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Introduction

The para mbber tree of commerce, Hevea
brasiliensis Mull. Arg.. produces around 99 9c of the world's
natural rubber, an industrial raw material of strategic
importance. The rubber plantations in the east, producing a
major share of tlie total prrxiuction, are reported to have
originated from a narrow genetic base. From this small genetic
foundation, substantial in™rovement in productivity ha«

Iready been achieved. However, there has been a slow down
_i genetic advance in recent years, which is attributed mainly
to the narrow genetic base. Hence action was initiated at the
international level for enriching the original gene pool by
introducing a large number of wild germplasm from tlie center
of diversity, in Brazil. These arc being coaserv-ed, catalogued,
evaluated and documented in the different rubber jTroducing
countries witii llie objective of broadening the genetic base
and tlierel™y achieving furtlier gaietic impnas'emcnl of tiie
species.

Tlie ten species reported in Hcvca are H.brasilieitsis,
H. beiithaniiwia, H.guiwictisis, H.nitida. H.pauciJJoni.
H.riidifolia, H.ccuruirgoatia, H.sprucearui. H.mcropUylUi
and Ucawponnw . Tlie genus He\M has its origin in the
whole of the Amazon river basin in Brazil, covering parts of
Brazil, Bolivia, Peru, Colombia, Ecuador, Venezuela, French
iuyana, Surinam arxl Guyana, upto an altitude of about
a00m. (Webster and PaanJekoopCT, 1989). Since there is no
c>tological barrier among most of the species, natural hybrids
and genetic variants are also found in this population. The
different species exhibit wide variation in growlh and
morphological traits.

Origin and Distribution

Of tlie ten spices reported under Heve(\ tlie
commercially important species Hevea brasiliensis occupies
about halfthe range of the genus, mainly in the region soutli of
tlie Amazon, extending to Acre, Mato Grosso and Parana
areas of Brazil, parts of Bolivia, Peru, norili of the Amazon to
tlie West of Manaus as far as the extreme south of Colombia
The species is now grown mainly in tlie tropical regioas of
Asia, Africa ajid America, in countries lite Malaysia,
Indonesia, India, Sri Lanka Tliailand, China, the Pliilippines,
Vietham, Kampuchea. Myanmar. Bangladesh, Singapore,

Nigeria, Can">?%oon, Central Africa, the lvory Coast, Ghana,
Zaire, Liberia Brazil and Mexico. However, the major share
ofthe total production comes fix)mtropical Asia

Tlie Ccnctic Base

Tlie genetic base of Hevea in the eas*tis reported to
be very narrow, limited to a few seedlings originally collected
by Sir Henry \Hickham, referred to as the ‘WicWiam base’.
(Simnxjnds, 1989).These few seedlings originate fixim a
minuscule of the genetic range ofthe species in Boim, iiear tiie
Tapajos rivo* in Brazil OVycheriey, 1968). Thus, tliis
collecticm lacked species diversity' and also naturally occurring
hybrids ofthe genus (Schultes, 1977).

Dccreasc in genctic diversily

The original gene ixx)l was further narrowai dowi
due 1) a nuinl)er of factors, like a directional selection for
yield, cyclical geneiution wise assortalive bimling jiattem
and a wider adaptation of clonal pmpagation by budding. In
all ctx)p improvejnent  |[>t\)graius till recently, tlie primaty
coixxrm was pnxJuctivity impmvement Such unidirectional
selection for >ield. over tlie years, ignoring tlie genetic
variability with regard to secondary characters (\Vycheriey,
1969), lias reduced the genetic variability in tlie population.
Breeding in Hevea involves generation wise assortative
mating (GAM), \Niiere tlie best clones in one cycle are used as
parents for tlie next and so on (Sin“nonds, 1989). Hence ,the
parentage of popular clones bred in \'arious rubber growing
countries can be traced back toju.st a handful of parent clones,
like Tjir L Pil A 44, Pil BR4. ?B 24, PB 49, PB 56 and PB 86
(Tan,1987 and Vargliese, 1992).

With the development of high vyielding clones,
extensive areas are being planted with a limited number of
modem clones multiplied tiuough vegetative propagation' by
budding, which also has had its share in decreasing tl« genetic
base.

