h ighest yielder, 
AGHS 10/428 re co rded  the h ighest y ield  of
59.6 g t 1 10 t1 follow ed by 48.4 g t'1 lO f1 by 
AGHS 10/447 an d  46.40 g  t 1 1 0 f  by AGHS 
10/447- a n d  th e  c h e c k  c lo n e  R RII 208 
recorded an  y ie ld  of 48.6 g  t '1 lO t'1.

In  c lo n a l n u r s e r y  e v a lu a t io n  o f 
selected h y b rid s  (2013), am o n g  13 d ifferen t 
clones the m ean  test tap  y ield  w as h ighest 
for AGHY 07/09 (124.3 g  t 1 lO t ') an d  low est 
for AGHY 07/68 (39.6 g  t ' lO t '). In ano ther 
hybrid  n u r s e r y  (2015), A G H Y  09 /076

recorded h ighest average test-tap  yield of 
89-8gf‘ lO t1 followed by check clones, RRII 429
(862 g r 1 10tr') and RRIM 600 (843 g  t ' lOf').

Evaluation of clones w as undertaken  
in tw o Large Scale Trials: one im m ature and 
ano ther one m ature. In first large scale trial, 
DD/6/5 show ed highest g irth  (40.3cm) during  
fifth year com pared to control RRIM 600 (31.3 
cm). In another LST (G x E) trial, yield w as 
h ig h e s t in c lo n e  RRU 176 (65.5 g r ' t 1) 
followed by RRII 430 (63.0 g  f  f )  and control 
clone RRIM 600 (58.9 g f  f ) .

A n ew  e x p e rim e n t on G e n o ty p e  x 
E n v iro n m e n t in te ra c tio n  w a s in itia te d  
d u ring  the reporting  period. Field plan ting  
of this trial w ith  20 clones and  37 p ipeline 
genotypes has been com pleted.

S ta n d a r d iz a t io n  o f d i s t in c tn e s s ,  
u n ifo rm ity  a n d  s ta b il ity  (D U S) te s tin g  
norm s in  57 clones is being  m ain tained . A 
g erm plasm  gard en  hav ing  213 w ild Hexxa 
accessions, so u rce  b ush  n u rse rie s  an d  a 
breed ing  orchard are being m ain tained  in 
the Station.

2. Crop M anagem ent

2.1. S oil fe rtility  m ap p in g
C om posite soil sam ples w ere collected 

from ru b b er g row ing  soils u n d er N o rth  East 
Ind ia  to p re p are  a soil fertility m ap. W ork 
is carried o u t to develop  an  on-line fertilizer 
r e c o m m e n d a tio n  fo r ru b b e r  g ro w e rs  in 
these locations. The deta ils  o f th e  sam pling  
lo c a tio n  lik e  c lo n e , a g e  o f  p la n ta t io n , 
p lan tin g  history, cu ltiv a tio n  prac tice  and  
location co-ord inates w ere re co rded  using  
GPS. Total 1394 com posite soil sam ples w ere 
collected from  the s tate  of Tripura . A nalysis 
of soil sam ples w ere taken  u p  to record  their 
fertility status. M ajority o f the soil sam p les  
(90% ) fro m  T r ip u ra  r e c o r d e d  e x tre m e



acidity w ith pH  ranging from 4 to 4.5. A bout in d ifferen t m odels are p resented  in Table
84.5 per cent of the rubber grow ing  soils of Agar. 1.
Tripura are deficient in available Z n and  71.4
p er cent soils are deficient in available B.

The influence of silt p its  on g row th  
and  y ie ld  o f ru b b e r be ing  g ro w n  in th e  
h illocks (s lo p e  o f 5-7%) o f T rip u ra  w as 
s tu d ied . N o s ignificant im p ro v em en t in 
trunk  g irth  of plants was recorded d u e  to 
im p o s it io n  o f tre a tm e n ts . H o w e v er, a 
positive and  significant increase in m ean 
yield in the tune of 9.8 -1 1 .7  p e r cent was 
observed  d u e  to adop tion  of conservation 
p its. It was observed tha t ab o u t 3.98 - 5.42 
m t soil ha '1 y ea r • could be conserved in the 
p its. A considerable am oun t of available N, 
P, K ranging from 21.6 to 31.5, 3.1 to 4.5 
and 30.6 to 35.5 kg h a '1 y r 1, respectively  was 
conserved from the soils tha t w ere deposited 
in the pits. In add ition  to  this, 29.14 kg OC 
and  216.2 kg clay p e r ha could be rescued 
p er annum  from  these lands.

2JL D evelopm ent of cropping  system  and
m anagem en t practices
A new' trial on ev a lu atio n  of m u lti­

faceted land use system  u n d er ru b b er based 
hom estead  farm ing  in N orth-E ast India has 
b ee n  in itia te d . T hree m o d e ls  hav e  been 
developed to assess the sustainability of crop 
d iv ers ific a tio n  under- ru b b e r h o m estead  
system. Field plan ting  of clone RRII 208 has 
been  com pleted  in three d ifferen t m odels 
hav ing  d ifferen t p lan ting  geom etry. First 
model is the paired row system of planting 
w here plant to plant distance is 2.4 m  and the 
space allotted w ithin the paired row  is 4 m 
and  betw een the tw o paired row s it is 14 m. 
T h e  sec o n d  m o d e l is a q u a r te t  c lu s te r  
approach  w here plants in each cluster are 
equid istan t a t 2.5 m and a space of 20m is 
given w ithin tw o cluster row s. The third 
m odel is a rectangular system  of planting 
w here a spacing of 3.0 x 6.7 m  is m aintained, 

deferen t perennial intercrops introduced

Table Agar. i. Different perennial intercrops in three 
___________different models
Model I Model 11 Model III
Lemon Lemon Lemon
Caranibola Mango Pineapple
Valarcia Litehi
Mosambi
Dragon fruit
Guava

In  th e  ex p e rim en t on  e v a lu a tio n  of 
cropping  system  m odel, the g irth  of rubber 
in the intercropping plots (61.2 cm for Model
1 a n d  61.9 cm  fo r M o d e l II ) a n d  in 
m onocropped  plots (62.7 cm  for M odel I and 
62.9 cm  for M odel II) is on  p a r  af te r 11 years 
o f p lan ting . T he yield of ru b b er obtained 
from  in tercrop  an d  m onocrop  in  both  the 
m odels w-ere also on  p a r i.e. 1634 kg ha 1 and 
1684 kg h a '1 for in tercrop  and  m onocrop  in 
m odel I and  1640 kg h a 1 an d  1706 kg ha '1 in 
m odel II, respectively. In tercropp ing  was 
carried ou t for en tire  im m atu rity  period  in 
m odel I (Paired row  system ) an d  only  for 
five y ea rs  in m odel II (u sual re c tan g u lar 
planting).

In the sk ipp ing  fertilizer experim ent, 
the yield p erfo rm ance has been  recorded 
subsequently  and  the resu lt show s tha t the 
m ean g irth  of ru bber in 'n o  fertilizer plot' 
a n d  c o n v e n tio n a l f e r t i l i z e d  p lo ts  is 
statistically  on p ar i.e. 54.2 cm  and  54.9 cm, 
respectively. The m ean y ield  in 'n o  fertilizer 
p lo t' and  'conventional fertilized p lo ts ' was 
1374 kg ha 1 and  1327 kg h a 1, respectively.

The zero tillage experim en t a t block 
p lan ting  units, the g irth  d a ta  ind icated  that 
pits of larger dim ensions have no advantage 
on g ro w th  o f  p la n ts  a f te r  fifth  y e a r  of 
p lanting. T he m ean g irth  w as 38.5 cm and
39.2 cm re sp ec tiv e ly  fo r n o rm al p it and 
reduced  size pit.



