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INTRODUCTION



INTRODUCTION

Czhepararubber tree, Hevea brasiliensis (W illd. ex Adr. de Juss.) Muell. Arg. is a
perennial tree belonging to the family, Euphorbiaceae and is the major source of natural
rubber. Natural rubber is having varied industrial, technological and domestic uses. The
unique and versatile properties of this material have made it highly indispensable for the
modern life. Among the tree crops, no other plant species has influenced human life as
much as natural rubber and the rubber plantation industry has now almostrevolutionized
the industrial world. Today, naturalrubber cultivation isa good preposition ofecologically
sustainable, socially acceptable and economically viable agriculature; Apart from latex,
therubberplantationis also being valued foritstimber, which reduces the pressure on natural

forests for timber and wood (Jacob, 2002).

Natural rubber has been found in the latex of over 2000 species of plants belonging
to 311 genera of 79 families. The minor sources of natural rubber are Manihot glaziovii
(Euphorbiaceae), Ficus elastica (Moraceae), Parthenium argentatum and Taraxacum
koksaghyz (Compositae). In addition, many other species like Castilla elastica (M oraceae),
Cryptostegia grandiflora (Asclepiadaceae) and Funtumia elastica (Apocynaceae) have been
experimented as possible minorsources ofnaturalrubber (Wycherley, 1992). The genus Hevea
comprisesten species viz.,, Hevea benthamiana, H. brasiliensis, H. camargoana, H. camporum,
H. guinensis, H. microphylla, H. nitida, H. pauciflora, H. rigidifolia, and H. spruceana

(Schultes, 1970,1977,1987; W ycherley, 1992). O f the above ten species, only H. brasiliensis



produces 99 percentofthe world’snatural rubber (Saraswathyamma, 2002). The quality and

gquantity ofnaturalrubberproduced by H. brasiliensisis superiorto those of all other species.

H. brasiliensis is a native to the tropical rain forest of Central and South America
and is one of the recently domesticated crop species in the world. Hevea is introduced to
South East Asia in 1876 by Sir Henry Wickham and has been commercially cultivated in
India since 1902 (Nair et al, 1976). The original genetic material of Hevea is referred as
‘Wickham gene pool’.Rubberispropagated by generative and vegetative means. Generative

method is through seeds and vegetative method is through budgrafting.

The economic life span of the tree is very long with a gestation period of six to
seven years (Plate 1). The rubber tree is sturdy, quick growing and tall (Plate 2). A warm
humid equable climate (21“Cto 35“C) and a fairly distributed annual rainfall of not less
than 200 cm are necessary for the optimum growth. The tree grows successfully under
slight varying conditions also. The tree is now grown in tropical regions of Asia, Africa,
and America. Rubbertree has a well-developed taproot and laterals. The bark on tapping
yields latex (Plate 3). Latex present in latex vessel rows in the bark of the tree trunk is
exploited commercially forthe extraction oflatex (Plate 4aandb).The cambium inbetween
wood and bark is responsible for the increase in girth of the tree including bark renewal.
The leaves are trifoliate with long stalks. Normal annual leaf fall known as “wintering”
occurs in the case of mature trees during the period Decemberto February in South India.
Refoliation and flowering follow wintering. Some trees may occasionally show off-season
flowering during September - October. The rubber tree is monoecious. Both male and
female flowers are seen in the same inflorescence. M ale flowers are much morenumerous

than female flowers which are bigger and found terminating the main branches of the



panicle. Pollination is by insects. Only asmall proportion ofthe female flower set fruits
and good number of flowers are shed during tender stage (Saraswathyamma, 1990). The
fruits mature in aboutfive to six months after pollination. They are three seeded and burst
when mature, scattering the seeds 15-18 meters. The seeds weigh four to six grams. They
possess a hard brown coat having characteristic mottling. Seeds of seedling trees and
differentclones vary in size, shape, weightand seed coatmarkings. The seeds belonging
to aclone have characteristic size, shape and seed coat mottlings. It has been reported
that seed coat can be utilized for the identification of clones (Polhamus, 1962;

Saraswathyamma etal, 1981; M ercykutty etal, 2002 and Sebastian et al, 2002).

Rubberplantation industry in Indiahas registered commendable growth inproduction
and productivity. Indiahas attained the firstposition interms ofproductivity with 1576 kilograms
per hectare per year (Desalphine, 2002). The country holds third position in terms of
production (631,4001)covering an area of 566,558 ha and fourth in consumption of natural
rubber (Krishnakumar, 2003). This achievement is mainly due to the development and
properutilisation of genetically improved plantog materials. The developmentand release
of RRn 105, the outstanding high yielder has contributed substantially for this progress.
The potential and realised yield of some other RRIIclones, also showed thata few of them

perform extremely well in certain areas (Mathew, 2002).

Geneticimprovementprogramme in tree crops, especially Hevea is laborious and
aminimum period of 20-25years is required for the evaluation and release of a clone.
Earlier selections were made among the trees obtained from seeds that produced only
200-300 kilogram per hectare per year (kg ha-yr'). Later, new clones were developed

adopting various geneticimprovementprogrammes. These selectionsbhoosted annualproduction



to 2000kg ha'*yr'. Now there are clones having a production potential of around 4000 kg ha'‘yr*
(Saraswathyanima, 2002). Today India accounts for nine percentofthe world production of

NR (Rubber Board, 2003).

There are several problemsthathamperbreeding and quick release of cultivars for
large scale planting. They include seasonal nature of flowering and low fruit set, long
breeding and selection cycle, lack of fully reliable early selection methods, etc. In India,
flowering is restricted to a shortperiod of two to three months; however, all the clones do not
flower simultaneously (George etal, 1967). This non-synchronization of flowering in some of

the parentclones selected, limits the possibility of attempting all possible cross combinations.

During the past, the main objective in breeding was to improve productivity.
Subsequently, improvementofsecondary characters became one ofthe objectives in Hevea
breeding programme. Yield in Heveais determined by the volume of latex and the percentage
ofrubberitcontains. The rubberyield in H. brasiliensisis acomplex multifactorial traitand
is a manifestation of various morphological, anatomical, physiological and biochemical
characters of the tree (Pollinere, 1966). The choice of a suitable breeding method for
improvementofyield and itscomponents depends on genetic variability, association between

characters, heritability and the value ofexpected genetic advance under selection.

Attempts have been made to study the relationship between yield and yield
attributing factors and several yield components have been identified (Swaminathan, 1977,
Markose, 1984; Simmonds, 1989; Saraswathyamma, 1990; Premakumari, 1992; M ydin, 1992;
Licy, 1997). However,adearth ofknowledge still exists on the nature and extend of genetic
and environmental control ofthese traits. Moreover, indepth information on the performance

of many of the exotic clones in local agroclimatic region of India is scanty. Hence the



present investigation was taken up including a set of 13Hevea clones (12 introduced clones

along with RRI11105) with the following objectives:

>

Toevaluatetheperformanceofasetof 12exotic clones inthe localagroclimatic

condition.

Toexamine the genetic variability foryield and yield components among these

clones along with indigenous clone, RRI1105.
To assess the relationship between yield and factors contributing to yield.

To select genetically divergent genotypes for the utilization of them in the

hybridization programme in future.

To identify prepotentclones based on performance of seedling progenies for

their utilization in polyclonal seed gardens.
To study latex and rubber properties of the above 13 clones.

To identify clones having high yield and desirable secondary attributes in

comparison with outstanding clone RRII 105.

Selections based on the information obtained from genetic studies on yield and

yield components can provide better candidates in the crop improvement programme in

this species.



Plate I. An immature Hevea plantation with cover crop



Plate 2. A view ofthe mature Hevea plantation



Plate 3. A mature tree under tapping



@)

(b)

Plate 4. (a) Radial longitudinal scction of Hevea bark showing the latex vessel rows

(b) Transverse longitudinal section of Hevea bark showing interconnections of

latex vessels
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REVIEW OF LITERATURE

2.1. Genetic base of Hevea

CzZhegenetic base of Hevea isnarrow (Wycherley, 1968; Schultes, 1977; Allen, 1984).
From this little genetic foundation spectacularyield improvementofaboutten times have
been achieved (Varghese, 1992). However, reports of Tan, (1987); Ong and Tan, (1987);
Simmonds, (1989) elucidate that the genetic advance gained in the early breeding phases
seems to have slowed down in the more recentphases of breeding. There are anumberof
factors thatnarrow down the genetic variation, viz., (1)wider adaptation ofclonal propagation
by budding (2) directional selection for yield (3) and cyclical assortative breeding pattern.
Such unidirectional selection for yield overthe yearsignoring the genetic variability with
regard to secondary characters (Wycherley, 1969) has reduced the genetic variability in the
population. In generation wise assortative mating bestgenotype in one generation is used as
the parents for next and so on (Simmonds 1986a, 1989). So the parentage of the best clones
can be traced back to a limited number of parent genotypes (Tan, 1987 and Varghese, 1992).
However, efforts are in progress to broaden the genetic base of Hevea by the introduction
ofwild germplasm from the centre of origin and introduction of exotic clones. Moreover,
the highly hetrozygous nature ofthe clone can also be exploited forenhancing the existing
genetic variability.

Hybridization programme between clones in India started in 1954 with the

available clones introduced earlier into the country (Nair and Panikkar, 1966). So far



around 5700 hybrid seedlings have been produced and about 1500 clones were developed
(Vargheseetal, 1990) of which RrRn 100 series (Nair and Panikkar, 1966; Nair and George, 1969;
George et al, 1980 and Nazeer et al, 1986), 200 series (Saraswathyamma et al, 1980) and
300 series (Premakumari et al, 1984) are of commercial importance. Among the initial
selections designated as RR11100 series of clones (Nair and George, 1969) RRI1105 is the
most outstanding clone. Hybridisation and ortet selection are the two conventional breeding
methods practiced in Hevea that contributed to substantial increase in productivity. The
identification of variability and successful implementation of bud grafting are the two
developments that successfully led to the synthesis of early primary clones through ortet

selection or mother tree selection.
2.2. Major yield components

2.2.1. Growth

Growth isone ofthe mostimportantcharacteristicsofaclone, nextto yield. During
the firstfew years, growth ismainly in length, and arapid increase in girth becomesnoticeable
afterthe trees are afew yearsold. Differentcloneshave differentcharacteristic growth patterns
(Polhamus, 1962). Girth measurements are considered an importantcriterion oftappability,
since vigorous clones enable early opening of the trees for tapping (Ostendorf, 1932,
Vollemaand Dijkman, 1939; Dijkman, 1951;Peries, 1970; W ebster and Paardekooper, 1989;
Wright, 1998). Annual growth pattem ofrubbertrees duringthe immature and mature phases have
been discussed in detail (Templeton, 1968,1969; Pillay, 1980; W ebster and Paardekooper, 1989;
Sethuraj and M athew, 1992; George and Jacob, 2000) and the relationship between girth
increment rate and rubber yield in different clones have been well established. (Nga and
Subramanian, 1974; Ong, 1981; Chandrasekar, 1994 and Tuy, 1997). In general, a growth

retardation is observed during tapping, which also shows wide clonal variation.



Vollema (1941) reported that tapping does retard the growth of the Hevea. However,
Schweizer (1941) indicated that rubber production in connection with growth increases.
Annual girth increment showed difference among clones and high yielding clones generally
showed low girth increment on tapping (Markose, 1984). However, Licy (1997) reported no

such trend in a set of clones.

Analysis of monthly growth pattern and its duration in 13 Hevea clones from a
traditional rubber growing tract in India, indicated that the peak growth period is about
2 months (Jul - Aug) and the active growth period is about 6 months (May - Oct.)
(Chandrasekar et al, 2002). Clonal differences in growth could be mainly attributed to
genotypic differences. However growth is also determined by other factors like soil, climate,
planting density, cultural operation etc. A few reports are also available on the monthly
growth pattern ofHevea trees exposed to long drought and high summer temperature in
subhumid tropies (Chandrasekar et al, 1996; Chandrashekar et al., 1998). The results
showed that by analysing the growth of rubber, potentially drought tolerant clones can

be identified.
2.2.3. Physiological components of yield

Harvesting of Hevea is carried out by the controlled wounding of the bark of
the tree trunk. This process is known as tapping. The standard girth generally accepted
for commencement of tapping is 50 cm at a height of 125 cm from bud union for all the

bud-grafted materials.
Sethuraj (1968,1981,1977) identified initial flow rate, plugging index, dry rubber

content and length of the tapping cut as major physiological yield components in Hevea,

and established the relationship between yield with its major yield components. The



influence of initial flow rate on yield has been established (Sethuraj et al, 1974; Yeang and
Paranjothy, 1982). Sethuraj et al., (1974), Sethuraj (1981) found initial flow rate to be a clonal
character. Relationship between seasonal variation in initial flow rate and variation in yield

in different clones of Hevea has been reported (Saraswathyamma and Sethuraj, 1975).

Plugging index is an index that measures the extent of time during which latex
flows out or it indicates the intensity of flow restriction mechanism operating in the latex
vessel after tapping (Milford etal, 1969). It is also a major component of yield in Hevea.
Clonal variation in plugging index have been established by Milford et al, (1969); Paardekooper
and Somosom (1969); Sefliuraj etal, (1974); Saraswathyammaand Sefliuraj, (1975). Yield has been
found to be positively correlated to the initial flow rate (Paardekooper and Somosom, 1969)

and negatively correlated to plugging index (Milford et al, 1969).

The dry rubber content (DRC) of natural rubber latex, as obtained from the tree,
varies from 30 to 40% by weight. Clonal characteristics, age of tree, length of tapping cut,
frequency of tapping, stimulant application, time of tapping, environmental conditions
etc. are some of the factors that affected DRC of latex (Kang and Hasim, 1982). Seasonal
variation inyield is a result of volume of latex and not that of mbber content. Paardekooper and
Sookmook, (1969) have established a negative correlation between yield and rubber content,
this indicate that high yielding character of a clone is a result of the low plugging and that
because of the higher extraction of latex the rubber content can be maintained only at a lower
level under a given regenerative capacity (Sethuraj, 1992). The dry rubber content (DRC)
of latex varies in different clonal lattices (Ng et al, 1979). It is reported that the rubber
content of latex tends to become higher during the lowest yield periods like summer.

Generally DRC is highest at the time of first opening and gradually reaches a stable condition.



Wittshire (1934) reviewed the earlier work on DRC variations. Schweizer (1936) noted a decrease
in DRC during wintering which rapidly regained normal condition. Rebaillier (1972) also

reported seasonal changes in DRC.

The length of tapping cut is another major component that control yield. The length
of the tapping cut is determined by the girth of the tree for a given system of tapping
(Sethuraj, 1992). pH of latex is considered to be an important factor regulating the metabolic
activity of the laticiferous system and highly significant positive correlations have been
obtained between pH and latex production under certain conditions (Brozozowska -

Hanower e?a/., 1979; Cretin e? a/., 1980; Eschback e? a/., 1984).

The factors that influence annual rubber yield from a unit area is determined by the
average yield tree™ tap", the number of trees and number of tapping per year (Sethuraj, 1992).
In India, the period of peak yield is from September to January (Sethuraj, 1992). Seasonal
variations in yield is being mediated through variation in both initial flow rate and plugging
index (Milford et al, 1969; Paardekooper and Somosom, 1969; Saraswathyamma and
Sethuraj, 1975 and Sethuraj, 1977). It was clearly demonstrated that the effect of drought and
high temperature is mediated mainly through changes in plugging index than through changes

in initial flow rate (Ninane, 1970).

The lowest value for rubber content is during monsoon season and highest values
during dry seasons (drought season), which are the highest and lowest yielding periods
respectively (Sethuraj, 1992). Negative relations between yield recorded over a period of one
year and rubber content has been established (Heuser and Holder, 1931; Wittshire, 1934;

Brozozowska - Hanower et al, 1979).



It is evident that the annual yield of a clone or clones depends upon the average
values of initial flow rate, plugging index and dry rubber content through different seasons
of the year. The environmental factors leading to lower flow rate and higher plugging will
reduce yield. The variation in rubber content is related to its interaction with plugging and
the volume of the latex lost. When yield is reduced due to high plugging rubber content
will increases (Sethuraj, 1992). The latex yield is dependent on the rate and duration of latex

flow (Markose, 1984).
2.2.4. Anatomical components of yield

The major type of laticifers exploited commercially for its latex is secondary
laticifers distributed in the bark of tree trunk. Bryce and Campbell (1917) have briefly
illustrated the structure of Hevea bark. The outermost protective layers of tissues are called
cork cells. Interior to the cork cells, there are two more distinguishable zones, an inner soft
zone and an outer hard zone. Sclerified stone cells are present in the outer zone, which
makes this region so harder. The latex vessels inHevea appear as concentric rings, alternating
with layers of phloem cells. The differentiation of laticifers from the cambial cells is a rhythmic
process and aring of laticifers is produced each time (Premakumari et al, 1992). Latex vessels
are developed by the activity of vascular cambium. Rao (1975), Premakumari et al, (1981)
reported that the rate of cambial activity shows seasonal variations. Thomas et al, (2002)

reported climatic variations have significant influence on cambial rhythm.

The number of latex vessel rings is a clonal character (Sanderson and Sutcliffe, 1921;
Vischer, 1921,1922 andBobilioff, 1923) and the frequency of laticiter differentiation is genetically
controlled (Premakumari et al., 1992). Depending upon the clone, age of the tree, growth

rate, seasonal factors etc. the number of latex vessels varies. Age of the clone is one of



the major factors that determine the frequency of distribution of latex vessel rows in virgin
bark. Gomez (1982) reported that in the trees belovi' five years, majority ofthe laticifer rings
were concentrated in the first 4 - 5 mm, and only 40% being in the second. Between five
and ten years, laticifer rings were concentrated near the cambium and it would be almost
zero near the eight millimeter and by about 25 years about 75% of the latex vessel rings
were oriented at the inner most five millimeter of the bark. Bark is regenerated due to the
continued activity ofvascular cambium. During this process new phloemtissues are produced
and normal process of laticifer differentiation continues. The protective tissue lost by
tapping is replaced by the formation and activity of anew phellogen below the cut surface

(Bobilioff, 1923; Panikkar, 1974).

Various workers have already established highly significant correlations between
yield and structural features. Bobilioff (1920), La Rue (1921) and Taylor (1926) reported
significant correlations between yield and number of latex vessel rows in seedling progenies.
Elaborate studies and yield component analysis proved that the number of latex vessel
rows is the major single factor related to yield. When this character was related with girth
and plugging index, that accounted for 75 per cent of the yield variations in young plants.
A significant correlation between number of latex vessel rows and initial flow rate could
be identified (Sethuraj etal, 1974b). Laticifer area and orientation of latex vessel rows are

reported to be the factors that influence yield ofHevea clones (Premakumari et al, (1988).
2.3. Genetic studies on yield and major yield components
2.3.1. Variability, heritability and genetic advance

The success of any breeding programme usually depends upon the quantum of

genetic variability present in the materials. The knowledge of genetic variability, heritability



and genetic advance in Hevea is very essential for a breeder to choose desirable parents
and to decide the correct breeding methodology for crop improvement. Genetic studies in
H. brasiliensis are time consuming, mainly due to the perennial habit of the planting
materials. Simmonds (1969) reported that most of the differences between family yields
could be accounted for by additive gene effect. Analysis of variance vi"ere carried out on
yield and girth of seedling progenies of earlier hand pollination (Gilbertet al, 1973; Nga and
Subramanian, 1974; Tan e?a/., 1975; Tan, 1975; Alika, 1980 and Liang e?a/., 1980). In analysis
of variance, magnitudes of sum of squares of relevant terms as well as variance components

are used to quantify sources of variation.

The economically important characters like yield and components of yield are not
determined by a single gene but it is polygenically controlled. To ascertain the influence of
genes and various nongenic factors, detailed biometrical study is essential. However this
is relatively limited. The knowledge of the phenotypic variance of a trait and its separation
into genetic and environmental components is useful for helping breeders to design an
effective selection method. Genotypic coefficient of variation indicates the relative magnitude
of genetic diversity present in the material and helps to compare the genetic variability
present for different characters. Mydin (1992) reported high genetic variability for volume
of latex under stress, plugging index under stress, annual mean dry rubber yield, and dry
rubber yield during stress and peak periods was indicated by high estimates of genotypic
coefficient of variation. Markose (1984) reported high genotypic coefficient of variation
for dry rubber yield, latex volume, bark thickness and latex vessel rows, however, DRC
showed low GCV. Licy etal, (1992) indicated high GCV for total volume of latex and lowest

for bark thickness, among a set of 23 hybrid clones. Licy (1997) reported that the phenotypic



coefficient of variation was higher than genotypic coefficient of variation for all the
characters studied. However it was closer for most of the characters suggesting less
environmental influence. Moderate to high GCV is observed for the annual mean dry rubber
yield, summer yield, peak yield, volume of latex, girth increment rate, number of latex

vessel rows in virgin, and renewed bark, rate of latex flow and plugging index.

Heritability, is useful for comparing and improving the efficiency of selection methods.
It is mathematically defined as the ratio between the additive variance (@A and the phenotypic
variance (0P"). Varying levels of heritability for yield and major yield components has already
been reported (Liang et al, 1980; Alika, 1982; Markose, 1984; Mydin, 1992 and Licy, 1997).
It estimates the degree of resemblance between offsprings and parents. Heritability decreases
with the increase in environmental component of variance for the character under selection
(\Varghese, 1992). The major functions of heritability estimates are to provide information on
transmission of character from the parent to the progeny. Such estimates facilitate evaluation
of hereditary and environmental effects in phenotypic variation and thus aid in selection.
Heritability estimate can be used to predict genetic advance under selection so that breeder
can anticipate improvement from different types and intensities of selection. Information in
advanced generations on estimates of heritability and genetic advance on rubber yield and
its components inHevea is very limited (Simmonds, 1986a). Genetic advance under selection
can be estimated from the given heritability value (Alika, 1982; Simmonds, 1989). Tan and
Subramanian (1976) established additive inheritance for several seedling characters in the
nursery. Gilbert et al, (1973) and Nga and Subramanian (1974) noted that yield and girth

variation can be largely accounted for by additive genetic variation.



