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GENETIC PARAMETERS AND HETEROSIS IN RUBBER

(HEVEA BRASILIENSIS) MUELL.ARG. IV.EARLY VERSUS MATURE

PERFORMANCE OF HYBRID CLONES
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M.A. NAZEER and M.R. SETHURAJ
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Performance of twenty three hybrid clones of Tubhcr(Hevea bntslliensis) resultant of the crossof RRII
105 X RRIC 100 was evaluated during the first three years of tapping, in comparison to early perfor-
mance in the immature phase of four and a half years (early phase) after field planting. The hybrid
clones rtvealcd significant clonal variation for yield and yield components viz., total volume of latex
per tap. rate of latex flow, dry rubber content, plugging index, girth at opening, girth increment rate on
lapping, number of latex vessel rows and bark thiclcness, as was observed in the early phase indicating
sufficient variability for selection. Significant inter<haracter correlations observed between yield and
most of the above traits were in conformity with earlier reports. Yield in the early phase recorded a
highly significant positive association of r = 0.918 with pooled yield over three years in the mature
stage. Simiiariy highly significant eariy versus mature association was exhibited in the case of total
volume of latex/tap (r= 0.796). rate of latex flow (r *0.671), dry rubber content (r =0.572). plugging
index (r =0.787), girth at opening (r =0.651), girth increment rate on tappmg (r = 0.584). number of
latex vessel rows (rs 0.696) and bark thickness (r = 0.456). All the traits in the early phase with the
exception of dry rubber content, girth increment rate and bark thickness revealed strong favourable
associations with yield in the mature phase. Out of nine hybrid clones which were identified as having
better potential for high yield on the basis of heterosis in the eariy phase, eight clones continued to
exhibit the same trend in the mature phase too. The results are discussed with special emphasis on early
detection of potential hybrid clones,- causing a reduction in the yield testing period by about 6-7 years.

INTRODUCTION

Yield in rubber, as in other crop plants,
isacomplex multicomponent character. A clear
understanding of the nature and magnitude of
association between yield and its attributes is
essential for any selection programme aimed at
yield improvement. The present study throws
light on the nature of association of rubberyield
with other component characters in certain hy-
brid clones, both in the early as well as in the
mature phases of evaluation. Early versus ma-
ture performance of the hybrid clones are dis-
cussed with special emphasis on early detection

of potential clones aimed at a reduction in the
of yield testing.
maTERULS AND METHODS

The experimental materials comprised
twenty three hybrid clones resultant of the cross
of RRII 105 x RRIC 100 and the respective pa-
rental clones. A small scale clone trial was laid
out in a randomized block design with three rep-
lications and four plants per plot, at the Experi-
ment Station of the Rubber Research Institute
of India, Kottayam, during 1985. The plants
were tapped at four and a half years after field



planting from January to December 1990 in or-
der to evaluate the performance in the early
growth phase. Yield was recorded as gram per
tree per tap on all tapping days by cup coagula-
tion followed by smoke house drying of the co-
agulum and subsequent weighing. The plants
were opened for regular tapping during January
1993 and yield was recorded as mentioned above
for aconsecutive period of three years. 1/2 s d/3
system of lapping was followed both in the early
and mature phases of evaluation. Observations
on the following characters were recorded:

1 Dry rubber yield (Y. g/t/t. January to
December)

(1990 in the early phase and from Janu-
ary 1993 to December 1995 in the
mature phase)

2. Total volume of laiex (X1, ml/lap,
bimonthly intervals)

Rate of latex flow (X2) ”
Dry rubber content ( d.r.c., X3) ”

S

Plugging index (X4) ”
Girth at opening (X5, cm)
7. Girth increment rale (Xs ,cm/year)

o

s. Number of latex vessel rows (X7, at
opening and at the end of 3rd year of

lapping)
9. Bark thickness (Xs , mm) ”

Variance ratios and correlations were es-
timated according to Panse and Sukhatme
(1967). Heterosis in terms of superiority over
the standard clone, RRIl 105, was estimated
following standard procedures.

RESULTS AND DISCUSSION

The hybrid clones displayed significant
clonal variation for yield and yield attributes both
in the early (Licy etal., 1992) and mature stages
of evaluation indicating sufficient variability for
selection (Table 1). Significant clonal variations
for yield and its components were reported by
Mydin et al. (1992) in a population of forty
clones of Wickham origin.

