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Ab.slrai’t

Knowledge iiboul ilie genclic diwrgence cxisling in a population is highly
bencHcial in plani breeding programs cxploiling gene reconibinalion and beicrosis.
MullivariiUc analysis lor gcnclic divecrgence was done by the 1)2 sUUislic in 35 cxolic cloncs
selccled from a Wickham populalion ol’ Kubber {IU'vca hrasiHvnsis). The variable sliidied
were girlh. rubber yield, lolal volume ol’ latex, dry rubber eonienl. lalex How rale, plugging
index, bark ihickncss. TI.VR. 1)1.V and diamclcr ol lalex scsscls. The clones were grouped
inlo 9 clusters. The Ilrsi cluslcr had 17 clones, ihc second had 5 clones, the third had 4
cloncs. the lburlh. IlI'lh and sixth clusters had 2 cUnies each and the seventh, eighth and
ninth cluslcr had a single clone each. The inter and inua-cluster distance have been wtirked

out along wilh Ihc cluster means lor the varit»us eharaclers.

liitroUiK'tioii

Ik ‘ve<t hra.si/iciisis (Wihicx .\<h\dc Juss.) Miicll. being an out breeder showing
both inbreeding depression and hclcr(»sis. is a crop where the breeder has to work mostly with
polygcnic systems biomelricalIN. in search ol'highl) hetcro/.>gous clonal segregates resulting
from hclcrolic combinations, the breeder is aluays in need of very dislanlly rclaled parents,
with the maximum gcnclic diversity between them. Strong positive relationships have been
found between genetic distance and helerosis in a wide range of crop species (Balasch et a/..

1984: Shamsuddin. 1985). An\ platu breeding pn)grammc tlcsii'ing the exploitalion of gene
recombination and helerosis belween populations can be successful with the assessmenl of
genclic divergencce cxisling bclween ihe sclected pitpuliilittns.  Moiisiirc of gcnclic dislance
based on a wide range (if characteristics related lo the breeding objcclivcs can conlribule
greatly lo the success of an\' breeding programme.

l)icrgence analysis is performed lo idcnlily the iliver.sc clones in a selccled
populalion for hybridiZalion purpose by clustering the populalion using Mahalanobis 1)’
statistic, flic use of multivariale analysis and the generali/Zed distance (1)‘) as a t]Juantiiaiivc
measure of genetic divergence are well illustrated in other crop plants (Vairavan c7 a/.. 197.'>:

Bavappa and .lacob Maihew. 19X2) and Ka\ itlia tV </Z. (1992) in Rubber.
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Today clTori.s arc undertaken Ic>broaden the narnivving gcnclic base ol'llie Wickliam
cloncs due lo the unidirectional seleeliiui lor yield over ilie years, WM\ even ihe Wickham
material is expecled lo possess siilTicienl gcnelic diversity {Markose, 1984; Chevallier. 1% 8;
Kavitha ct al.. 1992). which can be miiinluinod by rurlhct' crossing. Tho pivsciil c\peritncnl
Weas conducted lo eslimalc the gcnclic divergence anuvng ccruiin Wickham clones mainly ol
Malaysian origin along with a (ew clones iVom Ura/il. India and Liberia. lhe inrornuUion
gathered IVon\ this study will enable the identiHcation ordivergei\l clones for use in breeding

programs.

Materials and methods
The materials selected lor the slud> comprised of 35 clones of Ucvcit hr<i\iZicn\i.\.

The cloncs were planted in a randonii/ed block design in 1979. willi three rcplicalions and

live irccs per ploU in normal spacing. The data oti yield and its components along with

various morphological and anatomical aliribules were rectirdetl al the sixth year aller opening,

from three trees \kv pivu. The list of the eU>ncs included in ihe siudv arc given in Tabic 1
Data oil the following characters were recorvie<.r.-

(i) girth of the trees in cm in the month o('November«

(i) dry rubber yield as the axerage ueighi ol lwo recordings (g/t/t).

(iii)  Total volume ol'latex (mil/t/1).