Markose (1984) reported that broad sense heritability was high for dry rubber yield,
latex volume, bark thickness and number of latex vessel rows. Mydin (1992) reported that
additive gene effects offering scope for improvement through selection was indicated for
dry rubber yield, latex flow rate and volume of latex girth increment rate, annual plugging
index, plugging index under stress by the moderate to high heritability estimates along
with high genetic advance for these traits. Non-additive gene action was indicated by the
high heritability and low genetic advance for dry rubber content during the three periods,
girth and bark thickness. Licy et al, (1992), reported that nature and magnitude of genetic
variability, heritability and heterosis were assessed in 23 FI hybrid clones, derived from theV

.
cross between RRI11105 and RRIC100 ofHevea brasiliensis at premature phase. 1S*an annual
yield exhibited a high heritability with high genetic advance. Licy (1997) reported high

heritability coupled with high genetic advance observed for some of the economic traits

like dry rubber yield, volume of latex, rate of flow.
2.3.2. Genetic divergence

Multivariate analysis by means of Mahalanobis  statistic has been recognized as a
powerful tool in the hands of breeders to quantify the degree of divergence between genotypes,

biological population at genotypic level.

Based on  analysis for yield and various yield components a set of mature
Wickham clones were grouped in to eight (Markose, 1984; Mydin et al., 1992) and nine
(Abraham et al., 1997) genetically divergent clusters. Considerable genetic diversity was
revealed by the wide range of  values and intra and inter cluster distances. The forty

clones were grouped into genetically divergent clusters irrespective of their country of



origin indicating the absence of any relationship between geographic diversity and genetic

divergence (Markose, 1984, Mydin et al, 1992).
2.3.3. Association of characters

The component traits are not independent in their action but are interlinked and in
this complex genetic system, selection practiced for an individual trait might subsequently
bring about a simultaneous change in the other. Thus an understanding of the association
among component trait is essential to bring a rational improvement. Breeders regularly have
to improve two or more traits simultaneously, such as high yield with desirable secondary

attributes. Such traits often show correlated response.

A knowledge of the association of quantitative traits, especially of yield and its
attributes will be ofimmense practical value in crop breeding programme. Selection pressure
can be profitably exerted on any ofthese easily discernible characters having close association
with yield (Kamalam et al, 1978). Correlation studies between various yield components at
nursery stage have established the influence of vigour, bark thickness and number of latex
vessel rows on the yield of Hevea clones (Ho et al, 1973; Narayanan and Ho, 1973).

Grantham (1925)and Heusserand Holder (1931)found anegative correlationbetween
yield and dry rubber content. Lee and Tan (1979) found a close association between daily
latex volume and yield of rubber and suggested that latex volume was a dominant factor
determining yield. Correlations between yield and morphological characteristics of the
planting materials have been attempted by various workers (W hitby, 1919; Sanderson and
Sutcliffe, 1929;Dijkman and Ostendorf, 1929; Gilbertera/., 1973;Narayanan efa/., 1973;Lee
and Tan, 1979;Liang etal, 1980; Liu, 1980;Filho etal, 1982;Hamazah and Gomez, 1982 and

Pavia etal, 1982). Licy (1997)reported thatgenotypic correlationin general was higherthan



phenotypic correlations in most of the cases, among the 18 characters studied, most of the
correlations were found to be in the positive direction. At both phenotypic and genotypic
level, summer yield, peak yield, volume of latex, number of latex vessel rows in both virgin
and renewed bark and virgin bark thickness exhibited high positive association with annual
mean dry rubber yield. The above characters in turn showed high positive association among
themselves too. This suggests the scope for simultaneous improvement of these traits by
selection, which inturn will improve yield as well. A positive correlation between initial flow
rate of latex and number of latex vessel rows in a population of cross-pollinated families was

estimated (Sethuraj etal, 1984).

From the correlation studies it has been reported that yield and girth are related to
each other and in general positively correlated (Narayanan and Ho, 1973; Liu, 1980).
Significant positive correlations of dry rubber yield with volume of latex, latex vessel
rows and virgin bark thickness have been reported (Wycherley, 1969; Narayananetal, 1974
and Markose, 1984). A negative correlation of girth increment with rubber yield has been
observed (Narayanan et al., 1973) for trees under tapping where the plant assimilates are
partitioned in favour of latex formation rather than growth, particularly in case of clone
having high yield potential.

Markose (1984) and Mydin (1992) reported that yield was positively and significantly
correlated with latex volume, bark thickness, and number of latex vessel rows. The
correlations of bark thickness and latex vessel rows with yield were found mediated through
volume of latex at both genotypic and phenotypic levels, annual mean dry rubber yield
showed moderate to high positive correlation with dry rubber yield during the stress and

peak periods, volume of latex, dry rubber content and latex flow rate during the various



seasons, girth, girth incrementrate, length oftapping panel and bark thickness and negative

correlations with yield depression under stress and plugging index during three periods.

2.4.Latex and rubber properties

The chemical composition of freshly tapped Hevea latex is complex compared to
synthetic lattices. This is because Hevea latex is a cytoplasm. In addition to the rubber
hydrocarbon Hevea latex contains a large number of non-rubber constitutes in small
quantities. M any ofthese are dissolved in the aqueous serum ofthe latex, others are adsorbed

at the surface of the rubber particles and some are the non-rubber particles suspended in

the latex. A typical composition of fresh latex is as follows.

Total Solid Content - 41.5%
DryRubber Content - 36%
Protein - 1.4%
Neutral lipids - 10%
Phospholipids - 0.6%
Ash - 0.5%
Inositol and Carbohydrates - 16%
Other Nitrogen compounds - 0.3%
W ater - 58.5%

There are 3 major particular components suspended in an ambient serum. They
aretherubberparticles, lutoids and the Frey-W yssling particles. Rubber particles constitute
25 - 45% of the volume of the latex in fresh latex. The rubber particles in fresh latex are

protected by a complex film containing proteins and lipids. The rubber, contained in the

particles, isnon water - soluble and occurs as molecular aggregates.



Naturalrubber latex is a milky liquid that consists of extremely small particles of
rubbersuspended ordispersed in an aqueous medium. Itisobtained from a greatvariety of
plants, hwiHevea brasilensisis the only commercial source of latex. The chemical structure
ofnatural rubberiscis-1,4-polyisoprene,itisahigh molecularweightpolymer.In addition
to the pure rubber hydrocarbon, natural rubber contains various other substances like
proteins, fats and fatty acids carbohydrates, mineral matteretc. Allen and Bloom field (1963)
reported the hydrocarbon content is about 94%. The presence of non-rubber substances,
though they are in small concentrations, isreported to influence the chemical and physical
properties of the hydrocarbon polymer. The properties of natural rubber depend upon the
state of cross-linking. It has reported that the cis content of the polymer in NRis to be
almost 100 percent. However Tanaka, (1985) reported the presence ofaboutthree trans unit

perchain.

The ultimate objective of Hevea breeding is to improve the yield potential and
economically importantsecondary characters. Butselections of genotypes having latex with
good technological properties are also important in present scenario. Some technological
charactersofrubbersuch asit’sviscosity orplasticity retention index (PRI)could be a selection
target if improvement were deemed economically (Demange etal, 2001). At present the
selection is based mainly on biological characteristics such as yield of latex, girth and
resistance to disease and wind damage. However a high yielding clone with vigorous
growth and resistance to maladies need not always produce latex and rubber of desirable
properties. A study ofthe properties ofthe clonalrubbersisofimportance because proper

understanding of these characters will enable plantbreeders to consider related properties



intheirchoice ofclones forplanting. More emphasisisnow being placed on the properties
ofthe latex and rubber obtained from individual clones. Fuller (1988) reported thata major
source of variability within and between natural rubber grades is probably the difference
in the property of the latex derived from different clones. Several properties of clonal
lattices have been studied and documented (Subramanian, 1975). The physical properties
of clonal rubber have been less examined. Differentclones have different characteristics
and give rubber with differentproperties. The colour and composition of the latex and the
plasticity ofthe rubbertend to be uniform within a clone and different for differentclones
(Martin, 1961). Seasonal factors and soil characteristics could also affectboth the quantity
and composition of the latex (Ebi and Kolawole, 1992). Reports on, systematic study of

lattices and rubber properties of differentclones are scanty.
2.5.Molecular markers

Molecular markers have a great potential for plant breeding as it promises to
expedite the time taken to produce crop varieties with desirable characters. The efficiency
of conventional plant breeding is greatly improved, as the selection is based not directly
on the traitbuton molecular markers linked to that trait. In Hevea, studies on the application
of molecular markers have been initiated and a few reports on the potential use of this
powerful technique are available. Molecular markers like isozyme have been utilized for

various purposes in plant breeding.

Isozymes are multiple forms ofanenzyme thatdiffered by minorvariationsin amino
acid composition reaction, butexhibitdifferentphysical orkineticproperties. Bergman (1987);
Cousineau and Donnelly (1992); Granger etal, (1992) reported that isozymes can provide

useful information at the genomic level and are widely used to identify and discriminate



cultivars in many agricultural and horticultural crop species. Sreelatha et al, (1993) utilized

isozyme polymorphism for the identification of differentcytotypes of Hevea brasiliensis.

The characterization and identification can be carried outon the basisofphenotypic
differences of electrophoretic banding patterns. The advantage of isozymes is that these
patterns can usually be interpreted in terms of loci and alleles. The phenotypic approach
forcharacterizing and comparing populations hashbeen criticized because itdoesnotprovide
genome information (Crawford, 1983; Simpson and W ithers, 1986). Therefore, isozymes
are ideal genetic markers when estimating genetic variability and plant population. The
advantagesofisozymes overotherbiochemical markers are (a) allelic expression is generally
co-dominant, free of epistatic interaction and usually unchanged by environmental effects
(b) alleles of differentloci are generally distinguishable (c) enzymatic systemsto be studied
areusually chosen fortechnical reasonsindependentoftheirlevel of genetic variability, as
aresultofthisthey canrepresentarandom sample ofthe genome (d) allelic differences are
always detected asmobility difference independentofthe functioning and level ofvariability

ofeachenzyme system.

Genetic diversity among wild and cultivated populations of Hevea was assessed
using isozymes (Yeang etal, 1998). Isozymes can be utilized forthe identification of cultivars,
(Yeetetal, 1977),provide information on the organisation of gene poolin alarge numberof
species (Gottileb, 1981). Isozyme markers are utilized in Heveahbreeding programmes such as
the assessment of genetic diversity and relatedness (Chevallier et al., 1985; Chevallier, 1988;
Besse et al., 1994) estimation of outcrossing rates (Sunderasan et al, 1994) and clone

identification (Leconte etal, 1994).



The potential use of isozymes in tree breeding programme (Adams, 1983) has not
been exploited. This technique isused forthe conformity ofthe planting materials in the bud
wood gardens (Yeang, 1988; Leconate etal, 1994). Isozymes offer mostreliable single gene

markers and they are often codominantin inheritance (Arulsekar and Parfitt, 1986).

Tanksley and Orton (1983), Nielsen (1984), Simpson and W ithers (1986), Kahler and
Price (1987),Chapman (1989),Hamrick and Godt(1990) etc. reviewed plantisozymes dealing
with crop population, genetic variability and characterization. In addition to the characterization
and identification of cultivars varieties and natural population, isozyme electrophoresis is used
for (a) varietal uniformity assessment (Arus, 1983) (b) phylogenetic studies (Crawford, 1983;
Simpson and W ithers, 1986) (c) estimation of mating system and selection parameters (Tanksley
and Orton, 1983; Brown etal, 1990) (d) evaluation of seasonal variation (Evans and Sharp,

1986) and (e) genetic linkage mapping (Tanksley, 1983; Allard, 1990 and 1999).

Though Isozymes are the powerful tool for the characterization and estim ation of
genetic divergence, they have certain limitationsin plantbreeding. The two majordrawbacks
inusing isozymes and protein as markers are (1) not all the genetic changes occurring at
the DNA level are detected at the protein level (2) only one set of structural genes of
organisation are represented in these proteins and this setmay nothe representative of the
whole genome. Another limiting characteristic of isozyme systems in population studies
is the relative low number, which can be observed by gel electrophorsis. Of about 3000
enzymes known in plants, only about 60 have been analyzed for isozyme polymorphism
(Vellejos, 1983) listed 57 differentisozyme system. Isozymes are also influenced by environment

and development.



DNA markers are considered to be superior to examine the genetic relationship
between clones / cultivars because of the availability of a larger number of potential
polymorphic sequences. These markers do not depend on environment and development.
Theseinclude restriction fragmentlength polymorphism (RFLP),simple sequence repeats (SSR)
and random amplified polymorphic DNA (RAPD). These technique differ in their principles
and generate varying amounts ofinformation (Das e?al, 1999). Detection of DNApolymorphism
by PCRbased RAPDgained more importance due to its simplicity, efficiency, relatively easy to
perform and non-requirementofprior DNAsequence information (Venkatachalam etal, 2002).
Recently the applicability of RAPDmarkers for genetic analysisin Heveawas evaluated in a set
of 24 clones from the breeding pool of RRII (Varghese etal, 1997). Among different clones
selected RRIC100displayed the highest mean genetic distance. Use ofthis clone asaparent

in hybridization programmes has resulted in highly heterotic hybrids (Licy etal, 1996).

Applicationofmoleculartoolsinmbbertree improvementislagging behind because
of limited knowledge of the genome. The genetics of the rubber tree has been poorly
investigated (Lespinasse etal, 2000). In Heveathe long juvenile period would make RAPD
markers an extremely useful tool for identification of cultivars during propagation and

planting (Varghese etal, 1997).

A variety ofmoleculartechniques have been used to study the extentofthe genetic
variation between different wild and cultivated Hevea clones. Among the different
techniques, isozymes and RFLPwere used forthe assessmentofgenetic variability between
wild and cultivated population (Chevellier, 1988 and Besse etal, 1994) and RFLP was used
to estimate phylogenetic relationship from mitchondrial DNA (Luo etal, 1995) and to assess

the genetic variability from ribosomal DNA (Besse etal, 1993). Genes for powdery mildew



resistance was identified by the RAPD analysis (Shoucai etal, 1994). Varghese etal, (1997)
also reported that DNApolymorphism couldbe detected within 24Hevea clones. Recently,
Lespinesse etal, (2000) established the firstgenetic map of Hevea brasiliensisusing RFLP,
ALFP, microsatillite & isozyme markers. The results of DNApolymorphism in 37cultivated
Heveaclonesusing RAPDanalysis involving 80random oligonucleotide primers are reported
by Venkatachalam etal, (2002). The observed polymorphism may be useful fordeveloping
molecularmarkers helpful forscreening various traits in Heveaimprovementprogrammes.
Eventhough morphological traits are alsocommonly used to determine genetic relationships,
they do not provide good estimates of genetic distance because they are influenced by
environmentand arenotvariable enough to adequately characterize genetic differences among

elite genotypes.
2.6.Progeny analysis

The propagation of Hevea brasiliensis is carried out using seeds or vegetative
parts. Earlier the propagation of the crop was through seeds only. However, vegetative
propagation using buds became common in later years (M arattukalam et al, 2000). At
present seeds are used mainly for producing rootstocks. Special types of seeds known as
polyclonal seeds are used directly for propagation. Polyclonal seeds are hybrid seeds that
are produced in polyclonal seed gardens. Here several clones are planted intermixed to
maximize optimum cross-pollination. The clones planted in these gardens should possess
desirable characters like high yield, disease resistance, vigour, ability to produce good
seedling families and profuse production of seeds. Thenumberofclones in the seed gardens
usually varies from three to seven (Simmonds, 1986b). To maximize cross - pollination, special

designs are adopted while planting (M arattukalam etal, 2000). Superior clones are used as



parentsinopen -pollinating seed gardensin orderto produce superiorseedling progeny. The
technique remains in use today. Saraswathyamma (1990) reported the evaluation of seedling

progenies of male sterile clones in Hevea based onjuvenile yield and secondary attributes.

Polyclonal seedlings resultant of cross pollination express heterosis or hybrid
vigour. Polycross or synthetic seedling populations of polyclonal seed gardens of good
clones have been successfully used as planting materials. Allogamy coupled with seed
propagation increases variation through genetic recombination in seedling population. The
seedling population have special agricultural merits in maintaining the genetic variability
and adaptability of the population (Mydin, 1990; Varghese, 1992). Seedlings, though not
comparable with high yielding clones in production potential, have a special agricultural
merit for raising superior polycross progeny from special polyclonal seed gardens. The
evaluation ofsuch polycross population canbe considered as selective breeding. Such ‘multi
parent’ first generation synthetic varieties have heen economically successful for many
decades, predominantly due to additive genetic control of vigour and yield as well as high

general combining ability (Simmonds, 1986b; Tan, 1987).

The genetic superiority of selected mothertrees canbe identified through progeny
testing. The estimation of genetic superiority of mother parents through seedling progeny
analysisis also referred as prepotency testing. Allard (1960) reported thatprepotency is the
capacity of a parentto impress characteristics on its offsprings so that they resemble that
parentand each othermore closely than usual where gene combination tend to cohere but
do notrecombine resulting in some sort of functional homozygosity (Harland, 1957). In

cashew the study was carried out to estimate large number of cashew mother trees in



relation to the characters of their seedling progenies to formulate an efficient method of
evaluation of mother trees for large scale production of quality seeds (George etal., 1984).
However in coconut palm, a study was undertaken to formulate an efficient method for
evaluation of genetic superiority of motherplants through early seedling progeny analysis
(Shylarajand Gopakumar, 1987). Mydin (1990) reported thatthe prepotentability ofaclone
to produce high quality seedlings could be determined by systematic and planned
experiments like seedling progeny analysis. Mydin etal, (1996) indicated that high mean
performance ofthe progeny ofaclone coupled with high proportion of superior seedlings
within the progeny is indicative of the ability of the parentto transmitsuperior traits to its
progenies. Based on the high performance index and high recovery of superior seedlings
ofcertain clones were identified as likely prepotents. M ydin etal., (2002) reported prepotent
clones for use as seed garden components, based on half-sib progeny analysis of eleven
clonesrecommended forplanting in India. The two yearold progenies showed significant
variation for testtap yield, girth and bark thickness. Superiorprogenies were identified by
performance index based on juvenile traits, the recovery of superior seedlings within each
progeny wasworked out. Outofthe eleven clones evaluated five clones were identified as
likely prepotent with high performance index and high recovery of superior and elite
seedlings in their progeny.

Studies have indicated the scope for identification of likely prepotents on the basis
of aperformance index, computed forthe seedling progenies of clones (Mydin etal, 1990).
Nine clones identified as likely prepotents on the basis of seedling progeny analysis atthe
age oftwo years (Mydin, 1992). M arkose (1984) reported thatno significant difference was

noted in early growth behavior of clonal seedling progenies raised from open pollinated



seeds at 10 months growth in nursery. It appears thatthe expression of clonal characters in

seedlings needs further growth in field.
2.7.Recenttrends in Hevea breeding

In India, more than eighty percentofthe rubberplantation is being planted with a
single clone i.e., RRIN1105, developed by the Rubber Research Institute of India. The major
reason for this is due to its yield potential. This clone is also occupying more than ninety
percentofthe new planting area. This practice has led to a situation ofmonoclonal planting
for the last two decades. If this trend continues it can lead to serious consequences like
disease epidemics common to such monoculture plantations. So as a precaution. Rubber
Board recommended multiclonal planting to preventepidemicsorotherdamage vulnerable
to such monoclonal cultivation. Liyanage et al, (1989) reported that severe incidence of
Corynesporaleafdisease affected RRIC103in SriLanka leading to its withdrawal from the
planting recommendations. RRII 105 has been reported to be infected by this disease in
Karnataka region of India (Jacob, 1997). Even though, there is no alarming situation at
present, there is a need for planning alternate measures to prevent possible danger
(Saraswathyamma etal, 2000). In orderto enrich the genepool forutilization in hybridization
programmes, RRIl had introduced Hevea clones from other rubber growing countries.
Saraswathyamma et al, (1992 and 2000) reported that a total of 127 clones have been
introduced in to India from othercountries. Indiahas obtained clones developed in China,
Indonesia, Ivory Coast, Liberia, Malaysia, South America, SriLankaand Thailand. Clones
developedin Indiawere supplied to China, Ivory Coast, Malaysia, SriLanka and Thailand
(Saraswathyamma and M aratattukalam, 1996; Saraswathyamma et al, 2000). The recent

approach in Heveabreeding is to develop notonly a high yielding clone butclones having



other desirable secondary attributes along with yield. RRIM 928, RRIM 929, RRIM 931,
RRIM?2014 etc. are some ofthe latex timberclones developed by Rubber Research Institute
ofMalaysia. In India RRII5and RRII203 are noted for theiraverage yield and good quantity
oftimber (Saraswathyamma etal, 2000). As per the latestinformation the presentclones
are classified in various categories based on the performance (IRRDB, 2001). In M alaysia
PB 280, PB 260 and PB 217 are included in category I, PB 280 considered as latex-timber
clone. PB 255 in category llwhereas, PB 310, PB 311, PB 312 and PB 314 in category m. In
Vietnam PB255as class Iclones, howeverin Indonesia PB217 and PB 260 as latex clones in
class Icategory. The yield performance ofthe clone PB255and PB260are high in Thailand
as these clones wererecommened in class Iclone and PB235as class llclone. In Sri Lanka
PB 217 is classified as group land PB235and PB 260 in class I, the clone PB 255 is in third
group. In Combodia, PB 235 was included in class I and PB 217 and PB 310 in class 1l
clones, however PB255 and PB260 are class Illcategory. The yield performance of PB217
in Cote d’ Ivorie was high hence itincluded under class I, PB 235 and PB 260 in class Il

whereas, PB255in class lllcategory.

Improving the quality of latex is also important as natural rubber forms the row
material forvarious industrial and technological purposes. Hence the study related to quality
improvement of natural rubber of Hevea clones is also worthwhile. Synthesis of clones
having combined effect of high production potential with excellent latex and rubber
properties should prove to be rewarding. Molecular markers are importance in perennial
crops like Hevea where the conventional genetic analysis is difficultdue to long breeding
and selection cycle and difficulties in raising next generation. Isozymes and DNA based

RAPD markers are effective tools for analyzing the genetic relationship between clones.