3, Latex h a rv estin g  stu d y

Effect o f f r e q u e n c y  of s t im u la tio n  
with e th e p h o n  (2 -C E P A ) on  y ie ld  
perform ance o f d iffe re n t RRII 400 series 
clones viz. RRII 417, RRII 422, RRII 429, 
RRII 430 and  con tro l clone RRIM 600 w ere 
evaluated u n d e r  S/2 d3  6d /7  system  w ith  
s tim u la tio n  a n d  (S /2  d 2  6 d /7  sy s te m ) 
w ith o u t s t im u la t io n  w ith  tw o  m o n th  
tapping rest. T he five y ea r s tu d y  show ed 
that increase in d ry  ru b b e r y ie ld  d u e  to 
application of th ree  to fou r stim u lations per 
year in d3  sy s te m  o f ta p p in g  in all th e  
dones. H ig h e s t  y ie ld  w a s  o b se rv e d  in 
clone RRII 429. T ap p in g  pane l d ry n ess  w as 
non-significant. F o u r ro u n d  of stim u lation  
in a year gave h ig h e r  y ield  o f 1866 kg 400 
trees 1 in clone RRII 429 u n d e r  d3 system  
which w as co m p a rab le  w ith  d2 system .

In low  frequency  tap p in g  in clone PB 
235, d3 system  of tap p in g  continued  to show  
higher yield co m p a red  to d4  an d  d7  system . 
The experim ent on effect o f p lan ting  density  
on d3 lap p in g  sy stem s is being  con tinued  
with clone RRII 429. H ig h e r  y ie ld  w as 
observed in high  density  p lan ting  com pared 
to lower density . In block trial experim ent, 
d3 system sh o w ed  h ig h er yield com pared  
to d7 system  o f tap p in g  in clone RRIM 600.

4. E co sy stem  s tu d y

In s tu d ie s  on  in v asiv e  p o te n tia l o f 
various p la n t species using  ecological niche 
modelling, it w a s observed  tha t d is tribu tion  
of Hevea in tw o  d is tin c t  re g io n  (W estern 
Ghats as trad itional region an d  NE region 
as non-trad itional region) can be classified 
as tvvo d i f f e r e n t  c l im a te  p o p u la t io n . 
Therefore, it w a s env isaged  to eva luate  the 
need to  c o n s t r u c t  s e p a r a te  s p e c ie s  
d is tr ib u tio n  m o d e l  fo r  tw o  d is t in c t  
Populations in stead  o f a com m on approach .

Two global clim ate m odels (GCM ) (BCC- 
CSM and HadGEM2) w ere used to construct 
the ecological niche d is tribu tion  of Hevea 
s p e c ie s  in N E re g io n  u s in g  th re e  
rep resenta tive clim ate pathw ays (RCP) of
2.6, 4.5 and  8.5. In an initial attem pt, there 
w as no significant difference betw een the 
GCM s and  RCPs in term s o f d istribu tion  
p attern  except few m inor pockets in Assam 
u n d e r p re sen t clim ate scenarios. It w as 
o b se rv ed  th a t  m in im u m  te m p e ra tu re  in 
w in ter season in NE is pred ic ted  to increase 
from 14.8p C in 2000 scenarios to 17.3p C in 
2050. A nnual average tem pera tu re  is also 
going to be h igher in NE (26.1 p  C in 2000 to 
28.2p C in 2050).

In an  o b s e rv a tio n a l tr ia l  on  n o n ­
recru itm ent of ru bber seedlings u n d e r the 
canopy of rubber plantations of different age 
g ro u p s  a n d  o th e r  v e g e ta t io n , it w a s 
observed that seedling  p opu la tion  du rin g  
second year is m ain tained  in old p lan tation  
and  jungle rubber conditions w here  hum an  
a c tiv ity  is  less. T he p la n ta tio n , w h e re  
ta p p in g  a c tiv ity  is m ore, th e  n u m b e r of 
seedlings m ; land  is also  less. D uring  the 
ra iny  season (July-Septem ber), the seedling  
p o p u la t io n  w a s  m a in ta in e d  in  a ll 
ex p e rim en ta l p lo ts  excep t in  o n e  w h e re  
an th ro p o g en ic  ac tiv ity  (tapp ing) is m ore. 
M aintenance of seedling  popu la tion  d u ring  
r a in y  s e a s o n  c o u ld  be d u e  to  h ig h e r  
availability  o f soil m oisture. T he average  
n u m b e r  o f s e e d lin g s  m  p lo t  in  ju n g le  
ru b b e r  a n d  o th e r  a re a s , w h e re  h u m a n  
interference is less, is 21 w hereas the num ber 
o f seedlings nr-' p lo t is less than  10 u n d er 
m atu re  rubber p lan tations.

In  th e  ec o lo g y  s tu d y , a so il h e a lth  
index  u n d e r five land use system  viz. Pure 
R ubber (PR), R ubber w ith  Tea (PT), Jung le 
R u b b e r (JR), N a tu r a l  F o re s t  (N F ) a n d  
A djacent Fallow  land  (FL) w as d eve loped



based on m inim um  data  set. The o rd er of 
health index was: NF (0.8) > JR (0.7) > PR 
(0.59) >RT (0.56) > FL (0.46). A reduction in 
OC (%), pH  and  OC content u n d e r  rubber 
so ils  w as o b se rv ed  w h ich  s ig n if ican tly  
influence the soil health.

5. A d visory  work

Total 306 so il sa m p le s  from  sm all 
h o ld in g s w e re  an a ly zed  an d  offered  site 
specific fertilizer recom m endation. Total 126 
latex sam p les  w ere tested  fo r d ry  rubber 
content.

REG IO N A L RESEA RC H  ST A T IO N , T U R A , M EG H A LA YA

The Regional Research Station, Tura 
c o n t in u e d  i ts  re s e a r c h  a c t iv i t ie s  on  
evaluation of clones, polyclonal population , 
crop physiology/ latex harvest technology 
and  crop m anagem ent.

1. Crop Im provem ent

1.1. Poly-cross p rogeny  ev a lu atio n s
In  th e  2008 p o ly -c r o s s  p ro g e n y  

evaluation trial, a new  set o f Clonal N ursery 
Evaluation Trial 2014 has been started  at the 
Rubber Board cam pus, D akopgre, Tura in 
tw o designs in RBD. P lan ts are m ain tained  
in  th e  f ie ld . In  a n o th e r  s e t  o f  2011 
populations, a total o f 34 top y ielders were 
selected on the basis of g row th  perform ance 
and  juvenile  yield and m ain tained  in the 
field for fu rth e r evaluation.

1 .2. H a lf -s ib  p ro g e n y  e v a lu a tio n  tria l 
2008 an d  2009

Popu la tions selected on th e  basis of 
grow th  perform ance and  juvenile yield for 
bo th  the years are m ain tained  in the field 
for fu rth e r evaluation.

1.3. O n-farm  evaluation of selected clones
T h re e  o n -fa rm  tr ia ls  w e re  s ta r te d  

d u r in g  2009 an d  2010. Trial I in c lu d ed  
blocks of six clones, viz. RRIJ 4 17  r r i j  

m i  429, PB 235, RRU 203 and RRIM 600 in 
M endipathar (N orth C aro  Hills) and  Trial

II included four clones viz. RRII 417, RRII 422, 
RRII 429 and  RRIM 600 in Bolchugre, West 
G aro H ills. In  the N orth  G aro  H ills, three 
years m ean yield data  w ere recorded in both 
th e  tria ls  an d  p re lim in a ry  d a ta  on  yield 
found h ighest m ean annua l yield in RRII 429 
(39.5 g t“ t -') closely follow ed by RRIM 600 
(38.4 g  t 1 t ’), RRII 422 (35.2 g  f '  t '), PB 235 
(34.4 g  t-' t ’) an d  RRU 417 (30.8 g  f  t ') and 
m inim um  yield w as reco rded  in RRU 203 
(25.4 g  f 11 ') (Table Tura 1).

