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INTRODUCTION

In India, the possibility of expansion of rubber in the traditional tract being extremely
limited, increased attention has been given to the non-Iraditional areas from the 1960s
onwards. The potential non-traditional areas, however, are confronted with different
agroclimatic constraints. Regional Research Stations have been established in most of
these places to give research back-up for scientific rubber cultivation. Breeding and
selection of location specific clones, evolving suitable planting and management techniques,
irrigation schedules, fertilizer recommendation and exploitation systems are priority areas
ofresearch. The data generated so far in the regional stations have helped to address some
of these constraints.

Among the research priorities, development of location specific clones is the most important
one. The breeding programmes in the non traditional areas are streamlined to evaluate
popular clones and polycross progenies in addition to conservation and evaluation of
germplasm, hybridization and ortet selection aimed at development of clones for specific
agroclimates. In the NE region, around 50 potential clones from the traditional region are
being subjected to field evaluation in a phased manner. Growth reduction resulting in longer
gestation period of 8-10 years has been observed as a result of high and low temperature
and higher altitude situations.

The high yielding cloncs identified for NE Indio include PB 235, RRIM 600, RRII 208,
RRII 203, RRII 118 and SCATC 88-13 for Tripura, RRIM 600, RRII 105, PB 235,
RRII 208 and RRII 118 for Assam, RRIM 600, PB 3U and RRII 208 for Meghalaya and
SCATC 88-13, RRIM 600, PB 311, PB 235 and RRII 208 for West Bengal. At Dapchari in
North Konkan, the clones RRII 105, RRIlI 208 and PR 255 are observed to be high yielders.
Among the pipe line clones RRII1 429 and RRII 430 are found to be adaptable and stable in
both traditional and non-traditional areas when initial growth is considered. In Dapchari
the performance of polyclonal seedlings under unirrigated condition is quite promising
indicating the usefulness of polyclonal seedlings in stressful areas. Evaluation of progeny
derived from polyclonal seedlings is in progress in most of the regional research stations.
Wild germplasm accessions resultant ofthe 1981IRRDB expedition to the Amazon forests
are being conserved at RRS Guwabhati and Agartala and evaluated in order to select genotypes
tolerant to specific stress situations. Recombination breeding initiated in Tripura has resulted
in a total of 694 hybrids, which arc in the early stages of evaluation.

performance

IS best under tropical

Natural rubber, Hevea brasiliensis being
indigenous to the Amazonian rain forests of
Brazil located at longitude and an altitude
below 200 m prefers a warm breezy humid
weather and a fertile soil and hence its

conditions. The region between 10”north and
south of equator, suitable for rubber
cultivation is known as the traditional rubber
growing tract. In India the traditional rubber-
growing region is a narrow tract of land in



the Western Ghats situated between 812 ® Meghalaya, Nagaland, Manipur, Mizoram

latitude including mostly Kerala and
Kanyakumari District of Tamil Nadu and
parts of Karnataka. However, this hardy
perennial tree species can be grown in less
ideal conditions also.

The possibility of expansion of mbber
in the traditional tract being extremely
limited, focus has been shifted to non-
traditional areas in the country and steps
taken to explore less congenial but potential
areas like tlie nortli eastern states and certain
locations in Western and Eastern India.
However, local constraints often limit the
growth and productivity in tliese areas. The
packagc of practiccs applicable to the
traditional areas, in most cases, had to be
modified when the crop was grown under
stress conditions.

Extending rubber cultivation to the non-
traditional region posed various problems
warranting R&D intervention and accordingly
research activities were initiated during the late
seventies. One oftlie tlirnst areas identified has
been screening of various available clones for
tlieir adaptability for which clone evaluation
trials were laid out from 1979 onwards in tlie
none-traditional areas.

Valuable information on growth and
productivity has been generated at the
Regional Research Stations established in
different states. Based on data and
information available so far, it has been
possible to draw ccrtain guidelines for rubber
cultivation under sub optimal conditions.

THE NON TRADITIONAL AREAS

Attempts to grow mbber at 20° to 28N
in India and at 18“to 24° N in China have
been successful, in spite of the fact that in
these areas the crop experiences various
stress conditions.

The non-traditional rubber growing
areas in India include Tripura, Assam,

and Arunachal Pradesh in the north eastern
,(NE) region, Maharashtra and Goa in the
Konkan region of Western India and West
Bengal, Orissa, Andhra Pradesh and Madliya
Pradesh in the Eastern region.

Environmental constraints

The potential non-traditional areas,
however, are confronted with different
agroclimatic and socio - economic
constraints. In the NE region, low
temperature prevails during November to
February with minimum around 10®C and
occasionally coming down to 4-5®,C.
( Meenattoor et ai, 1989). Certain tracts of
N.E. region also experience high velocity
winds, occasional hailstorms and high
altitude effect. (Meenattoor et al., 1995).
Similarly high temperature in, association
with low humidity and prolonged drought in
the Konkan region and low rain fall and high
temperature in Orissa are other unfavourable
chmatic factors. Moreover, locations like NE
states and Orissa degraded with poor and
depleted soils due to the primitive and
unscientific practice of shifting cultivation
(lhumming*) by the natives and the dry
barren soils of North Konkan, are the other
limiting factors for crop growth. The annual
average range in temperature and the annual
rainfall in the non-traditional rubber growing
areas are given in Table I.

Table 1. Annual average minimum, maximum
temperatures and rainfall of different
stations of nontraditionai areas

Temperatures (®C) Annual

Location Min. Max. Range rainfall
(mm)

Agartala 19.7 30.2 10.1-32.3 2043
Guwabhati 18.7 30.5 10.0-32.8 1924
Tura 15.8 28.7 8.0-30.9 2607
Nagrakata  17.0 27.7 6.4-35.0 4066
Dhenkanal  20.8 31.8 9.9-39.7 882
Dapchari 20.5 329 13.9-36.7 2630



Drought/high temperature stress

The North Konkan region experiences
severe and prolonged soil moisture deficit
coupled with very high temperatures and
solar radiation and low atmospheric relative
humidity for about five to six months every

year which inhibit the growth and
productivity of Hevea (Scthuraj, 1984; Rao
et fl/., 1998). Under such stress situations,
irrigation is essential for trees in the field to
maintain optimum growth and with adequate
irrigation during the summer months, Hevea
can be successfully cultivated in this region
(Sethuraj et al.™ 1989; Vijayakumar et a/.,
1998; Devakumar et al.y 1999). Immatunty
period in the region can be reduced to even
six years by providing irrigation. Adequate
irrigation results in better growth
performance in the dry season than in the
wet season (Vijayakumar et aL, 1998).
During severe drought, extreme soil and
atmospheric moisture deficits result in very
low plant moisture status leading to a high
plugging index and consequently low and
uneconomic yield (Chandrashekar et ai,
1993) which comes to only 10 per cent of
the total yield obtained for the whole year
(Chandrasekhare/<€/., 1990). Hence tapping
during the peak summer season is
uneconomical and injurious to the trees if
they are not irrigated.