The application of RAPDm arkers for genetic analysis was evaluated in asetofclones from
the breeding pool of RRILAmong differentclones, one which recorded the highest genetic
distance, are utilized as parentin hybridization programme thatresulted in highly heterotic
hybrids. Characterization of latex and rubberpropertiesis anothertrustarea, which should
be considered in breeding programme to improve the quality of raw rubber thatextracted
from the clones of Hevea. Different clones have different characteristics and give rubber

with differentproperties.



Chapter 3

MATERIALS AND METHODS



MATERIALS AND METHODS
3.1. Location of the study

(Zhe study was conducted atthe RubberResearch Institute of India, (932’ N 76“36°E)
Kottayam, Kerala. It is a tropical low elevation region, the monthly mean temperature
varies from 26-28‘C.During the peak latex production period of November, daily

temperature varies from 22°Cto 31"C
3.2. Experimental Materials

The study was conducted on 13clones of Hevea brasiliensis. Details of the clones
studied are given in Table 1. Outofthe thirteen clonesincluded in the study, three clones viz.,
KRS 25, KRS 128 and KRS 163 were introduced from Thailand and nine clones viz., PB 217,
PB 235, PB 255, PB 260, PB 280, PB 310, PB 311, PB 312 and PB 314 were from M alaysia under
the clone exchange programme. These clones are being evaluated in a large-scale trial
employing randomized block design with five replications and seven plants perplot atthe
research farm ofthe Rubber Research Institute of India, Kottayam. The trial was laid out
in 1989 and the trees were opened fortapping during 1997in the 8*year afterplanting. The

plants were under exploitation adopting 1/2Sd/36dsystem of tapping.



Table 1. Details of the clones included in the study

Clone Parentage Country of origin
PB 217 PB 5651 x PB6/9 M alaysia
PB 235 PB5/51 x PBS/78 M alaysia
PB 255 PB5/51 x PB32/36 Malaysia
PB 260 PB 551 x PB49 Malaysia
PB 280 Primary clone Malaysia
PB 310 PB 5/51 x RRIM 600 Malaysia
PB 311 RRIMGO0XPB 235 Malaysia
PB 312 RRIM600 xPB 235 Malaysia
PB 314 RRIM600 xPB 235 Malaysia
KRS25 Primary clone Thailand
KRS 128 PB5/63 x KRS 13 Thailand
KRS 163 PB 5/63 x RRIM501 Thailand

RRHIOS Tjir 1XG11 India



3.3.Yield and yield attributes
3.3.1. Girth

Girth ata heightof 150 cm from the bud union was measured fourtimes ayear ie,
in March, June, September and December from 1998 to 2001 using non streatchable
measuring tape.

3.3.2. Girth increment rate on tapping (GI)

Increase in girth for the period under study was determined, from which the mean
girth incrementperyearwas worked out.

3.3.3. Dry rubber yield (DRY)

Dry rubberyield pertree pertapping was recorded once in every two weeks for a
successive period of three years from March 1998 to February 2001. Yield was determined
by coagulating the latex in the collection cup using one percentformic acid. The coagula
were dried in the smoke house foramonth and their weights determined. Ten per cent of
the weighed sample was deducted since the lumps retain moisture even after prolonged
drying, to compensate for the residual moisture (M arkose, 1984).

Mean values for annual yield, yield during stress (summer) period (February to
May) and peak yielding season (October to January) for the study period was computed.

3.3.4. Latex yield (LY)

Totalvolume oflatex from each tree pertapping was recorded atmonthly intervals.
Three trees perreplication were selected. Mean values for annual, stress and peak period
overtwo years were calculated separately.

3.3.5. Initial flow rate (IFR)

Initial rate of flow of latex for the first five minutes of tapping was recorded at

monthly intervals. Rate of flow of latex perunitlength of tapping cut was estimated as



Initial volume for the first five minutes (mIl/min'?) x 50/length of tapping cut (cm).
Mean values for annual, stress and peak period were worked out separately.

3.3.6. Dry rubber content (DRC)

A known weightoflatex samples from each experimental tree were collected
and coagulated. The coagulum after passing through rollers, was dried at 55C for

one week. The percentage of dry rubber content for each sample was determined by

the formula.

Oven dried coagulum
DRC= -

xIOO
fresh wt. of latex sample colleted

Mean valuesforannual, stressandpeak seasonovertwo yearswere collected separately.

3.3.7. Plugging Index (PI)

Plugging index was estimated atmonthly intervals from March 1998to Februaiy 2000

and Plwas calculated by the formula proposed by Milford etal, (1969).

o (mean initial flow rate (ml/min)
Plugging index = —-----mmemmmmmmmmmoooe oo x 100

total volume of latex (ml)

Average values for annual, stress and peak season were estimated separately.

3.3.8. Length of tapping panel (LTP)

Length of tapping panel was measured using measuring tape once in every six

months.

3.3.9. Bark anatomy

Samples of virgin and renewed bark were collected (during 4* year of tapping)

simultaneously to study the numberoflatex vessel rows, and thicknessofthe bark. Samples



were collected at 150 cm height from the bud union using a specially designed chisel.
Radial longitudinal sections of 40-60 mm thickness were taken and stained using Sudan
IV. Total thickness of bark, thickness of the hard and soft barks and the number of latex
vessel rows including functional and nonfunctional were recorded from five sections for
each sample. The observations for total thickness of bark, thickness of the soft and hard
bark and the number of latex vessel rows were made for both virgin and renewed bark

samples. The data was subjected to statistical analysis.
3.4.Latex and rubber properties

Latex samples of different clones were collected in different seasons for two
consecutive years. Latex samples were collected from three replications. For each
replications samples from 7trees were mixed together to constitute one single composite.
Latex from each clone was then processed into sheetrubber. Properties of field latex such
as pH and non- rubber solids (NRS) were investigated as per ISstandards. The dry rubber
properties examined are those included in the Indian Standard Specification forraw natural
rubber. Acetone extractand gelcontentofthe rubbersampleswere measured as per 1S3660
and ASTMD-2765-84 respectively. Results are expressed asthe mean ofall the values obtained

in each case.
3.5. Statistical techniques
3.5.1. Genetic variability

The mean data computed for each character from the five replications were
subjected to statistical analysis. The estimates of mean, variance and standard error were

worked outby adopting standard method suggestby Panse and Sukhatma (1985).



3.5.1.1. Analysis of variance [ANOVA]
Analysis of variance was carried outin order to:

1. Testwhetherthere existsignificant differences among clones, with respectto

various traits.
2. Estimate the components of variance and covariance.
3. Compute the phenotypic and genotypic correlation coefficients.

The significance testwas carried outby referring to the standard ‘F’table given by

Fisher and Y ates (1963).

Analysisofvariance was carried outforallthe characters studied using the standard
procedure. With regard to dry rubber yield, volume of latex, flow rate of latex, plugging
index, and dry rubber content, the data for annual, stress and peak periods were analysed
separately. The pooled datawas analysed as suggested by Pearce (1953). The manifestation
of genotypic (G) and environmental (E) effects on the observed total value of a character

was partitioned by the standard method (Kempthrone, 1975).

VvV Q = Vaq+ V(E)

P(x) = ang (x) + Cle (X)
Where (x)isthephenotypicvariance ofcharacter X, a"gisthe genotypic variance
of X, and o”e (X)is the variance due to environment.
3.5.2. Genetic parameters
3.5.2.1. Phenotypic and genotypic variance
Phenotypic and genotypic variance was estimated using the formula derived by

Singh and Choudhary (1985).



. . treatment mean square - error mean square
Genotypic variance (8"g) = -mmmmmmmmmmms [mmm e o e

Phenotypic variance () = a’g+a’e
W here 0"g = Genotypic variance.
W here a®p = Phenotypic variance.
W here a”e = Errorvariance.

3.5.2.2. Coefficient of variation
Genotypicandphenotypic coefficients ofvariability wereestimated asproposed by
Burton and Devane (1953).

i. Genotypic coefficient of variability (GCV)

GCV = Where — x 100
X

Where a"g is the genotypic variance x, the mean of the population.

ii. Phenotypic coefHcient of variability (PCV)

PCV = — - X100
X

Where a"P is the phenotypic variance and X is the mean of the population.

3.5.2.3. Heritability (EP) - Broad sense
Heritability in broad sense was estimated (Jain, 1982). It is the fraction of the total

variance thatis heritable.

Heritability (ff) =—" x 100

3.5.2.4. Genetic advance under selection (GA)

Genetic advance under selection was calculated employing the formula



KH”" a’p (x)
Genetic advance (GA)

X

W here If

Heritability estim ate
P = Phenotypic standard deviation

K = Selection differential which isequal to 2.06 at 5% intensity

ofselection (Allard, 1960).

X Mean of the character X

3.5.3. Association of characters
3.5.3.l.Simple correlation
Simple correlation coefficient was estimated as below
Cov (xy)
VV(x)V(y)
W here, rxy = simple correlation coefficientbetween character x and y

Cov(xy) = Covariance of characters x andy

<

—
>

=
1"

Variance of character x
V(y) = Variance of charactery

3.5.3.2.Genotypic and phenotypic correlation

Genotypic (r*)and phenotypic (tp) correlations coefficients among all the characters
were estimated using variance and covariance components as suggested by Singh and
Choudhary (1985). Mean values of different characters were utilised for the estimation of
the correlation.

i. Genotypic correlation

Genotypic correlation coefficient (r**(g))



Cov xy (9)
X(9) atyg
Where Cov xy(g)= genotypic covariance of character x and y
x(g9)= genotypic variance of character X
(9) = genotypic variance of character Y
ii. Phenotypic correlation
Phenotypic correlation coefficient (" (p))

Cov xy (p)
Vet X(p) 2 (p)

W here Cov xy (p) phenotypic covariance of character x and y

x (p) phenotypic variance of character X

any (p) phenotypic variance of character Y

Significance of the correlation coefficients were tested according to Fisher and
Y ates (1963).

3.6. Classificatory analysis
3.6.1.  Analysis

Genetic divergence of the 13 clones was estimated by D Statistic as per Mahalanobis

(1928,1936) and computed as:
4=i|(?iVidj
Where, x = number of metric traits in point,
p = number of genotypes

di and dj = the differences between the mean values of two genotypes, for

i* and j* characters respectively.

= dispersion matrix reciprocal to the common dispersion matrix.



After computing the relative genetic distance between the clones, they were clustered
into genetically divergent clusters as per iterative relocation algorithm suggested by Friedman
and Rubin (1967) and modified by Suresh and Unnithan (1996). The mean intra cluster

distances were computed using the formula
= 2(d,//n

where d.Mis the distance between i* and j* genotypes in the same cluster.

n = number of values

The mean inter distances were worked out by using the distances between all
possible combinations of the clusters obtained. For this purpose, the sum of distances
between all possible combinations of the clones in a pair of clusters was taken. The sum of

values divided by the product of the number of genotypes in each cluster gave the inter

cluster distance between the particular pair of clusters. The mean inter and intra cluster

distances were then tabulated.
3.7.1sozyme studies

Nine isozyme systems viz., alcohol dehydrogenase (E.C.1.1.1.1), glutamate
dehydrogenase (E.C.1.4.1.2), peroxidase (B.C.1.11.1.7), shikimate dehydrogenase (E.C.I. 1.1.25),
superoxide dismutase (E.C.1.15.1.1), aspartate aminotransferase (E.C.2.6.1.1), acid phosphatase
(E.C.3.2.3.1), alkaline phosphatase (E.C.3.1.3.1) and aryl esterase (E.C.3.1.1.2) were studied.
However, some of them, which are poorly resolved and are not giving any polymorphism
among clones, were eliminated from the studies. Finally the four enzyme systems selected
were aryl esterase, peroxidase, shikimate dehydrogenase and aspartate aminotransferase.
Staining protocols were as defined by Tanksley and Orton, 1983. After staining the gels

were fixed and photographed using a ‘Fotodyne VariQuest 100" white light illuminator.



3.7.1. Enzyme extraction

One gram of young leaf tissue was ground to a fine powder with liquid nitrogen
with a mortar and pestle. Two hundred milligram of insoluble polyvenylpolypyrrolidone
was added toremove the phenolics. I1mlofthe extraction buffer (50 mM Tris, 10mM cystein,
pH 7.4 and 1mM PMSF) was added to allow the ground tissue to thaw in the buffer. A fter
thawing the samples were squeezed through 4 layers of cheeze cloth to a 1.5 mlImicrofuge
tube. The tubes were centrifuged at 12,000 rpm for 15 min. at 4°t. The clear supematant was
recovered and its protein contentwas measured by Lowry’smethod (Lowry etal., 1951). The
samples were stored in -70't until use and this crude enzyme preparation was used for
isozyme studies.

3.7.2. Electrophoresis

Proteins were separated in a7.5 per cent native polyacrylamide gel. Electrophoresis
was carried out at 8C in a refrigerator and the samples were run overnight at a constant

voltage of 50v.
3.8. Molecular approaches

The plant materials were obtained from the bud wood nurseries of Rubber Research
Institute of India. Plants were cut back and after one month the newly expanded leaves
were collected for enzyme extraction. Leaf samples of the same age were collected at
random from three replications of all clones.

3.8.1. Random amplified polymorphic DNA (RAPD) analysis

3.8.2. Preparation of Genomic DNA

Genomic DNA from fully expanded and disease free young leaves of selected clones

was isolated and purified following the modified CTAB extraction procedure (Doyle and



Doyle 1990). One gram offresh leaftissue was ground to a fine powderunderliquid nitrogen and
homogenized in DNA isolation buffer (296 CTAB; hexadecyltriethylammonium bromide),
14M Nad, 20mMEDTA (pH 8.0), 100 mM Tris-HCI (pH 8.0), 1% polyvinyl polypyrolidone (PVPP),
1% 2-mercaptoethanol). The homogenate was then incubated in a water bath at 65°C for
30 min with gentle mixing. The extracts were centrifuged for 15 min (12000 xg) and the
supernatantwas treated with anequalvolume ofphenol: chloroform; isoamylalcohol (25;24;1)
and spun at 10,000 rpm for 10min. The aqueous phase was carefully removed to new tubes
and incubated at 37°C for 1h afterthe addition of 10 |i,lof RNase A(10mg/ml). The samples
were extracted with chloroform and spun at 10,000 rpm for 5 min and re-extracted
until aclearaqueous phase was obtained. The DNAwas precipitated with an equal volume
ofisopropanol. After 15min ofcentrifugation at 10,000 rpm, the DNApelletwas washed with
70percentethanol, air-dried and dissolved in about 3000.1 of TEbuffer (10 mM Tris-HCI,
pH 80; 1 mM EDTA, pH 8.0). DNA quality was analysed by 0.8 per cent agarose gel
electrophoresis and stored at -20°Cuntil use for PCRam plification.

3.8.3. DNA amplification by PCR

PCRwas carried outin a 20ul reaction mixture containing 15ng of tem plate DNA,
250 nM of primer, 1.5 mM MgCIj, 100 [iMeach o f dATP, dGTP, dCTP and dTTP (Amersham-
Pharmacia, UK), 05unit of Tag DNAPolymerase enzyme and Ix reaction buffer. Inorder to
avoid evaporation, the reaction mixture was overlaid with 25plofmineral oil (Sigma, USA).
Amplification was performed in 0.5ml tubes placed in a 48-well thermal cycler [Perkin-
Elmer DNAThermal Cycler 480, USA]. Tubescontaining all the reactioncomponents except
DNAtemplate were included as control for eachprimerused. ThePCRprogramme included:

a 4 min initial denaturation step at 94c, 1min denaturing at 94‘t, 1.30 min at 38'C for



annealing and 2.0 min at 72:t for extension. Thirty-five cycles were performed and the last
cycle was followed by 7 min at 72c to ensure that primer extension reactions proceeded to
completion. Eighty random oligonucleotide primers (OPA, OPB, OPC, OPD and OPE), each
of 10 nucleotides long (Operon Technologies Inc., Alameda, CA, USA) were used as single
primer for the amplification of genomic DNA. The primers, which produced clear banding
pattern after pPCrR amplification were selected for further RAPD analysis of 13 clones. In
order to confirm whether the amplified products are reproducible, amplification with each
primer was repeated at least thrice.

3.8.4. Gel electrophoresis and photography

After PCR amplification, 6x loading buffer was added to the amplified products.
The RAPD products were separated by electrophoresis in 1.5% agarose gels containing
0.5 ug/ml ethidium bromide in 0.5X TBE buffer (Sambrook et al, 1989). Electrophoresis
was performed at 50v for about 4 h until the bromophenol blue dye front had migrated to
the bottom of the gel. The molecular standard used was the lambda DNA double digested
by EcoRI/Hindin. The gels were visualized under UV-light and photographed with Canon

Camera, Japan.
3.8.5. DNA blotting

Amplified RAPD products were electrophoresed on 1.5% agarose gelin TBE buffer
(0.045 M Tris-borate and 0.001 M EDTA) at 25V for 8 h. After depurination in 0.25 M HCI
for 10 min, denaturation of the DNA in the gels was carried outin 1.5M NaCl; 0.5 M NaOH
for 30 min and then neutralized for 30 min in 1.5M NaCl. 1.0M Tris-HCI pH 7.4. The DNA
was then transferred onto a nylon membrane (Hybond N+, Amersham-Pharmacia, UK) in

IOX SSC buffer (IX SSCis 0.15M NaCl, 0.015 Mtrisodium citrate) for 18h (Sambrook etal, 1989).



After DNA transfer, the nylon membranes were rinsed in 2X SSC buffer, UV-crosslinked and

stored at 4RCuntil use.
3.8.6. DNA probe preparation, labelling and hybridization

The selected polymorphic band was cutoutfrom the low-melting agarose gel and
DNA was eluted (Sambrook et al, 1989). They were then reextracted once with
phenohchloroform 1:1and the DNA pellet was dissolved in sterile double distilled water and
used forlabelling. Radioactive probeswere synthesized with a¥¥PdATP(BARC, Trombay, M umbai,
India, 4000 Ci/mmol) using the random primer labeling kit (Amersham-Pharmacia, UK).
The nylon membranes with DNAwere placed in hybridization bottles and prehybridized
for4h (Hybridization buffer is 6X SSC,5XDenhardt’s, 0.5% SDS) at 68RC A fter 4 h, the radio
labeled DNA probe was added into the prehybridization buffer and hybridization was
performed at 65t for 20 h in a rotary hybridization oven (Amersham-Pharmacia, UK).
A fter completion of hybridization, membranes were washed at low stringency at room
temperature twice in 2XSSC+ 0.1% SDSfor 5min and IXSSC+ 0.1% SDSfor 15min and high
stringency at 65°c, twice in 0.5X SSC + 0.1% SDS for 30 min and O.IXSSC + 0.1% SDS for
30min, followed by radio active signal generation. The labelled blots were then exposed
to X-ray film (X-Omat, Kodak) with intensifying screens at -SOC

3.8.7. Data analysis

A conservative approach to scoring of the amplified fragments was adopted and
only consensus bands were included for the final analysis. Individual amplified bands
were indicated by the primer used and its size in bp. Data were scored for computer analysis
on the basis of the presence or absence of the amplified product of a given length. If a
product was present in a genotype it was designated “1”; if absent, it was designated “0”.

Pair-wise comparisons of genotypes, based on the presence or absence of unique and shared



polymorphic products were used to generate complementation of Jaccard’s similarity
coefficients. The matrix of dissimilarities was then used to construct a dendrogram according
to the UPGMA (unweighed pair-group method with arithmetical average) using the TREECON

programme (Van de Peer and De Wachter, 1994).
3.9. Performance Index

Performance index of the genotypes was computed based yield and major yield
components viz., dry rubber yield, latex yield, initial flow rate of latex, plugging index, dry

rubber content, virgin bark thickness and latex vessel rows in virgin bark.

Application of discriminant function as a basis for making selection on several
characters simultaneously is aimed at discriminating the desirable genotypes from
undesirable ones on the basis of their phenotypic performance. Singh and Chaudhary (1985)

defined the genetic worth (H) of an individual as;
H=alGl+éa GZ+ ............ +§(§

Where, Gl, G2 ............... G are the genotypic values on individual characters and
- - R a nsignify their relative economic importance. Another function (l) based on

the phenotypic performance of various characters, is defined as;

Where, bl, b2 .............. bD are to be estimated such that the correlation between H
and 1, ie, r (H, I) becomes maximum. Once such function is obtained, descrimination of
good genotypes from the undesirable ones will be possible on the basis of phenotypic

performance, ie, Pl,lzi’ .............. . P directly.

The maximization of r (H, I) leads of a set of simultaneous equations which upon

solving give the desired estimate of b; values. Considering the 16 characters in this study,

the simultaneous equations are as follows:



b,Xx,,+b2Xx,, + ..cccoeenn. b,x,, = aG,, +aG2+ .........

bj X2ZL+ bz X2+ ............... NI A2T = MA21 M2N22 h ~27

bj XM + B2 X72 + e AT ATT S AT iew A2 T7

which in matrix form become;

7 Con

27 b2
1 *n . L %7
G G ma n
n 7 1
GG o 7 4
G71 70T G?? L 7

The solution ofthese equations give the estimates ofbjvaluesin the following manner:
b=x‘Ga
where, b is the column vector x “is the inverse of the phenotypic variance and
covariance matrix, G is the genotypic variance and covariance matrix and a is the column
vector for economic weights. We take a as a unit vector assuming equal economic
importance forall characters. The genotypeswereranked based ontheirperformance indices.
3.10. Progeny analysis

Open pollinated seeds were collected from 12 introduced clones from M alaysia

and Thailand along with the seeds of RRII1105. For each clone seeds were collected from

trees covering all the five replications. Seedling progenies were planted in randomized

block design with three replications Plate 5. Forty plants per progeny were raised in



replications in a spacing of 60 x 60 cm was adopted. Observations on juvenile yield, girth,
heightand numberofwhorls were taken from 16plants grown intwo central rows discarding

the border ones.