Table Tura 1. Mean annual yield (g f 11 ') of different 
clones in the on-farm trial at 

) hills of
------- Meghalaya d unne  iniHal throe Vi*nrs
Clones Mean annual yield

( g t ' t 1)
PB 235 34.4
RRll 417 30.8
RRII 429 39.5
RRU 422 35.2
RRll 203 25.4
RRIM 600 38.4
Mean 34

5.2
15.3

1-4. E valua tion  o f po ly -cro ss  p ro g e n ie s  
from  fo u r sta tio n s  o f NE region
T h e  p ro m is in g  s e e d lin g s  w ere 

screened on the basis o f test tap  yield am ong



polyclonal seeds w h ich  w ere collected from 
four locations in th e  NE reg ion  viz. RES 
Nagrakata, RRS A garta la , RRS G uw ahati 
and RRS Tura an d  th e  selected b ud  w oods 
are m ain tained  in th e  n u rse ry  for fu rthe r 
study.

1.5. N u rse ry  e v a lu a t io n  o f p o ly -c lo n a l 
see d lin g s  tria l 2013 an d  2014
The po ly  clonal seeds collected from 

Poly C lonal Seed  G arden , M izoram  w ere 
planted in the field  in the year, 2013 a t tw o 
locations of the RRS, G anolgre farm  and  one 
location a t R.B. ca m p u s, D akopgre, Tura. 
On the basis o f test ta p  y ield , top  25 best 
perform ing p ro g e n ie s  hav e  been  selected 
and m ain ta in ed  as  b u d -w o o d s  a t R ubber 
Board cam pus, Tura an d  five progenies have 
been selec ted  a t  RRS, G an o lg re  farm  for 
further evaluation .

1.6. G e rm p la sm  arb o re tu m  at Teksragre 
Farm
In o rd e r  to m ain ta in  the I s', 2nd, 3rd, 4"1 

and 5,h se t of G erm plasm  A rboretum  un d er 
the agro-clim atic cond ition  of G aro  H ills of 
M eghalaya a t T eksragre farm  n ea r Anogre. 
395 p o ly  b a g  p la n ts  (b e lo n g in g  to  131 
Accessions inc lud ing  26 W ickham ) for S* set 
of G e rm p la sm  w e re  p la n te d  in th e  field 
during A u g u st, 2019 a n d  m ain ta in ed  the 
plants. Field p re p ara tio n  w ork  for 6lh se t of 
Germ plasm  p lan tin g  is in p rogress. All the 
plants w ere affected by the hailstorm  during  
May, 2019.

2. Crop physiology/ Latex 
Harvesting Technology

2-1. Effect o f low  w in te r  tem p era tu re  on 
y ie ld  o f ru b b e r  at h ig h  a ltitu d e
Severe low  w in ter tem peratu re is one 

°f tine m ain factors for depression  of yield 
and per cent d ry  rubber content (drc) in Hevea 
under the ag ro-clim atic condition  of G aro

Hills. The annual mean yield (29.7 g t ! f !) 
and  DRC (33.9 %) for reporting  y ea r was 
re c o rd e d . Low  te m p e ra tu re  a d v e rse ly  
affected the yield and  DRC. Early defoliation 
an d  re fo lia tion  w as observ e  a n d  d u rin g  
w inter DRC ranges was from 28.5 to 29.2 per 
cent. Lowest soil m oisture content was also 
recorded  in the m on ths o f F eb ru ary  an d  
M arch.

2.2. S hallow  ta p p in g  -  an  op tio n  to stress
a l le v ia tio n  in  H evea  p l a n ta t io n s
d u rin g  w in te r in  NE
T here w as no  s ignificant d ifference 

b e tw e en  tre a tm e n ts . M ax im um  an n u a l 
m ean yield w as recorded in norm al tapp ing  
system  (30.5 g  t 11 1) fo llow ed by  norm al 
continuous tapp ing  (29.4 g  t'] f 1) an d  LFT + 
n o rm al tap p in g  (28.3 g  t° t '1) a n d  low est 
w as in sh a llo w  + no rm al ta p p in g  system  
(26.0 g  t '11 '). A nnual m ean DRC w as low 
(33.8 %) in norm al continuous tap p in g  and  
h igh (34.4 %) in shallow  + norm al tapp ing  
system . N orm al continuous tapp ing  system  
show ed h igher TPD (7.2%) follow ed by the 
shallow  + norm al tap p in g  system  (6.8 %) 
a n d  LFT + n o rm al ta p p in g  (6.0 %) a n d  
m in im um  w as in no rm al tap p in g  system  
(5.5 %).

2.3. Location specific stim u lan t application
Ethylene induced stress response in  the 

tapp ing  panel of the Hevea trees w as initiated 
to reduce the stress in tissues in the tapp ing  
p anel. In RRIM 600 six trea tm e n ts  wrere 
adopted  w ith  bark  applica tions of 5 per cent 
e thaphon. Results show ed that m axim um  
annual m ean yield (45.2 g  t ' f ') and  low DRC 
(33.4 %) w a s  re c o rd e d  in T3 (B ark  
application) of 5 p e r cent e thaphon  at 150 cm 
above b ud  union  an d  n ea r b u d  un ion  and 
m inim um  yield (30.6 g  t '11 ') an d  high  DRC 
(34.1 %) w as reco rded  in T6 (u n stim u la n t 
trees). There w as no significant difference in 
DRC betw een trea tm ents.



3. Crop M anagem ent
3.1. Soil m oisture retention characteristics 

u n d e r th e  ru b b e r g ro w in g  so ils  of 
M eghalaya
Soil s a m p le s  w e re  co lle c te d  ea ch  

m onth at the dep th  of 0-15 cm, 15-30 cm and 
30-60 cm fo r  so il m o is tu re  s tu d y . Soil 
m oisture content increased w ith increase in 
the depth. M axim um  soil m o istu re content 
was o bserved  in A u g u s t/S e p te m b er and  
m inim um  in Jan/Feb. A n n u a l m ean was
24.4, 25.3 and 26.1 p e r cent, respectively.

3.2. A naly tica l/ad v iso ry  w ork  for 
fertilizer recommendation
D uring the year, tw enty  fou r (24) soil 

sam ples w ere collected from  the ru bber 
grow ing  areas indicated that the O C  content

was at the m edium  range (0.84 to 1.38 %) in 
th e  surface soil (0-30 cm), availab le P was at 
low  range (3.1 to  7.5 m g kg ') and  available 
K w as al m ed ium  range (72 to 93.5 m g kg '), 
The soil is acidic in n a tu re  w ith  pH  ranging 
from 4.5- 5.4 and  fertilizer recom m endations 
w ere given  accordingly.

3.3. E valuation  o f so il fe rtility  s ta tu s  and
m a p p in g  o f  s o i l  f e r t i l i t y  of
M eghalaya

C ollected 162 com posite  soil sam ples 
(0-30 cm dep th ) from the ru bber grow ing  
areas of G aro hills of M eghalaya (W est, East, 
N orth , S ou th  an d  S o u th -w est G aro  H ills 
d istricts) using  GPS system . Sam ples were 
d ried  and  packed  and  transported  to RRII 
for analysis.

REG IO NA L EXPERIM ENT STATION 
NAGRAKATA, W EST BENGAL

1. Crop Im provem ent

11. Evaluation of clone
T w enty  six p ro m is in g  clones w ere 

e v a lu a te d  u n d e r  th e  a g ro -c lim a tic  
conditions of sub-H im alayan  West Bengal. 
A fte r 27'" y ea r of p lan tin g , sign ifican tly  
h igher g irth  w ere exhib ited  by clones PR 
107. SCATC 93/114. RRIM 703, RRIM 605 

RR1M 612 th“ n checl'KK1M 600. Iw o  clones PB 310 and  PB 280 
recorded significantly  h igher rubber yield 
than check clone RRIM 600.

1 .2 . Evaluation of Germplasm
G e rm p la s m  e v a lu a t io n  tr ia ls  

com prising  of 21 accessions w ere continued 
and were under evaluation under the 
Nagrakata condibons. Highest grow th was

Observed in RO 2629, MT 44, RO 3430 R<) 
2635, MT 196, MT 2229, AC 619, RO 5557 

A s com pared  to check cl .. •
,  ̂ 105 s ign ifican tly  h ig h e r  d ry  rubbei 

yield was recorded in AC 763.