Clonal variations exist in the degree of
tolerance to drought (Chandrashekar, 1997)
as well as in the response to irrigation. The
clones RRIM 600, RRII 6 and RRII 208
show higher growth indicating better
adaptability to stress in the North Konkan
region than several other clones (Nazeer
e/fl/.. 1992,Chandrashekare/cf/., 1994;Dcy
et al, 1998). In a mature rubber plantation,
the thick and luxuriant foliage intercepts
solarradiation from reaching the soil surface,
reducing the water requirement substantially,

Similarly, mulching the open soil surface,
particularly the plant basin of young plants
shading the plants helps to reduce
moisture loss from the ground. (RRII, 1990,
1992).
Low temperature stress

like other plants native of warm

exposed to low temperatures during winter
(Long etai. 1994). In winter, iftemperature
J™w as 5° C persists, it can cause cold injury
j934) chilling conditions set in by
December and is at its peak by January. The
temperature hours are largely confined
(jg nights and early momings. By early
afternoon the days get warmer with high sun
Jdight intensity, which along with  low
temperature conditions can aggravate the
stj-gss injuries. (Oquist et aly 1987, Jacob et
aL, 1999). Physiographic features especially
orientation ofslope also result in temperature
differences. In the hilly regions of
Meghalaya, during winter months,
perceptible difference between north and
south facing slopes occurs, the latter being
warme which favours growth while it is poor
in the former (Saseendran et ai, 1993).

The severe winter conditions do not
prolong for more than a month or so in the
North East India as the weather warms up
by February. During the other seasons ofthe
year, congenial conditions exist, favouring
the growth of Hevea. Some clones can grow
here as well as in the traditional area
(Sethuraj e/a/., 1989/The survival of
in cold conditions is largely dependent on
the intrinsic cold tolerance characteristics of
clones. Young plants are more vulnerable to
cold injury than mature trees. Simple
management practices like partial shading
during winter months provides a conducive
microclimate for young Hevea plants and
thereby increases the growth substantially in



the North East. Keeping budded stumps in
polythene sheds increased the temperature
in the immediate microenviromnent and thus
increased the sprouting ofbuds (RRII, 1992).

In general, the cool winter season ofthe
NE region, favours latex flow by prolonging
its duration (reduced plugging index)
resulting in relatively high yield than in the
non-winter period. The yield contribution
during the entire cold season can be as large
as 60 per cent ofthe total annual rubber yield
(Vinod e/o/., 1996). However, indiscriminate
tapping during stressful winter season can
be injurious to the trees, which can even
result in tapping panel dryness syndrome
(Dase/al., 1998,2000).

REGIONAL RESEARCH STATIONS

In order to provide research support to
overcome the climatic and environmental
stresses experienced in the non-traditional
rubber growing tracts, the Rubber Board has
established Regional Research Stations
(RRS) in different parts ofthe country. These,
include the RRS at Agartala in Tripura, ,
Guwahati in Assam, Tura in Meghalaya in
the North East, Dapchari in the Konkan
region of Maharashtra and Dhenkanal in
Orissa. (Table 2).

The research priorities identified in
general are crop improvement and evolving
suitable agromanagement practices such as
planting technique” fertilizer management,
diseases and pests management, exploitation
systems and rubber-based sustainable

cropping systems. The impact of rubber
cultivation on the ecosystems is also under
study. Location specific research aimed at
developing appropriate package of practices
for the respective area is carried out in each
station and emphasis is given to problems,
which require immediate attention.

The crop improvement programmes in
the RSS are aimed at evaluation of potential
clones, polyclonal seedling trees (polycross
progeny) and fresh (wild) germplasm. lii
addition, the conventional breeding metliods
viz. ortet selection and clonal hybridization
and selection are also being undertaken. A
total ofaround 50 clones are being subjected
to field evaluation in a phased manner.
Available information on breeding and
selection programmes undertaken in the
different RRS is furnished below.

Regional Research Station, Agartala >

Tripura of NE India, a non-traditional
environment for Hevea with a
physiographic predominance ofhills (tillas)
and valleys (lungas) offers an eco friendly
system for rubber on the tillas and paddy or
allied crops or fishery in the lungas which
is a sustainable agro forestry system.
.(Varghese et ai, 1998 b). Priyadarshan
eial. (1998 b) represented the optimum and
stressful environment in an year as the low
yielding Regime | (April - Sept.) and the
period from October to January as the a high
yielding Regime Il. The general trend of
rubber yield in Tripura shows a sudden rise

Table 2. Regional research stations of RRII in the non traditional areas

Station, State Year of establishment

Agartala, Tripura 1979
Guwabhati, Assam 1985
Tura, Meghalaya 1985
Nagrakata, West Bengal 1989
Dhenkanal, Orissa 1987
Dapchari, Maharashtra 1981

Longitude Latiude (- :Bt;'\tl;d&su
9TE 23N 30
,90”E 26“N 105
90"E 25“N 600
88“E 26" N 68
85«E 2G"N 100
72“E 20%N 48



in latex volume from early October, which
reaches a peak in mid November and falls to
the original level towards the end of January.
The remaining part of the year is devoid of
wide fluctuations. About 60% ofthe yield is
realized during this short period (Vinod et
ai, 1996a). The mechanism ofasuddenjump
in latex volume, prolonged flow, and latex
dilution during the peak-yielding season in
N.E. India, suggests that the trees experience
a mechanism similar to stimulation, probably
caused by lowering of temperature and the
ongoing senescence process. It appears tliat
this causes increased laticifer activity and
higher sucrose loading resulting in drainage
of excess unutilized sucrose through latex
serum. (Vinod et ai, 2000).