(iv) Dry rubber contetit ;is pereeniage on a weighi i\\ xolunie basis (drc).

(v) The initial rule olTiilcx How ivciuxlcd ;is the tiiuiniily in nil per miiiiiic of How.

(vi) IMugging index (IM) computed Ibllowing Milford ¢/ a/.. (1969),

(vii) liark thickness of clones in mm.

<viii) lotal numlvr of latex vessel rvu\stTI.VI<).

(ix) Density of latex vessel rows(DI.V).

(x) Diameter olTatex vessels in um.

Ihe data recorded in the peak production sea.son of 1993 was subjected to analysis of
variance to test the signillcance of the variance ratios and also lo the estimation of gei”elic
divergence emplo\ ing the Mahalanobis I)" stali.siics (Mahalanobis 1930). C'lustcring of the
clones is based on the criterion that the intra-clusicr distance between an\’ twoclones in a

cluster will be smaller than the inter-cluster distance hctwecn them, i'hc contributionof



individual chamclcrs towards ihc gcnolic diwigcncc was ilclerniincd as per Singh and

ChiiLidhary (1985).

RcnuUn iMul fli.sciiNsion

Analysis of variance o\ ihc dala was carricd out to assess ihc signideance ol' ihe
clonal variation tor all ihe characlers sUidicd. An ahsiracl oC ihe ANOVA along wiili ihe
range and |x>pulalion mean lor each characler is given in lable 2. It was lbund Ihal ihere
was signiricanl clonal \arialion lor all ihe characlers sludied. All ihe characlers studied had
significanl varialion a( 1% level o)'signijlcance e \cepl OLV and dianieler ol'lakw ves.scls.
al 5 % level. The clone RRIM 012 was found lo ha\e ihe maximum value for girih. dry
rubl'wr yield, lolal volume of lalex and ihe initial llou rage of lalex. I'he popular clone KKII
105 ranked Hrsl in lernis ol ils highest values lor T1 VK and dry rubber conlenl.

The signillcanl clonal \arialion Tor all ihe characters .studied reveals the signillcant
geiiclic dilTcrences among the clones and indicates the worthiness of ihe characlers chosen
lo classify ihe clones accordingls. I'his result is in agreement with ihe similar sludy
conducled in Hcvca hr<isilicn\i.\ b\ Kavitha cf (/Z. (IW2].in a differenl sel of clones.

On lhe basis of the relalive magnitude of I)' values, the 5 clones were grouped into
nine clusters in wliich the 1)*“ \'alues ranged Ironi 1.55 lo 4.>.iy. The composition oi’the.se
nine cluster is shown in Table 3. Among the nine clusters Clusler | was the largest with 17
clones. Out of the 17 clones. 15 were Mala\ sian clones including the popular cU)ne KKIM
600. cxcepl for the two Brazilian clones IAN 717 and IAN S73. I'he second largest clu.sler
grou]K*d 5 Malaysian clones in Cluster Il. Clusler Ill had 4 clones, which included Harbel 1
Cluster IV.V and VI had 2 clones each, with (he cone IAN 713 in Cluster IV and the
popular clone RRII 105 in Clusler V. [I'hree Malaysian clones RRIM 612. RRIM 632 and
RRIM 62X could noi be grouped into an\ clusler and formed separate single clone clusters.

‘I'ne inter and inira - clusler distances were worked out (Table 4). The inira - cluster
dislances ranged from ().()() in the three single clone clusters VII. VIII and IX to a maximum
of i0.2i in Cluster IV followed b> (lie Clusters H.VL.V.IIl and Cluster I. The inter-

clusler dislances between liie \arious cv>mbinalions of clusters were worked out. It was



0f 39.15 bclwcen C'lusicr 1V aiul VI.