1-3. P erfo rm an ce o f p o ly c ro ss  p ro g e n y  
ra ised  from  seeds of locally  ad ap ted  
m atu re  ru b b e r p lan ta tio n

Perform ance of native clim atic trails 
m ay  h a v e  in f lu e n c e  on  d e v e lo p m e n t  
ol H a m  seeds w hich m ay be reflected on lo 
th e  n ex t genera tion (s). A im ing  th is, the 
s tu d y  on polyclonal seed ling  trees raised 
from  see d s of NE as well as trad itio n a l 
region was initiated. It show ed that seedling 
Irees raised from  seeds of N E perfo rm ed  
b etter than  tha t from K anyakum ari. The 
clim atic condition of K anyakum ari and  NF.



region is w idely d ifferen t especially in term s 
of temperature throughout the year. The seeds 
developed in NE climate m ay have appreciably 
adapted to the native environm ent which is 
reflected in the perform ance of seedling trees 
under cold stress condition in term s of growth 
and yield. Evaluation of the perform ance of 
both the seedlings found that seedlings raised 
from seeds collected from  A ssam  show ed 
superior p erfo rm an ce follow ed by that of 
Tura; perform ance of trees from N agrakata 
seeds also show ed  better adap tive potential. 
Five superior selections w ere screened along 
with 16 p rim ary  se lec tions th a t w ou ld  be 
further screened  fo r s trea m lin in g  potential 
mother trees for be tte r p lan ting  m ateria l for 
the region.

1.4. M u lti  t r a i t  s c r e e n in g  o f h a l f  s ib  
p rogen ies  fo r cold to lerance an d  yield 
a ttr ib u te s

H alf-sib  p ro g e n ie s  w ere raised from 
seven d iffe ren t clones in 2014. D uring  non­
winter p e r io d  th e  ju v en ile  y ield  w as the 
highest p ro g e n ie s  ra is e d  from  see d s  of 
SCATC 88/13 fo llow ed  by RO.5363. D uring  
winter, the av erag e  juvenile  yield of SCATC 
88/13 p ro g e n ie s  w as h ig h e r  th an  th a t of 
RRIM 600, fo llow ed  by RRII 417 an d  RRII
429. N u m b er o f seed ling  p lan ts show ing 
above average juvenile  y ield  w as also higher 
in SCATC 88/13. T he poten tial o f half-sib 
progenies of SCATC 88/13 w as show n  to be 
prom inent from  th is study.

1.5. P e r f o rm a n c e  o f  n e w  g e n e r a t io n  
clones u n d e r  th e  ag ro -clim ate of sub- 
H im alayan  W est Bengal
E v a lu a tio n  o f five p ro m is in g  new  

gen era tio n  c lo n e s  u n d e r  th e  co ld  a g ro ­

c lim ate  of su b -H im a la y a n  W est B engal 
show ed that girth  and  yield of all the clones 
w ere on p ar with RRIM 600. However, yield 
of RRII 422 w as found high  follow ed by 
RRII 429 an d  RRII 417 d u r in g  th e  year. 
C o m p ara tiv e ly  RRII 414 re co rd e d  low er 
yield than o ther clones in this region.

2. Crop P hysio logy

2.1. Perform ance of polycross progenies 
raised from  seeds of locally  adapted  
m atu re ru b b e r p lan ta tion

M ean ru bber yield of the population  
w a s  34.6 g t 1 t '1 a n d  a v e ra g e  y ie ld  of 
seedlings raised from seeds collected from 
four different places w ere sim ilar ranging  
from 2.5 to 117.6 g t_l t '. Tw enty prom ising 
ortet m o ther p lan ts recorded yield potential 
o f a ro u n d  60 g t 1 t '1 d u r in g  2nd y e a r  of 
tapping.

2.2. P hysio log ica l e v a lu a tio n  o f ru b b e r 
c lo n e s  in  a b a n d o n e d  tea  g ro w in g  
areas o f D ooars b e lt  of N orth  Bengal
A to ta l o f five  c lo n e s  w e re  u n d e r  

evaluation in high pH  soil. G row th of all five 
clones was a t p ar w ith  tha t o f RRIM 600 in 
high  pH  soil except RRII 422 w hich sh o w ed  
significantly  low er grow th . In norm al soil, 
g row th  of all the five clones w as a t p a r w ith  
RRIM 600 in d ica tin g  th e  sen sitiv en ess  of 
clone RRII 422 to  h igh  pH.

2.3. E valuation  of O rte ts  fo r ab io tic  stress 
to lera n ce  in d iffe re n t ag ro -c lim atic  
reg ions

Juvenile yield of the check clone RRIM 
600 w as high  in bo th  no n-w in ter an d  w in ter 
periods follow ed by RRST 24, RRSG 1 and  
RRST 37.



The m andates o f this S tation are to 
develop suitable clones and location specific 
agro technology for the prevailing d ro u g h t 
c o n d it io n . T he e x p e r im e n ts  on c ro p  
im p ro v em en t (sc re e n in g  o f  w ild  Hevea 
accessions, evaluation of clone, polyclone, 
pipeline clones, m arker assisted clones, HP, 
OP clones, selected ortets an d  w ild Hevea 
accessions for grow th and  yield perform ance 
u n d e r  D a p ch ar i c o n d it io n )  a n d  
env ironm enta l p hysio logy  (physiological 
evaluation of selected ortates from various 
agroclimates o fln d ia ) are being carried out.

1. Environm ental P h y sio lo g y

1.1. Evaluation of environmental stress 
to le rance  and  phy sio lo g ica l 
adap ta tio n s  of cold and d rough t 
to le ran t o rte t se lec tio n s  u n d e r 
varying agro-climates 
The trial started in 2011 to evaluate the 

physiological and  biochem ical adap ta tion  
p o te n t ia l  a n d  c o m m o n  m e c h a n is m s  
involved in cold and  d ro u g h t tolerant traits 
u s in g  m o lecu la r physio logy /b iochem ical 
too ls for o r te t  se lec tio n s  from  cold and  
d ro u g h t by in te rc h a n g in g  th e  clones to 
d ifferen t agro-clim atic regions an d  to study  
the GxE in teraction  for g row th  and  yield 
u n d e r varying agro-clim ates.

In general, o rtet RRSA is su p erio r in 
g ro w th  c h a ra c te rs  s tu d ie d  fo llo w ed  by 
RRST and  D ap o rte ts  w ere found poor in 
g ro w th  perform ence.

2 . Crop Im provem ent

A total of nine experim ents are being 
conducted  to evaluate the g row th  and yield 
perform ance of clone, p ipeline clones, H O /

OP clones, ortets, w ild  Hevea accessions, half 
sib progeny, polycross seedlings, different 
root stock plants to identify d ro u g h t tolerant 
clones for their adap tab ility  and  stability  lo 
the agro  clim atic condition  of M aharashtra.

2.1. Large scale trials

2.1.1. Evaluation o f  selected Ortets

Trial s tarte d  d u rin g  2008 to  evaluate 
the grow th  and  y ield  perfo rm ance of ortets 
selected from  polycross seedling  p lan ted  at 
th is S tation w ith  control clones. A m ong the 
ortets OS 135, OS 36 show ed  h igher p lan t 
h e igh t and  g irth  com pared  to  o th e r ortets.

2.1.2. L S T w ith  20 hybrids evolved fo r drought 
tolerance under drought (2018)

T h e  o b je c tiv e  o f th e  tr ia ls  w a s to 
evaluate g row th  and  yield p o ten tia l o f 20 
hybrid  clones. T he experim en t is in initial 
stage. A significant d ifference in height, no. 
of w horls and  leaves w ere recorded  am ong 
the H P an d  O P clones. The h eigh t ranges 
from 82.8 cm in P  207 to 138.7 cm  in P 225 
A m ong the H P /O P  clones P  027 recorded 

lghest height of 138.7 cm in N ovem ber 2019

? i lC,° neS are a t Pa r  w ith  p  207 except P 
205 (87cm), P 207 (82.7 cm) and RRII 430 
(86.0 cm). The done P225 recorded a highest 
no of whorls (3.1) while lowest no of whorls 
was seen in clone P 207 (2.1).