Clone evaluation

The first clone trial in the NE region was
laid out at the experiment station of RRS
Agartala at Taranagar with 15 clones
(RRJI5. RRI11105 RRI11118, RR11203,G 11,
RRIM 600, RRIM 605, RRIM 703, PB 5/51,
PB86, PB 235, GT I,Harbel 1, RRIC 52
and RRIC 105), employing a completely
randomized design with 40 replications in
1979 which was opened for tapping in 1989.
Among the 15 clones RRIC 52, RRIC 105,
RRII 118,RR11203 and PB 235 were among
the vigorous clones. (Table 3) Mean vyield
over eight years was the maximum in PB 235
(47.7g) followed by RRIM 600 (409),
RRII 203 (38.1g), RRII 118 (36.49),
RRIM 703 (34.3g) and RRII 105 (33.79).
(Priyadarshan etai, 2000). In terms ofearly
yield and stability the clones RRIM 703,
RRII 118, RRIC 105, RRII 203, RRII105,
PB 235 and RRIM 600 were found
promising.( Vinod etal, 1996),

In another trial with 10clones{URII 105,
RRII 118,RRH 208, RRIM 600,PB 5/51,PB 86,
GTIl, GL 1, PR 107,SCATC 88/13,
SCATC 93-114 and Haiken 1) plantedin

Table 3. Mean girth, yield and yield attributes
of 15 clones (1979 clone trial) at RRS

Agartala
Yield g/tree/tap) Mean

Clone Mean girth SOl  B02 yield over

(cm) 8 years
Indian
RRII 5 68.9 201 27.7 23.9
RRII 105 73.5 28.9 384 33.7
RRJI 118 85.3* 275 453 36.4**
RRII 203 80.6* 325 437 38.P*
Malaysian
Gl 1 61.2 152 171 16.3
RRIM 600 76.4 348 45.2 40.0**
RRIM 605 75.9 255 325 29.0
RRIM 703  69.0 29.3 39.2 34.3**
PB 5/51 66.2 19.7 28.1 23.9
PB 86 72.8 258 31.8 28.8
PB 235 80.0* 40.3 552 47.7%*
‘Indonesian
GTI 70.1 205 304 25.4
Liberian
Harbel 1 66.3 175 20.9 19.2
Sri Lankan
RRIC 52 91.2* 196 26.6 23.1
RRIC 105 86.0" 254 303 27.8

* Vigorous clones
*e High yielding clones
Source: Priyadarshan et al., (2000)

1987, RRI1 208, SCATC 88/13, Haiken land
RRIM 600 are the selections considering
both girth and yield (Priyadarshan, 2002,
unpublished).

Among the 10 clones viz. RRII 105,
RRIM 600, RRIM 612, PB 217, PB 235,
PB 260, PB 311, SCATC 88/13,SCATC93-114
and Haiken 1 in the 1995 clone trial, in the
immature phase, higher girth increment was
recorded in PB 260, SCATC 88/13, PB 235
and SCATC 93-114 (RRII, 2002);

Polyclonal seedling evaluation

A comparison of 361 polyclonal
seedling trees with a multiclonal population
of the same age revealed that polycross
progenies were highly heterogeneous in
growth, yield and other desirable characters



Tabic 4. Selections from polyclonal population
at Agartala

Selection Girth  Annual ginh

(code No.) (cm) increment (cm)

Mean yield
over 3 years
(g/treefiap)

Sl 87.5 9.9 70.30 (26.3)
S2 67.4 5.3 55.72 (25.8)
s3 93.1 7.8 54.53 (23.9)
s4 72.8 8.1 53.28 (40.4)
S5 785 6.0 51.59 (33.7)
S6 82.2 7.7 m 48.30(24.6)
S7 70.4 5.3 44.08 (24.1)
S8 74.1 5.3 41.56 (36.7)
S9 75.3 7.9 40.52 (30.3)
slo 75.6 6.5 40.46 (26.3)
Mean *  68.7 4.8 21.11 (31.2)
Mean **  63.1 4.3 21.35(53.3)

* Poiyclonal seedlings ** MuUiclonal population
Figures in parentheses arc the coefficient of
varialion (CV) ofyield over months

Source: Sasikumar et al, (2001)

and attained early tappability, higher girth
and girth increment on tapping. Data on the
ten best polyclonal seedling selections are
given in Table 4. The yield over three years
(g/tree/tapping) ranged from 70.30 g (SI)
to 40.46g (SIO), in comparison to a
population mean of 21.11 g for the poly
clonal seedlings and 21.35 g for multiclone
population.(Sasikumar et al., 2001).

Hybridisation and selection programme

In general the climate in the non
traditional areas is not very conducive for
carrying out hybridization programmes, the
conventional breeding programme adopted
in Hevea. However attempts in this direction
has been initiated at RRS, Agartala. Six cross
combinations incorporating Wickliam clones
as parents during 1991-*93 period resulted
in 52 hybrids of which, 26 selections arc
under small scale clone evaluation. Another
seven combinations of the 1998
hybridization programme resulted in 75
hybrids. Both Wickham x Wickham and

Wickham x Amazonian crosses were
attempted in 13 different cross
combinations during the 1999-2000
flowering season, which resulted in 642
hybrids.(RRI1, 2002).

Low temperature affects the flowering
behavior ofHevea clones (Meenatttoor etai,
1989). Severe winter prolongs the flowering
period beyond April and in general reduces
the fruit set. A study on low fruit set revealed
tliat pollen production in general was very
less and ovule abortion occurred in 30-40
days after anthesis with the abortive ovules
having a tendency to produce nucellar
adventive embryos (Sudha sowmyalatha
etal., 1997),

Ortet selection

Hevea being a cross pollinated species,
seedling plants are genetically heterogenous
offering scope for selection of potential
mother trees. Ortet selection or mother tree
selection aimed at selection of potential
natural recombinants from seedling
plantations has also been done at Agartala.
Consequently, 11 ortet clones preliminarily
selected after screening 602 ha. of 30 year
old seedling plantation of Sipahijala, of
Tripura Forest Development Corporation
Ltd. were established in an evaluation trial,
and are in the early growth stage.

Gennplasm conservation

Since rubber cultivation in India has
been extended to marginal and non-
traditional areas confronted with various agro
climatic constraints limiting plant growth and
productivity, development of location
specific clones capable of withstanding
specific stress situations has become a
priority area of research. In this context, the
wild germplasm collected by an expedition
organized by the International Rubber
Research and Development Board (IRRDB)



in 1981 from the three provenances in Brazil
viz. Acre (AC), Rondonia (RO) and Mato
Grosso (MT) is a valuable raw material for
achieving this objective and thereby gaining
further gcnetic advance in crop improvement
programmes.

In India, this new germplasm was
imported from Malaysia during the period
1984 to 1990, both to the traditional and
iiontraditional regions. Currently, a total of
4548 wild Hevea germplasm accessions -
3975 in Kerala and 972 in the NE (some
common in both locations) are being
conserved (Varghese etai” 2002b). From this
collection, 246 wild accessions are being
conserved in Tripura ofwhich 89 arc under
field evaluation

Biotechnological investigations

Location specific programmes in
biotechnology aimed at screening/
development of cold and Oidimi tolerant
genotypes have been initiated by establishing
a tissue culture laboratory at Agartala.
Studies on embryo rescue are in progress.
Multiple shoots were obtained from
immature embryos using MS medium
supplemented with kinetin, NAA and GA3
(Das et ai, 1998 ).