Broadening gencLic base for biotic
and abiotic stresses

Rubber plantations in the east arc under tlie potential
tlireat of Microc)'dus idei, prevalent in tlie American
hemisphere, causing tlie devastating Soutli American Leaf
Blight (SALB) which is specific to Hevea .species (Chee and
Holliday, 1986; Edatiiii, 1986). None of tlie Wickliam clones
have been rcpeKted to have resistance to SALB. Tliere are also
indications of erosion of genes controlling re.sistancc to



Oidhun and Gloeosponum in llac origituil Wickhairt maleriid
(Wyclk-Tlcy, 1977). Besides, Uieix; is tlic tlirtat of several
iiiiiioi" iliscitscs assuming c))idcinic pa>[X)iliiHis. 'llic iik>sl
serious pix)blem wporteii is Uic severe incideiKre of
CorynesiMjm leaf spot disease, observed from 1985 onwards
affecting the clones RRIC 103.KRS21 and RRIM 725 in Sri
Uinkii. Asa result, RRIC 103, one of tlic most popular higli
yielders planted extensively, liad to be witlklrawn from (iie
planting recommendation necessitating replanting of vast
areas under this done (Liyanage etol, 1991). In Malaysia, the
popular done GTI was also severely affected by this disease
Cfan, 1990). In India, tlie two major leaf diseases viz.
abnonnal leaf fall disease (Phytophthora sp.) and powdery
mildew (OUiiiun sp.) cause considerable crop loss. Reccnt
reports on tlic incidence of Corycuesfxyra leaf spot observ'cd
ill tlic popular clones RIill 105 and RRIM 600, in tlie mbber
growing tracts of Karnataka and certain parts of North Kerala
(Jacob, 1996), has caused serious concern over the possibility
of niic disciLsc atlaining epideniic pmportions. In tlie case of
the emergence of a virulent strain of a particular pathogen in
favourable envirormicntal conditions, the disease will spread
and cause serious dainage, if suffident genetic vanability is
ik)tav;iilahie in tlie population.

Apart from the problem of disease susceptibility,
vui'iabiiity for resistaiK:e/tolerance to various abiotic stiuss
situations like drouglit, cold, high elevation, high velocity
wind, low soil fertility etc. assumes much significance in the
presi-'ni day context of niblK.T cultivation extended lo margiiwl
and uon-ti‘adilioual areas due to non availability of laikl in tlie
traditional rubber growing tn”ts. In order to develops select
cloncs suitable for specific locations, the base material sikHild
contain ample genetic variability.

Considering all these factors which are essential for
ftjrther genetic improveiTient of the crop, the breeders realized
tite need for broadening tlie genetic base of the crop by tlie
introduction of fresh germplasm into the breeding cycle.

Germplasm Resources

The spectrum of Hevea germplasm can be broadly
classified into (a) those existing in the primary centre of
diversity in Brazil and (b) those developed in the centres of
secondaiy diversity.  'I'lie priiriluy centnj of diversity
accommodates tlie wild genotype of the genus, along witli
naturally cKCurriug hybritls, iwnplKitypes iuid vtuiiints. while
comnKTcial cultivars, obsolete clones, cytotypes aikl genetic
variiuits selected over the years are available in the secondary
centres. All the available genriplasm need to be conserved in
a genepool, which c;ui be utilized in breeding prognunmes iis
and wlien, required. J

TIk genetic resources d*"oped in the secondary

centers also contribute to the broadening of the ger”tic base
to a limited extent. Regular exduinge of tlesirable genotypes
Ix;twi.vn dillcivnt countries, nutkes available potential clones
developed elsewhere for atlaptability studies besides
broadening tlie genetic base for fiirtlier utilization.

Karly intmduclions

After tlie Wickhain collection of 1876, there were a
tew atrenrg)ts to introduce new germplasm to the centres of
secondary diversity. These include introductions made in
1890s and 1910s from Binzil and Surinam to Java (Dijkman,
1951); five spp. and soitie of tlieir hybrids from Brazil to
Malaysia in 1951-52 (Brookson, 1956); 106 IAN clones, from
Brazil via Sri Lanka to Malaysia, in 1952 (Baptiste, 1961) of
which IAN 873 arxl IAN 717 were good yielders with
tolenuKe to Colletotrichum sp. and Microcycins sp.(Ong et
ai, 1986; Ong and Tan, 1987) and the famous Schultes
collection in 1943-46 in the Colombian fcHiests (IRRDB,
1978). In Unizit, seeil u)lleaioi>s were inKle in 1945,1952, mul
1962 (IRRDB, 1982) and budwood different iipedes fiixn the
Amazonas, Acre, Pira and Rondonia during 1972-82 (IRRDB,
1978;Goiicalvese/o/., 1983).

A Bimco-Bmazilian prospection in 1974 lo Ihe fiMi"sts
of Acre arvd Rondonia collected budwucKI frotn 60 Ilii”
yielding trees 41 of which were later iiitnxluced into Ivory
Coast (IRRDB, 1978). In general, all these introductions
were of relatively small ssunple size and hail low yield
potential, wlten a>in(i:ired lo tlte origiiuil Wicl.ham ailUvtiiMi
and hence Itave conlribuled iillle lo liie plantation industry.
(Siinmonds, 1989).