Clone p  218 recorded the highest no of 
leaves (26.8) while lowest no of leaves was 
observed in clone P083 and RRII 430 (14.1 cm).
In general, among the check clones, RRIM w II i 
is supenor in all growth characters studied.

2-2. Further field evaluation trial

f ■)=; tee experiments com prising
. ' ’ 11 sei« tio n s  are being evaluated

stnce 2007, 2010, 2014 and is at initial stage.



2.2.1. Field evaluation o f  selected Hevea clones 
fo r  drought tolerance (2007)

Trial was laid out using 23 potential 
drought tolerant wild Hevea accession for 
drought under Dapchari condition along 
with five HP clones and RRII 105, RRIM 
600, Tjir 1, RRII 430, RRII 208 as check 
clones in A ugm ented RBD, to study the 
drought tolerance potential of the selected 
wild accessions. The accessions showed a 
wide variability for all characters studied 
and a fte r  e x p e rim e n tin g  11 sum m er 
periods (2008 to 2019), 4 wild accessions 
recorded girth higher than proven drought 
tolerant clone RRIM 600. MT 40 recorded 
highest girth at 12,h year under drought. 
The growth and yield performance of the 
seedling w ill be s tu d ie d  for selecting 
potential rec o m b in a tio n  of w ild  and 
Wickham clones.

2.22. Sm all scale further field  evaluation trial 
o f  selected w ild  accession fo r  drought 
tolerance (2010)
Experim ent was in itiated  w ith 47 

selection from wild Hevea accessions along 
with four check clones (RRII 105, RRU 208, 
RRII 430, RRIM 600) to confirm the drought 
tolerance potential of selected seven wild 
accessions from preliminary field screening

2.2.3. F ield  e v a lu a tio n  o f  se lec ted  xvild  
accessions fo r  drought tolerance (2014) 
Trial based  in rec tan g u lar lattice

design was laid out with 11 wild Hevea 
accessions along w ith two check clone 
(RRII 105 and RRIM 600) in order to evaluate 
juvenile and m ature performance under 
drought condition.

2.3. Clonal nursery evaluation
A to ta l of five clonal nu rsery  

evaluation trials are in initial stage for 
evaluation of half sib progeny, polycross,

half sib progeny of prepotent clones and 
pipeline clones.

2.3.1. Germplasm screening

A Screening for wild Hevea accession 
(135) for drought under Dapchari condition 
was laid out in 2003 with RRII 105, RRIM 600, 
Tjir 1 in Augum ented block design. In 
general, Mato Grosso accessions were 
superior for all growth characters studied 
than those from Randonia and Acre 
provenances. The test tapping in peak season 
and in summer season for assessing the yield 
potential after 16 years under drought stress. 
The selections will be advanced to Large 
Scale Trial at drought prone regions.

2.3.2. Clonal nursery evaluation o f  promising  
H evea clones (H a lf Sib P rogeny o f  
Prepotent Clones) in hot spot areas fo r  
drought tolerance

The objective was evaluate the clones 
in a clonal nurserv and advance the potential 
ones showing drought tolerance along with 
rubber vield to LST and PCE to reduce the 
breeding cycle. In the clonal nursery of 40 
potential half sibs of 9 clones and 26 half sib 
progenies from eight prepotent clones were 
selected on the basis test tap yield and 
grow th  u n d er d ro u g h t stress. These 
selections will be advanced to a large scale 
trial at RRS, D apchari for developing  
drought tolerant clones.

2.3.3. Clonal nursery evaluation o f  pipeline  
clones (2011)
Trial laid out in rectangular lattice 

experiment with pipeline clones (50 number 
with 2 check clone RRII 105, RRIM 600) with 
objective to identify drought tolerant clones 
for their adaptability and stability to this 
agro climatic condition of M aharashtra. 
Clone responses for field establishm ent 
were assessed. The growth and yield of



pipeline clones were assessed under cold 
and drought condition 14 pipeline clones 
were found to be superior to clone RRII 430. 
Highest test tapping yield was recorded in 
P 20 along with RR1U30. While 11 clones 
performed better than done RRI I 105 and 
show ing the local adop tive  na tu re  of 
pipeline clones under drought condition.

2.3.4. Evaluation o f  polyclones ofKanyakumari 
origin in clonal nursery (2019)

Three thousand  five h u n d red  
seedlings was raised from seeds obtained 
from Kanyakumai region in 2019 monsoon 
and the survival percentages and early girth 
was recorded and trial is maintained.

23.5. Development o f  drought tolerant root 
stock fo r  the non-traditional areas (2015) 
The drought tolerance capacity of the

selected progenies developed through

R m n n f r "  br ™ n high yieldins  cl° " «(KKII 105, female parent) were evaluated in 
a clonal nursery trial. Fourty clones and 9 
control were planted in this trial. 16 clones 
m terms of grow th and 25 clones in terms of 
test tap yield were found superior to the 
check clones RRII 422 and RRII 417. The 
selection 69 showed a superior growth and 
yield performance.

2.3.6. Clonal nursery evaluation o f  pipeline 
clones/ m arker a ssis ted  selection for 
drought and cold tolerance 

The trial was laid out in Julv 2019 to 
evaluate the drought tolerance potentiality 
under drought condition. The survival 
percentages recorded and vacancy tilling 
was done.

R E G IO N A L r e s e a r c h  s t a t i o n , d h e n k a n a l , o d i s h a

The Station continued its research 
activities with the particular objective ..1 
identifying clones suited to the drv sub 
humid climate region.

1. Crop Im p rovem ent

S r 0R rwassa,isM̂ inthere8ion
Growth and yield perfom , „ re o / elil(, 
clones

Six clone evaluation  tria ls  are  in 
progress. The trials were laid out to screen 
and evolve the most suitable high yielding 
clones under the dry sub humid climate.

2. C lon e evaluation

In Trial 1 (1987), the elite clone RRIM 
recorded highest mean vield of 48 9 

B t t  and GT 1 recorded the lowest yield 
¥  * ') but GT 1 186.8 cm) has recorded

l o T t a T  rShl'r mea"  girth over RR"10a. In terms of growth the performance of

Yield
(8 f1 n

44.6
489
41.2
5.5

Girth
(cm)
78.4
82.5 
86.8

In the clone trial (1990), RRIM 600 
(64.6 g t- t ') , SCATC 88-13 (70,7 g t 1 l land 
RRII 208 (57.5 g t-11") were found’, nost high 
yielding clones. Other popular clones als,, 
performed well in the region. SCATC 93-14 
reco rd ed  co m p a ra tiv e ly  low er y ield



(37.2 g t 1 t '1)- H ow ever, SCATC 93-14 (99.3 
cm) recorded com p arativ e ly  best g row th  in 
terms of girth, follow ed by SCATC 88-13 and 
RRII 208 reco rded  h ig h est girth . H aiken  1 
recorded com p arativ e ly  low er girth.

In th e  1991 ex p e rim en t, clones differ 
significantly in m ean  y ield . RRII 208 (69.8 
g tl1"1), RRIM 600 (58.6 g f  f )  and  RRIC 
102 re c o rd e d  h ig h e s t  y ie ld  a m o n g  the

Table OR. 2. Performance of different clones in the 
i ' __________ region_________________
Clones Yield Girth

(g t ' f ) (Cm)
GTI 47.3 102.7
RRII 105 59.6 90.4
RRU 208 69.8 101.1
RRII 5 51.1 93.8
RRII 300 48.9 99.8
PR 261 52.2 91.3
PR 255 54.6 99.5
RRIC 102 61.5 93.8
RRIM 600 58.6 89.7
Polvclonal 42.7 116.7
CD(P= 0.05) 13.7 9026

clones. P olyclonal see d lin g  p o p u la tio n  
(42.7 g t 1 t !) y ielded  low though hav ing  
h ighest g irth  (116.7 cm) and  adap tab ility  
un d er the prevailed stress conditions (Table 
OR. 2).