Somatic embryogenesis was obtained
after 5-7 weeks of culture of anthers on to
modified MS medium. Clonal variation was
observed on callus initiation and somatic
embrogenesis with RR 11105 showing higher
response than RRIM 600 and SCATC 93-114
selected for the study (RRI1,2002).Use of
DNA markers for screening/development of
cold/, Oidium resistant genotypes from
indigenous/exotic gemiplasm is a potential
area deserving attention (Varghese, 1998,
Varghese et ai, 2000a).

Regional Research Station, Guwahati
Growth and yield ofclones were studied

under the agroclimatic conditions of Assam.
The first clone trial was established in 1985
at Sorutari, the experimental fann of RRS
Guwahati. The 10 clones viz. RRIl 105,
RRII 118, RRII 203, RRIM 600, RRIM 605,
PB 86, PB 235, PB 5/ 51, GT land GL 1
planted in CRD with 40 replications were
opened for tapping in the eighth year after
planting.

Esfly data revealed that RRIM 600
exhibited the maximum girth in the juvenile
stage closely followed by PB 235 and
RRII 118. At the immature stage,'PB 235
showed the highest girth closely followed by
RRIM 600 and RRII 118. RRIM 600 showed
the maximum girth after the commencement
of tapping during mature stage also. Poor
growth as well as low rubber yield was
observed in all the ten clones during winter
months characterized by low temperature
from December to March combined with the

Table 5. Girth and yield of 10 clones in the early
mature phase at RRS Guwahati

Girth Meanyield Yield

Clone Girth increment overthe projected
(cm) (meanof first3years (kg/ha/

3years) (g/tree/tap) year)

(cm)
RRII 105 50.26 (4) 137 27.25 1296.0 (2)
RRII 118 50.65 (3) 2.28 23.63 1139.0 (4)
RRII 203 49.32 (7) 258 19.70 962.0 (8)
RRIM 600 52.51 (2) 2.26 32.31 1554.0(1)
RRIM 605 49.44 (6) 157 20.10 979.0 (7)
PB 86 50.23 (5) 2.72  19.40 936.0 (9)
PB 235 52.89 (1) 141  26.03 1249.0 (3)
PB5/51 40.78 (9) .156 23.05 1112.0 (6)
GTI 47.68 (g) 2.10 23.52. 1133.0 (5)
Gl 1 40.181(10) 2.05 17.67  853.0(10)
CD at 5% NS 855 247.89

* Yield based on 300 trees in 160 tapping days/
year/ha

* Figures in parentheses indicate the relative
ranking of individual clone based on girth and
yield perforaiance

Source; Mondal etal., 1999



wintering and defoliation stresses. High
DRC of latex, low dry rubber yield and iiigh
plugging index were observed in all ten
clones during May to August. An increasing
trend in the yielding pattern was observed
from August onwards in all the clones with
a maximum in November. Among the 10
clones, RRIM 600 recorded the highest yield
(32.31 gltree/tap) for the first three years of
tapping followed by RRII 105(27.25g) and
PB 235(26.03g) with minimum in Gl 1
(Table 5). (Mondal e/fl/., 1999).

In the second clone trial planted in 1986
with 10clones (RRI11 5, RRI1 105, RRII 11.8,
RRI11 208, PB 260, PB 310, PB 311, PR 255,
PR 261 and RRIC 102) fourth year annual
yield was the highest in PB 311 (30,3 g/
tree/tap), followed by PB 310 (27.02 g) in
comparison to RRI1 105 (20.8 g) while RRIC
102, and RRII 118 were among the vigorous
clones with girth values of 74 cm and 71 cm
respectively in comparison to 60 cm for
RRII 105 (RRII, 2002).

Out of 266 polyclonal seedling trees
screened, in the 1986 polycross progeny,
evaluation, 10 seedlings with high yield
potential were preliminarily selected, the
yield potential of which (6" year) ranged
from 60-122 g/t/t (RRII, 2002). 534 wild
germplasni accessions are being conserved
in the station. Seventy ofthese were screened
for Oidium rcsistancc, which showed a wide
range in the levels of resistance indicating
scope for selection (RRII, 2002).

Regional Research Station, Tura

In the West Garo Hills of Meghalaya at
Tura, the experimental fann is located at an
elevation of 600m above MSL, where the
immaturity period of 10 years is required
for the trees to attain tappable size. (Reju
et al.y 2000). Reju el a/., (2001) defined 4
different seasons - Winter (Dec.-Feb.),
Summer (March-May), Monsoon (June -

August) and post monsoon (Sept.-Nov.).
Data from a clone trial with 10 clones showed
that the proportion of growth and yield in
different seasons vary. The maximum growth
occurred during monsoon (44%) and post
monsoon (40%) seasons with the least in
winter (5%) followed by summer (11%). On
the other hand, the proportion ofyield is the
maximum (36%) during the post monsoon
months with more or less equal proportion
in monsoon (23%) and winter (22%) periods
and the minimum (19%) in the summer
season.

In the first clone trial planted in 1985
with 10 clones (RRII 105, RRII 118,
RRII 203, RRIM 600, RRIM 605, PB 5/51,
PB 86, PB 2235, GTl and GL 1) in CRD
with 40 replications, the vigorous clones
include RRIM 600 (79.65cm) followed by
PB 235 (77.46) and RRI1 203(76.57).Highest
annual yield in gram per tree per tap was
recorded for RRIM 600 (31.2g) followed by
PB 235 (31.9g9), RRII 203 (31.2g) and
RRII 105 (30.49) (RRII, 2002).

In the second clone trial with another
set of 10 clones, girth after tapping was the

Table 6. Performance of 10 Hevca clones in Tura
(1986 clone trial)

Clone Tappability (%) Yield Girth
at 10 years  (g/tree/lap) (cm)
PB3U 96 36.8(1) 72.9 (2)
RRII 208 73 30.9 (2) 68.5 (5)
RR11118 83 28.7 (3) 71.6 (3)
PB310 70 26.8 (4) 71.6 (3)
RRII 105 43 . 25.3(5) 63.3 (7)
PB 260 50 22.5 (6) 61.5 (8)
RRII 5 44 21,8 (7) 57.7 (9)
PB-255 41 21.4 (8) 65.0 (6)
RRIC 102 73 20.3 (9) 69.1 (4)
RRIC 105 85 18.8(10) 74.4 (1)
Mean 65.8 25.3 67.6
SE 6.3 1.8 17
CD(P<0.05) 6.9 11
CD(P<0.01) 9 1.4

Source: Reju el ai, 2001



highest in RRIC 105 followed by PB 311,
RRII 118 and PB 310. Those three clones
recorded high tappability percentage too
(Table 6). Mean yield over two years was
the maximum in PB 311 (36.8g). Other high
yielders include RRIlI 208 (30.99),
RRIlI 118 (28.7g), PB 310 (26.8) and
RRII 105 (25.3g) (Rejuenfl/., 2001).