1981 RIRRD (IntemiitUHVil RiihlierRi'seardi
and Development Boanl) Collection

Hevea breeders ucruss the worid stressetl the need for
broadening the ruimtw genetic base through inlnxluclion of
wild gennplasm into tlie breeding poo!. There were also
reports of constant threat to the survival of the species in the
wild habitat due lo uibanizatiim of the region. The IRRDB.
organized a majoi coUedion expedition to the Amazon rain
forests in 1981. lliis effortcjul  oMViideretl as one of llut
most significant events in the history of rubber gennplasm
collection, miule with a view to ensuring a healthy future for
lI»e plantation iiRlustry (Vargliese, 1992). This expetlitioii
organized jouitly with tlie Braziliiui Govennnent, collected a
total of 64736 seeds (Ong et oi, 1983; Molkl.Noor ajul
IbnUiitn, 1986) fnnn llie Hni/iliati slates of Acre anil Mato
Grosso aiul llie lenitor>' of Roiidoitia anil budwood from 194
presmnably liigli yielding seedling trees (orlets) wtiich were
not affected by Micrucydus and Phytophihuru (Ong et ai,
1983).

Tlte seeds aiul budwoods collected were despatched
lo tlie primary nursery at Manaus in Brazil®.wliere 50% of the



entirc seed collection was retained as per the agreement \\ ith
Brazil. Of the remaining seeds. 75% was sent to the Asian
multiplication and distribution center in Malaysia, and 25% to
the African Center in Ivory Coast From the seedlings raised
at these centers, budwood were distributed to member
countries. The entirc budwood collection was raised in the
primary center at Manaus, of which 150 clones

despatched to the secondaiy nursery at Guadeloupe fham
where it was distributed to the Malaysian and African centers.
In Malaysia, 131 oitets survived (Ong and Ghani, 1990).
Varying proportions of this fresh gemplasm were distributed
as per the requests from the IRRDB member countries.

In India, this new gennplasm was imported from
Malaysia during the period 1984 to 1990, Vv¥as established at
the RRn Central Experimental Station in South Kerala and in
the North East The total number of accessions established in
the traditional and non-traditional areas in the country is 4967,
the number in each location being 3617 and 1350 respectively.

Conservation of Germplasm

Both in situ conservation of genotypes in their
original habitats and ex situ conservation in special nurseries
or fields arc feasible in Hevea, of which the latter is widely
adopted due to practical considerations.

Conservation of gerKrtic resources of Hevea is
indeed elaborate, expensive and difficult. The
germplasm collection, maintained in the field as ‘active
collection’ for regeneration, multiplication, distribution and
characterization, arc exposed to natuiBl calamities as well as
pest and disease outbreaks. From this a ‘core collection' or a
condensed assembly of gent*lasm should be identified and
established for efficient conservation as well as for elimination
of redundancy in large coUections. Finally a ‘working
population’ to suit short terna needs of individual breeders and
breeding programs can be established for current use.
(Varghese, 1992). Qement-Danange etai, 1997 proposed a
consePTtion scheme with tN'O.levels viz. (1) basic
conservation ofthe whole gerirplasm in the existing budwood
garden, with pruning reduced to a mLnimum frequency, and
(2) conservation of a core collection in tA'o replications at two
different sites, and with regular cutting back of the ~vo
replicates on an alternate basis.

In India, the germplasm materials are established and
inaintained in conservation nurseries in the traditional and /or
non-traditional areiis with a spacing of Im between plants. In
source bush nurseries, each genotjpe is represented by 5-1U
plants which are inter planted with the selected contnDI clones,
ensuring proper identity of the accessions. Selected genotypes
are also being conserved and evaluated in a phased manner in
field conservation gardens.

In the conservation nureeries at RRII, one plant per
genotype is allowed to grow without regular pruning in order
to gather early intbnnation on tree habit, flowering pattern,
flonil characteristics and seed morphology. Madhavan er at.
(1997) identified two off t\pes exhibiting variations in flovs-er
colour, presence of a prominenl disc at llie base of the
stamijial column, shape of fiiiits and seeds.

Tliougli cryopreservation protocols for the long-tenn
slorage of geniiplasm imve been developed for various field
crops, attempts in tliis direction are ratlier scanty in Hevea.
IPGRJ (International Plant Genetic Resources Institute)
has recently reported tlie establishment of two efficient
cryopreservation pRittx:t)ls for tlie embryogenic calli of
Hevea Under optimal cotidition.s, high survival rate and rapid
regmwtli of ayopre.served somatic embryos, compared to the
contn>l was observed (Englemanri tv 1997). Feasibility of
tin's m vitw technique as a ainvenient and secure allenialive to
llie present ex siiu inelhod of conservation of tlie large
aillection of Hevea germplasm, needs to be established.