Observations formorphological traits viz., girth (at 10cm from the ground level),
height and number of leaf flushes were made atthe firstand second year after planting.
Seedling height atthe age of six months were also recorded. Juvenile yield was determined
by the testtapping of the seedlings atthe age of two years by the modified Hamm aker
Morris Mann method following a 1/2S d/3 system, at a height of 15¢cm from the plant
base. Latex from ten successive tappings was allowed to accumulate in collection cup,
following which the cup lumps were oven dried and weighed to record yield. Analysis
of variance was worked out to estimate variability among progenies with respect to all

variables studied.

Performance index of the 13progenies was estimated based on vegetative vigour
andjuvenile yield atthe age of two years (Mydin, 1990). Considering the variables, plant
height (xI), girth (x2) number of leaf flushes (x3) and juvenile rubber yield (x4).

Performance Index = WIxI + W2x2 +\W3x3 + W4 x4

W here WI, W2, W3 and W4 = IICT~1/al/, 1/a¥ and 1/a/

denote weights attached to the traits XI, X2, X3 and X4 respectively and provide information

on each trait, xI, x2, x3 and x4 represents the mean value of the traits XI, X2, X3 and X4.

Progenies were ranked on the basis of their performance indices. The percentage
of seedling progenies which recorded above average mean yield of the total seedling

population were also computed.



Plate 5. A view of seedling nursery under test tapping.
A Seedling under test tapping (inset)
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RESULTS

4.1. Clonal variability

4.1.1. Analysis of variance

CzZheanalysis ofvariance was carried out for all the characters in different seasons
viz., girth at opening, girth increment rate on tapping, girth at fifth year of tapping, dry
rubberyield (annual, stress, peak), yield depression under stress, latex yield (annual, stress,
peak), initial flow rate (annual, stress, peak), rubbercontent (annual, stress, peak), plugging
index (annual, stress, peak), length oftapping panel, bark thickness,numberoflatex vessel,

rows, and the latex and rubber properties (Table 2).

4.1.2. Performance of clones in yield and associated characters

4.1.2.1. Girth at opening

Highly significant variation was observed for girth at opening among the clones
studied. The girth of clones during the commencement of tapping is given in Table 3.
M ean girth atopening for differentclones was observed to be 55.66 cm. The highest girth at
opening was recorded forthe clone PB235(61.33cm ) followed by PB 280 (60.02), PB 314 (57.83)
and PB255(57.39) while KRS 128 exhibited lowest girth at opening (50.96¢cm). All the clones

were found to be on par with RRINI105. Three clones viz., PB 255, PB 314 and PB 280w ere on

par with PB235whereas, PB235and PB280 were significantly superior to RRII 105.



SI.No.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
.20.
21.
22.
23.

24.

Table 2. ANOVA foryield and associated characters

Characters

Girth at opening

Girth increment on tapping
Girth at 5th year of tapping
Dry rubber yield (annual)
Dry rubber yield (stress)
Dry rubber yield (peak)
Yield depression during stress
Latex yield (annual)

Latex yield (stress)

Latex yield (peak)

Initial flow rate (annual)
Initial flow rate (stress)
Initial flow rate (peak)

Dry rubber content (annual)
Dry rubber content (stress)
Dry rubber content (peak)
Plugging index (annual)
Plugging index (stress)
Plugging index (peak)
Length of tapping panel
Mrgin bark thickness
Latex vessel rows in virgin bark

Renewed bark thickness

Latex vessel rows in renewed bark

F value

4.67

10.81
13.46
10.10
12.39
24.77
11.92
22.95

2.34

* Significant at P <0.05, ** SignificantatP < 0.01, NS: Not significant

Significance
**k
NS
*%
*%
*%
*%*
*%
*%x
*%
*k
*%k
**
*%
*%
*%
*k
**
**

*%

*k
K%k

*k



4.1.2.2. Girth increment rate on tapping

The mean girth increment on tapping for different clones was found to be
non-significant. The range of variation in girth incrementwas from 158 cm for the clone
RRH105t0 298cm for PB255(Table 3). The general mean was 2.16cm peryear. Two clones viz.,
PB 255 and PB310were significantly superior to RRU105w hile five clones viz., PB 260, PB 310,

KRS 25, KRS 128 and KRS 163recorded high girth incrementrate and were on par with PB 255,
4.1.2.3. Girth at 4* year of tapping

The vigourofthe clones in terms of girth at fifth yearof tapping is shown in Table 3.
Therange ofvariability of girth was 57.88cm for KRS 128to 65.99c¢m for PB255w ith a general
mean of 60.82cm. Three clones viz.,, PB 310, PB280and PB235recorded high girth on par

with PB 255 while PB 235, PB 255 and PB280were significantly superior to RRI1105.
4.1.2.4. Dry rubber yield

The annual mean dry rubberyield ofthe 13 clones is given in Table 3. The highest
yield was observed for the clone PB255i.e., 73.52 g t* t" whereas, clone PB 217 exhibited
the lowestyield (38.17 gt 't") with a general mean of 57.26 g t* t”. Eight clones recorded
yield above general mean. O f these, the clones PB 311, PB 312, KRS 163, PB 260, PB 280,
PB 314 and PB 255, recorded above 60.00g t*t'.Two clones viz.,, PB 280 and PB 314, were
on par with the highestyielding clone PB255. Seven clones PB 255, PB 260, PB 280, PB 311,

PB 312, PB 314 and KRS 163w ere significantly superior to RRII 105.

During stress period, the clones PB255and PB217recorded the highestand low est
dry yield respectively. The highestvalue exhibited was 52.74g t" f' and the lowest value
was 26,299t ' t"*with a general mean of 36.30¢g t" t". Only one clone viz., PB314was on par

with PB255whereas, PB 255, PB 311, PB312and PB314were significantly superior to RRII 105.



During the peak period, the highest yield was recorded by the clone PB 280 (80.42gt't )
followed by PB 255 (76.22 gt t“), the lowest dry rubber yield was exhibited by PB 217
(44.75 g t” t”’) with a general mean of 62.89 g f " t'\ Eight clones viz., PB 235, PB 255, PB 260,
PB 280, PB 311, PB 312, PB 314 and KRS 163 were significantly superior to RRII 105. Three

clones viz., PB 260, KRS 163 and PB 255 exhibited above 70 g t *t *and were on par with PB 280.
4.1.2.5. Yield depression under stress

Highly significantclonal variations were observed for this trait. Yield depression
under stress ranged from 27.99 per cent (PB 255) to 49.87 per cent (PB 235) and is shown in
Table 3. The mean yield depression of the clones recorded was 36.41 per cent. RRII 105
recorded 38.99 per centyield depression during stress. Six clones viz., PB 217, PB 310, PB 311,
PB 312, PB 314 and KRS 128 were on par with PB 255. PB 235, PB 260, PB 280, KRS 25, KRS 163
and RRII 105exhibited the value above general mean. The clones PB 260, PB280and KRS 163
were on par with PB235while two clones PB235, and KRS 163w ere significantly superior

to RRII 105.



Table 3. Growth and yield of different clones

Clone Girth at Girth increment ~ Girth at4th  Dry rubberyield (g t' t")

opening on tapping  year of tapping . . .

(cm) (cm) (cm) Annual  Stress Pl g&?:ﬁgdggg?l(%)

PB217 52.92 efg 2.09 be 58.32 ¢ 38.17 f 2629 g 44.75d 31.01 de
PB235 61.33 a 2.15 be 65.27 ab 57.45 bed 28.99fg  63.24c 49.87 a
PB 255 57.39 abed 2.98 a 65.99 a 73.52 a 52.74 a 76.22 ab 27.99 e
PB260 53.86 defg 2.37 abc 59.35 ¢ 63.20 b 35.66 cdef 74.62 ab 43.75 ab
PB280 60.02 ab 1.80 ¢ 64.74 ab 66.81 ab  37.12 cde 80.42a 44.96 ab
PB310 56.00 cde 2.73 ab 62.36 abc 43.61 ef 30.71 efg  46.93 d 28.24 ¢
PB311 55.08 cdef 2.01 be 59.56 ¢ 60.33 be  41.91 bed 65.38 be 30.88 de
PB312 56.73 bode 1.74 ¢ 60.61 be 62.13 b 42.92 be 67.42 be 30.56 de
PB 314 57.83 abc 187 ¢ 60.95 be 66.88 ab 47.30 ab  68.62 be 28.69 e
KRS 25 52.00 fg 2.35 abc 58.45 ¢ 48.08 de  30.96 efg 51.05 d 36.52 cd
KRS 128 50.96 g 2.19 abc 57.88 ¢ 51.78 cde  34.95 def 52.01d 33.14 cde
KRS 163 54.61 cdefg 2.18 abc 58.94 ¢ 62.96 b 32.36 efg  75.24 ab 48.70 a
RRII 105 54.82 cdefg 1.58 ¢ 58.27 ¢ 49.50 de 30.02 efg 51.66 d 38.99 be
Mean 55.66 2.16 60.82 57.26 36.30 62.89 36.41
CV( 5.59 30.14 6.45 13.36 16.7 13.59 5.67
CD (0.05)  3.96 0.82 4.99 9.72 7.71 10.86 7.21

Means followed by the same letters are not significanty different at 5% error



4.1.2.6. Latex yield

Highly significant clonal variation for latex yield was observed among 13 clones
studied (Table 2). Mean values of latex yield of clones are given in Table 4. PB 312 exhibited
highest latex yield (176.85 ml t't"") while lowest latex yield was recorded for PB 217
(107.60 ml t* t””) with a general mean of 140.95 ml f* f*. PB 311, PB 255 and PB 314, were on
par with the highest yielding clone PB 312 whereas, seven clones viz., PB 312, PB 314, PB 255,
PB 311, PB 260, PB 280 and KRS 163 were significantly superior to RRH105. Of the 13 clones,
PB 255, PB 311, PB 312, PB 314 and KRS 163 exhibited above 150ml t” t\ Four clones KRS 25,
PB 235, PB 280 and PB 260 recorded good latex yield above the mean yield.

PB 255 exhibited the highest latex yield during the stress period (115.26 ml t'* t™)
followed by PB 312 (114.22 ml t*t™) and PB 314 (112.99 ml t" t"*), with a mean volume of
86.51 ml t" t\ The lowest volume yield was shown by PB 235 (58.31 ml t"“t'). PB 311,
PB 312 and PB 314 were on par with PB 255 while PB 255, PB 312, PB 314 and PB 311 were
significantly superior to RRI11105. Four clones viz., PB 255, PB 311, PB 312 and PB 314
yielded above 100 ml t ’t' during stress period.

During peak season, the range of latex yield among the clones was from 117.27 ml t’* t*
to 193.17 ml t* f *. The highest latex yield was exhibited by clone PB 312, and the lowest by
PB 217. Seven clones viz.., PB 312, PB 280, PB 255, PB 314, KRS 163, PB 260 and PB 311 were
significantly superior to RRII 105 whereas, PB 255, PB 280 and PB 314 were on par with the
PB 312. Seven clones viz., PB 255, PB 260, PB 280, PB 311, PB 312, PB 314 and KRS 163 recorded
volume yield above general mean.

4.1.2.7. Initial flow rate

Clonal variation for initial flow rate of latex was highly significant (Table 2). The

mean values of rate of flow of latex of the 13 clones are depicted in Table 4. The highest



flow rate of latex was recorded for RR11105 (29.88 ml min** cm ') and the lowest flow rate of
latex was observed for PB 260 (19.60 ml min* cm™) with a general mean of 24.14 ml min”* cm'™.
Three clones viz., PB 255, KRS 25, and PB 280 were on par with RRII 105. Six clones recorded

latex flow rate of above 25 ml min* cm-'.

During the stress period, PB 255 represented the highest flow rate of latex i.e.
26.89 ml min”*cm™ whereas, PB 235 indicated the lowest flow rate of latex i.e. 1651 ml min'*cm”
with a general mean of 22.52. Seven clones PB 314, RRII 105, KRS 25, PB 280, KRS 128, PB 312

and PB 311 were on par with PB 255.

The highestflow rate duringthe peak season was recorded for PB280, (30.52mImin'~ cm-*)
and PB 235 showed lowest flow rate of 20.39 ml min'* cm''. The general mean was
25.02 ml min' cm™. Three clones RRII 105, PB 255 and KRS 25 were on par with PB 280

having the highest initial flow rate of latex during peak period.
4.1.2.8. Dry rubber content

Highly significant clonal variation for this trait was observed in Table 2. The range
of variation in dry rubber content is depicted in Table 4. The highest annual DRC recorded
was 44.84 per cent for the clone PB 280 followed by KRS 128 (43.70 %) with a general mean
of 39.94 per cent. The lowest dry rubber content recorded by PB 312 (36.45 %). Two clones
PB 280 and KRS 128 were significantly superior to RRII 105 whereas, two clones PB 255,
KRS 128 were on par with the clone PB 280. Seven clones viz., PB 260, PB 235, RRII 105, KRS 163,

PB 255, KRS 128 and PB 280 recorded a high DRC value above 40 per cent.

The range of dry rubber content during stress season was from 38.22 per cent for

PB 312 to 48.21 per cent for PB 280. The general mean was 42.21 per cent. Dry rubber content



during the stress period indicated a wide variation among different clones. Ten clones viz.,
PB 314, PB 310, KRS 25, PB 260, RRH 105, PB 235, KRS 163, PB 255, KRS 128 and PB 280 exhibited a
very high DRC value above 40. Three clones PB 217, PB 311 and PB 312 recorded relatively

low DRC during stress period.

Dry rubber content recorded during peak period was highest for KRS 128 (44.49 %),
and lowest dry rubber content was for PB 311 (35.93 %) with a general mean of 39.72 per cent.
Seven clones viz., PB 235, PB 255, PB 260, PB 280, KRS 128, KRS 163 and RR11105 exhibited a
high value of DRC of above 40 per cent. Three clones viz., RRII 105, PB 280 and PB 255
were on par with KRS 128 having high DRC during the peak period. Five clones viz., PB 311,
PB 312, PB 310, PB 314 and PB 217 were observed to give comparatively low dry rubber

content during this period.
4.1.2.9. Plugging index

Highly significant clonal variation was observed for plugging index (P1) (Table 2).
The range of variation among 13 clones for Pl was from 2.44 (PB 312) to 4.67 (RRII 105)
with a general mean of 3.31 (Table 4). Three clones viz., KRS 25, PB 280 and RRII 105
indicated a high PI value and PB 312, PB 311, PB 260, KRS 163 and PB 314 exhibited low

values for plugging index.

During the stress period the PI value ranged from 3.72 (PB 312) to 6.28 (RRII 105)
and the general mean was 4.94. Four clones viz., KRS 128, KRS 25, PB 235 and PB 280 recorded
high values of plugging, and these clones were on par with RRII 105, while two clones i.e.

PB 312 and PB 311 registered low values for PI during the stress period.



A wide range of variation in PI values was evident during the peak season also.
The lowest value was showed for the clone PB 311 (2.06) and highest value registered was
4.46 for the clone RRI1105 with a general mean of 2.90. Other four clones which recorded
high values for PI were PB 217, PB 280, KRS 25 and KRS 128 and all other clones recorded

relatively low PI values.
4.1.2.10. Length of tapping panel

The clonal variation with regard to the tapping panel length was observed to be
significant (Table 2). The length of tapping cut of different clones is shown in Table 4. The
clone KRS 163 represented the minimum value of 34.37 cm while PB 235 recorded the
highest value of 38.96 cm with a general mean of 36.12 cm. Three clones viz., PB 235, PB 255
and PB 280 were significantly superior to RRII 105 whereas, three clones were on par

with the PB 235.
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4.1.2.11. Virgin bark tlickness

Highly significant clonal difference was observed for virgin bark thickness among
the clones studied (Table 2). The range of variability for this trait was 7.25 mm (B 312) to
11.36 mm (KRS 128) with a general mean of 9.19 mm (Table 5). Eight clones viz., PB 255,
PB 260, PB 280, PB 314, KRS 25, KRS 163, KRS 128 and RRH 105, exhibited bark thickness above
the general mean. Two clones pPB 255 and KRS 128 were significantly superior to RR11105
while pB 255 was on par with KRrs 128. Three clones pB 312, B 217 and PB 311 were exhibited

low bark thickness.
4.1.2.12. Latex vessel rows in virgin bark

Highly significant variations among the clones were observed (Table 2). The range
of latex vessel rows in virgin bark was 16.68 (PB 312) t0 28.64 (PB 255) with a general mean
of21.56 (Table 5). Number of latex vessel rows in five clones was above the general mean.
Two clones viz., PB 255 and KRs 163 were significantly superior to Rr11 105. Of these pB 260
and KRs 163 were on par with pB 255.

4.1.2.13. Renewed bark thickness

Variation for renewed bark thickness was highly significant and is given in the
Table 2. The general mean of the bark thickness of different clones was 7.18 mm. Bark
thickness varied from 6.00 mm (PB 310) t0 8.79 mm (PB 255). Four clones viz., KRS 25, PB 280,
KRS 25 and pB 255 recorded a high value of renewed bark thickness and five clones recorded
the value above the general mean (Table 5). PB 255 was significantly superior to RRII 105

while three clones viz., KRS 25, PB 280 and KRS 128, were on par with ps 255.
41.2.14. Latex vessel rows in renewed bark
Highly significant clonal variation for latex vessel rows in renewed bark was

observed (Table 2). Variability ranged from 15.56 (KRS 25) t0 30.96 (PB 255) with a general

mean of 19.12. PB 255 was significantly superior to rRR1I 105. Six clones recorded higher

value for number of latex vessel rows than the general mean (Table s5).



Table 5. Bark anatomical traits of different clones (4* year of tapping)

Clone

PB 217
PB235
PB 255
PB 260
PB 280
PB 310
PB 311
PB 312
PB 314
KRS 25
KRS 128
KRS 163
RRI1105
Mean
CV (%)

CD (0.05)

Virgin bark LVRin Renewed bark
thickness (mm) virgin bark thickness (mm)
7.88 efg 18.72 cd 6.48 de
8.70 cdef 20.04 cd 6.47 de
10.73 ab 28.64 a 8.79 a
9.09 ode 24.76 ab 6.68 cde
9.79 bo 19.72 cd 7.68 abc
8.31 defg 21.48 be 6.01 e
7.76 fg 21.88 be 6.14 e
7.25¢ 16.68 d 6.63 cde
9.69 be 21.60 be 7.32 bed
9.93 be 18.80 cd 7.96 ab
11.36 a 19.84 cd 8.42 ab
9.59 be 26.92 a 7.33 bed
9.41 cd 21.16 be 7.40 bed
9.19 21.56 7.18
10.64 15.46 12.57
1.24 4.25 1.15

Means followed by the same letters are not signiflcanty different at 5% error

LVRin
renewed bark

16.04 de
16.44 cde
30.96 a
21.00 b
17.04 bede
14.20 e
19.16 bed
19.00 bed
19.24 bed
15.56 de
20.52 be
20.76 be
18.60 bed
19.12
17.80

4.33



4.1.3. Latex and rubber properties

Mean values of latex and rubber properties of different clones are given in Table 6.
Clonal variations were highly significant. The pH of latex of RRn 105 was nearly neutral (7.03)
and KRS 163 registered the highest pH (7.26). PB 235, PB 255, PB 260, PB 280, PB 311, PB 314 and
KRS 128 were on par with Krs 163. Seven clones viz., PB 235, PB 255, PB 260, PB 280, PB 311,

PB 314 and KRs 163 were significantly superior to RR11105.

The highest total solid content (Tsc) was estimated for the clone KRS 128 (44.13 %)
followed by RR11 105 (43.46 %). The lowest Tsc was measured for pB 312 (35.32 %). Highly
significant clonal variation was observed for this trait. Two clones viz., PB 280 and RRI1 105
were on par with Krs 128 and no clones were significantly superior to RRI11 105. KRS 25 (3.53 %)
and pPB 235 (2.75 %) showed the highest and lowest content of non-rubber substances (NRs)
respectively. PB 255 and PB 280 were on par with KRs 25 whereas, seven clones pB 217, PB 255,
PB 280, PB 310, PB 311, KRS 25 and KRS 128 were significantly superior to rRRII 105. Ash
content varied from 0.14 to 0.26 per cent. PB 312 recorded highest ash content (0.26 %) of
natural rubber among the clones studied whereas,pB 260 and KRrs 163 recorded lowest
value for ash (0.14 %). PB 217 and pPB 312 were significantly superior to RRI1 105 and PB 217
were on par with ps 312. Data of the clonal rubbers for the gel content showed that clone
PB 255 exhibited the highest gel content (22.87 %) followed by RR1I 105 (16.66 %) and clone
KRs 163 recorded the lowest value (4.43 %). Clonal variation was significant. pB 255 was
significantly superior to RR1I 105. KRS 128 recorded the lowest content for acetone extract
(2.60 %) whereas, PB 260 recorded highest (4.17 %), and the acetone extract content of RR11 105
was in the lower range. Three clones viz., PB 217, PB 235 and KRS 163 were on par with

PB 260 While seven clones viz., PB 217, PB 235, PB 260, PB 280, PB 310, KRS 25 and KRS 163



were significantly superior to RRI1105. Mean values for the nitrogen level ranges from 0.38
to 0.49 percent. The highest nitrogen content was recorded for PB 312 (0.49 %9 and lowest
was for PB 235 and KRS 163 (0.38 %). PB 311 and PB 314 were on par with PB 312, while
three clones PB 311, PB 312 andPB 314 were significantly superior to RRn 105. Rubber obtained
from three clones recorded a viscosity range i.e. 60to 70 units almost close to the processable
range of viscosity. Six clones produced medium to hard rubbers whose viscosity ranges
were 70 to 80 units. The remaining four clones including RRII 105 produced hard rubbers
having a viscosity higher than 80. PB 255 exhibited the highest Mooney viscosity (88.24 unit).
Significant differences were observed between clones. Only one clone PB 255 was
significantly superior to RRII 105. Plasticity values determined for the clones showed
arange varying from 43 to 61 units. Clone KRS 163 (42.83 unit) exhibited the lowest P*and
MV, whereas, the highest value was observed for the clone PB 255 (60.67). Two clones PB 217
and KRS 128 were on par with PB 255 whereas, PB 255 was significantly superior to RRII 105.
PRI determinations of the natural rubber from 13 clones ranged from 80 to 88 per cent. The
highest and lowest PRI was recorded for PB 280 (88.11 % and PB 217 (79.94 %) respectively.
PB 260, PB 310, PB 314, KRS 25 and KRS 163 were on par with PB 280 whereas, one clone viz.,

PB 280 was significantly superior to RRII 105.
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4.1.4. Association of dry rubber yield with latex and rubber properties

Of the various latex and rubber properties studied pH, total solid contents (TSC),
gel contents (GC) and plasticity retention index (PRI) showed positive association with dry
rubber yield, however non-rubber substances (MRS) acetone extract (AE), nitrogen content (N),
mooney viscosity (MV), initial plasticity (Pj) and ash content (AC) indicated negative
association with rubberyield (Table 7). Among these variables pH showed significant positive
relation (0.583) with yield whereas, the association of ash with rubber yield was high and
negative (-0.348) but it was non-significant. This correlation was followed by correlation of
yield with PRI (0.271), TSC (0.266), P*(-0.251) and MV (-0.238). All other variables showed low

association with yield.