Evaluation ofpolycross progeny is also
being undertaken. Data from a population of
190 polyclonal seedlings planted in 1987 has
revealed high variability in growth and early
mature yield. The range in 4th year yield was
8-80 to 40.4 g/tree/tap which indicate the
scope forselection ofpotential genotypes.

Under the ortet selection programme,
screening of 2500 seedling trees from
Bagmara and Tebrongre plantations of the
Soil Conservation Department resulted in
selection of 9 mother trees with high yield
potential, which have been established for
further evaluation and confirmation of the
genetic potential.

Regional Research Station, Nagrakata
The northern part of West Bengal,

located in the sub Himalayan region , has

been identified as a marginally suitable zone

for rubber cultivation (Rao el ai. 1993). In
the Regional Experiment Station™ at

Nagrakatta, in Dooars area of West Bengal,
clone evaluation trials have been laid out
from 1990 onwards in order to study the
growth and yield of different clones.
During 1990, 18 clones were planted
in two evaluation trials in arandomised block
design with three replications. These include
clones developed in India (RRII 105,
RRII 118, RRII 203, RRII 208, RRII 300),
Malaysia (G1 1, RRIM 600, RRIM 612,
RRIM 703, PB 5/51, PB 86, PB 235,
PB 311), Indonesia ( PR 107, GT 1) and

China (SCATC 88-13, SCATC- 93-114,
Haiken 1).

Metier a/., (1999) defined four different
seasons Vv/z. hot (March-May), monsoon
(June-September), cool (October-
November) and cold (December-February).
Growth was more in monsoon and cool
(postmonsoon) seasonsand less in summer
season with only negligible growth in the
cold season. Highest rate of growth was
observed in the cool season (1.13 cm/month)
followed by monsoon (1.02 cm), hot (0.24 cm)
and cold (-0.01cm) season. A stability
analysis indicated that among the 18 clones
GT1,RRII118,SCATC88/13,SCATC93/114
and Gl 1 showed comparatively more

. 'stability for growth. Except the clones

pB 5/51, RRII 300, PR 107 and GT 1, all
others recorded significantly higher girth
during immaturity period and attained
tappable girth by the seventh year. Growth
immature phase in terms of girth over
seven years was the highest in RRIM 612

(52.2 cm) followed by RRII 118 (52.1cm),
03 (51.5), RRIM 703 (51.7 cm), and
235 (50,8 cm). Initial (first year) yield

® highest m SCATC 88-13 (Meti

>099). Same trend continued in the

early mature phase also. Mean yield over the
years of tapping was the highest

in SCATC 88-13,followed by PB311,RRII
(Meti et al., 2002,

unpublished).

Another clone trial with 11 clones
planted in 1991 also employing RED with

*ree replications is in the early mature phase
(Table?). Both the Chinese clones Haiken 1

and SCATC 93-114 as well as PB 235 and

RRIM 600 are among the vigorous clones.

First year yield was high in Haiken 1,

RRI1 300, RRIM 600 and PB 235 (RRII, 2002).



Table 7. Performance of 11 clones in Nagrakata
(1991 clone trial)

Annual Mean

Clone. Girth . girth  yield-first
(cm) incremenl  year

(cm)  (gltreel/lap)
RRIM 612 52.34 2.09 17.50
RRII 208 51.97 2.24 26.43
PR 107 49.24 2.80 13.53
PB310 51.33 154 23.66
SCATC 93-114  54.27 2.28 9.30
PB 260 51.26 2.42 12.64
RRIC 102 53.90 2.73 16.70
PB 86 52.53 2.51 16.95
RRIM 600 53.72 1.99 23.84
Haiken 1 56.01 2.13 26.45
PB 235 57.53 2.67 23.30
SE+ 1.92 0.34 2.74
CD (P=0.05) NS NS NS

Source: RRII (2002)

With the objective of screening of fresh
wild gerniplasm for cold tolerance, two
evaluation trials 0f49 and 22 accessions each
were laid out in 2000 in simple lattice and
RBD designs respectively. Early growth data
has revealed wide variability indicating scope
for selection of cold tolerant genotypes.

Regional Research Station, Dapchari

This research station is situated in the
Thane district of North Konkan region of
Maharashtra which experiences prolonged
drought for about seven rainless months.
Although there is an annual rainfall of about
2000-3000 mm, distribution is confined to
mid June-mid September. Rao eta/., (1993)
using a climatic index classified this region
as conditionally suitable for rubber
cultivation. Based on rainfall pattern and
moisture availability Chandrashekar et ai,
(1998) divided the year in to three seasons
viz. wet (June- September) with excess soil
moisture, mid (October-January) with good
residual soil moisture and dry (February-
May) with very low soil moisture levels.
According to a generalized growth pattern

for Hevea in North Konkan under rainfed
condition, 76.1% of growth takes place in
tlie wet season followed by 23.4 % in the
mid season with a negligible proportion
(0.5%) in the dry season (Chandrashekar
etal.\99%y

Major research activities include
development of suitable planting materials
and agrotechnology for this drought prone
region. The first clone evaluation trial was
planted in 1985 incorporating 15 clones in
an RBD with three replications consisting of
36 plants each,with the objective ofselection
ofhigh yielding and drought tolerant clones.
Among the 15 clones (RRII 5, RRII 6,
RRII 105, RRI11 208, RR11 308, RRIM 605,
PB 260, PB 310, PB 311, RRIC 52, RRIC 100,
RRIC 102, RRIC 105, PR 255 and PR 261),
in terms of immature growth, RRII 208,
RRIC 52, RRIl 6, RRIC 102 and RRIC 100
are rated as more drought tolerant than the
other clones. (Chandrashekar et ciL, 1998).
This trend was continued in the mature
phase too with RRII 208 performing well

both in terms of girth and yield. (Table 8).