Chaniclerizatiun and Evaluation of Germplasm

Studies on tlie 1981 collections estalilished in
conservation nurseiies and/or field evaluation gardens, are
underway in tlie differeiU Institutes across tlie world, where
ti»cy luive been intnxluced and estalilislied. Tlie genotypes are
subjected to preliminar>’ cluirxterization and evaluation in
source bush nurseries laid out employing augmented design.
Selections for specific cliai:icters arc tlien planted in field trials
employing suitalMestati.stical designs.

With tlie objective of characterization of tlie wild
gennplasin, a Hevea descriptor lias been prepaid! for tlie first
time in India. The descriptor includes passport dnto, plant type
devscription at juvenile phase and data on relevant quantitative
aixl qualitative characterri expressed in subsequent phases of
growth. Abraham ei «I(1994) reported morphological
cliaracterization of tlie wild gennplasm attliejuvenile phase.

Based on analysis for yield and various yield
components a set of 40 and 35 mature W idch” clones were
grouped into eight ( Mydin etal, 1992) and rW (Abraham et
at, 1997) ~netically diver”~nt clusters. Data on early grov\lh,
dry rubber yield and important bark structural pjffamctcrs of
the five IRCA (Institute de Rechcrches Sur la Caoutchouc)
clones' fitim Ivory Cloast indicate their superiority over the
popular clone RRII 105, with IRCA 130 being the bcsl
among the five {Reghu eral. 1997).

Preliminary studies at RRII, reveided wide variabilit)'
in the wild gennpaism with respect to a set of morphological
and structural parameters as well asjuvenile yield (Annamma
et al, 1988:1989; Abrtiliam et al, 1992; Madhav;in et al,



1993; Mcix;y ef al.. 1993). Genotype MT 999 luis been
iileiuificd as a superior oiic, wiUi ivspect to tlic iluinbcr of
latex vessel rows and diaiTieter and cross sectional area of
laticifeni (Abr.Uiam el a!., 1992; Reghu etoL 196) and tlic
genotyiies MT 1650, RO 1269, AG 2016 were more vigorous
tiwn tlie control clone RRU 105 (Mercy et oL, 1993). T)vi data
generated so far has iUso been analyzed to study tlie degree of
asstxiation between differeiU chamcters, and tlieir direct and
indirect effects on yield (Miidhavan et al. 1996). In general,
tile wild genotypes reconled poor jield, as compared to tlie
tUmvsticatetl a»ntix>l cloucs. vSimilar results have alsu lkcu
reporlcd Wi Malaysia, (IRKDU 1996), Ivory Coiist
(Clei-nent-DeiTiange et ai, 1997) and Vietnam (Lam et al,
1997).

Evaluation of provenance wise perfonnaikX! of tlw
wild iiccessions tor vmious morphological and anatomical
trails and juvenile yield revealed tMiU  genotypes from li\e
provenance of Mati) Grosso, were found to be superior in
performance, compared to those from Acre and Rondonia
(Rcghuetal, 1996; Mercy 1993). Similarly, in a source
bush nursery, genotypes frx)m Mato Grosso exhibited superior
licid (oleiiuiec aghiinst slIKutt rot disease aiused by
Hiyiophihora sp. compared to Acre and Rondonian genotypes
(Mercy et al.. 1995). Lam et al, 1997, also reported
supeiiiMily of Mato Gfx)sst) genotypes over tlusc fn>iii Acre
and Rondonia, in Vietnam. In Malaysia, however,
Rondonian genotypes recorded superior yield
compared to the otlier two provenance (TRRDB, 1996).

A set of 175 wild genotypes were grouped into 3
distinct classes of low, medium and high perfonners using
i)<leX'SU)re method iuid metrogl>ph analysis haset,! on certain
growtli cluiTticters. (Mercy eY«/., 1993). Another set of 100
genotypes grouped into five clusters using D" analysis
revealed that Uie genetic diversity is indepencL*nt of tlie
gar}?ra>IHC origin. Acre gentvtyjvs luwi a wider distributi®Mi in
tlk! dusters compared to tlie otlier two provenance, indicating
tlie existence of greater genetic diversity among the Acre
genotypes (Abrahiun efal, 1995)

Identitlcation of desirable genotypes for
qualitative and quantitative timber traits firom the wild
gennplnsin luvi been reci>gni/eil as a priwty area siiwc nibhor
weKxi has been accepted as an alternate source of coinmercial
hardwood. Tlie search for vigonDus genotypes, wliich have
potential for timber luid prodiicrivity, luis been initiiitcx] in
viuitius countries {Clemetit-Demiinge et al, 1997; Lam et al,
1997; IRRDB, 1996). Screening of the wild genotypes for
timber-latex traits has also been envisaged at the RRU In India,
Acre aiKl Rondonia genotypes were observed to be more
vigorous witli tlie iiuiin tmnk growing straiglit witli very little
bRinching, which is a desirable for timber-latex clones
whereas, the g?t)wtli habit of genotypes fVpm Mato Grosso

resembled more to 'Wickham clones, with more intense
branching and comparatively less vigorous growth.
Similar observations were reported from Ivory-Coast
also. (Clement-Demange eta!., 1997).