Inter-charactcr correlations

Correlation coefficients estimated among
yield and eight yield components in the mature
phase are prescTited in Table 2. Dry rubber yield
exhibited significant positive correlation with
total volume of latex, rale of lalex flow, number
of latex vessel rows and bark thickness. Dry rub-
ber content and girth revealed positive associa-
tion with yield whereas the association of girth
increment rate with yield was negative. Highly
si"”"ificant favourable negative association was
observed in the case of correlation of plugging
index with yield. Mydin et al. (1992) reported
highly significant positive phenotypic correla-

Table 1. Range, mean and variance ratio for yield and yield attributes in hybrid clones (mature phase)

Parameters Range Mean Variance ratio(F, Clones)
Dry nibber yield g/t/t 20.21 - 88.20 51.68 879%.

Total volume of latex ml/t/t 63.65 -280.12 165.71 7.95**

Rate of latex flow 15.50-53.00 32.15 12.61**

Dry njbberconlent 27.10-36.74 32.13 3.97**

Plugging index 2.33- 503 341 7.02%*

Girth at opening, cm 49.04 - 62.77 53.49 2.11**

Girth increment rate on tapping, cm/yr 1.09- 4.79 2.70 3.83**

Number of latexvcssel rows 3rd yr. 9.33 - 22.00 16.92 4,13**

Bark thickncss.mm, 3rd yr. 7.11- 8.67 7.8 1.83*

Significant al 5% level «Significant at 1% le\tl



Table 2. Simple correlutiun cocfncicnLs among yield and yield componensts in hybrid clones (mature phase)

Toral volujnc  Rate dr.c Pluggini
of laicx of flow index
(X1) (X3) (X3) (x4
() 0.967" 0.684" 0.031 -0.672"
(X1 0.71r* -0.0.11 -0.691"
(X2) 0.410' -0.106
(X3) 0.498
(X4)
(X5)
(X6)
(X7)

Significant at 5% level

tion of rubber yield with total volume of latex.
rare of latex flow, dry rubber content, bark thick-
ness and girth, and highly significant negati%c
correlation with plugging index. Narayan et al.
(1974) reported a highly significant positiv-e
association of yield with girth, number of latex
vessel rows and bark thickness and highly sig-
nificant negative association with plugging in-
dex. Similar observations were reported by Tan
etal. (1975). Hoetal. (1976) also reported simi-
lar supporting results both in the nursery as welJl
as in the mature stages, in rubber. Varghese e:
ai (1993) observed a highly significant nega-
tive association of plugging index and highly sig-
nificant positive association of dry rubber con-
tent with yield in juvenile seedlings. The nega-
tive relationship of girth increment rate on tap-
ping, with yield suggests that once the tree is
under tapping, more of the metabolites are chan-
neled towards latex formation and less towards
girthing and hence the decrease in girthing rate.
The importance of girth increment rate on tap-
ping was well documented by Premakumaii
(1992). Significant positive association of yieW
with anatomical parameters and latex flow char-
acteristics reported by Premakumari (1992) are
in agreement with the present findings.

The inter-character correlations estimaifd
for yield components revealed that total vol-
ume of latex per tap, rate of latex flow, plugging

«« Significaniat 1%k\/e\

Girthai  Girth increment  No. latex Bark
opening rate vessel rows  lhicness
(X5) (X6) (X7) (X8)
0.299 -0.261 0.769" 0.561"
0.289 -0.295 0.763" 0.594"
-0.114 +0.462 0.592" 0.399*
-0.328 -0.318 0.264 -0.001
-0.239 0.184 -0.389 -0.335
0.276 0.294 0.268
-0.242 -0.029
0.605**

index and number of latex vessel rows are signifi-
cantly associated with one another. It indicates
the possibility of simultaneous improvement of
these traits by selection. This in turn will im-
prove yield since they exhibit significant favour-
able association with yield.

Early versus mature charactcr correlations

Early versus mature correlations for yield
and the eight trails under study are presented in
Table 3a and 3b. Early versus mature inter-char-
actcr correlations revealed that dry rubber yield
in the early phase had strong and significant
favourable association with most of the charac-
ters in the mature phase. Similar trend was ob-
served in the case of association of mature yield
with most of the early characters (Table 3a).