Table 7. Association of dry rubber yield with latex and rubber properties

Dry rubber  jj

yield NRS AE N, GC MV PRI AC
Dry rubber
yield
pH 0.583*
TSC 0.266 0.195
NRS -0.056 0.026 0.080
AE -0.093 0.393 -0.119 -0.370
N2 -0.013 -0.247 -0.761 0111 -0.455
GC 0.004  -0.449 0.091 0500 -0.604 0.173
MV -0.238 -0.398 0.475 0.402 -0.342 -0.387 0.714
PO -0.251 -0.370 0.478 0.368 -0.262 -0.452 0.649  0.992
PRI 0.271 0.504 0.095  0.153 0.230 -0.037 -0.496 -0.609 -0.616
AC -0.348 -0.596 -0533 0.253 -0.452 0.665 0.458 0.231 0.194 -0.401
*Significant at p<0.05
ABBREVIATIONS
TSC - Total solid content GC - Gel content

MV - Mooney viscosity
Po - Initial Wallace plasticity
AE - Acetone extract PRI - Plasticity retention index

Nj - Nitrogen content AC - Ash content

NRS - Non rubber substances



4.2. Genetic parameters

The range and estimates of genetic parameters such as phenotypic coefficient of
variation (PCV), genotypic coefficientofvariation (GCV), heritability (H*) and genetic advance
at5percentintensity of selection as percentage of means are given in Table 8. Latex yield
during peak season showed the highest range of 11727 mlt't'to 19317 mlt*t’ . It was
followed by annual latex yield of 107.60 mIt *t *to 176.85 mIt’*tL ate x yield in stress season
wash583Imlt't'to 11526 mIt“t\ Dry rubberyield during peak season exhibited a range
of44.75percentto 80.42 percent. Itwas followed by annual dry rubberyield i.e. 38.17 percent
to 73.52 percent, dry rubberyield during stress season i.e. 26.29 percentto 52.74percent. Yield
depression during stress exhibited arange of 27.99 per centto 49.87 per cent. The range of
latex vessel rows in renewed bark was 14.20 to 30.96 followed by latex vessel rows in virgin
bark of 16.68 to 28.64. Girth at opening registered the range of 50.96 cm to 61.33 cm. Dry
rubber content in stress season recorded a range of 38.22 per cent to 48.21 per cent. It was
followed by dry rubbercontentinpeak period thatranged from 35.93 percentto 44.99 per cent.
Annual rubber content showed a range of 36.45 per cent to 44.84 per cent. Virgin bark
thickness registered a low range of 7.25mm. to 11.26 mm . Itwas followed by renewed bark
thickness i.e. 6.0l mm to 879 mm. The lowestrange was exhibited for girth increment on
tapping thatranged from 1.58 cm to 2.98 cm. Histogram representing clonal variability for

all these traits are presented in Fig. 1to 8.
4.2.1. Phenotypic coefficient of variation
Among the phenotypic coefficient of variation girth increment rate recorded the

highest value (32.56 %) and a minimum for girth at opening (7.36 %) (Table 8). The girth

increment rate was followed by latex yield in stress period (26.95 %), dry rubber yield in



stress season (26.26 %), yield depression under stress (26.01 %), latex vesselrows in renewed
bark (26.94 %), rubber yield during peak period (22.97 %), annual rubber yield (21.60 %),
latex yield during peak period (20.96 %), latex vessel rows in virgin bark (20.92 %) and mean
annual latex yield (20.61 %). All these characters represented a relatively high value for
phenotypic coefficientofvariation whereas, renewed bark thickness (16.53 %) and virgin bark
thickness (16.07 %) showed a moderately high value. Dry rubbercontentin peak period (9.29 %),
dry rubbercontentduring stress period (8.23 %) and mean annual dry rubbercontent (8.21 %),

recorded low phenotypic coefficient of variation (Figure 8).
4.2.2. Genotypic coefilcient of variation

Genotypic coefficientofvariation (GCV)ranged from 4.78 percentto 20.84per cent
for the variables studied (Table 8). The highest GCV was recorded for yield depression
during stress followed by dry rubber yield during stress (20.27 %), latex vessel rows in
renewed bark (20.19 %), latex yield during stressperiod (20.09 %), dry rubberyield in peak season
(18.52 %), mean annual rubber yield (16.98 %), and latex yield in peak period (13.38 %) all of
which exhibited relatively high GCV value of above 15per cent. Annual latex yield (14.87 %),
latex vessel rows in virgin bark (14.10 %), girth increment rate under tapping (12.31), virgin
bark thickness (12.04 %) and renewed bark thickness (10.74 %) recorded moderately high GCV
value above 10percent. Dry rubbercontentin peak period, (7.74 %), mean annual dry rubber
content (6.94%),dry rubbercontentduring stress period (6.61 %), and girth atopening (4.78 %),

indicated a low GCV ofbelow 10percent (Figure 8).
4.2.3. Heritability

The broad sense heritability (rf) ranged from 14.28 per cent to 71.39 per cent for
yield and the associated characters studied (Table 8). High heritability expressed by a high

value of above 60 per cent, was observed for most of the characters. The highest broad



sense heritability was observed for annual dry rubber content followed by dry rubber
content during peak period (69.50 %), dry rubber yield in peak period (65.00 %), dry rubber
content during stress period (64.55 %), yield depression during stress (64.15 %), and annual
dry rubber yield (61.77 %). The heritability value for latex vessel rows in virgin bark and

renewed bark thickness was 45.43 and 42.10 respectively.

Latex vessel rows in renewed bark (37.02 %), girth at opening (42.31 %), and girth
increment under tapping (14.29 %9 exhibited a heritability value of less than 5o per cent whereas,
annual latex yield (52.03 %), latex yield during stress period (55.58 %), virgin bark thickness
(56.11 %), latex yield during peak period (59.22 %), and yield during stress period (59.58 %9

recorded by a moderately high heritability of above 5o per cent (Figure 8).
4.2.4. Genetic advance

The genetic advance under selection (GA) was highest for yield depression during
stress (34.37 %) followed by rubber yield during stress period (32.23 %), latex vessel rows in
renewed bark (31.21 %), latex yield in stress period (30.85 %) and rubber yield in peak season
(30.76 %). All these characters showed a high genetic advance of the value above 30 per cent,
whereas, annual rubber yield, latex yield during peak period (25.56 %), annual latex yield
(22.09 %), latex vessel rows in virgin bark (19.57 %), virgin bark thickness (18.57 %) and latex
vessel rows in renewed bark (17.68 %) depicted moderate values for genetic advance. A
relatively low genetic advance of below 15 per cent was recorded for other variables like
renewed bark thickness, dry rubber content during peak period, annual mean dry rubber

content, dry rubber content in stress period, girth increment, and girth at opening (Table 8

Figure 8).



Table 8. Genetic parameters of yield and associated characters

Character

Girth at opening (cm)

Girth increment on tapping (cm)

Dry rubber yield (gf'f')-(annual)
Dry rubber yield (gf'f')-(stress)
Dry rubber yield (gf'f')-(peak)
Yield depression during stress (%)
Latex yield (ml f'f')-(annual)
Latex yield (ml f'f')(-stress)
Latex yield (ml f'f *)-(peak)

Dry rubber content (%)-(annual)
Dry rubber content (%)-(stress)
Dry rubber content (%)-(peak)
Virgin bark thickness (mm)
Renewed bark thickness (mm)
No. of LVR in virgin bark

No. of LVR in renewed bark

ABBREVIATIONS

GCV - Genotypic coefficient of variation

Min

50.96

1.58

38.17

26.29

44.75

27.99

107.60

58.31

117.27

36.45

38.22

35.93

6.01

16.68

14.20

PCV - Phenotypic coefficient of variation

Max

61.33

2,98

73.52

52.74

80.42

49.87

176.85

115.26

193.17

44.84

48.21

44.99

11.36

8.79

28.64

30.96

- Heritability

PCV (%)

7.36

32.56

21.60

26.26

22.97

26.01

20.61

26.95

20.96

9.29

15.99

16.53

20.92

26.94

- Genetic advance

GCV (%)

4.78

12.31

16.98

20.27

18.52

20.84

14.87

20.09

13.38

6.94

6.61

7.74

11.97

10.74

14.10

20.19

ff (%)

42.31

14.29

61.77

59.58

65.00

64.14

52.03

55.58

59.22

71.39

64.55

69.50

55.76

42.10

45.43

56.25

GA (%)

6.41

27.49
32.23
30.76
34.37
22.09
30.85
25,56
12.08
10.94
13.30
18.57
14.37
19.57

31.21
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Fig. 8 Genetic parameters of yield and associated characters



4.3. Association of characters
4.3.1. Correlation between yield and growth

Annual rubber yield recorded positive genotypic correlation with girth (0.540) and
the association of rubber yield in peak season with girth was also positive. Rubber yield in
stress season exhibited favourable high positive association with girth increment (0.704)
whereas, yield depression during stress recorded high but negative correlation with girth
increment (-0.527). Girth showed positive genotypic correlation with dry rubber yield during

stress (0.406) and peak period (0.511).

At phenotypic level, annual rubber yield showed positive association with girth (0.517),
whereas, the association of rubber yield with girth increment on tapping was low (0.097).
The association of rubber yield during different periods exhibited low relationship with

girth increment on tapping.
4.3.2. Correlation between yield and physiological components

The values for genotypic association of different characters are given in Table o.
At genotypic level annual dry rubber yield showed high positive relationship with dry
rubber yield in stress and peak periods (0.796,0.945). Rubber yield in stress and peak season,
annual latex yield and latex yield during stress and peak periods showed high favorable
positive relationship with rubber yield. The correlation of annual rubber yield with annual
plugging index, pi during stress and peak periods were low and negative. The highest
correlation was recorded for annual dry rubber yield with yield in peak season (0.945)
followed by latex yield in peak season (0.914), annual latex yield (0.893) and rubber yield
during stress period (0.796). Among the physiological variables, rubber yield during stress

showed a high correlation with annual latex yield (0.817) and latex yield during stress and



peak periods (0.916, 0.798). The rabber yield in peak period exhibited high genotypic
correlation with mean annual latex yield (0.835) and latex yield in peak season (0.898).
Genotypic correlation between yield depression and other physiological components
indicated by low value except for annual dry rubber content (0.557), dry rubber content in
stress (0.554) and peak season (0.491), latex yield during stress (-0.690), flow rate of latex

during stress (-0.510) and plugging index in stress period (0.547).

Atthe phenotypic level annual yield showed a highly significant positive correlation
with dry rubber yield during stress (0.808) and peak periods (0.938) (Table 10). It also indicated
a highly significant favorable association with annual latex yield (0.875), latex yield during
stress (0.570) and peak periods (0.844). Rubber yield during stress was observed to have a
highly significant positive correlation with rubber yield in peak period (0.612), annual latex
yield (0.786) latex yield in stress (0.898) and peak periods (0.682). Rubber yield during stress
and peak season recorded highly significant correlation with annual latex yield (0.786,0.803)
and latex yield in peak periods (0.682,0.854). Rubber content exhibited low and negative
association with p1 at phenotypic level. The correlation of rubber yield with flow rate and

rubber content was comparatively low.
4.3.3. Correlation of yield with structural components

At genotypic level, annual dry rubber yield showed a positive correlation with
virgin bark thickness (0.287), number of latex vessel rows in virgin bark (0.608), renewed
bark thickness (0.437),and numberoflatex vesselrows inrenewed bark (0.817). Dry rubber
yield during stress and peak periods also showed positive genotypic correlation with virgin
bark thickness (0.191, 0.169), latex vessel rows in virgin bark (0.463, 0.591) renewed bark

thickness (0.457,0.278) and number of latex vessel rows in renewed bark (0.844,0.672).



At phenotypic level, annual dry rubber yield showed positive correlation with
growth and structural components. The phenotypic correlation of annual dry rubber yield
with virgin bark thickness (0.236), latex vessel rows in virgin bark (0.337), renewed bark
thickness (0.186), latex vessel rows in renewed bark (0.519). Rubber yield in stress and peak
periods also showed positive correlation at phenotypic level with growth and structural
components of yield. The phenotypic correlation for stress and peak rubber yield with
virgin bark thickness (0.217,0.142), latex vessel rows in virgin bark (0.211, 0.333), renewed
bark thickness (0.198, 0.097) and latex vessel rows in renewed bark (0.462, 0.438) were

positive but low.
4.3.4. Interrelationship among growth, physiological and structural parameters

Genotypic correlation showed that annual latex yield exhibited a high positive
correlation with latex yield in stress season (0.718) and peak seasons (0.992) while its
relationship to rubber content was negative and low. Annual latex yield was inversely
related to pi and rubber content. Latex yield during stress period indicated a negative
genotypic correlation with dry rubber content and plugging index and its relationship to

initial flow rate of latex during stress period was high (0.700).

Annual dry rubber content indicated a positive relationship with rubber content
in stress (0.994) and peak periods (0.975), initial flow rate of latex (0.464) and annual
plugging index (0.549). The genotypic correlation of annual mean dry rubber content
with p1 was high during stress period (0.751). It was also observed that the association
of rubber content in stress and peak seasons with annual initial flow rate of latex

(0.430,0.490) and annual P (0.533,0.593) and P1 in stress (0.727, 0.752) was also high.



Annual flow rate of latex represented a strong positive genotypic correlation with
latex flow during stress and peak seasons (0.900,1.014). It also exhibited a strong positive
correlation with annual pi (0.716) and 1 during stress (0.560) and peak (0.438) periods. The
correlation with flow rate of latex during stress and annual p1 (0.644) and also with i
during stress (0.652) was also high. Annual p1 indicated a strong positive relationship with

P1 in stress (0.898) and peak periods (0.971).

Girth increment indicated negative relationship with yield depression during stress
(-0.527) at genotypic level. All other growth and structural components exhibited positive
relationship with yield depression under stress. Annual latex yield exhibited high correlation
with latex vessel rows in renewed bark (0.630) while it’s relation to virgin bark thickness
was low and negative (-0.125). Latex yield during stress period showed high positive
relationship with latex vessel rows in renewed bark (0.696). Annual rubber content and
rubber content in all seasons exhibited high positive correlation with virgin bark thickness
and renewed bark thickness. Annual initial flow rate of latex and flow rate during
stress and peak season showed high positive association with renewed bark thickness
(0.866,0.832,0.841). Flow rate of latex in stress season showed low and negative correlation
with girth (-0.025). In case of initial flow rate of latex during peak season, a very low and
negative relationship was noticed for latex vessel rows in virgin bark (-0.066) while virgin
bark thickness showed strong positive association with annual rubber content (0.862), rubber

content in stress (0.820), peak seasons (0.891).

At genotypic level, girth exhibited positive correlation with most of the structural

components of yield. The highest relationship could be observed for girth and length of



tapping panel cut (1.055), all other variables showed comparatively low correlation with
girth. Annual girth increment indicated a high positive correlation with of latex vessel rows
in virgin bark (0.851). Virgin bark thickness registered a very high positive association with
renewed bark thickness (1.012) and its relationship with latex vessels in renewed bark was
also high and positive (0.533). Latex vessel rows in virgin bark showed a high positive relation
with latex vessel rows in renewed bark (0.793) and also a high relationship was exhibited

between renewed bark thickness and with latex vessel rows in renewed bark (0.663).

At phenotypic level, annual latex yield showed highly significant positive
correlation with latex yield in stress (0.690) and peak seasons (0.921) whereas, it had a
significant negative association with mean annual p1 (-0.574) and p1 in peak period (-0.624).
Latex yield during stress period showed a highly significant positive correlation with initial
flow rate of latex during stress period (0.580) and a significantly negative relationship with
PI1 in stress period (-0.553) while latex yield during peak season indicated a highly
significant positive association with pi in peak season (0.620). Phenotypic correlation
coefficient indicated that mean annual rubber content showed highly significant positive
association with rubber content in stress (0.929) and peak periods (0.961) and rubber content
during stress season exhibited a positive correlation with rubber content in peak season
(0.840). At phenotypic level annual initial flow rate of latex showed highly significant
positive correlation with initial flow rate during stress (0.870) and peak season (0.938). Initial
flow rate of latex during stress exhibited highly significant positive relationship with flow
rate of latex in peak season (0.790). Annual pi showed positive association with p1 during
stress (0.869) and piI in peak period (0.908). PI during stress season indicated a highly

significant positive correlation with p1 during peak season (0.634) at the phenotypic level.



Phenotypic correlation coefficient among morphological structural and physiological
components of yield showed that virgin bark thickness exhibited a highly significant
positive association with annual rubber content (0.596), rubber content in stress (0.560)
and peak seasons (0.587) and all other morphological and structural components showed
negligible relationship with physiological components of yield. Annual pi and pi1 in all
the periods registered a negative correlation with number of latex vessels in virgin and
renewed bark whereas, it showed a high positive relationship with virgin and renewed

bark thickness.

Girth showed a highly significant positive correlation with length of tapping panel
(0.608) while it exhibited a very low and inverse correlation with virgin bark thickness (-0.003)
and renewed bark thickness (-0.115), all other morphological and structural components
showed low but positive correlation with girth. Annual girth increment exhibited a very
low correlation with length of tapping panel cut (0.009), number of latex vessel rows in
virgin (0.186) and renewed bark (0.208). Length of tapping panel cut registered a very low
relationship with all the structural variables studied. Virgin bark thickness showed highly
significant positive correlation with renewed bark thickness (0.673). All other variables

exhibited very low but positive association among the structural components of yield studied.
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4.4,  analysis

The Devalue ranged from 1.79 to 159.55 showing that genetic variabihty exist among
the 13 clones based on yield and yield components studied (Table 11). The highest genetic
divergence was observed for pB 280 from PB 312 (159.55) followed by pB 311 (157.43) and the

minimum between PB 260 and KRS 163 (1.79) followed by pB 217 and PB 310 (5.83).

Cluster analysis based on Devalues showed thattwo major groups existed in 13 clones
studied (Fig. 9). The firstgroup consisted ofeightclones ie, PB 260, KRS 163, PB 310, PB 217, PB 235,
PB 311,PB 312 and PB 314. The second major cluster consisted of five clones viz., PB 255, KRS 128,
RRn 105 KRS 25 and PB280. These two groups were further divided into four sub groups. The first
majorgroup consisted oftw o clusters. PB 260, KRS 163,PB 310,PB 217 and PB 235 were grouped into
one whereas PB 311, PB 312 and PB 314 were isolated into another cluster. The second major
group consisted of two clusters. KRS 128, RRn 105, KRS 25 and PB 280 were grouped into one

however, PB 255 separated from all other clones with a genetic divergence of50.60per cent.

The two major groups of clones were clustered irrespective oftheircountry of origin. In
clusterl, KRS 163 (Thailand clone) was incorporated and the restofthe clones in this group were
of Malaysian origin. In the second cluster, two Thailand clones i.e., KRS 128, KRS 25 and the
Indian clone RRn 105 were included along with other three M alaysian clones. The country
oforigin ofclones in clustern was diverse. As farasthe yield trend isconcerned PB 255 and
PB 280 are high yielding clones and the other clones in this group are either superior or
comparable in yield with the Indian clone RRn 105.

The interclusterdistance between clusterlandn was 78.11. The intracluster distance
in group Iwas 24.65 and that of group 11 was 34.14. The average intra cluster distance
was 28.60. The inter cluster distance (D*value) showed considerable genetic divergence

among the clones studied.
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PB 260
KRS 163
PB310
PB217
PB235
PB311
PB 312
PB314
PB255
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Linkage distance

Fig. 9. UPGMA Clustering pattern of the clones based on
Jaccard’s dissimilarity coefficient using yield and major yield component



4.5.1sozymes

Outofthe nine isozymes viz., alcohol dehydrogenase, glutamate dehydrogenase,
peroxidase, shikimate dehydrogenase, superoxide dismutase, aspartate aminotransferase,
acid phosphatase, alkaline phosphatase and aryl esterase were studied, five were poorly
resolved and were eliminated later. The enzyme system which provided polymorphic bands
and fully resolved were peroxidase, shikimate dehydrogenase, aspartate aminotransferase
and aryl esterase (Plate 6, Fig. 10 - 13). These four isozymes were used to characterize

Hevea clones.

O fthe four-isozyme systems studied, a combined total of 22 bands were scorable
and a mean of 15 bands per clone could be observed. The number of isozyme bands in
different clones ranged from 11to 19. The highest number of bands was observed for

PB 312 whereas, PB 255 registered the lowestnumber of bands.
4.5.1. Aryl esterase

The number of bands were highest for aryl esterase (7 bands), among the four
isozymes studied that ranged from 3 -7 in different cultivars. PB 255 recorded the lowest
number of bands whereas, seven clones viz., RR 1105, PB 217, PB 260, PB 280, PB 312, PB 314
and KRS 163 exhibited highestnumberofbands. Forall clones 2" 4™ and 6”*locus was
common. Clones having highestnumberofbands showedacommon zymogram however,
cultivars having six number of bands viz., PB 235, PB 310, PB 311, KRS 25 and KRS 128 were
exhibited characteristic band pattern, the 7*locus was absentin this case. The clone PB 255
was characterised by the presence of 2"“ 4"*and 5" locus whereas, all other bands were

absentin this case.