Selected accessions from the prelin®ary studies are
being subjected to field evaluation, in a phased manner, for
tlieir performance in terms of growth cluiractere, structural
panimeters,njbberyield. incidence of major diseases and
other desired secondary  parameters. The
microuKxplKilogical aikl hi®lological — i>juiusK*ters — ulst»
supjilement tlie selection of potential genotypes for hot spot
screening for resistance to various abiotic factors.

r>ociimentntion of Germpliism

Being the national agency dealing exclusively with
all tI™ research activities related to Hevea gemiplasm, RRU
mountains a National Accession Register, with all the relevant
basic data like accession number, genotype code, donor
identification number and date of introduction. In order to
being generated in tlie counie of tlie elaborate evaluation
fHtxess of Hevea gennplasm, RRJI has initiated steps to
j~pare an extensive aiKl user friendly data base of Hevea
gennplasin.

Genetic Improvement

Heave breeding is aimed at synthesis of ideal clones
with high production potential combined with desirable
secondary attributes like initial vigpur, sirxK)th tliick baric with
a g(Kxl latex vessL‘lsystem, gtknl biirk renewal, high growth
rate after opening, tolerance to inajor diseases, wind, tapping
panel diyness(TPD), good response to stimulation and low
frecjnency tapping (Vargliese, 1992.).  Since nibl®er is
{MXHloiuiivuitly a snvill iKiler iwiontcd cn>\\ the bivotling
objectives should t:ike care of their specificrrequirenKnts too.

Utilization of Wicklvungemiplafim n

The conventional methods of
improvement viz., introuuction,
hybridization fire followed in Hevea.

genetic
selection and

Intrucliiclion of exotic clones

Clones introduced from other rubber producing
ctHintries form the base inalerial for genetic iinprovement
piDgnimmes so fiir in different Rubber Rese;ux;)i liistilutes..
Recent introductions under bilateral and multilateral clone
exchange programmer: organized by IRRDB (International
Rublw Reseiffch iuid Development Bojml) and ANRPC
(Assix:ialion of Natural Rubber Producing Countries) are
confined lo potential clones of good poformance. Popular
clones of exotic origin are evaluated under tlie lociil agro-



climatic conditions and pron:\ising sckctions are
recoiTUTiendcd for large scale planting. In India, a total of 127
domesticaied clones, originating firom eight different
countries, fomi the exotic component of the original gene
pool

Ortet selection

Ortet selectiOT or mothCT nee or plus tree selection is
the oldest breeding method aimed al s}stematically screening
for outstanding seedling genot\pes resultant of natural genetic
recombinatioa Screening of extensive plantations in
Indonesia, Malaysia and Sri Lanka resulted in a good number
ofpriman‘clones ofimportance like Tjir 1,PR 107, GT I,BD
10, AVROS 255, G11. PB 2E/59, Mil 3/2, Hil 28. PB 23, PB
25, PB 86 etc. of which clones GT 1, PB 28/59 are still
planted widely. In India, ortet selection resulted in the
identificarion of 46 primary clones of RR 111 series. .*liong
these RRH1. RRD 2, RRH 3, RRn4. RRD 5, RRD 6, RRn 43,
RRB 44 are the selections forhigh yield (Marattukalam eral,
1980). RRn 33 is a clone, resistant to abnontiah leaf full
caased b\’Phytophrhoni sp. Further, a total number of 195
selections from difterent estates have been established in tlie
small-scale trials tor preliminary' evaluation (Mydin et al.,
1990). Since seedling orchards are increasingly being replaced
with modem clones, further extensive screening for yield,
resist«ince to disea.se and drought in tmditionai and non-
traditional areas is given priorit)'.