Association of all the characters in the
early phase with the same characters in all the
three consecutive years of the mature phase were
highly significant and promising (Table 3b) in-
dicating possibility of a more reliable selection
of potential clones in the early phase ie. 6-7 years
earlier than the conventional period. This also
suggests that performance of potential clones can
be confirmed in the first year of tapping itself.
Premakumari et al. (1989) obtained a correla-
tion coefficient of r = 0.55 between immature
yield and yield of trees under first year of regu-
lar tapping in a seedling population. Alika



(1980) reported very high positive correlation
(r=0.92) between 1stand 2nd year mature yields
with a gradual drop in magnitude with yields of
later years. Positive correlation at 5% level of

significance between nursery yield and small
scale clone trial yield was observed by Ong
et al. (1985) in a population resultant of hand
pollinations. Tan (1978) suggested that selection

Table 3a. Early versus matcre character correlations for jield and yield components in hybrid clones

Mature characters

Mean over 3 year? 3rd year of tapping

Y XI X2 X3 X4 X5 X6 X7 X8
Dry rubber
yield (V) 0.918** 0.877** 0.530** -0.157 -0.724** 0.391*  -0.296 0.696**  0.443*
Total volume
oflatex (XI1) 0.872** 0.844** 0.461* -0.131 -0.727** 0.289 -0.357  0.620**  0.383
Rate of
latex nox (X2) 0.827** 0.821** 0.718** 0.182 -0.449*  0.115 -0.517** 0.695**  0.427*
Dry rubber
content  (X3) -0.313 -0.216 0.202 0.541** 0.493*  -0.253 -0.151 -0.083 -0.298
Plugging
index (X4)  +0.555** +0.529** 0.088 0.416*  0.829** 0.222 0.315 -0.271 -0.095
Ginh at
opening  (X5) 0.175 0.199 -0.084 -0.413* -0.234  0.651** 0.102 -0.014 0,172
Girth incre-
ment rate  (X6) -0.433* -04M* -0.503* -0.275 0.324 0.465*  0.999** -0.349 -0.071
No.of latex
vessel rows (X7)  0.466* 0.474* 0371 0.154 «0.138 0.404*  0.106 05%i6** 0.449*
Bark
thicknc&s (X6) +0.393 -0.317 -0.414*  -0.521**- 0.120 0.200 0.322 -0.407*  0.209

«SigniHcant at 5% level sSignificanl at 1% level

Table 3b. Ycarwise early versus mature correlations between nine choracters In hybrid clones

Character pairs 1st year of 2nd year of 3rd yeor of Mean over
lapping tapping tapping 3 years

Early Y Vs mature Y 0.913" 0.918" 0.8ir* 0.918*

. XIVs . Xl 0.796" 0.881“ 0.709** 0.844**

. X2Vs .. X2 0.67r 0.741* 0.567“ 0.718"

. X3Vs .. X3 0.572** 0.392* 0.478* 0.541*

. X4 Vs X4 0.787¢ 0.846** 0.612* 0.829"

. X5Vs .. X5 0.651- — - -

. X6Vs X6 0.554** 0.582" 0.701- 0.999**

. X7Vs .. X7 0.696" — 0.556**

. X8Vs X8 0.456* — 0.209"" —

« Significant at 5% level «« Significant at 1% level

Y - Dry rubber yield Xl - Total volume of latex X2 ' Rate of latex flow

X3  Dry riibbcr content X4 - Plugging index X5 mOirth at opening

X6 ¢ Ginh increment rate on lapping X7 - No. of latex vessel rows (3rd year) X8 - Bark thickness (3rd year)
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based on early mature yield would be more ef-
fective than nurseryyield. Based on the early
performance of the present population under
study, Licy et al. (1990) predicted the possible
chance of gaining potential hybrid clones from
among them (which were to be confirmed in the
mature phase) that would result in shortening
the testing period by about s -7 years. In the
present investigation the highly significant posi-
tive association ofearly yield and yield attributes
with those of first and subsequent years of tap-
ping suggests more possibilities of reliable se-
lection based on early performance thus confirm-
ing the earlier predictions. (Table 3b). Scrutiny
of regression of mature yield (yearwise) on early
yield revealed that early yield could be consid-
ered as a fair predictor of mature yield (Fig. 1A-
D).