In th e  o th e r  m o d e rn  c lo n e s ' tria l 
(2000), th e  h ig h e s t  m ea n  y ie ld  w a s 
observed  in RRIM 600 (60.3 g  t 1 t 1) and  
IRCA 109 (57.2 g t 1 t '1). The low est m ean 
yield w as recorded in RRII 51 (33.1 g t"' f 1). 
H ig h e s t  g ro w th  in  te rm s  o f g ir th  w as 
observed in RRII 300 (70.7 cm).

A source b u sh  n u rse ry  w ith  clones 
n a m e ly  RRII 105, RRII 208, RRII 414, 
RRII 417, RRII 422, RRII 429, RRII 430, 
RRIM 600 and  SCATC 88-13 was established 
to generate p lan ting  m aterial for on  farm 
trial an d  others in com ing seasons.

1.2. Polyclonal ortet evaluation
In polyclonal o rte t ev a lu atio n  ortet 

c lo n es  DNK L 3 a n d  DN K L 4 re c o rd e d  
com paratively h igher yield and  alm ost at 
par w ith high yield ing  clones in th e  region. 
The ortets DNKL 8 (46.3 cm) follow ed by 
DNKL 8 (46.2 cm), an d  DNKL 4 show ed 
com paratively good g irth  attainm ent.

R EG IO N A L RESEARCH STATION, PADIYOOR

Identification  an d  eva luation  of clones 
adaptable for com m ercial cu ltivation  in die 
region, d e v e lo p m e n t of ag ro m an ag em en t 
te c h n iq u e s  fo r  im p ro v e d  p ro d u c t io n /  
p ro d u c tiv ity  w ith  re d u c tio n  in g esta tion  
period a n d  c lo n a l to le ra n c e  to  d ro u g h t/  
disease are the m ajor th rust areas of research 
>n th e  s t a t i o n .  T h e  s ta t io n  h a s  a w e ll 
M ain ta in ed  a g r o m e t  o b s e rv a to ry  a n d  a 
source b u sh  n u rse ry  o f p ro m isin g  clones 
and ortet selec tions su ite d  to the region.

1. Crop m anagem ent
1.1. R e sp o n se  to  a p p l ie d  fe r t i liz e rs  in  

high  y ie ld in g  clones
The trial w ith  th ree clones (RRII 105, 

RRII 414 an d  RRII 429) and  fou r fertilizer 
le v e ls  ( r e c o m m e n d e d  d o s e ,  tw ic e  th e  
r e c o m m e n d e d  d o s e , t h r e e  t im e s  th e  
re co m m en d ed  d o se  an d  a z e ro  fe rtiliz e r 
c o n tro l)  d id  n o t s h o w  a n y  s ig n if ic a n t  
d iffe re n c e s  in  y ie ld  w ith  re s p e c t  to  th e



differen t fertilizer levels app lied . Clonal 
variations w ere also non-significant. The 
trial has been concluded.

2. C rop Im p ro v em en t

2.1. Large scale evaluation  o f clones

IRCA 130 and  PB 255 w ere the best 
a d a p ta b le  clones fo r th e  re g io n  bo th  in 
respect of annual an d  sum m er yield. The 
effect of stim ulation on yield o f the clones 
w as p ro p o se d  to  be u n d e r ta k e n  befo re  
conclusion o f the trial.

2.3. C lone evaluation  u n d e r h ig h  a ltitu d e
situa tion

Two ortets P 270 and  Irittv 1 and  hv, - 
hybrid clones RRU 203 and  RRIC 100 were 
s e le c te d  fo r h ig h  y ie ld  a n d  g ro w th  
a d a p ta t io n  u n d e r  th e  a g ro c lim a tic

conditions in A m balavayal, W ayanad. Ortet 
I 213 re co rded  h igh  m ean yield, but the 
clone sh o w ed  low  tap p a b ility  ind icating  
high  g ro w th  variability. PB 86 was a high 
y ielder in the region w ith  m edium  girth  Thu 
o r  e t P I  re c o rd e d  th e  h ig h e s t g irth . The 
s e lec ted  o r te ts  w e re  e s ta b lis h e d  in  the 
b u d w o o d  n u rs e ry  a t  th e  fa rm  o f RRS 
P a d iy o o r. T h e  fie ld  tr ia l  a t  KA U  
A m balavayal w as concluded .

2.4. P artic ipa to ry  clone trial

A n on farm  trial w as laid o u t un d er 
the P articipatory  C lone Evaluation Project 
m  an  a rea  o f  2.5  ha . In  co -o p e ra tin g  19

f i ? eRBeriC« n eS and th ree check clones RRI1 105 RRII 4 ,0  an d  RRII 417. T he 24 tapp ing

i M S " 1 ,h e  farr"  ™ S converted  from  the

( I «  dsTd'™  ° f ,aPPin8 taf,P‘"8

H EVEA BR EE D IN G  SU B -ST A T IO N  K A D A B A , K A R N A T A K A

Hevea Breeding Sub-station  (HBSS) 
" ^ ‘ rf ' , c h  a t  N e tta n a  w as 
established ,,,1986. The m ajor constra in t, 
m commercial cultivation in this region is

ol°pk , ' '  1 S,HmmeT m°nlhS andof Phytophthora and Coryvesptrra leaf fall 
diseases during rainy seasons. The research 
programmes in the station are envisaged to 
identify clones tolerant to different biotic 
and abiotic stress factors and to identify

eei, n 1 '“ " “  S° “ lh  K o n k a n
s a ‘iour“ bush nur*"7 OIWS for generating nucleus planting 

material and ,> wejtetablished Class B Aero 
meteorological Observatory. There arefi™ 
ongo.ng trials and four new trials were
in itia ted  d u r in B 2019 in  th e  S tation .

1. Large scale c lon e evaluation  trial 
(1990)

In LST 1990 trial H P 372 and  H P 223
o n ?  ^ “ P r t o r y W d n s  with 94.8 and
v i .w E  ' re sPe c tn 'e ,y w h ile  RRII 105 
yielded around 60 g  f  Least ield
observed in Tjir 1 (43.6 g  r> t-., (Table Kad. 11.

2- Sm all scale clone evaluation trial 
(1991 A)

In 1991, throe Small Scale Trials w ere 
P. ' 'M e lnz ' ly91 A (36 clones), 1991 B (13
c ones) and ,9 ,1  C (U  c o n e s ,  m  the trial
‘ A w ith  36 clones, PB 235 (90.4 p f  t ') 
RRU 203 (89.9 g f 11 ’) and PB 280 (89.0 g  f  f ')



Table Kad. 1 Yield from large scale clone evaluation 
(1990)

Clunes Yield ( g t ’ (-')
PB260 642
HP 223 90.4
Mil 3/2 56.9
tip 204 45.7
HP 185 74.3
PB 217 66.9
RRII 105 59.8
HP 372 94.8
■IB 311 65.3
Tjir 1 43.6
Cl I 45.3
Hil 28 53.5
GTI 59.6
PB235 77.0
HP 187 60.5
CD (P=0.05) 22.5

were found  e x c e p tio n a lly  h ig h  y ie ld e rs  
while seven clones p erfo rm ed  significantly  
better than RRII 105 in  term s o f yield. Clone 
RRIM 701 reg iste red  least yield (25.1 g  f  f ) .

3- Sm all sca le  c lon e  evalu ation  trial 
(1991 B)

A m ong th e  13 clones ev a lu a ted  in the 
trial 1991 B, R R U  5 (90 .8  g  f  f )  a n d  
RRII 118 reg istered  significantly  h igher yield 
(68.3 g t'11-<) th an  RRII 105 (28.6 g f 111).