Hybridization and cJomil sdectlon

Controlled pollination was started in Malaysia
(1918), Sumatra (1920), Brazil (1937), Sri Umka (1939) and
Injio Qiina (1947) (Panikkar et ol. 1980). in India
hybridization programmes were initiated in 1954 and the gjirly
hybrid clones developed iiKlude RRU 100, RRU 200 and
RJUI 300 series.(AnmuTima et ai, 1990). Among the RRII
100 ~e's, RRU 105 is a veiy promising selection.(Nair and
Geoi”e, 1969; George ct ai, 1980; Nazeerd ai, 1986), with
wide popularity in the nibber planting sectors. Clones RRII
203 and RRU 208 are the best selections in Ri%il 200 series
(Saraswathy /Vmma et ai, 1980) and RRU 300 and RRU 308
in the 300 series (Premakumari et ai, 1984). Airxjng another
recent hybrid series under evaluation trial, nine clones
revealed comparable/marked helerotic improvement
during llie mature phase with a yield incre<ise ninging frum4 -
50% over tlie higli yielding standard clone RRII 105 (Licy ef
ai, 1996). Inarecent reporton 24 hybrid clones, evaluated al
44 months age, 12 clones exhibited a lieterutic increube of
over 20% for yield, which offen> much scope for exploitation
of hybrid \igour (Vargl»eseetai, 1997).

Tlie Rubber Researeh Institute of Malaysia
developed clones RRIM 500 to RRIM 1000 series, wi»le
Pnuig Basiir Institute in the private sector selected certain PB
clones ufcuminejvial signilluince. 'Hie Indonesian Research

PR, AVROS, BPM, LCB, PRN and RR clones.

Apart from the conventional breeding methods,
special techniques in breeding like polyploidy, mutation
and in vitro culture has also been attempted in hievea.
Induction of polyploidy and mutation has been attempted
on a liiTiited scale (Saraswathy Amma ct al, 1984). By
crossing diploids and tetraploids, a triploid lias been
synthesized from the clone RRU 105 (Saraswathy Amma
et ai, 1980) and a spontaneous triploid also fias been
identified (Nazeer and Saraswatliy Amma, 1987). The
progenies of a genetic variant with compact crown (Jolin et
a)., 1995) is being incorporated in breeding programmes
for altering the tree architecture with tl»e objective of
combining yield and compact canopy for high density
planting.

Prepiilency

As prepotency is coinparahle to General Coinbiniiig
Ability, identificalion of prepotent clones I>as been given due
importance in Hevea breeding., as tliese can paKluce sujx:rior
seedling pn)geny under open pollination. Specially designed
polyclonal seed gardens, willi prepotent con”xjnent clones,
yield superitr pulycross pajgetiies for use as planting material
and also as base material for ortet selection. On tlie basis of
tlie.se studies, nifie prepotent clones viz. AVT 73, RRII 105,
PB 28/83, Ch 32, PB 215, PB 242, BD 5 and PB ZS2 have
been identified.(Mydin etal., 1990)

0<mul ciimp<isit4!s

In India, in tlie past two decades, tlie outstanding liigh
>jelderRRn 105 was planletl extensively in traditioiuil rubber
growing bells, leading to a (erukmcy lowiirds monoculture.
Considering tlie serious consequences of iiK)noculture, a
strategy frw uwlticlone planting with suitable clonal
composites is beit»g pmpagated. Rubber Board of Intlia is now
recoujinetiding U)restrict tlie planting of RRII 105 to 50% »f
tlie total area and to plant tlie remaining area wUi pnimising
cUxies in Categ(»iy Tl (upto 35%) and Category IMT (upto 15%).
Several experiments have been laid out with different clonal
comblriations in traditional and non-traditional rubber growing
areas to identify suitable clonal a)inposites. Tliere is no doubt
tiial development of clone blend.s of diverse genetic materials
will nffei’ lietter protection to the plantation industry frT)m tlie
possible disasters due to motioculture in future.

Utilisation nfwild gennplasm

Oiaracterization and ev-aluation of tlie large number,
of wild gennplasm resultant of tlie 1981 IRRDB (Tntematjojiaf
Ruhlier Research Boanl) prospection is in jirogress in differetit
countries. Due imixirtance has lieen given for the liest
utilization of the wild genotvjvs identified for wv;uious
desirable characters. Among 12 cross combinations Involving



wild genotypes luul popular cultivare, juvenile yield at two
years growtJi was highest in a liybrid from Il)c cross RRO 105
X RO/87 (RRII, W ). Nine wild genotypes identified for
tlk*ir superiority in growtli/ anatomical chanicteri and
ivsisliuice to I*hyu)jihihor(i sp. have Iven used as nude piuvals
in a hand poUinaiioii programme incorporating Wickham
and Amazonian clones. In Malaysia, progenies derivx:d
Iroin eiD-sses I)clweeii oiieiilal cliHies (RRIM 6(X), RUIM 701
and PB 5/51) iuid selected 1981 germplasm tapped for five
cycles in tlie nursery, produced quite encouraging results for
girlii and yield. (IRRDB, 1996).

Resistance to biotic mid abiotic stresses.

Scarcity of ideal land in the traditional rubber
growing tracts has necessitated expansion of rubber
cultivation to non-tiiiditional and marginal lands, exposed to
various biotic and abiotic stresses. Hence development or
selection of location specific genotypes is of international
ini|X)ilatk'c.