45.2. Peroxidase

A total number of eight peroxidase isozyme loci was observed that ranged from 2-6
in various clones studied. The lowest number of bands viz., 2 was observed in two clones
PB 217 and PB 255 and these two clones were characterised by similar zymogramme. Six
clones viz., RRn 105, PB 235, PB 280, PB 311, KRS 25 and K R s 163 were observed by the presence
of 3 bands but these clones differentiated from each other by the different banding patterns.
Of these pB 280, PB 311 and KRs 25 showed common bands at 3'» 6* and 7*'locus. The
clones RR 11105, PB 235 and KRs 163 exhibited a common band in the 7+ locus whereas, in
PB 235 one band at the 6* locus was absent but it was observed in the other two clones. The 5*
peroxidase band was present in RR11105 and pPB 235 but it was not observed in Krs 163. The
next highest number of 4 bands were observed in pPB 260, PB 314 and KRS 128 varieties,
however, they were differentiated from each other by polymorphic bands. The 6* and 7+
peroxidase bands were common for these three clones but they were separated from each
other by the remain polymorphic bands. In Krs 128,8*band was characteristic, whereas, it
was absent in other two clones. In pB 260 the 5* band was characteristic but they were not
present in PB 314 and KRs 128 while in PB 314 and KRS 128 4* locus was observed that was
not identified in pB 260. The two varieties PB 260 and PB 314 were characterised by the
presence of 3= peroxidase locus whereas, it was not visible in KrRs 128. The clone PB 310
was characterised by the presence of five isozyme loci. The highest number of 6 bands

were noticed for pB 312.
4.5.3. Aspartate aminotransferase

A total of four aspartate aminotransferase bands could be observed that ranged

from three to four in different clones. The majority of clones depicted lowest number of



three bands which were common for 1* 2"“ and 4* locus for all these clones. The clones
characteristic ofthis type of banding pattern were RR11105, PB 235, PB 255, PB 310, PB 311,
PB 314, KRS 25, KRS 128 and KRS 163, SO that characterization among these clones were
difficultby means of aspartate aminotrasferase alone. Another setofclones characterized
by the presence ofan additional band atthe 3"“locus. So thatatotalnumberoffourisozyme
band position could be noticed. The zymogramme patterns in these four varieties were
identical, so discrimination was tedious among these varieties. Here 1®, 2™ and 4" band
position werecommon to all the varieties studied, whereas, the third locus could be possible

to discriminate the cultivars.

4.5.4. Shikimate dehydrogenase

Thenumbersofbands forshikimate dehydrogenase in differentclones were rather
limited. A totalnumberof3bands observed and thatranged from zero to three in different
clones. No bands were identified in the clone KRS 25, while RRII 105, PB 260, and KRS 128
were characterized by the presence ofa single band atthe 3*position. These werecommon
for all the three clones hence characterization among these was tedious only by shikim ate
dehydrogenase enzyme. The nexthighestnumber ofbands observed was two, which was
noticed for PB 217, PB 280, PB 310, PB 312 and PB 314. The isozyme band pattem was similar
in these clones and was noticed in the 2"“and 3" locus. Another set of clones was
characterized by the presence of an additional band in the |"* position. The clones
characterized by this band was PB 235, PB 255, PB 311 and KRS 163. The bhanding pattern was

also similar for these clones.
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Plate 6. Zymogram of (a) aryl esterase (b) shikimate dehydrogenase isozyme profile

showing polymorphism in 13 clones of Hevea brasiliensis.
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Fig. 10, Diagramatic representation of aryl esterase isozyme polymorphism
in 13 clones of Hevea brasiliensis.
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bands 105 217 235 255 260 280 310 311 312 314 25 128 163
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Fig. 11. Diagramatic representation of aspartate amino transferase isozyme polym orpliism
in 13 clones of Hevea brasiliensis.
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bands 105 217 235 255 260 280 310 311 312 314 25 128 163

3 - -
9

1 - - - -

Fig. 12. Diagramatic representation of shikimate dehydrogenase isozyme polymorphism
in 13 clones of Hevea brasiliensis.
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Fig. 13. Diagramatic representation of peroxidase isozyme polymorphism
in 13 clones of Hevea brasiliensis.



4.6. RAPD analysis

The 13 cultivated Hevea clones selected for the present study represent a wide
spectrum of variation for several phenotypic traits, and in their origin. The 13 clones showed
greater diversity for yield, disease reaction, drought, tapping panel dryness (TPD) etc. DNA
from the 13 clones was studied with random oligonucleotide primers for RAPD assay. In
total, 9 primers produced clear and readable bands, 43 primers poorly amplified and the
remainder failed to amplify or generated only a smeared pattern. Primer OPC-11 produced
monomorphic bands among the different clones, and therefore it was excluded from further
analysis since it was not informative. The 8 remaining primers were selected as most
informative, which produced RAPD profiles in all the clones usedI to measure genetic
relationships among them. The nucleotide sequences of these primers are illustrated in
Table 12. Easily detectable, well-resolved bands were those, which were reproducible
over repeated runs with sufficient intensities to determine presence or absence in samples
with the same relative intensity. The agarose gels showing polymorphisms observed
with six primers OPA-04, OPC-05 and OPA-07, OPB-12, OPA-16 and OPA-17 are illustrated in
Plate 7a, b, cand 8a, b, c respectively. Primers varied greatly in the ability to resolve variability
among the clones. Some primers (e.g. OPA-17 and OPC-05) generated several markers and
were able to show high genetic diversity, others (e.g. OPA-04) generated fewer markers and
showed less variability. Out of the total of 82 bands from 13 clones using 8 primers, 35 were
polymorphic. The total number of bands produced per primer varied from 5to 21, although
only 7to 10 of these was polymorphic. The size of bands ranged from 300 to 4000 base pairs.
Dissimilarity between clones varied from 15to 60 per cent indicating high degree of genetic

diversity (Table 13). This molecular information concurs with the reported high morphological

variability inHevea.



Forfurthermolecularconfirmation ofthe presence ofaspecific polymorphic band
in the RAPD profile, the amplification productindicated in Plate 8b was excised, labeled
with a* P- dAT? and used to probe Southern blotts of the PCR am plification products of 13
clones Plate 9 (a) demonstrates that the labeled producthybridizes to the corresponding
amplified bands frommt he following clones namely PB 235, PB 311, PB 312, PB 314 and
KRS 25 but not with other clones. In addition, genomic DNA was digested with Hind Il
restriction enzyme and the selected polymorphic band was used asprobe forhybridization.
The southern results confirmed that the amplified polymorphic band is a partofgenomic

DNA and nnot any artifact or contamination Plates 9 (b).

The dendrogram based on RAPD showed that 13 clones were clustered into two
major groups. Group Icomprised nine PB clones along with RRI11105and group Ilincluded
three KRS clones. These major clusters were further divided into four sub groups. It was
observed that all the M alaysian and Thailand clones were clustered into separate groups.
The phenogram showed thatthe popularclone RRI11105 (India) is separated from the other
clones with a genetic distance of 44.84 per cent, since both ofits parents are different from
the others. Itis interesting to note thatmostofthe Malaysian clones have been putinto two
clusters. Three clones belonging to Thailand have been putinto the same cluster. The first
majorgroups were further separated into three sub groups. In this PB 255, PB 235, PB 280,
PB 260 and PB 217 were isolated into one group. PB 310, PB 311, PB 314 and PB 312 were

grouped as another set.

RAPD analysis clearly distinguished all the 13 Hevea clones from each other. KRS

clones are clustered together to a major group (Fig. 14). KRS 25, KRS 128 and KRS 163 are



grouped together as they were separated from the remaining clones with 30.80 per cent
dissimilarity. The clones pB 312 and pB 314 were grouped together with a maximum
dissimilarity of 15.20 per cent followed by PB 280, PB 260, and PB 217. The two clones PB 312
and rB 314 appear genetically very close since both clones originated from the same series. In
the present study 59.60 per cent of the RAPD were polymorphic among 13 cultivated clones of
Hevea studied. Table 13 shows the dissimilarity matrix developed on the basis of RAPD data.
The Indian clone RR11105 separated from the other clones originated from Malaysia and
Thailand, since pedigree of RRr11105 is different from all other cultivars. It could be observed
that all the Malaysian clones are clustered into a single major group since pedigree of them
are common for at least one of it’s parent. Among this major cluster two sub groups could be
identified. The two clones pB 312 and pB 314 are found to be genetically very close and are
separated by 15.20 per cent dissimilarity from the other varieties. The highest dissimilarity
was noticed between KRs 163 and RRII 105 which is represented by a dissimilarity index of
59.60 per cent followed by the clone pB255. In most cases clones with a common pedigree
such as PB 312, PB 314, PB 311 and pB 310 were clustered together. In PB 217, PB 260, PB 280,
PB 235 and PB 255, one of the parents in their ancestory are common could be clustered
together to form a single group. Phenetic relationship among kRrs clones was close which is
depicted in the dendrogram based on the RAPD data. Thailand clones were clustered together

and were separated from the Malaysian and Indian clones.



Thble 12.Number of ampliflcation products generated and the nucleotide sequence of RAPD
primersthatshowed DNApolymorphism withthe 8random oligonucleotide primers
in 13 selected Hevea clones.

Number of bands

Primer code Primer Sequence
(5°— 3) Total Polymorphic

OPA-01 CAGGCCCnC 16 7
OPA-04 AATCGGGCTG 21 7
OPA-07 GAAACGGGTG 19 9
OPA-16 AGCCAGCGAA 13 8
OPA-17 GACCGCITGT 15 n
OPA-18 AGGTGACCGT 16 7
OPB-12 CCIlGACGCA 14 9
OPC-05 GATGACCGCC 18 10

Total 132 68
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Plate 7. (a)
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RAPD profile generated by OPA-04 oligonucleotide primers
in 13 Hevea clones showing DNA polymorphism (see arrow).
RAPD profile generated by OPC-05 oligonucleotide primers
in 13 Hevea clones showing DNA polymorphism (see arrow).
RAPD profile generated by oPA-07 oligonucleotide primers

in 13 Hevea clones showing DNA polymorphism (see arrow).
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Plate 8. (a) RAPD profile generated by OPA-12 oligonucleotide primers
in 13 Hevea clones showing DNA polymorphism (see arrow).

(b) RAPD profile generated by OPA-16 oligonuclcolide primers
in 13 Hevea clones showing DNA polymorphism (see arrow).

(c) RAPD profile generated by OPA-17 oligonucleotide primers

in 13 Hevea clones showing DNA polymorphism (see arrow).



Plate 9. (a)

(b)
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(a)

(b)
The polymorphic band (2.0 kb) is arrowed. The arrrowed band used to
probe a southern blot of amplified DNA fragments generated
by primer opa-17. Hybridization of band is arrowed.
Genomic Southern blot hybridization analaysis of Hevea clones;
The radio labelled probe used was a selected polymorphic
RAPD band (2.0 kb) identified with OPA-17 primer. Lane 1-7

genomic DNA samples from different Hevea clones digested
with Hind HI restriction enzyme.



4.7.Performance index

Performance index was worked out for the 13 clones based on yield and major
yield components viz., girth, latex flow rate, plugging index, dry rubber content, virgin
bark thickness and number of latex vessel rows in the virgin bark. The clones are ranked
based on their performance and are given in Table 14. Five genotypes were found to have
an index value greater than the mean index value of 284.24 and these clones were pB 280,
PB 255, KRS 128, RRH 105 and KRs 163. The Indian clone rRR 11105 ranked fourth among the
clones studied and three clones viz., PB 280, PB 255 and KRs 128, indicated better performance

than rRR11 105 based on yield and major yield components.



Table 14. Performance index ofthe clones based on yield and associated characters

Clone Index Rank
PB280 325.6 1
PB255 317.5 2
KRS 128 301.9 3
RR 11105 294.9 4
KRS 163 2935 5
PB260 283.4 6
PB314 282.6 7
KRS 25 281.4 8
PB235 280.0 9
PB 312 267.4 10
PB311 267.1 n
PB310 251.7 12
PB217 248.1 13

Mean 284.24



4.8.Progeny analysis

The mean values forheight, girth and numberofwhorls ofleaves forthe progenies
during the first year are presented in Table 15. Analysis of variance indicated that there is
no significant variation among seedling progenies with respectto height and girth at one
year after planting. The mean values for girth ranged from 2.22 ¢cm for RRI11105t0 3.20 ¢cm
for PB 255 with a general mean of2.69 cm. In case of height of progenies during the first
year after growth, the mean value ranged from 73.64cm for RRII 105t0 116.70cm for PB 217.
The general mean was 93.85cm. The range of mean values for the number of whorls was

from 2.78 (RRII 105) to 4.30 (PB 312).

Performance of the superior and inferior progenies of the clones viz., PB 255 and
PB217is visible Plate 10a and b. M ean values foryield, height, girth and numberofwhorls of
leaves forthe progenies of 13 clones atthe age oftwo years are depicted in Table 16. Highly
significantvariation could be observed for the traits studied atthe age oftwo yearofplanting
(Table 17). Juvenile yield ranged from 2.13 g plant" 101~ (KRS 163) to 6.24 g plant" 10 t"
(PB 311) while the progenies of RRII 105 recorded 4.20 g plant" 10 f'. The mean progeny
yield was recorded was 4.14 g plant” 101'. Progenies of clones viz., PB 235, PB 255, PB 260,
PB 311, PB 312,PB 314and RRII 105exhibited above mean progeny yield (4.14 g plant"' 101™).
The highest girth was recorded for PB311 (10.07 cm) whereas, PB 235 exhibited the lowest
value of4.90cm with the general mean was 7.67cm. Progenies of RRII 105recorded 8.63 cm
of girth. Height of the progenies varied from 2.30 m. for PB 217 to 3.66 m. for PB 255 with a
general mean of 312 m. The number of whorls of leaves showed arange of values from

10.42 for PB 310 to 8.17for PB 314. The general mean was 9.08.



Correlationsamongplantheight, girth,numberofleafflushesproduced andjuvenile
yield atthe age of 2years are given in Table 18. Significantpositive correlation was observed
for all the traits studied. The highest correlation observed between juvenile yield and the
vigour of seedlings in terms of height (r = 0.669) followed by girth (r = 0.578) while the
lowest relationship was established between yield and number of leaf whorls produced,
the correlation was only at5percentlevel (r=0.315) and between girth and the number of
leafwhorls (r=0.344). Correlation between seedling girth, and heightwas also significantly
high atone percentlevel (r=0.441). The relationship between seedling heightand number
of whorls were also very high at Iper cent level (r = 0.557). To assess the performance of
progenies, performance indices were estimated based on morphological traits and juvenile
yield. Performance indices ranged from 88.46 (PB 217) to 125.57 (PB 311) with a general mean
of 105.62. The performance indices of the progenies of the 13 clones are given in Table 19.
Based on the performance indices, four clones exhibited highest ranks above RRII 105
(112.46), while progenies ofthe clones viz., PB 255, PB 260, PB 310, PB 311, PB 314 and RRII 105
showed the mean value of above 105.62. The progenies of PB 311 and PB 255 exhibited

highestindex value of 125,57 and 124.24 respectively.

The percentage of seedling which exhibited progeny yield above the mean yield
are represented in the Table 19. Thirty per centto sixty eightpercentofprogenies showed
above average progeny yield. Progenies of clone PB 255 recorded highest (68 %) and that of
PB 280 (30.23 %) recovered the lowestpercentage of superior seedlings in terms ofjuvenile
yield. The progenies of PB 255, PB 260, PB 310, PB 311, PB 312, PB 314 and RRH 105 recorded

high percentage of seedlings with above mean progeny yield.



Table 15. Performance of progenies during the first year of establishment

Progeny

PB217
PB235
PB 255
PB260
PB 280
PB310
PB311
PB312
PB 314
KRS 25
KRS 128
KRS 163
RRII 105
General Mean
C.V. (%)

C.D. (0.05)

Height (cm)

116.78 a

100.29 abc

102.67 ab

99.58 abc

112.60 ab

109.84 ab

103.88 ab

103.69 ab

86.79 be

87.11 be

87.35 be

94.39 abe

73.64 e

98.35

16.58

27.43

Girth (cm)

3.10 ab

2.72 abed

3.20 a

2.70 abed

2.99 abc

2.95 abc

2.60 bed

2.57 bed

2.54 bed

2.52 bed

245 ed

2.48 cd

2.22d

2.69

12.87

0.58

Number of whorls (m)

3.53 be
3.67 abe
3.82 ab
3.60 be
3.16 bed
3.70 abc
3.52 be
4.30 a
3.47 be
3.04 cd
3.47 be
3.61 be
2.78 d
3.51
11.40

0.65

Means followed by the same letters are not significantly differentat 5 % error



Table 16. Performance of progenies during the second year of establishment

Progeny Yield Girth Height Number of whorls
(gplant' 101") (cm) (m)
PB217 3.52 cde 6.70 e 2.30e 8.28 e
PB235 4.50 abed 4.90 f 3.11 bed 9.49 ab
PB255 5.81 ab 9.57 a 3.66 a 9.35 b
PB260 4.23 bed 8.17b 3.49 abc 9.80 ab
PB280 3.36 cde 6.70 e 3.03 cd 8.23 ¢
PB310 4.11 bed 8.23 b 3.41 abc 10.42 a
PB311 6.24 a 10.07 a 3.40 abe 9.77 ab
PB312 4.18 bed 7.10 de 3.28 abe 9.00 be
PB314 4.89 abc 7.43 ed 3.57 ab 8.17 ¢
KRS25 2.71 de 7.00 de 240¢ 821 c
KRS 128 3.58 cde 8.13 be 2.68 de 8.24 ¢
KRS 163 213 e 7.13 de 3.03 cd 9.64 ab
RR11105 4.60 abed 8.63 b 3.10 bed 9.50 ab
General Mean 4.14 7.67 3.11 9.08
C.V.(%) 27.96 5.53 9.65 6.61
C.D. (0.05) 1.95 0.71 0.50 101

Means followed by the same letters are not significantly differentat 5 % error



Table 17. ANOVA for juvenile traits during the second year of establishment

Characters Range Mean F value Significant
Juvenile yield 2.13-6.24 4.14 2.90 **
Girth 4.90-0.07 7.67 30.29 fiad
Height 2.30-3.66 311 5.95 hiad
Number of whorls 8.17-10.42 9.08 493 **

**Significant at P =0.01

Table 18. Correlations among juvenile yield and growth characters

YIELD GIRTH HEIGHT
GIRTH 0.579 **
HEIGHT 0.669 * 0.441 **

WHORLS 0.315* 0.344* 0.557 **



Table 19. Performance index and percentage of superior progenies after second year of growth

Progeny Performance % of seedlings recorded
Index above mean progeny yield
PB217 88.46 43.57
PB 235 91.59 40.00
PB255 124.24 68.00
PB260 114.55 58.00
PB 280 96.28 30.23
PB310 115.70 61.11
PB 311 125.57 60.00
PB312 104.07 56.00
PB 314 107.37 60.00
KRS 25 90.43 31.60
KRS 128 100.58 43.48
KRS 163 101.77 33.30
RRn 105 112.46 54.50

Mean 105.62 49.22



(a)

(b)

Plate 10. Seedling progenies ofthe clones (a) PB 255 and (b) PB 217
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DISCUSSION

5.1. Analysis of Variance

5.1.1. Performance of Clones

j*nalysisofvariancerevealed highly significantclonal variation for allthe characters
studied exceptforgirth incrementrate undertapping. The results showed thatgenetic variation
exists in the population which would enhance selection programme wherein selection
pressure can be profitably exerted on these characters. The result of the present study is
supported by the findings ofearlierworkers like M ydin (1992),Premakumari (1992),Licy (1997),
Licy etal, (2002) and John etal, (2003). Eightclones recorded above average annual yield
and these clones were identified as high yielding clones. O f these seven clones yielded
significantly higherthan thatofthe high yielding clone RRII105. Among these clones, PB255
recorded the highest mean yield of 73.52 g t* t* over the three years oftapping followed by
PB 314 (66.88 ¢ f ‘ t"'), PB280 (66.81 g f' f ‘), PB 260 (63.20¢g f ‘ f’), KRS 163 (62.96 ¢ f " t"),
PB 312 (62.13g t"'), PB311 (60.33 g f'f ‘), PB235 (57459 f'), KRS 128 (51.78 g t"' t""),
RRn 105 (4950 g t "t'). Nga and Subramaniam (1974) and Gilbert et al, (1973) have also
reported a high genetic variability for yield, which is in agreement with the result of the

present study.

H. brasiliensis is a perennial tree crop and shed their leaves annually known as
‘wintering’. In South India ‘wintering’ usually tfikes place during December to February
and by thattime all the leaves are shedded. Ithas been observed thatthe productivity of the
trees dropped down during this period. Dijkman (1951), W im alaratna and Pathiratna (1974)

and Sethuraj (1977)reported the drop in yield soon afterwintering. Latex yield is observed



to be low during the dry season of February to May, when the soil wateravailability is least
and the rainfall is about zero. Mass and Bokma (1950), Polhamus (1962), Ninane (1967) and
Edgar (1987) reported that summer months are lean in terms of crop production. All the
clones have shown reduction inyield during stress period. Highly significantclonal variation
wasrecorded inthe yield drop in presentstudy. Yield depression during stresswas comparatively
less for PB 255 followed by PB 310, PB 314, PB 312, PB 311, PB 217 and KRS 128 and were
considered in having stability in yield whereas, PB 235 followed by KRS 163 and PB 280
showed high yield depression during stress. W ebsterand Paardekooper (1989) reported marked
variation among clones in yield depression during the period ofrefoliation. The resultofthe

present study is in conformity with the reports of the earlier workers.