Tabic 5 shows Ihc mean \aliios in each clusicr Tor iho (cn characicrs slikllcJ. C’lusicr
V11 willi Ihc single clone RKIM 612 was Ibiind lo he superi<jr \vi(h rcspccl lo six characicrs
- girlh. diT rubber yield, dianicler of lalcx vessels, lolai volume of lalex. How rale and dry
rubber eonlenl. I'or II\c characicr bark ihickness C'lusler Il was (bund lo be superiin’ while
Cluslcr 1V had Uie highcsl cluslcv mean lor ihe characicr TI.VR. Cluster VIU wilh a single
done RRIM 632 was found superior Ibr 1)1.V and Clusier IX wilh ihe clone RRIM 632 was
su|)crior for plugging index.

The majonly of Ihe 35 clones sludicd were Mala\sian clones except Ibr one
Liberian, Ihree lira/.ilian and one Indian clone. Inspile ol'ihis. the Malaysian cones could be
grouped into genelieally divergenl clusters, which indicates (he highh helero/.ygous nature
of the crop, rhe popular Indian clone RRII 105 was grouped along with RRIM 602 both
having the same parcniage. RRIM 612 was grouped sinsMNiy in Cluster VII anti was Ibund lo
be a superior cone with respect to yield and \arious yield attributes.

Tor lhe effeclivc reali/xUion of heteroses in ihc I'l gencralion. it is ideal lo selecl
parents on the basis of iheir genelic dislances. Ilnwewr. Ocsirablc and high magnitudes of
hclcrosls need not iil\vii\s bo direcllv rliiled U ilie exlronie paronlal divergence
(Arunachalani d <il. 19S4) and inicrmediale di\ergcni classcs would have high probabilii)
of producing helerolic hybrids (Thakur and Zarger. In the tlifllcuh process of
genelieally itnproving a complex quanliialiw trail like vield in Ucvca. selection of parents
based on a number of imporlani ctuupoiicnis colleciixcK will dellnilely be belter than
selection based on individual aliributes (Kaxitha ci </, 192]. Hence it is appropriate to
sclecl parents based iheir supcrioriiN lor ihe \arious >ield-cv>»-iiribuling characters iVom
clusters separated by medium lo higli genelic distances. The inter - cluster dislances anu>ng
the nine clusters were found lo be of the highesi magniiude beiw”een the Cluster IV and VI
folh)wed by the C'luslers 1V and VII. VII and VIII. VI atul VIII. 1l anti VII. Il and V. Il and
V. VIII and IX, Il and VI. Ill and IX. Il and (he chisicrs HI and V which showed medium lo

high divergence belween ihe Cluslers and hence (he clones.



Conclusion

I he prcscni slucly lo itlciitilvV genclic;illy tiiwigciK cioncs in llic sclccled populalioii
of 35 Wickham cioncs grouped ihcni into nine gcnciically divcrgenl cluslcrs.  Several
combinations ol' cluslcrs showed medium lo high genelie divcrgencc helwecn them as
indicaled by ihcir inlcr-cluslcr dislances. These resulls thus bring oul information on the
goncliciilly divergent cKmes. with iheir stiporiorilv' lor various yieltl-conlrlbuting characters.
This shall serve as \aluable supplementar\ inlormaliun lo breeders in their selection of

parents lor specillc breeding prt>grams.
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Table: 1. lJsl ol'cloncs
( ouniry prorinij)

Malaysiii

India

-ibcria

Tabic: 2. Variability lor ihc various characlcrs suidicd.

Characlcrs

Girlh cm
Yield
(u/i/i)
Hark
ihickiicss -
mm

TLV

DLV
Diamclcr
urn

I'olal Vol.
of latex
(ml)

IM.

I'lovv rale
ml/m(.
D.R.C.(%)

** = Signillcance al |1 %

RKIM 604. KkiM

RRII 105

IAN 717.

llarbcl 1.

Minimum

63.07

31,67

7.50

24.17

30.67

21.47

52.67

2.07
2.60

26.S3

evel *

Clone

RRIM 617

KKIM 63:

IAN 713

KRIM 615

KKIM 615

IAN 717

KRIM 617

KRIM 628

RRIMG62S

RRIM 632

IAN 713.