The genetic potential of the wild gennplasm for
spccillc desinible traits has already been a*alized from tiur
pivijivituiry sludies in India iind other countries. Viuious
fungal di.seascs limiting piiuit giX)WJi iutd yield in Soutli Hdst
Asia, include those caused by Phytophrhoni sp., OUHiitn sp.,
Coryne.s'ixmi sp.and Colletotrichtim sp. Identification of
souives of resistxmce to all tiiese diseases is tlte immediate
priority. In Indici, screening of wild genotypes for resistance
to major diseases caused by Phytophthom sp. and OidUtm
lieveae are progivssing. Due attention is being given to search
for resistant sources for tfie Corytiespora leaf spot disease, in
tlie backdrop of the recent imports on the severity of tlie
disease in ccilain parts of tr*Klitioniil rubber growing tracts.
Liilxratory scivetiing of a population of 495 wild geiu)types
for resistance to Phytophthom sp. showtd interesting results,
with 53 genotypes showing hi”i levels of resistance (RRII,
1997). Sludies caiiied out in Indonesia on tlie wild gennplasm
have ideiitilled getuUy|vs witli resistiince to Collet{mchiim
leaf diseases (Alwi iuid Suhendry, 1992).

Although SALB, tlie most disastrous disease of
Ueveu is presently conliiK'd to South America, tlie ixKssibilily
of tlie disease entering tl»c eastern hemispliere cannot bo ruled
out. Hence attempts are essential for identification of an array
of genotypes having resistiuice to the various ph>'siological
races of the tiingus. Tlie existence of a general resistance to
SALB in tlie Anuconian clones, compared to tlie total
susceptibility of Wickham clones has been reported from
French Guyana. In lvory Coast, the hybrid population
of Wickham X Amazonian crosses is reported to show
continous variability for resistance to SALB (Clement-

Abiotic stress coiKlitions like drought, cold, higli

velocity wind etc. prevalent in tlie nor traditional and
iruirginal areas wamuits tlie necessity of developing clones
capable of withstanding such extreme situations. In India, hot
spot screening of preliminary selections of wild gennplasm for
dixnight tolenuKe is in pn)ga?ss. Scnvning of wild genotypes
for membrane thermostability has indicated positive results
with certain genotypes showing remarkable tolerance to water
aikl Icin|X‘i»tuie sta*sses.

Screening of the wild gennplasm for cold tolerance
revealed tliat 38 genotypes recorded higher tolerance than the
Chinese cold tolerant line SLATC 93-114. Similar evaluation
of 5164 wild accessions revealed that 50 of tliem were more
cold tolerant than SCATC 93-114 of which 10 survived a cold
treatiTient even upto-2° C.(Lin etal 1994)

Application ofMolecular Tediniques

Rccent  advances in molccular techniques like
Rcsuiction Fragment Lengtli Polymorphism (RFLP), Raiulom
Amplified Polymoiphic DNA (RAPD), and Simple sequence
Repeals ( SSR) or micnxsatcllites offer reliable, fast and
atlnictivc adjuixis lo tlie clalx)riitc coiwentional procedures.
'Ibis is es|vcially signillcant in vegctatively pmpagated
perennial spp. like Hevea wiiere conventional genetic analysis
is difficult due to tJie long breeding and selection cycle and
diiliculties in raising the F2 progeny.,Molecular genetics has
an important role to play in many aspects of conservation such
as tlx; detectioii, characterization and evaluation of plant
genetic diversity for pugx)ses of improved acquisition,
maintenance iUid utilization (Krcsovich et oL 1992; Kiirp et
al, 1997). Tliese DNA based diagnostics are now well
established as a meiins lo assay diversit>" at tlic locus,
clut»ikK>some and whole genonw levels for scieci
nucleotide sequerKe based polyiTXirphism.

In Hevea, studies on the application of molecuhw
miuicers, have been initiated and a few reports on the potential
use of this powerftil technique itre available. Genetic diversity
among wild and cultivated populations of Hevea was assessetl
using izozymes, (Chevallier et al.,, 1988) RFLP luialysis
(Besse cr«/., 1994) and mit(x:honilrial DNA iuialysis (Luo ct
ai, 1995). Significant genetic distance, between tlie 1981
germplasm and the Wickliam group using Isozyme or RFLP/
RAPD had also been reported. (Clemcnt-Dcinange iukl
Nicolas, 1987). Wild populations appeared to be more
polymorphic than the cultivated ones, the Rondonia and Mato
Grosso genotypes being tlie most variable witli RFLP (Besse
etal 1994). RFLP analysis on wild genotypes and cultivated
clones indicated that tlic wild ones have led to the enrichment
of genetic resources ('and that tlic cultivated clones have"
conscrwd a relatively high level of polyiiK)iphism despite its
nanrow geiwtic base and high level of inbreeding. Variation in
RAPD pn~file between TTO affccted and nonnal plants



(Tliulaseedharan et aL, 1994), Oidiwn resistant aiid
susceptible genotypes (Shoucai et al., 1994) and for
leaffail {Jacob. 1996) were observed.