4. Small scale clone evaluation trial 
(1991 C)

N o significant d ifference could  be 
observed w ith respect to yield am ong the 
clones. However, the clone PR 261 recorded 
better yield.

Table Kad. 2. Yield from large scale trial 200)
Clone Mean yield over seven vears_ (gt-'t-*)
RRII 422 34.5
RRII 414 60.1
RRII 403 40.1
RRU 105 35.8
RRIC 100 56.1
RRII 429 48.1
RRU 407 34.7
RRII 430 86.6

SE.d 9.65

CD (P0.05) 20.7

5. Large scale trial (2000)

In the larg e  scale trial (2000) w ith  
h y b r id s  RRII 403, RRII 407, RRII 414, 
RRII 422, RRII 429 and RRII 430 an d  their 
p a r e n ts  viz ., RRIC 100 a n d  RRII 105, 
significant difference in yield w as observed 
while highest m ean yield was reco rded  in 
RRII 430 (86.6 g  t'1 t ') com pared  to check 
clone RRII 105 (35.8 g  t'1 f ') (Table Kad. 2).
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h e v e a  b r e e d i n g  s u b -s t a t i o n  
T H A D IK A R A N K O N A M , TAM IL N A D U

brasmenT/tTd̂ eloptgZZ ^  S‘ase of
clones

TablgTOa' 1' ............c e d l in g1-1- Conventional breeding

D if f e r e n t  e x p e r im e n ta l  t r i a l s  u  n d e ,  th e  
f o u r  p r o j e c t s  viz.  d o n e  e v a l u a t i o n  
h y b n d a a l t o n  a n d  c l o n a l  s e l e c t i o n ,  n e w  
g e n e r a t i o n  p o l y c l o n a l  s e e d  g a r d e n  a n d  
p a r t m p a t o r y  c lo n e  e v a l u a t i o n  w e r e  u n d e r  

p r o g r e s s  a t  t h e  S t a t i o n  d u r i n g  th e  v e a r 2 0 1 9 -  

2 0 . T h e  h i g h l i g h t s  o f  t h e  r e s u l t e  in  t h e s e  
t n a l s  a r e  r e p o r t e d  h e r e u n d e r .

1 1 .1 . Clone Evaluation

T ir e  b l o c k  t r i a l  w a s  l a i d  o u t  durin* 
O c t o b e r  2 ° , 8  a ,  M a m t h a m p a r a i  U n i t

L td .)  w i t h  1] c lo n e s  viz PB  2 5 5  
P B  3 , 4 ,  IRCA 1 0 9 , IRCA m ,  RR,? ® '

u n  '  R R IJ  4 1 7 '  R R iI  422> R R I I  4 2 9 ' 
R R U  4 3 0  a n d  R R IJ 105.

D u r i n g  t h e  p e r i o d  u n d e r  r e p o r t

u n d « ^ n  a n d  
a  t o t a l  o f  2 4  c a u s a l i t i e s  w e r e  r e p l a c e d  w i th  
t h e  p l a n t s  o f  t h e  r e s p e c t i v e  c lo n e s .

1.1.2. Hybridization and clonal selection

r e s e a r c h  f a r m  a t T h a d i k a r a n k o n a m  
c o n s t i t u t e s  o f  t w o  b r e e d i n g  o r c h a r d ,  
c o m p o s i n g  o t  51 p a r e n t a l  c lo n e s  w h ic h  w e r e  

p r o p e r l y  m a i n t a i n e d .  D u r i n g  t h e  p e r i o d

under report, the flowering was L y p S
to  t h e  h i g h e r  d a y  t e m p e r a t u r e  f o l lo w e d  b y  

s u m m e r  s h o w e r s .  S u f f ic ie n t  f lo w e r s  w e r e  n d  
r e a l i z e d  I n  t h e  i n d i v i d u a l  p a r e n t s  a n d  

m o r e o v e r ,  t h e r e  w a s  n o n - s y n c h r o n y  in  , h e  
s e le c te d  p a r e n t s .  B a s e d  o n  th e  te s t  f a n  

d a t a ,  f o u r  s e le c t io n s  w e r e  p o l l a r d e d  f ro m  [h e

hyond seedling selections

KKII 105 x RRJI u s  
RRII 105 x RRIJ l is  
RRJI 103 x RRII 203 
RRJi 105 X RRIJ 203 
'(No. of tappings: 30)

113. Neiu generation polyclonal seed garden 
T h e  s e e d  g a r d e n  w i t h  n i n e  c o n s t i t u e n t  

c l o n e s  a t  N e w  A m b a d y  E s t a t e  w " s  
m a i n t a m e d  w e n .  A r o u n d  2 0 0 0  p o l y c l o n a l

f r o m  th 8 S  °  t a , ,n e d  f r ° m  llTC s e e d s  c o l lK te < i  f a n ,  t h e  p o l y e  o n a l  s e e d  g a r d e n  h a v e  b e e n
a  s e d  f o r  s e e d h n g  n u r s e r y  e v a l u a t i o n .  S ix  

s“ a s o n T  W ™ . P ° l l a r d e d  f t o m  th e  p r e v i o u s

datr(?:w:Tha.n2s)sbased  o n ,“ ' ,a^

Polyclonal 
seedling selections 
2016/1 
2016/2 
2016/3 
2016/4 
2016/5 
2016/6
'No. of tappings : 30

1 , A ' l ^ ^ t o r y  d o n e  E va lu a tio n
Experiments 

h a v e te e n  l| r ' d' OUr, lri‘"S ,fa fcur Phasesl a i d  o u t  i n  t h e  r e g i o n  f o ,

Test tap yield 
<8»- _  

3.62 
2.82 
2.71 
2.60 
1.98



evaluation of the perfo rm ance of 57 pipeline 
clones.

11,4.1. Participatory eva lu a tio n  o f  pipeline  
clones Phase I (2008)

In the tria l la id  o u t  in  T h arav a y ar 
estate, T h ad ikkarankonam  the clones P 10 
(58.6 cm) an d  P  21 (58.8 cm ) w e re  found 
more v igo rous a m o n g  th e  11 trial clones 
based on the an n u a l g irth  da ta  afte r 11 years 
of growth. T he m e a n  g ir th  of the check 
dones was 57.6 cm , 58.0 cm  a n d  59.4 cm, 
respectively fo r RRII 105, RRII 414 and  RRII
430. The m ea n  g ir th  fo r th e  co v arian ce  
component for all th e  p lo ts  i.e., RRII 105 was 
55.0 cm.

The y ie ld  d a ta  d u r in g  th e  p e r io d  
under report in d ic a te d  th a t clones P 021 
(78.5 g t 1 r*J a n d  P  076 (71.1 g  f  f 1) w ere 
promising am o n g  th e  trial clones. A m ong 
the check clones, RRII 430 re g is te red  the 
highest yield (77.8 g  f  f )  and  the average 
yield of the covariance p lo ts  of RRII 105 was
67.2 g f 1f .

11.4.2. Participatory evaluation  o f  pipeline  
clones Phase III (2012)

In the trail la id  o u t in Bethany Estate, 
•Mukkampala th e  a n n u a l g ir th  o f th e  11 
clones a lo n g  w ith  th e  c h e c k s  RRII 105, 
RRII 417 and  R RII430 afte r 8 years of grow th 
ound that am o n g  the trial clones, m axim um  

8‘rth was recorded  for clones P 102 (60.3 cm) 
and P 049 (57.5 cm ). T he m ean g irth  of the 
<*eck clones viz., RRII 105, RRII 414 and

RRII 430 w as 52.3 cm, 60.2 cm and  59.9 cm 
re sp e c tiv e ly . T h e  m e a n  g ir th  fo r  th e  
covariance com ponent RRJI 105 for all the 
plots w as 55.0 cm.

The m ean yield data for the period  
u n d e r re p o rt revealed  th a t  clones P 066 
(54.2 g t 1 f )  and  P 049 (47.5 g  t 1 t ' )  were 
prom ising am ong the 11 trial clones. C lone 
RRII 417  re g is te re d  th e  h ig h e s t  y ie ld  
(50.3 g f 1 t >) am ong the check clones, w hile 
the average yield of the covariance plots of 
RRII 105 w as 37.0 g  L1 f 1.