Clones

RKIM 6:i.
KRIM 707. RKIM 620. RKIM 0{)5.
RRIM 704. RRIM 607. RRIM 600.
RRIM 61 1. RRIM 601. RRIM 610.

RRIM 706. RRIM 62.V RRIM 602.

IAN S73.

Maximum
100.33
117.67

10.53
34.23
37.57
30.53
214.3
5.67
7.90

42.93

Si inillcaiiee al

RRIM 51.V RRIM 701.
RRIM 705. RRIM 501.
RRIM 622. RRIM 617.
RRIM 608. RRIM 703.

RRIM612, RRIM 632.

Clone
KRIM 612
RRIM 612
Ikuhel 1
RRII 105
RRIM 602
RRIM 61(1
RRIM 612

KRIM 706
KRIM 612

KRIl 105

oo le\el

Populaiion
mean

78.90
63.37

9.16
32.29
33.68
25.23
133.24
3.67

4,53

34.25

RRIM 6."i6,
RRIM 526.
RRIM 603.
RRIM 615.
RRIM 628.

Variance
ralio

3.78 ¢¢
2.74 **

3.72 **

1.99 **

1.29 *

1.34

3.70

4.98 **

4.68 **

4,9 *



Tabic: 3. Clustering of the ¢ ones.

Cluster No. No. of Clones
clones
| 17 kRIM 604. IAN 717. RRIM 519. RKIM 621. RRIM 513,
RRIM 70K RRIM OV). RRIM 707. RRIM 620. RRIM 605,
RRiM 70X RRIM RRIM 526. RRIM 704. RRIM 607.

IAN X7.V RRIM 600.
Il RRIM 622. RRIM 617. RRIM 603. RRIM 611. RRIM 601.

1 4 RRIM 610. RRIM 60S. RRIM 703. llarbel 1
vV > RRIM 615. IAN 713.

v RRIM 706. RRIM 623.

VI f RRIM 602. RRIl H)5.

Vi [ RRIM 612.

Vil 1 RRIM 632.

IX [ RRIM 62.S.

Table ;™. Inter A Inlra - e uster Distance.

Cluster 1 1n 1] v \Y; VI il Vil IX

| 8.64 13.-S3 13.22 16.~41 13.51 15.27 16.12 17.67 12.06
] y.2X 19.12 15.93 2496 22.% 31.74 ' 17.2S 15.67
I X.79 30.13  20.24 14.50 17.51 21.48  22.19
v 10.21 j 1755 37MN.15  34.59 18.69 18.65
\% X.9 26.67 17.57 13.47 17.09
\ 9.18 12.54  32.59 12.46
Wil 0.00 33.35 ns.o3
VIM 0.00 24.94
IX (100

Diagonal values rcprcscnl hura - clusler dislancc.

Tablc:5. Clusicr means lor llic various characlcrs sUuliccl,

Clusicr (iirlh Vicki lifirk TILVR 1)L Dia- Total.vol.  I'lugg-
cm (y/i/1) ihickness jneler  olTakVN ing
(nini) 1~mi) (ml) Index
1 7X 64.,5'5 9.06 32.96 33.31 24.92 1 137.36 13.31
Il 74.78 44.47 8.64 3191 '33.82 24.66 " 80.78 4.50
1l 77.21 60.23 10.48 32.96 33.71 26.99J 130.23 3T
v 76.22 48.22 7.66 25.17 31.17 25.53 111.83 4.42
\Y 92.80 75.00 9.25 25.00 34.05 27.55 180.12 4.03
VI 82.50 86.50 10,03 38.92 35.95 23.86 154.08 4.18
Vil 100.33 111.7 9.57 35.73  34.27 27.67 214.93 4.5
VI 92.27 31.66 9.2 3(»67 37.00 26.4(1 132.33 431"
IX 63.20 83.5 8.7 32.17  35.07 22.09 151.9 2.07

Tlow
l'iile
(ml/m)
4.26
371"
4.09
4.65
6.35
6.13
7.9
4.93
2.6

DRC.
{%}

3.1.28
33.97
33.17
38.75
35.23
41.25
41.97
26.83
31.13