Tables. Performance of 15 clones at RRS
Dapchari (1985 clone trial)

Clone Mean girth Mean annual
(cm) yield (g/tree/tap)
RRIlI 5 55.0 29.1
RRU6 58.4 39.9
RRII 105 54.0 335
RRII 208 60.9 39.0
RRII 308 52.4 24.8
RRIM 605 53.7 22.7
PB 260 54.6 24.5
PB310 55.6 29.1
PB311 53.4 29.5
RRIC 52 60.3 19.8
RRIC 100 56.1 30.7
RRIC 102 56.7 28.4
RRIC 105 54.0 20.3
PR 255 53.1 27.9
PR 261 52.6 24.3
CD (%) 4.7 175



Evaluation of polycross progenies was
done using data on yield over seven years
(4™ to 10™ year of tapping) from two blocks
of seedling trees. Block lyielded 997.8 kg /
ha witha CVof49%, while Block 11 yielded
609.4 kg/ha witha CV o0f64%. The pooled
mean yield of polyclonal seedling trees in the
drought prone non traditional Konkan area
under unirrigatcd condition was 803.6 kg/ha
(RRII, 2002). The yield realized is very
promising indicating the significonce of
planting polyclonal seedlings in stress prone
areas.

Regional Research Station, Dhenkanal
The regional research station at

In this trial in the immature phase, the
polyclonal seedlings recorded significantly
higher girtli (63.2 cm) than the most vigorous
clone RRIC 102 (58.9cm). An on-farm trial
of 11 clones (RRII 51, RRII 105.RR11208,
RRII 300, RRII 351, RRII 352, RRII 357,
RRIM 600, PB 28/59, IRCA 109, IRCA 111)
was planted in 1999 and the girth in the
juvenile phase was the highest in RRII 357
followed by RRII 352 and PB 28/59
(RRII, 2002).

Multilocational clone evaluation

Perfomiance ofclones varies in different
agro climatic zones due to Genotype x

Environment interaction. Therefore

Dhenkanal District was established in 1987 " Genotype x Environment Interaction studies

to undertake location specific research so as'

to develop a package suited for this drought
prone region. The first done evaluation trial
was planted in 1987 with three elite clones
RRII 105,RRIM600andGT 1 Ofthethree
clones, RRIM 600 recorded the highest
average annual yield of 25.8 g/tree /tap
followed by RRII 105 (21.8g) and the lowest
was in GT 1 (RRII, 2002).

The second clone evaluation trial was
planted in 1990 with ten clones viz. RRII 5,
RRI1 208, RRI1 300, RRIM 600, RRIM 701,
PB 310, PR 255, SCATC 88 -13, SCATC
93-114andHaiken 1 Ananalysisofgrowth
data in the immature phase revealed higher
growth indices in RRIM 600, SCATC 93-
114, RRI11 208 and RRII 5 in comparison with
the other clones. The first year yield was
the highest in RRIM 600 (20.5g.) followed
by SCATC 88-13 with 19.5 g/t/t. (Gupta and
Edathil, 2001).

The 1991 clone trial consists of nine
clones (RRIlI 5, RRII 105, RRII 208,
RRII 300, RRIC 102, RRIM 600, GT 1,
PR 255, PR 261) and polyclonal seedlings,

are essential for identifying clones with good
adaptability and stability over different
environments. Multilocational evaluation of
clones was taken up with 12 potential clones
planted in 1996 in four different agro
climates representing both trnditional nnd
non traditional areas at Kanyakumari and
Padiyoor (Traditional), Agartala, Nagrakatta
and Bubaneshwar (Nontraditional). The 12
clones arc RRII 105, RRII 203, RRII 51,
RRII 176, RRIM 600, PB 217, RRII 414,
RRII 417, RRIlI 422, RRIl 429 and
RRII 430.

Based on early data, stable and
adaptable clones include RRII 430, RRII 5
and RRII 417. In the Kanyakumari and the
Bubaneshwar regions, highest growth was
recorded in PB 217 while in the cold prone
Agartala and Nagrakatta, RRII 429 recorded
maximum growth. Though good growth was
observed for RRIC 100 in the first two
locations, the performance was poor at
Nagrakatta and Agartala due to its
susceptibility to cold weather (Meenattoor
etai, 2000).



CONCLUDING OBSERVATIONS

Crop improvement programmes viz,
breeding and selection including evaluation
ofpotential clones and polyclonal seedlings
were carried out in the different Regional
Research Stations ofRRII. Data available so
far has helped to identify a few clones
suitable for different locations, the
commercial performance of which need to
be confirmed in further experiments.

RRIM 600 proved to be the most
suitable clone in terms of growth and yield
in Assam and Meghalaya. In Tripura, PB 235
consistently gave high yield and in RRI11 203
the yield increased steadily over the years.
Based on experimental yield data from the
station, the high yielding clones in the order
ofhierarchy are PB 235, RR11 203, RRIM 600,
RRIM 703 and RRII 105 (RRII, 2002). The
Chinese clones, in general, revealed
promising performance under Nagrakatta
conditions. In the drought prone North
Konkan, RRI1 208 recorded good girth and
yield in the early mature phase.

It is well established that, in general,
polycross progenies arc better adapted for
stress conditions than clones. In all the
stations where the polyclonal seedling
progenies were evaluated, performance was
promising. These expressed wide variability
for growth iiild eSfly yiiild ihdiestiflg SOQG
for selection of promising genotypes. Ortet

REFERENCES

Cbandrashekar,-TR-C1997). Stomatal responses of
Hevea to atmospheric and soil moisture stress
under dry subhumid ctimatic conditions.
Journal ofPlantation Crops, 25(2); 146-151.

Chandrashekar, T.R., Jana M.K..,, Thomas, J.,
Vijayakumar, K.R., and Sethuraj, M.R. (1990).
Seasonal changes in physiological
characteristics and yield in newly opened tress

selection programmes for development of
potential clones from seedling plantations
also appear to be promising. The fresh
germplasm resultant of the 1981 IRRDB
expedition is expected to contain genes
conferring tolerance to different biotic and
abiotic stresses which, when incorporated in
to the breeding pool will help development
of stable location specific clones resulting
in further genetic improvement and higher
production and productivity. .ooN

ACKNOWLEDGEMENT

The author is grateful to Dr. N. M.
Mathew, Director, RRII, for entrusting with
the compilation of data on crop
improvement in the different regional
research stations and presentation of the
paper in the Planters Conference 2002.
Thanks are also due to the various
scientists who have contributed valuable
scientific information from the non-
traditional rubber growing regions. The
support given by D. Choudhury, Dr.
A.P.Thaplial and Dr.S.K.Dey, Deputy
INirectors of NE stations, in furnishing
information is gratefully acknowledged.
The author is also thankful to Dr. M.A
Mercy and Dr. Saji.T. Abraham and Shri
Francis Mathew of Germplasm Division
fef their kind help in the preparation of
the manuscript.

ofHevea brasiliensisin'North Konkan. Indian
Journal of Natural Rubber Research,
3(2); 88-97

Chandrashekar, T.R., Vijayakumar, K.R. and Sethuraj,
M.R. (1993). Variation in yield and some
physiological characteristics of two Hevea
clones in North Konkan. Indian Journal of
Natural Rubber Research, 6(1&2): 156-158

Chandrashekar, T.R., Vijayakumar, K.R., George,



MJ. and Selhuraj, M.R. (1994). Response of
few Hevea clones to partial irrigation during
immature phase in a dry subhumid climatic
region. Indian Journal of Natural Rubber
Research, 7: 114-119.