In a recent smdy, the applicabilit} of RAPD imricers
fcff genetic analysis in Hevea was evaluated using 42
informative primers in a set of 24 clones from the breeding
pool of RRn (Varghese eraL 1997). B:dmation of genctic
distance among the tested clones facilitated identification of
genetically divei”eni clusters. Among the different cloncs
tested, RRIC 100 displayed the highest mean genetic distance
of 0.616. Use of this clone as a parent in h>bridization
programs has resulted in highly heterotic hj'brids (Licy eraL,
1996). Regular use of such techniques will be of great help in
the management of large number of germplasm for
assessment of genetic identity, structure and variability' among
accessions. Work on these lines has been initiated at Rubber
Research Institute of India

Future prospects

Recognizing the urgent need for broiidening the
CMginal namow base, in He\>ea, a major expedition to the
centre of diversity made in 1981. collected a large number of
wild gennplasm which is under coa;rvation and evaluation
in tlie different rubber producing countries. Presently these
accessions are conserved ex situ, which, however, is pn>ne to
natural calainities. Hence feasibility studies on jdtemate in
virro methods viz. Cryo-preservation are envisaged. Similarly,
for characterization and evaluation, i\n optimum number of
descriptors, which are highly heritable should be utilized.
A set of descriptors for Hcvea has been suggested for the
firsttime in India, which has to be updated/ modified from
time to time so as to accoinmodate all relevant traits of
impotance. Attempts are underway to develop a
conputerized database of Hevea germplasm, which will be of
much help in supplementing the elaborate manual
documentation system

In Hevea, hybridization between u idely divergent
genotypes has resulted in greater range of variability especially
in view of the highly heterozy”~us nature of the crop. Early
perfomiance of the progenies of such crosses has indiaited
promise. However, further systematic studies are required fw
the identification of wild genotypes with desired traits for
introgression into cultivated clones.

It is all the more significant for developinent of
lociition specific clones capable of withstanding different
constraints prevalent in non traditional Jireas, like extremes of
temperature in winter and summer, prolonged drought, high
velocity winds and ocaisioniil ljailslonns, higli altitudes,
depleted and soils. In India, tljc non-Iniclitional Jireas include
llie iKjrllieaslem states like Tripura, Ass;«t*;ud Mej ialay.i,

Jaipaiguri  Districl of W.Bengul. Konkan region of
Mahiirashtra , Goa and selecled areas in tlie slates of Orissa
and Andhra Pradesh. Regional Research Stations have been
eitablislied in most of these stales, to give research back up for
scientific rubber cultivation. Wild germplasm is definitely a
source of many valuable genes capable of withstanding the
above mentioned stresses. The challenge before the breeder
lies in evolving strategies for identif)'ing these genes and
incorporating them into high yielding clones. Studies have
besin initialed in this direction.

In i*ite of the creditable improvement of productivity
\siihin a short span of time utilizing the Wickham base,
theoretical conclusions indicate more potential in terms of
>ield. (Sethuraj et al, 1981). Various factors responsible for
this gap need to be identified and steps taken to overcoirx; the
constraints. Due to the occurrence of significant G X E
interaction, trials should be conducted in diverse environments
for proper evalualion of genot)pes. In adtliiion to utilization of
wild gennplasm, multidisciplinary investigations assuirk;
imponance in onkr to bridge the ~p between thi tlieoretical
nia.idjnum a:id tlie present day yield. Hie prepotency concept
and tiie principle of clonal composites still hold mucli
importance for tI*; futiire rubber crop unprovement in tlie
couniiy.

Molecular teclmitpes like RFLP, RAPD and
niicrosatellites iiave already been depl(»yed for tlie aiuilysis of
tlie exlent aikl distribution of getietic diversity aiiKuig
Wickliam luid wild gennplasm. Tliese miukers pnn'iile
reliable getietic iiifoniutioti for molecular clianicteriz”ilion,
eNTilruion and utiliz;)tion of genrgilasm resources. Data on
genetic distance is retjuiretl for identification of diverse sub-
populations.

Application of molecular maricers can be a valuable
adjunct to conventional breeding for better exploitation of tlie
available genetic variability in tlie Wickham gene pool and tlie
wild gennpla.sm to bring about furtlier significant genetic
inipnivemenL
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