Ranges of variation was high for yield and all yield components, however panel
length, girth incrementon tapping, plugging index and bark thickness exhibited relatively
low values. Saraswathyamma and Sethuraj (1975) and Licy (1997) reported low values for
latex flow characterswhichisinagreementwiththeresultsofpresentstudy. Six clonesrecorded
high girth ofabove 60cm. The highest girth was recorded for PB255 (65.99cm) followed by
PB 235 (65.27cm ), PB280 (64.74cm ), PB 310 (62.36cm ), PB314 (60.95¢cm ) and PB 312 (60.61 cm).
Highly significantclonal variation was recorded for allthe components ofyield. Itimplies
that genetic variation exist in the population and there is scope for selection based on
these characters. There are four clones viz., PB 255, PB 280, PB 312 and PB 314 showing
high vigour in terms of bole girth and high yield and were identified as latex timber
clones. All these clones exhibited trunk girth above 60 cm and yield above 60 g f' t'.
Latex-timberclones are gaining importance in the changing global scenario where rubber

wood is viewed as an alternate source of timber.



Important properties like pH, total solid content, non rubber substances, ash,
gel, acetone extract, nitrogen, Mooney viscosity, plasticity and plasticity retention index,
which relate to the qualities of latex and rubber were studied for 13 clones of Hevea
brasiliensis. The impact of clonal variations on these parameters was observed to be
significant. A major source of variability within and between NR grades is probably is
dependance of the property on the clones from which the latex is collected (Fuller, 1988).
Different clones have different characteristic and give rubber with different properties.
Thecolourand composition of the latex and the plasticity ofthe rubbertend to be uniform

within a clone and different for different clones (M artin, 1961).

The latex pH of the clones showed that the clone KRS 163 recorded highest pH
value followed by PB 314, PB 260, PB 280 and PB 311. Clone RRH 105exhibited neutral latex
pH (7.03). Brozozowska et al, (1979) and Coupe and Lambert, (1977) reported rubber
production hasbeen shown tobe correlated positively with cytosolic pH and transtonoplastic
pH gradient (cytosol-lutoids) in the latex. Total solid content is the total fraction of solid
particles in natural rubberincluding dry rubbercontent. The highestmean value for total solid
contentrecorded for KRS 128 followed by RRU105, PB 255, PB280 and PB 235. Viscosity of latex
dependson the total solids present. A high total solid contentmay limityield by hindering flow
(Milford etal, 1969; Buttery and Boatman, 1976and Brozozowska etal, 1979). On other hand
low total solid contents is indication of weak latex regeneration in situ (Eschback etal, 1984;
Prevot etal, 1984). The non-rubber constituents in natural rubber have a profound effect
on the vulcanization of the hydrocarbon and the physical properties of the resulting

vulcanizates. The include proteins, acids, ash and water (Bengtsson and Stenberg, 1996).



These impurities influence the rubberin differentways. The soluble non rubber materials
influence mainly the time variation ofthe relaxation modulus ofrow NRatlongerrelaxation
time the increases rate of relaxation quite markedly (Campbell and Fuller, 1984). Clone
KRS 25 showed highestnon rubber substances (3.53 %) followed by PB255(3.48%), PB 311

(3.29 %), KRS 128 (3.29 %) and PB 310 (3.24 %). Clone RRI1105exhibited 2.95per cent of NRS.

The ash content represents the amount of mineral matter present in the rubber,
such as carbonates and phosphates of potassium, magnesium, calcium, sodium and other
trace elements. The highestash contentwas noticed for PB 312 (0.26 %) w hereas, the low est
for PB 260 and KRS 163 (0.14 %). A high ash content in rubber could also result from
contamination during latex collection or processing. Copper and manganese are the two
trace elements in ash. These materials are very powerful catalysts for the oxidation of NR
by oxygen in the air (Cole, 1958). The presence of inorganic compounds can increase the

tendency of vulcanized articles to swell in water (Stagracznski and Kunst, 1993).

Gel is the insoluble fraction of the material when the rubber is dissolved in the
solvent. Two types of gel existin NR, micro gel and macro gel. Micro gel consists of sub
micron size particles, which are cross-linked latex particles. Macro gel appears to be a
secondary bonded network incorporating micro gel and mostofthe proteinaceous materials
(Allen and Bristow, 1963; Fuller, 1988). Clone PB255exhibited highestgel content (22.87 %9
followed by RRH105 (16.66 %) and PB 311 (14.22 %). However, KRS 163recorded lowest value
443 per cent. The gel has a marked influence on the relaxation behaviour of NR. It has
predominantly stiffening effect. Itproduces acomparatively slight decreases in the rate of

relaxation. The macrogel phase is an extremely stiff, almost non relaxing material. The



macrogel particles also have a stiffening effect, but they also significantly reduce the rate

of relaxation (Campbell and Fuller, 1984).

Acetone extract was highest for PB 260 (4.17 %) followed by PB 217 (4.08 %), KRS 163
(4.07 %) and PB 235 (3.96 %). However, RRn 105 showed 2.80 per cent of acetone extract.
Esah (1990) reported thatis property has notbe extensively studied. It has been shown to
increase afteryield stimulation using 2,4,5 - trichlorophenoxyacetic acid (2,4,5-T) and to
decrease with the age ofatree (Moris and Sekhar, 1959). The acetone extractof NRcontains
naturally occurring non-rubber constituents such as lipids, fatty acids, quebrachitol, sterols
and esters. In addition, acetone will extractthe degraded rubber, ifthe rubberhashbheen exposed
to oxidative influences such as strong sun light (Rubber Research Institute of M alaysia, 1992).
Lipids are responsible forthe stability ofthe rubberparticles (Ho etal., 1976). The sterols and
esters are believed to contain the antioxidantwhich is effective in preserving the raw rubber
againstoxidation and softening during storage (Bengtsson and Stenberg, 1996). Fatty acids
influence strongly the rate of vulcanization with certain accelerator system (Ebi and
Kolawole, 1992). Generally acetone extract varies between 2to 5per centin dry rubber
(Esah, 1990) and for all the clones, the values are with in the limit.

Itis known that NRwhen itleaves the tree contains definite proportion ofnitrogen
asintegralpartofmacromolecule (Bengtsson and Stenberg, 1996). Clone PB312registered
highestvalue fornitrogen content (0.49%) whereas, RRH105showed 0.42percentfornitrogen
content. The higestnitrogen for PB312was followed by PB 311 (0.48 %), PB 314 (0.48 %) and
PB 310 (0.45 %). The nitrogen content of dry rubber is reported to be the proteinaceous
material either tenaciously held orchemically bonded to the rubber (Burfield etat, 1976).

Tata 1980 reported that about 30 per cent of these materials are present in the rubber



hydrocarbon and about70percentinthenonrubberphase. Mostofthese have been shown
to play an importantrole in the stability of Hevea latex. Certain proteinaceous materials
had been shown to exert various effects on the technological properties of rubber (Alias
and Hasma, 1988).

Mooney viscosity gives an indication ofthe quantum of mechanical work required
on the raw rubber to give mixes with consistent theological properties after standard
mastication, compounding and mixing. This means thatarubber with very high Mooney
viscosity may require longer premastication time or need expensive peptisers to obtain a
product of a workable and consistent viscosity, whereas the rubbers with comparatively
low Mooney viscosity require lesser mastication (Esah, 1990). M ooney viscosity was highest
for PB 255 (88.24 unit) followed by PB 217 (83.19 units), KRS 128 (82.63 unit) and RRI1105
(81.68 unit), whereas, KRS 163 exhibited lowest value (63.47 unit) for Mooney viscosity.
Besides Mooney viscosity, the important property of bulk viscosity of rubber is also
measured by the Wallace plasticity and the plasticity values determined for the clones.
Initial W allace plasticity was recorded highest for PB 255 (60.67) followed by PB217 (58.11),

KRS 128 (57.39) and RRII 105 (54.67).

Plasticity retention index is a measure of the resistance of rubber to molecular
breakdown by heat. Itis assessed by the percentage change ofthe original plasticity when
therubberis heated at 140°C for 30minute. High values correspond to good heatresistance.
Clone PB 280 exhibited highest PRI value (88.11 %) followed by KRS 163 (86.89 %), PB 260

(86.44 %) and KRS 25 (85.61 %). RRII 105exhibited 81.89 per cent for PRI.

In terms of plasticity, most of the clones gave medium to hard rubbers. Clone

RRII 105could be graded to the higherviscosity range. KRS 163 had the lowest Pg, M ooney



viscosity and gel content, where as the highestvalues were observed forclone PB255. Ash
contentand plasticity retention index had lesser effecton clone. The data generated could
provide a comparative assessment of the latices of clones, though some variations could

be expected on changing the soil and environmental conditions.

Hevea latex as obtained from the tree consists not only of rubber hydrocarbon
particles, but also non-rubber substances, which include lipids, proteins, carbohydrates,
acids, amines and some inorganic constituents. It is generally known that some of these
non rubbers can affect the properties of latex concentrates and bulk rubber derived from
the field latex. As all the rubbers were prepared in the same manner using the same
procedure, any variation observed in the properties studied could be considered as mainly

due to differences between the clones.

5.1.3. Association of dry rubber yield with latex and rubber properties

Among the various latex and rubber properties viz., pH, total solid content (TSC),
non-rubber substances (NRS), acetone extract (AE), nitrogen content (N, gel content (GC),
mooney viscosity (MV), initial plasticity (P,,), plasticity retention index (PRI)and ash content (AC)
of Heveastudied, pH of latex indicated significantcorrelation with rubber yield (0.583). It
shows that pH of latex may have the influence on the rubber yield of Hevea. pH, TSC, GC
and PRIshowed positive association with rubberyield, whereas, NRS, AE, N\, MV, Poand AC
registered a negative association with yield. The highest correlation of rubber yield with
pH of latex is followed by yield x ash content (-0.348), yield x PRI (0.271), yield x TSC (0.266),
yield XPo(-0.251) and yield x MV (-0.238)was noticed. One ofthe mostimportantfactors affecting
the coagulation of latex is its pH value. Rubber production has been correlated positively

with the cytosolic pH of the latex and the transtonoplastic (cytosol/lutoids) pH gradient



(Brzozowska- Hanower etal, 1979). The resultofthe presentstudy is in conformity with
the findings of Chrestin and Gidrol (1985) indicated that the positive correlation between
rubberproduction and cytosolic pH ofthe latex and the transtonoplastic (Cytosol/lutoids)
pH gradient is due to the reactivity of Mg dependent ATpase. The pH showed apparent
correlation with yield, ifitisconfirmed to be ofgeneral occurrence itwillbe ofimportance
in explaining the mechanism of yielding rubber in Hevea.
5.2. Genetic parameters

Highly significant clonal variation was recorded for all the yield components
studied. Wide range ofvariations was recorded for girth atopening (50.96-61.33cm.), annual
dry rubberyield (38.17-7352g t"t ‘), rubber yield in stress season (26.29-52.74 g t* t”’) and
peak season (44.75-80.42g t" t"), yield depression during stress (27.99 % -49.87 %), latex yield
(107.60m 1t t'*-176.85m 1t t""), latex yield during stress (58.31 m| t* t*- 11526 mIt ' t")
and peak season (117.27mlt*t”-19317mlt't ’), latex vessel rows in virgin (16.68 - 28.64)
and renewed bark (14.20 - 30.96). However, low range of mean was recorded for girth

increment, rubber content, in different seasons and also for bark thickness.
5.2.1. Phenotypic and genotypic coefficient of variation

The present study indicated substantial differences in phenotypic and genotypic
coefficientofvariation forthe characters studied. The highestvalue ofphenotypic coefficient
of variation (PCV)was exhibited by mean girth increment (32.56 %) followed by latex yield
during stress period (26.95 %), latex vessel rows in renewed bark (26.94 %), rubber yield in
stress period (26.26 %) and yield depression under stress (26.01 %), rubber yield in peak
period (2291 %), annual rubber yield (21.60 %), latex yield in peak period (20.96 %), latex

vessel rows in virgin bark (20.92 %) and annual latex yield (20.61 %). Girth at opening and



rubber content showed lowest phenotypic coefficient of variation. M oderate PCV was

recorded for virgin and renewed bark thickness among the variables studied.

The highest GCV was observed foryield depression under stress (20.84 %) follow ed
by dry rubberyield in stress season (20.27 %), latex vessel in renewed bark (20.19 %), latex
yield in stress period (20.09 %), rubberyield in peak period (1852%) and annual rubberyield
(16.98%). Low genotypic coefficientofvariation was observed for girth atopening, annual
rubber content and rubber contentin different seasons whereas, virgin and renewed bark
thickness, girth increment, latex vessel rows in virgin bark and annual latex yield showed
moderate GCV among the characters. Genotypic coefficient of variation (GCV) for yield
and yield components showed the existence of substantial genetic variability among the

clones studied.

The high value of GCV observed forrubber yield is in agreement with the reports
of Whithy (1919), Simmonds (1969), Gilbert et al, (1973), Nga and Subramaniam (1974),
Markose and George (1980), and Hamazh and Gomez (1982). Licy (1997) reported a high
degree of GCV and PCVfordry rubberyield, latex yield and number of latex vessel rows as
observed in the present study. Premakumari (1992) reported a moderate GCV and PCV for
rubberyield, latex yield and low values for girth and rubbercontent, which areinconform ity

with the present study.

GCVwas lowerthan PCVforall the characters studied. However, the magnitude of
difference between GCVand PCVestimate was high forgirthincrementon tapping,indicating
environmental factors influencing the character. Itwas low forallothercharactersindicating
thatgenetic factors were predominantly responsible forthese characters. M arkose (1984) and

Mydin (1992) reported genotypic coefficient of variation was lower than the phenotypic



coefficient of variation for all the characters studied which indicates the influence of
environmenton the genotype in the expression of these characters. M oderate to high GCV
and PCV was observed for girth incrementon tapping, annual dry rubber yield, dry rubber
yield in two seasons, yield depression during stress, annual latex yield and latex yield in
two seasons, virgin and renewed bark thickness and latex vesselrows in virgin and renew ed
bark indicating that selection based on these characters would be advantageous, since
there is the predominance of additive gene action in the expression these characters.
Low value ofgenotypic coefficientofvariation and phenotypic coefficientofvariation
for girth and rubber content are in conformity with the findings of Markose (1984).
Alika and Onokpise (1982), M ydin (1992),Chandrasekar (1995)andLicy (1997),reported

low GCV and PCV for girth,
5.2.2. Heritability

Heritability is the proportion ofthe total variance of an observable characteristic
that may be accounted for by genetic factors. It can also be stated as the fraction of total
phenotypic variance that remains after exclusion of the variance due to environmental
effects. Burton (1952) suggested that genotypic coefficient of variation together with
heritability estimates would give abetteridea ofselection advance to be expected. Selection
actson genetic differences and gains from selection fora specific characterdepends largely
on heritability of the character (Allard, 1960and 1999). A high heritability expressed by a
high value of above 60 per cent was observed for most of the characters. Broad sense
heritability was highest for annual rubber content (71.39 %) followed by rubber content
during peak period (69.50%), rubberyield in peak period (65.00%), rubber contentduring stress

period (64.55 %), yield depression during stress (64.15 %) and annual mbber yield (61.77 %9



indicating thatobserved variability for these traits are heritable. Breedercan expectadditive
genetic variance to be available for selection in progeny generation for these characters.
Simmonds (1989) explains thatin rubber, heritability ofeconomic characters are high. Low
heritability was observed for girth at opening and girth increment rate on tapping. Low
heritability coupled with low GCV for girth atopening confirms thatmarked improvement
may nothe achievable in such characters through selection. The relatively high value of
heritability observed forthe majoryield componentsexplains large proportion of variability
observed for these characters is heritable with negligible influence of environment. The
low heritability observed for girth may be due to that the observations were conducted
during the early years of production phase of the plants. Liang etal, (1980), A lika (1982)
reported similar findings. The moderate heritability observed for virigin bark thickness and
renewed bark thickness are in agreementwith Tan etal, (1975),and A lika and Onokpise (1982).
Relatively high heritability foryield and girth was reported by Nga and Subramaniam (1974),
Liang etal, (1980), M arkose and George (1980) and M arkose (1984). However, M ydin (1992)
and Licy (1997)reported low heritability for girth which was in agreement with the results
ofthe presentstudy. In general, high heritability forrubbercontent, latex yield, and annual

dry rubberyield indicates that observed variability for the trait is often heritable.
5.2.3. Genetic advance

Genetic advance is the improvement in the mean genotypic value of selected
families overthe base population. Genetic advance under selection depends up on several
factors like 1)the genetic variability among differentplants or families in the base population
2) the heritability of character under selection and 3) the intensity of selection i.e., the

population of plants or families selected. High genetic advance recorded for yield



depression during stress (34.37 %), dry rubber yield in stress season (32.23 %), latex vessel
rows in renewed bark (31.21 %), latex yield in stress period (30.85 %), dry rubber yield in
peak period (30.76 %), whereas, annual dry rubber yield (27.49 %), latex yield in peak
seasons (25.56 %), annual latex yield (22.09 %), latex vessel rows in renewed bark (19.57 %),
virgin bark thickness (18.57 %), registered moderate genetic advance under selection.
Renewed bark thickness (14.37 %), rubber contentin peak season (13.30 %), rubber content
in stress period (10.94 %), girth incrementon tapping (9.58 %) and girth at opening (6.41 %)
showed genetic advance under selection. In the presentstudy, moderate to high heritability
associated with high genetic advance for yield depression during stress, rubber yield in
stress period, latex vessel rows in renewed bark, latex yield in stress period and rubber
yield during peak season have been observed, which indicated additive gene action in the
inheritance of these traits and implies scope for improvement of these traits through
selection. Ramanujam and Thirumalachar (1967) opined that broad sense heritability
accompanied by high genetic advance is more reliable. Mydin (1992) reported a low to
moderate genetic advance forrenewed bark thickness, virgin bark thickness, rubbercontent
inpeak period, annualrubber content, latex yield during peak period, annual latex yield
and rubber yield during peak season which are in conformity with the present study.
Licy (1997) reported low genetic advance for rubber content, renewed bark thickness,
virgin bark thickness, and numberoflatex vesselrows in virgin bark. Virgin bark thickness,
annual latex yield and latex yield in peak season showed moderate heritability associated
with moderate genetic advance indicating comparatively lessinfluence ofenvironmenton
these parameters. Girth atopening, girth increment, renewed bark thickness observed to

have alow heritability estimate associated with low genetic advance under selectionisdue



to the high influence of the environmental factors in the expression of these traits and
presume no improvement through selection. Among yield components rubber content
had high heritability and low genetic advance. Since broad sense heritability includes
both additive and epistatic effects, it will be reliable only when accompanied by high
genetic advance. Panse (1957) indicated that moderate to high estimate of heritability
with low genetic advance could be attributed to non-additive gene effects which includes

epistasis and dominance.
5.3. Association of characters

Correlation coefficientanalysis measures the mutual relationship between various
plantcharacters and determines the componentcharacterson which selection can be based
forimprovementin yield. In Heveacorrelation studies provide information aboutthe nature
and magnitude of relationship between yield and its components. Correlation coefficients
atbhoth genotypic and phenotypic levels depicted that annual dry rubber yield and rubber
yield in two seasons exhibited positive correlation with latex yield, flow rate of latex in all
seasons, girth, girth incrementrate on tapping, length oftapping panel, virgin and renewed
bark thickness, number of latex vessel rows in virgin and renewed bark. Stress yield and
peak yield also exhibited positive association with annualmean dry yield. The presentresults
arein agreementwith the findings of Dijkman and Ostendorf (1929), Narayanan etai, (1973),
Tan etal, (1975), M ydin (1992) and Licy (1997). Girth and girth incrementrate on tapping recorded
apositive correlation with dry rubber yield in all the three seasons. Premakumari etal. (1989)
reported high correlation between girth incrementontapping and yield increase on tapping.
Dijkman, (1951), Templeton, (1969) and Sethuraj, (1985), reported a sustainable yield on

tapping ishighly dependanton girth incrementon tapping. Narayanan etal, (1974), Tan and



Subramaniam (1976), Liu (1980) reported a positive correlation of yield with girth while
Wycherley (1969), M arkose (1984), Premakumari (1992) and Abraham (2000) indicated a
negative correlation between girth and yield. Ho et al, (1973) and Ho (1976) reported a
positive association ofyield with girth in early years with gradual decreases in subsequent
years oftapping and assumed thatgirth has alesserimportance in determining yield. Their
assumnption isthatplantassimilates are partitioned in favour oflatex formation rather than
growth, especially in the case ofhigh yielding clones leading to a negative association of
girth and girth increment with rubber yield. The results of the present study indicated a
positive association of girth and girth incrementon tapping may be due to the early years

ofyielding of the trees.

Genotypic correlation coefficient were in general, was higher than the phenotypic
correlation coefficients forthe majority ofcharactersstudied. Itcouldbe the masking ormodifying
effect of the environment in genetic associations between characters (Johnson et al, 1955,
Oraon etal, 1977)butitis explained thatthis could occurwhen genes governing two traits
are similar but the environmental factors pertaining to the expression of the trait have a
small effect. Information on the relationship ofyield and the components controlling yield
has an iirunense value in the crop improvement programme. Coefficient of correlation
indicates the relationship between two variables however it provides no information
regarding the extentofchange in one variable resulting from change in another variable. In
genetic studiesitiscommon to find acorrelation betweentwo ormore characters. Genotypic
correlation between two or more characters may result from pleiotropic effects of genes or

linkage of genes governing inheritance oftwo or more characters (Falconer, 1981 and 1989).



Sethuraj (1981) reported a relationship between yield and majoryield components of
rubber. According to him the yield of arubbertree pertapping isproportional to the initial
flow rate of latex, length oftapping cut, rubbercontentoflatex and inversely proportional to
the plugging index.