Heterosis

Comparison of hybrid clones with the
best ones among the released varieties is more
important than their performance above their
parents. Hence estimation of standard heterosis
is given importance in the present study. Sig-
nificant heterotic response for yield and yield
attributes in the population under study was ob-
served in the early phase of 4 1/2 years by Licy
et al. (1992). Very high estimates of heterosis
/or latex yield in certain hybrid progenies of
Hevea was observed by Olapade (1988). Early
evaluation of the 23 hybrid clones under study
resulted in the identification of 15 clones hav-
ing heterotic improvement for yield over the
standard clone RRII 105 (Licy et al, 1992).
Based on a critical evaluation of yield and yield
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Fig.2. Dry mbberyield and standard heterosis during early
and mature phases in hybrid clones of Hevea
brasiliensis

components in the early phase, from among the
15, nine clones namely 82/3, 82/7, 82/10, 82/
14, 82/17, 82/22, 82/27, 82/29 and 82/30 were
identified as having better potential foryield with
a minimum of above 35 per cent yield improve-
ment over RR11105 (Fig. 2). These clones were
put for testing in the further stage of evaluation
during 1993 for further large scale evaluation.
Eight out ~f these 9 clones continued to exhibit
their superiority over RRII 105 in the mature
phase loo, though with a decrease in the magni-
tude of heterotic increase and were confirmed
to be promising. This holds good especially in
the case of three clones viz, 82/14, 82/22 and
82/29 which were confirmed to be top rankers
and significantly superior to RRII 105 in the ma-
ture phase also (Fig. 2). Clone 82/10 though per-
formed slightly lower than RRII 105 was found
to be statistically on par.

In the context of the possible hazards of
monoclonal planting of RRII 105, any alterna-
tive clone having at least comparable yield with
that of RRII 105 is highly desirable. Identifica-
tion of the above potential clones satisfies this
need to a great extent. All the above observa-
tions lead to the inference that a fair degree of
early selection of superior heterotic hybrids in
the immature phase will definitely hold the most
promising ones to be selected after the mature
phase of evaluation.

Reduction in yield testing period

Hevea brasiliensis has a long breeding
and selection cycle and reduction in the period
of evaluation is a necessity (Alika 1980; Gilbert
et al., 1973; Tan 1979). In rubber, the conven-
tional method of direct selection was based on
the first five years’ yield and now it is viewed
that the first three years* yield data is adequate
for selecting superior clones to shorten the test-
ing time (Ong, 1980; Swaminathan, 1975). In-
clusion of all the above nine clones (based on
early performance) in the further stage of evalu-
ation during 1993 iiself, without prolonging it
for a further period of five years to gel a confir-
matory performance over the first five years of
tapping, as is the case with the conventional prac-
tice, has helped in saving around s to 7 years
yield testing period, in the small scale clone trial.

Inspite of creditable improvement in pro-
ductivity within a short span of time, theoretical
conclusions indicate more potential in terms of
yield (Sethuraj, 1981). The encouraging results
of the present investigation suggest further scope
of exploitation of heterosis for crop improve-
ment in rubber.

ACKNOWLEDGEMENTS

The authors are greatfui to Mr. T.R.
Chandrasekhar, Botanist, Division of Botany
and to Miss. Liza Joseph, Junior Assistant,
Statistics Research for assistance in statistical



analysis. Tiianks arc also due to Dr.Jaines Jacob,
Dy. Director, Division of Plant Physiology for
constructive suggestions in improving the manu-
script and lo Mrs. Shobana Shankar, Senior
Scientific Assistant, Division of Botany for help
in recording anatomical observations .

REFERENCES

ALIKA. J.E. 1980. Possibilities of early selection in Hevea
brasilienxix. Silvae Cenetica, 29: 161-162.

GILBERT. N.H.. DODDS. K.S. and SUBRAMANIAM. S.
1973. Progress of breeding investigations with
Hevea brasiliensis : 5. Analysis of data from ear-
lier crosses. Journal o fRubber Research Institute
of Malaysia, 23(5): 365-380.