Chandrashekkar, T.R., Nazeer, M.A., Marattukalam,
J.G., Prakash, C.P., Annamalainathan, K. and
Thomas, J. (1998). An analysis ofgrowth and
drought tolerance in rubber during the
immature phase in a dry subhumid climate.
Experimental Agriculture, M : U14.

Das, G.,Aiam. B., Raj, S., Dey, S.K., Sethuraj, M.R.
and Mandi, S.S. (1998). EIlTect of over
exploitation on physio-biochemical aspects of
yieldmmbbeT(Heveahrasiliensis). National
Symposium o fsocietyfor Plant Physiology and
Blochmlstiy, 1998, University of Hyderabad,
India, p. 156.

Das

Y. A.(2000). Exploitation ofHevea under low
temperature stress situations: Studies on
exploitation systems giving tapping with rest
based on drop in minimum temperature.
RecentAdvances in Plantation Crop Research
(Ed. N. Muraleedharan and R. Raj Kumar).
Allied Publishers Ltd., New Delhi,
pp. 150-156.

Das. K., Sinha, R.R., Sethuraj, M.R., Dey, S.K.. and
Varghese, Y. A. (1998). Effect of
phytohomiones on regeneration of mature and
immature embryos oiHevea brasiliensis. Tree
Science Confemice, April 1998, New Delhi,
India.

Devafcumar, A.S., Prakash, P.G., Sathik, M.B.M .
and Jacob, J. (1999). Drought alaters the
canopy architecture and microclimate of
Hevea brasiliensis trees. Trees, Structure and
Function, 13 : 161-167.

Dey, S.K., Chandrasekhar. T. R., Nair, D.B.,
Vijayakumar, K.R., Jacob, J. and Sethuraj,
M.R. (1998). Effect of some agro-calimatic
factors on the growth of rubber {Hevea
brasiliensis) in a humid and a dry sub-humid
location. Indian Journal of Natural Rubber
Research, 11(1&2); 104-1009.

Gupta, Ci and Edathil, T. T. (2001). Growth

G., Raj, S., Pothen, J,, Dey, S.K and Varghese,.

performance during the immature phase of a
few rubber {Hevea brasiliensis) clones in
Orissa. Indian Journal of Natural Rubber
Research, 14(2): 159-164.

Jacob, J., Annammalainatham, K. and Nataraja, K.
N. (1999). Drought inducted photooxidative
stress and inhibition in photosynthesis in
Hevea brasiliensis. Pmceeding o fthe Eleventh
Kerala Science Congress, 1999, Kasaragod,
India, pp. 445-448.

Jiang, A. (1984). A geological study ofrubber trees
cultivation at high altitude in China.
Proceedings of the International Rubber
Conference, 1984, Colombo, Sri Lanka,
pp. 117-130.

Long, S.P., Humphries, S. and Falkowski, P.G.
(1994). Photo inhibition ofphotosynthesis in
nature. Annual Review of Plant Physiolog)>
and Plant Molecular Biology, 45 : 633-662.

Meenalloor, J.R., Krishnakumar, A.K., Sinha, R.R.
and Potty, S.N. (1989). Flowering pattern of
Hevea clones in Tripua. Indian Journal of
Natural Rubber Research, 2(2); 139-142.

Meenattoor, J.R., Sasikumar, B., Soman, T.A,,
Gupta, C.K., Meti, S., Meenakumari, T., Nair,
B. R., Licy, J., Saraswathyamma, C.K. and
Brahmam, M. (2000). Genotype x
Environment interactions in Hevea in diverse
agroclimatic conditions in India: Preliminary
growth results. Jntetnathnal Planters
Conference, 17-20 May 2000, Malaysia.

Meenattoor, J.R., Vinod, K.K., Krishnakumar, A.K.,
Potty, S.N., Sethuraj, M.R. and Pothen, J.
(1995). Hailstorm damage to Hevea trees in
Tripura and the performance of the recovered
trees. Indian Journal of Natural Rubber
Research, 8(1): 51-53

Meenattoor, J.R., Vinod, K.K., Krishnakumar*A.K.,
Sethraj, M.R., Potty, S.N. and Sinha, R.R,
(1991). Cone x environment interaction during
early growth phase of Hevea brasiliensis:
1. Clonal stability on girth. Indian Journal of
Natural Rubber Research, 4(1): 51-54

Meti, S. Choudhuri, D. and Varghese, Y. A. (1999).
Growth performance of Hevea clones in
Northern region of West. Bengal. Indian



JournalofNaturalRubber Reseaivh, 12(1&2):
39-48

Mondal, G.C., Das, K., Singh, R.P.,, Mondal, D.,
Gupta, C., Gohain, T., Deka, H.K. and
Thaplial, A.K. (1999). Performance ofHevea
clones in Assam. Indian Journal of Natural
Rubber Research, 12(J&2): 55-61

Mondal, G.C., K.othandaraman, R., Chaudhuri, D.
and Varghese, Y.A. (1998). Occurrence of
Periconia leaf blight diseases on Hevea in
North East hidia. Indian Journal o fNatural
Rubber Research, 11(1): 1-7

Nazeer, M.A., Marattukaiam, J.G., Chandrashckar,
T.R., Mydin,K.K., Premakumari, D. and
Panikkar, A.O.N. (1992). Early growth
performance ofsome Hevea clones in IConkan
region of western India. Indian Journal of
Natural Rubber Research, 5 (1&2): 223-228.

Oquist, G., Ogren, E. and Greer, D.H. (1987). Light
stress at low temperatures. In:
Photoinhibition: Topics in Photosynthesis
(Eds. D.J.Kyle, C.B. Osmond and C.J.
Arntzcn). Elsevier, Amsterdam, Vol.9,
pp. 67-88.

Priyadarshan, P.M. Vinod, K.IC., Mcenattoor, J. R.,-
Pothen, J., Sudhamyalatha, M.K., Sasikumar,
S., Raj, S. and S'ethuraj, M.R. (1996). Breeding
0”Hevea brasiliensis Muell.Arg. in Tripura :
1. Performance of a few stress tolerant clones
in the early phase. In : Developments in
Plantation Crops Research (Eds. N.M.
Mathew and C. Kuruvilla Jacob). Allied
Publishers Ltd., New Delhi, pp. 63-68.