1.1 A 3 . Participatory evaluation o f  pipeline 
clones Phase V (2016)

In Phase V of the trial laid o u t in ARC 
Ltd., C h ithar Division am ong the 16 trial 
clones planted, the clones P  202 (21.8 cm) 
a n d  P 215 (20.6 cm ) w e re  fo u n d  to  be 
re la tive ly  m ore v igo rous. A m ong  th e  3 
control clones RRII 422 w as relatively m ore 
v igorous (20.9 cm). The m ean g irth  of the 
covariance plots of RRII 105 was 19.4 cm.

1.1.4.4. Participatory evaluation o f  pipeline  
clones Phase VI (2019)

The Phase VI of Participatory C lone 
Evaluation trial w as laid o u t at M analodai 
Division of A rasu Rubber C orpora tion  Ltd. 
The trial was p lan ted  du rin g  A ugust 2019 
w ith  19 tria l c lo n es  (P 073, P 243, P  248, 
P 249, P 264, MK 1, NIK 2, MX 3, MK 4, MK 5, 
TC 1, TG 2, TG 3, TG 4, TG 5, TG 6, TG 7, TG 8 
a n d  TG 9) a n d  th re e  ch e ck  c lo n e s  viz. 
RRII 105, RRII 422 and  RRII 430.
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i Recom mended on e-w h o rl o r two- 
whorl direct-seeded polybag or root 
trainer ru b b er p lan ts  as su itab le  
planting materials in the field. 
Recommended o rn am en ta l plants, 
Dracaena and Heliconia as suitable 
intercrops in  ru b b e r  p lan ta tions. 
Heliconia can be cu ltivated during 
immature phase whereas Dracaena can 
be cultivated u nder partial shade (3 
years after planting of rubber) and also 
during mature phase.
Upgradaed three PB clones namely, PB 
280, PB 255 and PB 314 from Category 2 
toCategorv 1 of planting recommendations 
and releasing them  for commercial 
cultivation in the traditional rubber 
growing regions with standard plant 
protection measures. Their region-wise 
recom m endation as below  is also 
approved.

IB 280: for South Kerala, Karnataka and 
Central Kerala

PB 255: for S o u th  Tam il N adu , C entral 
Kerala, N orth  K erala an d  South West 
Karnataka

pB3M: for S o u th  Tam il N a d u . C entral 
Kerala an d  N o rth  Kerala

Upgraded clones IRCA 130 and IRCA
111 from the Category 3 to Category 2 
of planting recommendation for the 
traditional region.

C onside ring  the a d v a n tag e  of low er 
bark consumption, ease of use and iess 
bark injury, the Scientific Advisory 
Committee (SAC) recommended the 
non-m otorized tapping  knife 
developed by Shri. A.C. Somanathan 
for use by rubber grow ers.

Recommended Calopogonium caeruleum 
as an alternate cover crop in rubber 
plantations. This legum inous cover 
crop can be established under partial 
shade also during later im m aturity 
period of rubber.

Approved the recommendation of a 
new w ater based com bination  
fungicide with the formulation of 5% 
Pyraclostrobin + 55% metiram (trade 
name Mantram) at a concentration of 
lg/L for the control of Corynespora leaf 
disease in rubber p lan ta tio n s  in 
addition  to already recom m ended 
fungicides.

S O R F ? n ! i D V ,S O R Y  C O M M IT T E E
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Research divisions and functions 
The major research divisions are Agronomy/Soils, 
Biotechnology, Botany, Climate Change & Ecosystem 
Studies, Germplasm. Latex Harvest Technology,'Plant 
Pathology, Plant Physiology, Rubber Technology, 
Technical Consultancy and Economics. Studies on 
Clone Evaluation, G enom e Analysis and  DRIS 
Fertilisation are dealt separately 
The th rust areas of research of Agronomy/Soils 
D ivision are  investigations on the nu tritional 
requirements of rubber, irrigation, intercropping, 
cover crop management, weed control and the study 
of the rubber growing soils. Development of tissue 
culture and another culture system for propagation 
and development of transgenic plants incorporating 
agronomicallv important genes for improvement of 
H evea are the im portan t areas in which the 
Biotechnology Division is engaged. The Advanced 
Centre tor Molecular Biology and Biotechnology 
(ACMBB) is a functional g roup ing  of scientists 
w orking in the areas of M olecular Biology, 
Biotechnology, G enom e A nalysis, M olecular 
Physiology and Molecular Pathology. The important 
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 Climate Change & 
Ecosystems Studies Division is pursuing studies on 
clim ate change process in trad itional and non- 
traditional rubber grow ing regions of India and 
developing information system on rubber cultivation 
using remote sensing (RS) platform to identify area 
under rubber culti vation and suitable area where rubber 
plantations can be extended. The Germplasm Division 
is concentrating on the introduction, conservation 
and evaluation of Hevea germ plasm . The Plant 
Pathology Division is engaged in investigations on 
the diseases and pests of rubber and associated cover 
crops and their control. The Plant Physiology 
Division conducts studies on both fundamental and 
applied aspects of Hevea tree physiology. The Latex 
Harvest Technology Division is concentrating on all 
applied aspects of crop harvesting in rubber. The 
Rubber Technology Division concentrates on 
improvement in primary processing of rubber, its 
chemical modification, rubber product manufacture 
and quality  control of p rocessed rubber. The 
Technical C onsultancy D ivision provides 
consultancy services for the promotion of the rubber 
industry. The Rubber Technology Division and 
Technical consultancy Division together forms the 
Advanced Centre for Rubber Technology (ACRT).
I he Economics D ivision undertakes s tud ies  on 
economic aspects related to rubber plantations.
I he research supporting sections includes Library 
and D ocum entation, Instrum entation , Statistics, 
Computer and Maintenance Wing. There is also a

small experimental farm of 33 ha. at the headquarters 
ofRRII.

Central Experiment Station
The 255 ha. Centra] Experiment Station al Chethackal 
(Ranni). 50 km away from Kottavam. was started in 
1966. Field trials laid out by the research divisions 
cover almost the entire area.

Regional Research Stations
RRII has established a N orth-Eastern Research 
Complex with headquarters at Agartala having regional 
research stations at Agartala in Tripura, Guwahati in 
Assam and Tura in Meghalaya. The RRII has also set 
up regional research establishm ents at Dapchari 
(Maharashtra), Dhenkanal (Orissa), Nagrakata (West 
Bengal), Thadikarankonam (Tamil Nadu), Kadaba 
(Karnataka) and Padiyoor (Kerala).
Regional soil testing laboratories have been 
established at Kozhikode, Thrissur, Muvattupuzha, 
Pala, Kanjirappally, Adoor and Nedumangad. Mobile 
un its for soil and  leaf analysis are  available at 
K ozhikode laboratory, apart from that at the 
headquarters,

National/International collaboration 
RRII is a member of the International Rubber Research 
and Development Board (IRRDB), an association of 
national organizations devoted  to research and 
development on natural rubber. Rubber Board is a 
m em ber of the A ssociation of N atural Rubber 
Producing Countries (A NR PC) and International 
Rubber Study Group (IRSG).
The RRII has research/academic linkages with die Banaras 
Hindu University (Varanasi), Kerala Agricultural 
University (Thrissur). Kerala University 
(Thiruvananthapuram), Mahatma Gandhi University 
(Kottayam), Cochin University of Science anil 
Technology (Kochi), Indian Agricultural Research 
Institute (New Delhi), Indian Institute of Sciences 
(Bangalore), Indian Institute of Technology (Kharagpur), 
National Chemical Laboratory (Pune), Sree Chitra 
Tirunal Institute of Medical Sciences and Technology 
(Thiruvananthapuram ), Tamil N adu Agricultural 
University (Coimbatore), University of Agricultural 
Sciences (Bangalore) and University’ of Goa (Goa). 
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