HO, C.Y. 1976. Clonal characters determining yield of
Hevea bnuilicnsis. Prnceedinfis of the Intema-
tional Rubber Conference, 1975. Kuala Lumpur.
Malaysia. 2 ; 27-44,

LICY. J.. NAZEER. M.A.. ANNAMMA. Y. and
PANIKKAK. A.O.N. 1990. Correlation studies in
a hybrid population of Hevea brasiliensis (Willd.
cx Adr. de Juss.) Muell. Arg. National Symposium
oti New Trends in Cm/) Imprt)veineni of Perennial
Species. 1990. Kottayam. India.

LICY. S., PANIKKAR. A.O.N,. PREMAKUMARI. D..
VARGHESE. YA.. and NAZEER. M.A. 1992. Ge-
netic parameters and helerosis in rubber (Hevea
brasiliensis) : 1 Hybrid clones of RRII 105 x
RRIC 1C0O:. Indian Journal of Natural Rubber Re~
search. SO & 2): 51-56.

MYDIN. K.K., NAIR. V.G.. SETHURAJ. M.R..
SARASWATHY. P. and PANIKKAR. A.O.N.
1992. Genetic divergence in Hevea brasiliensis.
Indian Journal of Natural Rubber Research, 5(1
& 2): 120-126.

MYDIN. K.K.. NAIR. V.G.. SETHURAJ, MR..
PANIKKAR, A.O.N. and SARASWATHY. P.
1992. Estimates of genetic parameters for yield
and certain yield components in rubber. Gregor
Johann Mendel Birthday Lecture Series and In-
ternational Symposium 1992, Department of
Botany. University of Calicut, India.

NARAYAN, J.B.. HO. C.Y and CHEN, K.T. 1974. Clonal
nursery studies in Hevea: 3. Correlations between
yield, structural characters, latex constituents and
plugging index. Journal of Rubber Research In-
stitute of Malaysia. 24(1): 1

OLAPADE, S. 1988. Estimates of helerosis in Hevea
brasiliensis. Proceedinf>s Colloque Hevea, 1988.
Paris. France, pp. 377-384.

ONG. S.H. 1980. Correlations between yield, girth and bark
thickness of RRIM clones trials. Journal of Rub-
ber Research Institute of Malaysia, 29(1): 1-14.

ONG. S.H., TAN. H.. KHOO. S.K. and SULTAN. M.O.
1985. Selection of promising clones through ac-
celerated evaluation of Hevea. Proceedings of In-
temational Rubber Conference, 1985, Kuala Lum-
pur. Malaysia, 3 ; 157-174.

PANSE, V.G. and SUKHATME, P.V. (1967). Statistical
methods for agricultural workers. ICAR. New

Delhi.

PREMAKUMARI, D. 1992. Variability, correlations and
path coefficient analysis for yield in relation to
anatomical characters in Hevea brasiliensis
(Willd. ex. Adr. de Juss.) Muell. Arg. Ph.D. The*
sis. University of Kerala, Trivandrum.

PREMAKUMARI. D., GEORGE, P.J. and PANIKKAR.
A.O.N. (1989). An attempt lo improve test tap-
ping In Hevea seedlings. Proceedings of
PIACROSYM VII, 1986. pp. 383-387.

SETHURAJ, M.R. 1981. Yield components In Hevea
brasiliensis: Theoritical considerations. Plant Cell
and Environment, 4 : 81-83,

SWAMINATHAN. M.S. 1975. Recent trends in plant
breeding. Proceedings of International Rubber
Conference, 1975. Kuala Lumpur. Malaysia. 1 ;
143-158

TAN. H. 1978. Assessment of parental performance for
yield in Hevea breeding. Euphytica. 27: 521*528.

TAN, H. 1979. Heritabilities of six biometrical characters
of single pair mating families in Hevea
brasiliensis. Journal ofRubber Re."earch Institute
of Malaysia. 27(3): 127-130.

TAN. H. and SUBRAMANIAM. S. 1975. A five parent
dialle cross analysis for certain characters of
young Hevea seedlings. Prtceedings of Interna-
tional Rubber Conference, 1975. Kuala Lumpur,
Malaysia. 2 ; 13-26.

VARGHESE. Y.A.. JOHN. A, PREMAKUMARI. D..
PANIKKAR. A.O.N. and SETHURAJ, M.R. 1993.
Early evaluation of Hevea: Growth and yield at
thejuvenile phase. Indian Journal ofNatural Rub-
ber Research. 6(1 &2): 19-23.