Priyadarshan, P.M., Sudhasowmyalalha, M.K.
Sasikumar, S., Dey, S.K., and Varghese, Y. A.
(2000). Evaluation of Hevea brasiliensis
clones for yielding trends in Tripura. Indian
Jourml of Natiiral Rubber Research, 13
(1&2): 56-63.

Priyadarshan, P.M., Sudhasowmyalalha, M.K..
Varghese, Y. A. and Dey, S.K. (1998 a).
Breeding Hevea brasiliensis Muell. Arg. (N.E.
India): 3. Evaluation of yielding trends.7/iee
Science Conference, April \99S, New Delhi,
India.

Priyadarshan, P.M., Sudhasowmyalalha, M.K.
Sasikumar, S., Varghese, Y. A. and Dey, S.K.
(1998 b). Relative perfonnance of six Hevea
brasiliensis clones during two yielding
regimes in Tripura. Indian Journal o fNatural
Rubber Research™ 11(1 & 2): 67-72.

Rao, P.S. and Jayarathnam, K. and Sethuraj, M.R.
(1993). An index to assess areas
hydrothermally suitable for rubber cuhivation.
Indian Journal ofNatural Rubber Research,
6:80-91.

Rao, P.S., Saraswathyamma, C.K. and Sethuraj,
M.R. (1998). Studies on the relationship
between yield and meteorological parameters
of para rubber tree {Hevea brasiliensis).
Agricultural and Forest Meteology,
90:235-245.

Reju, M.J., Thapliyal, A.P., Deka, H.K., Nazeer,
M.A. and Soman,T.A. (2001). Growth and
initial yield of some. Hevea clones in
Meghalaya. Indian Journal o fNaturalRubber
Research. U{\8c2): 146-151.

Reju, M.J., Kumar, K.A., Thapliyal, A.P. and
Varghese, Y A. (2000). Yield and yield
components of certain Hevea clones at high
elevation. Recent Advances in Plantation
Crops Research (Eds. N. Muralccdharan and
R. Raj Kumar). Allied Publishers Ltd.,
Chennai, pp. 138-143.

RRII (1990). Annual Report 1988-89.
Research institute of India, Kottayam.

RRU (1992). Annual Report 1990-91. Rubber
Research Institute of India, Kottayam.

RRII (2002). Annual Report 2000-2001. Rubber
Research Institute oflndia, Kottayam

Saseendran, S.A., Mandal, D,, Sinha, R.R.,
Vijayakumar, K.R., Potty, S.N. and Sethuraj,
M.R. (1993). Effect of aspects of soil
temperature and growth of Hevea on hills of
North East India. Indian Journal ofNatural
Rubber Research, 6(1&2): 105-110.

Sasikumar, S., Priyadarshan, P.M., Dey, S.K. and
Varghese, Y.A. (2001) Evaluation of
polyclonal seedling population of Hevea
brasiliensis (Willd. ex. Adr.de. Juss.) Muell.
Arg. in Tripura. Indian Journal ofNatural
Rubber Research \A{2)\ 125-130.

Rubber



Selhuraj, M.R., Potty, S.N., Vijayakumar, K.R.,
Krishanakumar, A.K., Rao, P.S., Tliapliyal,
A.P.,Mohankrishna, T., Rao, C.G., Choudhuri,
D., George, M.J., Soman, T.A. and Meenalloor,
J.R. (1989). Growth performance oiHevea in
the non-traditional regions of India.
Proceedings o fthe Rubber Research Institute
of Malaysia. Rubber Growers' Conference,
1989, Malacca, Malaysia, pp. 212-227.

SethurajjM.R., Rao,G.C. and Raghavendra,
A.S5.(1984).The pattern of latex flow from
rubber iree {Hevea brasillemis) in relation lo
water stress. Journal o fCellularBiochemistry,
8B: 230-236

Sudhasowmyalatha, M.K., Priyadarshan, P.M., Dey,
S. K.andVarghese, Y. A.(1997). Low fruit set
in Hevea brasilieiisis in Tripura: Implications
of floral attributes. Indian Journal ofNatural
Rubber Resarch, 10(I&2): 139-142.

Varghese Y.A., (1998 b). Research priorities and
agro ecologic relevance ofrubber in the North
East. Paper presented in the Seminar on
Scientific Aspects of Rubber Cultivation,
September 1998, Assam Agricultural
University, Jorhat, India.

Varghese, Y. A., (1998 a): RAPD technique and its
application in plant breeding. Proceedings of
the Seminar on Molecularappmaches to Crop
Improvement, December 1997, KoUayam,
India, pp.53-69.

Varghese, Y.A., Abraham, S.T. and Reghu, C.P.
(2002a). Genetic resources management of
Hevea brasiliensis in India; Application of
molecular markers. 6th Gatersleben
Research Conference on Plant Genetic
ivsources in the Genomic Era. 2002, Institute

for Plant Genetic and Crop Plant Research,
Gatersleben, Germany.

Varghese,Y.A., Abraham, S.T., Mercy, M.A,,
Madhavan, J., Reghu, C.P., Rao, G.P,,
Sankariammal, L., Idicula, S.P and Joseph, A.
(2002 b). Management of the 1981 IRRDB
Germplasm collection in India: Paper
presented in the IRRDB Joint Workshop on
Plant Breeding, Agronomy and Socio-
Economics, 28 August-7 September 2002,
Malaysia and Indonesia.

Vijayakumar, K..R., Dey, S.K., Chandrasekhar, T.R.,
Devekumar, A.S., Mohankrishna, T., Rao,P.S.
and Sethuraj, M.R. (1998). Irrigation
requirements of rubber trees {Hevea
brasiliensis) in the subhumid tropics.
Agricultural Water Management, 35:245-259.

Vinod, K..K., Meenatoor, J.R., Krishnakumar, A.K.,
Pothen, J., Potty, S.N. and Sethuraj, M.R.
(1996). Clonal selection combining yield and
stability in Hevea brasiliensis Muell. Arg.
Journal o fPlantation Crops, 24: 458-463.

Vinod, K.K., Meenattoor, J.R, Priyadarshan, P.M.,
Jacob Pothen, Choudhuri, D., Krishnakumar,
A.K., Sethuraj, M.R. and Potty, S.N. (1996).
Early perfonnance of some clones of Hevea
brasiliensis in Tripura. Indian Journal of
Natural Rubber Research. 9(2): 123-129.

Vinod, K.K., Pothen, J., Chaudhuri, D.,
Priyadarshan, P.M., Eappen,T., Varghese, M.,
Mandal, D., Sharma, A.C., Pal, T.K,,
Devakumar, A. S. and Krishnakumar A.K.
(2000). Variation and trend ofyield and related
traits of Hevea brasiliensis Muell. Arg. in
Tripura. Indian Journal of Natural Rubber
Research, 13(1&2):69-78. |