Amongyield and yield components annualrubberyield vs. rubberyield in stress and
peak period, annual latex yield, latex yield in stress and peak period and latex vessel rows
inrenewed bark; yield depression during stress vs. latex yield in stress and Plin stress
period; annual latex yield vs. latex yield in stress and peak period, annual Pland Plin
peak period; annual flow rate of latex vs. flow rate in stress and peak season, annual Pl
and Plin peak season; annual rubbercontents vs.rubbercontentin stress and peak season,
virgin bark thickness; annual plugging index vs. Plin stress and peak period; virgin bark
thicknessvs.renewed bark thickness; latex vessel rows in virgin bark vs. latex vesselrows in
renewedbark; girth vs. annualmbberyield and length oftapping panel, showed high association
with each other at genotypic and phenotypic level. Desirable genotypic and phenotypic level

would be possible for simultaneous improvementofthese characters under selection.

The relationship between pairs of characters i.e., annual rubber yield, vs. volume
of latex in stress period, vs. rubber content, vs. rubber content during stress and peak
season, vs. flow rate of latex showed a lower value at genotypic level than that of the

phenotypic level showed the influence of environmentto the expression of these traits.

Generally phenotypic and genotypic correlations varying in magnitude and not
the direction. Butin the present study itis revealed thatrubber yield in stress season vs.
rubber content in peak period; yield depression during stress vs. virgin bark thickness;

annual latex yield vs. annual rubber content and rubber content during different seasons



and annual initial flow rate of latex; latex yield during stress vs. panel length and virgin
bark thickness; latex yield in peak seasons vs. rubber content in peak seasons, annual
initial flow rate, and plugging index in peak period; rubbercontentduring stress period vs.
initial flow rate oflatex in stress seasons;rubbercontentsin peak seasonsvs. girth increment
on tapping; annual initial flow rate vs. panel length and girth incrementon tapping; initial
flow rate of latex during stress vs. girth increment on tapping and latex vessel rows in
virgin bark; initial flow rate of latex during peak seasons vs. panel length; annual plugging
index vs. panel length; Pl during stress period vs. girth; girth vs. virgin bark thickness;
girth increment on tapping vs. virgin and renewed bark thickness; panel length vs. latex
vessels in virgin bark and renewed bark thickness indicated difference in sign atgenotypic
and phenotypic level. It may be due to the environmental characters through different
physiological mechanism, Licy (1997) reported similarobservation in a study offorty clones

to estimate the correlation between differentyield components.

Phenotypic and genotypic correlation exhibited a negative relationship of dry rubber
yield in all three periods with plugging index during three seasons. Milford et al, (1969),
Sethuraj etal., (1974), Mydin (1992) and Licy (1997) reported a negative correlation of plugging
index with dry rubber yield. It was reported that the flow rate of latex is positively correlated
to dry rubber yield (Paardekooper and Samosom 1969; Sethuraj et al, 1974). The result of
the present study indicates that the correlation between dry rubber yield and initial flow

rate was positive but not pronounced.

At phenotypic level, the correlation between annual flow rate of latex and latex
flow in peak season, girth vs girth increment, virgin bark thickness vs. renewed bark

thickness showed highest values of correlation among the major yield components studied.



It is probably due to the fact that the environmental factors have a major role in the gene
governing two traits. At phenotypic level, annual plugging index vs. girth increment indicated

lowest correlation.

The dry rubber yield showed high positive association with rubber yield in stress
and peak period, annual latex yield, latex yield during stress and peak seasons, girth, latex
vessel rows. These associations showed that yield is not totally independent and have
complex association with other parameters. Among yield components all characters showed
positive association with yield except plugging index. It implies that favourable phenotypic
and genotypic association among characters would be possible for the simultaneous

improvement of these traits.
5.4. analysis

Genetic improvement for quantitative traits depends up on the nature and amount of
genetic diversity present in the base material as well as the extent to which the desirable traits
are heritable. The concept of genetic divergence provides an idea about the genetic diversity

among the parents and has a vital utility in determining diversity among the parents.

Heterosis breeding is an added advantage for obtaining quantum jumps in the
production and productivity of Hevea clones. The exploitation of heterosis to raise the
yield levels has been tried by several workers (Mydin, 1992, Licy, 1997). The level of
heterosis as well as selection advance in segregating generations depends up on the
genetic diversity among the parents rather than geographic diversity. Therefore, the choice
of diverse parents with good combining ability is the prerequisite for efficient hybridization

programme.



All the clones were clustered in to two major groups. The first group consisted of
eight clones and that of the second one included five clones. Clustering of clones was
irrespective of their country was origin. Each of the two major clusters were separated into
two subgroups. The inter cluster distance between clusterT and Il was 78.11. The intra
cluster distance in group I was 24.65 and that of groups Il was 34.14. The average intra
clusters distance was 28.60. The inter cluster distance showed considerable genetic

divergence exists among the clones.

In the present study, the highest genetic diversity was estimated between
PB 280 and PB 312 (159.55) followed by PB 280 and PB 311 (157.43). It implies that high
heterotic progenies could be obtained if these genetically most divergent parents would be

used in hybridization.
5.5. Lsozyme

As a perennial crop with a long breeding and maturation cycle, conventional
practises for evaluation of the genetic variability like raising the  progenies is rather
difficult and time consuming. To supplement with, molecular markers linked to a particular

trait also offer great scope for improving the efficiency of conventional plant breeding.

Isozymes offer most reliable single gene markers and they are often co-dominant
in inheritance Arulsekar and Parfitt, (1986). In Hevea also isozymes were successfully
used in estimating the genetic diversity (Chevallier, 1988; Sreelatha et al., 1993;
Yeang etal, 1998). In Hevea it is used for the genetic variability studies (Chevallier, 1988)
and to identify field plantings or in source bush nurseries (Leconate et al., 1994).
Several enzyme gene loci have been identified in Hevea for genetic variability studies in

germplasm materials by isozyme analysis (Chevallier, 1988). Out of the nine isozyme systems



analysed, fourenzymes showed polymorphism. Thenumberofisozymesbands in different
cloneswasranged from 11to 19. Outofthe fourisozyme systems studied, acombined total
of22 isozyme bands were scorable and a mean of 15 bands perclone could be observed.
Yeang et al, 1995 observed that out of the seven isozymes system a combined total of
sixteen isozyme bands were consistently scorable and a mean of 11.41 bands could be
scored perclone among a total of 60 Hevea genotypes studied. The esterase allele loci in
2nd, 4*" 5th gthpositions are common to all the 13 clones studied and discrimination
among these clones could be possible by esterase polymorphic bands at other loci. In
peroxidase one band i.e., atthe 7* position, which is common to all the clones studied
while the otherlocus could provide useful information to discriminate from one another.
W hereas, in aspartate aminotransferase, 1® 2" and 4* isozyme band positions were
common to all the varieties studied, while the third locuscould be possible to discriminate
the cultivars. The number of bands were limited for shikimate dehydrogenase. So based
onresults ofthe presentstudy itisclearly demonstrated that, characterization ofcultivated
clones ofHeveaispossible using isozyme zymogram. Isozyme analysis clearly distinguished

all the 13 clones from one another.
5.6. RAPD

The RAPD technique can generate polymorphic data more efficiently and less
expensively. Most importantly, the application of RAPDs does not need any prior knowledge
of genomic nucleotide sequences (Williams et al, 1990). In the present study 59.60 per cent
of the RAPD were polymorphic among 13 cultivated clones of Hevea studied. This
genetic polymorphism found to be high compared to the reports of other RAPD studies

in Hevea (Varghese et al., 1997). The observed DNA polymorphism could be attributed



for the selection of clones with diverse characteristics including geographic origin, as well
as to specificity of primers used in the RAPD analysis. These genotypes will be useful for

developing new hybrid lines as well as mapping population for future breeding programmes.

This study indicated the presence of DNA polymorphism within the cultivated
Hevea clones using RAPD analysis. Among the different clones tested, KRS 163 displayed
the maximum and highest average genetic distance from the other clones followed by
PB 255, KRS 128 and PB 314. This is supported by the view that PB clones and KRS clones are
originated from divergent places and their pedigree is entirely different. This result suggests

that the specified clones could be used as a potential parent in future breeding programmes.

Genetic distance estimated by RAPD markers revealed that there were three major
groups among the thirteen cultivated clones of Hevea studied. The clones belonging to
these three major groups originated geographically distinct places, as the places of origin
of KRS, PB and RRII series are Thailand, Malaysia and India respectively. Similar reports
were also available in Hevea germplasm collected from different geographic areas. The
dendrogram based on RAPD data depicts that PB 312 and PB 314 are genetically close and
separated by 15.29% of dissimilarity since it may be due to one of its parents common in
their ancestry. Among the second group KRS 25, KRS 128 and KRS 163 are grouped
together and are separated from the remaining clones with 30.8 per cent dissimilarity.
The Indian clone RRII 105 is separated from the rest of the clones as the pedigree of it
is different from that of other clones studied. All the Malaysian clones are clustered
together as one of its parentage is common for most of these clones and this may be
the fact that these clones are clustered into a single major group. The dendrogram

based on RAPD analysis indicates that KRS 163 and RRII 105 are the two genetically



most divergent clones that could be utilized for the hybridization programme to raise

superior progenies in future.

A comparative analysis of genetic divergence based on Mahalanobis’  and RAPD
analysis showed that PB 311 and PB 312 were clustered together in one group. It is interesting
to observe that these clones originated from same series. Similarly PB 260, PB 217, KRS 25
and KRS 128 were clustered in one group in  and RAPD analysis. It may be due to that at
least one of its common parents for both clones in their ancestry. However in RAPD clustering
pattern was different and all the Malaysian and Thailand clones were grouped independent
of each other from RRI1105.

5.7.Performance index

The result of performance index analysis based on the pooled data of yield and major
yield components indicate that the Malaysian clone PB 280 ranked first among the clones studied
followed by PB 255. The Thailand clone KRS 128 positioned the third rank followed by the
outstanding clone RRI1105. (Mydin, 1992) reported similar ranking based on the testtap yield,
girth, number of latex vessel rows and number of flushes among 20 progenies of Hevea.
Abraham (2000) estimated rank among 80 wild genotypes according to the performance index
based on 16 dififerent variables and 38 wild genotypes were ranked as per their performance
index higher than the average index value of 247.10. Performance indices were also worked out
in young 'Ockham clones where it was found that in general, high yielders recorded higher
values in comparison to medium and low yielders (Varghese et al, 1993). Planting
recommendations of the Rubber Research Institute of Malaysia, for 1998 - 2000 included
PB 280 and PB 260 in category I. PB 280 was under latex - timber clones. Clone PB 217 was

included in category I, PB 255 in category Il, PB 310, PB 311, PB 312 and PB 314 in category Il



of the planting material recommendation for 1992 - 1994. In India PB 260 is included in
category I, PB 217 in category li, PB 255, PB 311, PB 312, PB 314, KRS 25, KRS 128 and krs 163

in category m of the clones recommended for planting.
5.8.Progeny analysis

Seedling progeny analysis or estimation of prepotency through seedling progenies
is the assessment genetic potentiality of a female parent to produce superior offspring
irrespective of the nature of the male parent. The prepotent ability of a clone to produce
high quality seedlings could be determined by systematic and planned experiments like
seedling progeny analysis (Mydin, 1990). Such multi parent first generation synthetic
varieties of rubber (Simmonds, 1986) have been recommended in category 1for wide scale
planting in Malaysia. The timber yield from such trees is high because of their high vigour
and girthing.

Polycross or synthetic seedling populations of polyclonal seed gardens of good clones
have been successfully used as planting materials. The seedling population has special
agricultural merits in maintaining the genetic variability and adaptability of the population
(Mydin et al, 1990; Varghese, 1992). The present investigation was undertaken to evaluate
genetically superior mother parents through seedling progeny analysis for the production of
quality seeds inthe seed gardens. Seedlings, though not comparable with high yielding clones
in production potential, have special agricultural merits that there is a need for superior
polycross progeny from special polyclonal seed gardens as planting material.

Mydin etal, (2002) reported that in a study of 11 clones, progenies of 5 clones viz.,

PB 255, RR11203, RRI11105, PB 260 and GT 1 were identified as likely prepotent with a high

performance index and high recovery of superior and elite seedlings in their progeny. This



result of the present study is in conformity with the earlier report, as it is evident from the

high performance index value for the progenies of the clones PB 255 and PB 260.

Prepotent parent clones by way of their high GCA are best used as components in
polyclonal seed gardens for producing good quality poly cross seeds. The open pollinated
progeny of such clones also comprises superior base population for selection and cloning
of the best individuals as is the practice in Hevea breeding procedures (Simmonds, 1989;
Tan, 1998), This could supplement ortet selection programmes as a means of evolving
primary clones (Mydin, et al, 2002).

Juvenile characters at the age after one year did not show significant difference
among the progenies. However, highly significant variation was noticed for all the characters
after two years of growth of progenies. Significant positive correlation was observed for
seedling height, girth, number of leaf flushes andjuvenile yield at the age of two years was
observed. The highest correlation observed between juvenile yield and the vigour of
seedlings in terms of height (r = 0.669) followed by girth (r = 0.578) while the lowest
relationship was established between yield and number of leafwhorls produced, the correlation
was only at 5% level (r = 0.314) and between girth and the number of leaf whorls (r = 0.340).
Correlation between seedling girth, and height was also significantly high at | per cent
level (r = 0.440). The relationship between seedlings height and number of whorls were
also very high at 1per cent level (r = 0.557). 30.23 - 68.00 per cent of progenies of the clones
showed above average progeny yield. The progenies of PB 255, PB'260, PB 310, PB 311, PB 312,
PB 314 and RRI1105 recorded high percentage of seedlings showing above mean progeny
yield and seedling progenies of PB 255 recorded highest (68 %) and KRS 25 (29.58 %) recovered

the lowest percentage of superior seedlings in terms of juvenile yield.



In the present study, out of the 13 clones evaluated, 7 clones were identified as
likely prepotent with high performance index value and high percentage of the recovery of
superior seedlings. Mydin, et al, (2002) evaluated five clones as likely prepotents with a
high performance index and high recovery of superior and elite seedlings in the progeny.
High performance of progenies of a clone coupled with a high proportion of superior seedlings
within the progeny is indicative of the ability of a parent to transmit superior traits to its
offspring (Mydin et al., 1996). Seven clones viz., PB 312, PB 314, RR11105, PB 260, PB 310, PB 255
and PB 311 exhibited high performance indices coupled with a high percentage of recovery

of superior seedlings considered as prepotents.



Chapter 6
SUMMARY



SUMMARY

genetic studies on yield and certain yield components in Hevea brasiliensis
(Willd. ex Adr. de Juss.) Muell. Arg. were undertaken with respect to twelve exotic and
one indigenous clone. The objectives of the present study were to assess the genetic
variability for yield and yield components and evaluate the performance of clones in the
local agroclimatic condition in comparison to RRI1105, the outstanding high yielder. The
study also envisages to examine the major factors contributing to yield and identifying
genetically divergent genotypes as well as prepotent clones. Biochemical and molecular
approaches for assessment of genetic variability was also attempted. Observation were
recorded for three consecutive years from 1998 - 2001 and data analysis was carried out
separately for annual mean, peak yielding season (October - January) and stress (summer)

period (February - May).

The highest annual mean dry rubber yield was estimated for the clone PB 255
(73.52 g t” t*) and lowest for PB 217 (38.17 g t" t”). Yield of seven clones viz., PB 255
(7352 g t* f*), PB 314 (66.88 g t' t ), PB 280 (66.81 g f' t*), PB 260 (63.20 g t““t"), KRS 163
(62.96 g t *t %), PB 312 (62.13 g t* t ¥ and PB 311 (60.33 gt t'*) was significantly superior to
RRII 105 (49.50 g t*t *). Significant difference in yield was noted among clones during different
seasons also. The yield depression estimated was minimum for PB 255 (27.99 %) while the
clone PB 235 (49.87 %) recorded the highest yield depression during stress. This showed the

consistency of the clone PB 255, in yield potential during the entire period of the year.



Based on the performance of high yield and bole girth four clones viz., PB 255, PB 280, PB 312

and PB 314 were identified as latex-timber clones.

Highly significant clonal variations were recorded for all the yield components studied.
Wide range of variations were recorded for girth at opening (50.96 to 61.33 cm.), annual dry
rubber yield (38.17 to 73.52 gt ' t ), rubber yield in stress season (26.29 to 52.74 g t" t'*) and
peak season (44.75to 80.42 g t”” t*), yield depression during stress (27.99 to 49.87 %), latex yield
(107.60 ml t*t *to 176.85 ml t* t*), latex yield during stress (58.31 ml t” t' to 115.26 ml t” t™)
and peak season (117.27mlt't'to 193.17 mlt 't "), latex vessel rows in virgin (16.68 t0 28.64)
and renewed bark (14.20 to 30.96). However, low range was recorded for girth increment,

rubber content, in different seasons and also for bark thickness.

Phenotypic coefficient of variation (PCV) was higher than genotypic coefficient of
variation (GCV) for all the characters studied. However, it was closer for most of the
characters, which implies the lesser influence of environment in the expression of these
characters. High PCV and GCV was estimated for annual mean dry rubber yield, rubber
yield in stress and peak seasons, yield depression, latex yield during stress season and
latex vessel rows in renewed bark. High genetic advance coupled with high heritability
was recorded for yield depression, rubber yield in stress period, latex yield during stress

period and rubber yield during peak season.

Among the 23 characters studied, most of the correlations were found to be in
positive direction. Atboth phenotypic and genotypic levels rubberyield during stress and
peak period, annual latex yield, latex yield in stress and peak season, latex vessel rows in
renewed bark exhibited high and positive association with annual dry yield. However,

annual plugging index (PI), Plduring stress and peak periods was low and negative with



annualdryyield. The high positive association impliesthe scope forsimultaneousimprovement

ofthese traits by selection thatin turn will improve yield as well.

Performance of the 13 clones based on the pooled data of yield and major yield
components showed that PB280w as ranked first followed by PB255 and KRS 128. The Indian
clone RRH105ranked fourth among the clones studied. Hence itisnoted thatin general, high

yieldersrecorded highervalues forthese traits in comparison with- medium and low yielders.

analysisbased on yield and majoryield components viz.,girth, dry rubbercontent,
latex yield, plugging index, bark thickness and number of latex vessel rows showed that
the cultivars were grouped into two major clusters. The inter cluster distance was 78.11.
The intracluster distance in cluster I was 24.65 while that of cluster Il was 34.14. The
value ranged from 179to 159.55 showing considerable genetic variability existing in the
population. The highest genetic distance was recorded between PB 312 and PB 280 (159.55)

and the lowest was between PB 260 and KRS 163 (1.79).

The present study also envisages isozyme and random amplified polymorphic DNA
(RAPD)m arkeranalysisto determine genetic variability and relatedness in a setofcultivated
Hevea clones and to select genetically divergent genotypes for setting up hybridization
aimed atachieving high heterosis foryield and vigourinprogenies. Outofthe nine isozyme
systems studied, a total of four viz., aryl esterase, peroxidase, aspartate aminotransferase
and shikimate dehydrogenase showed polymorphism. A combined total of 22 isozyme
bands were scorable and amean of 15bands perclone was observed. The numberofbands
in differentclones ranged from 11to 19. Isozyme analysis clearly distinguished all the 13

clones from one another.



Genetic studies using DNAbased molecularmarkers are limited in Hevea brasiliensis.
In the present study 55.80percentofthe RAPDwere polymorphic among the 13cultivated
clones of Hevea bhased on RAPD. The genetic polymorphism was found to be reasonably
good according to the earlierreports. Among the differentclones tested PB255displayed
the maximum average genetic distance followed by KRS 163, KRS 128 and PB 314. G enetic

distance estimated by RAPD markers reveals thatthere are three major groups among the

13clones.

A comparative analysis of genetic distance estimated markers reveals that DNA
based RAPD markers are more reliable than that of isozymes as there are limitation in
utilising them are genetic markers. Genetic distance based on D*analysis revealed that all
the clones were clustered irrespective of their country of origin. However, in RAPD 13
cloneswere grouped into three clusters asthey originated from three differentcountries. In
some casescloneswere clustered together, perhapsitmay be due to theircommon parentage

in their ancestry.

Important properties that related to latex and rubber qualities for the 13 clones

showed significant clonal variation.

To identify genetically superiormotherparents forthe production of quality seeds
in seed gardens, progeny analysis was carried out. Correlation among juvenile characters
elucidated highly significantpositive association. The open pollinated progenies of PB 255,
PB 260, PB 310, PB 311, PB 312, PB 314 and RRII105recorded more percentage of seedling
showing above mean progeny yield (4.14g plant' 101°). The progenies of PB255recorded
the highestpercentage (68.00%)and KRS25exhibited the lowest (29.58 %). O f the 13clones

evaluated, these seven clones were identified as likely prepotents with high performance



index value based onjuvenile charactersi.e., yield, girth, heightandnumberofwhorls. High
proportion ofsuperiorseedlingswasrecovered based onjuvenile yield. The high performance
index and high percentage of superior seedlings are the indication of the ability of a

parent to transmit superior traits to its offspring.

Based on the performance of clones atdifferent stages of evaluation with respect
to yield and secondary charactersthey are being included in differentcategories ofplanting
materials recommended for growers. Clones included in category I are those approved for
large scale planting. M erits and demerits of these clones are studied thoroughly. Category n
comprises clones, which are suitable formoderate scale planting. Category Illclones are
recommended only for experimental planting in a limited scale. In the present study,
PB 255, PB 260, PB 280, PB 312, PB 314 and KRS 163 are comparatively superior to RR 11105
with respectto yield. Since asingle clone-RRU 1050ccupiesthemajorportion ofrubbergrowing
area, these clonescan be used formulticlone planting. The clones having high yield and vigour
can be considered as latex - timber clones. PB 255, PB 280, PB 312and PB 314 possess both high

yield and vigour. The outputoftimber from vigourous clone is comparatively more.

Theresultsofpresentinvestigations show thatgenetic variation existin the population
and selection based on these characters can provide better genotypes for further breeding
programmes. Among the 13clones studied, 7 clones (PB 255, PB 260, PB 280, PB 311, PB 312,
PB 314 and KRS 163) recorded significantly higher yield than RRII 105. These clones hold

promise for furtherplanting in growers sector.
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percent ofthe recovery o f betterprogenies, so tfiat they can Be utiCize as components in
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