Kaundun, s. s. and S. Matsumoto (2002): Heterologous
nuclear and chloroplaat microsatelUte amplification and
variation in tea. Camellia sinensis. Genome 45:
1041-1048.

Laroche, J. and J. D. Durand (2004): Genetic structure of
fragmented populations of a threatened endemic percid
of the Rhone river: Zingel asper. Heredity 92(4):
329-334.

Mac Donagh, P. and L. Rivero (2005): posible el uso
sustentable de la selva Misionera?, pp. 210-217. In: La
situacidn Ambiental Argentina, edited by A. Brown,
U. Martinez Ortiz, M. Acerbi and J. Corcuera, Funda-
cién \\da Silvestre Argentina, Buenos Aires.

Marchelli, p. and L. Gallo (2006): Multiple ce-age refu*
gia in a southern beech of South America as evidenced
by chloroplast DNA markers. Cons Cienet 7: 591-603.

Marchelu, p., C. Baier, C. Mengel, B. Ziegenhagen and
L. A. Gallo (2010): Biogeographic history of the threat-
ened species Araucaria araucana (Molina) K. Koch and
implications for conservation: A case study with
organelle DNA markers. Conserv Genet 11: 951-963.

Nei, M. (1987): Molecular evolutionary genetics. Colum-
bia University Press, New York. 512p.

Pastorino, M. j., p. Marchelu, M. Milleron, C. Soliani
and L. A. Gallo (2009): The effefct of different glacia-
tion patterns over the current genetic structure of the
southern beech Nothofagus antartica. Genetica 136(1):
79-88.

Peakall, R., s. Gilmore, W. Keys, M. Morgante and
A. Rafalski (1998): Cross-Species Amplification of Soy-

bean {Glycine max) Simple Sequence Repeats (SSRs)
Within the Genus and Other Legume Cjenera: Implica-
tions for the TVansferability of SSRs in Plants. Mol Biol
Evol 15(10): 1275-1287.

iITT

Peakall, R and P. E. Smouse (2006): Genalex 6: genetic
analysis in Excel. Population genetic software for teach-
ing and research. Mol Ecol Not 6(1): 288-295.

Powell, W., M. Morgante, R. McDevttt, G. G Vendramin
and J. A Rafalski (1995): Polymorphic simple sequence
repeats regions in chloroplast genomes: Applications to
the po;ulation enetics of pines. Proc Natl Acad Set
USA92(17): 7759-7763.

Provan, J., W Powell and P. M, Hollingsworth (2001):
Chloroplast microsatellites: new tools for studies in
plant ecology and evolution. Trends Ecol Evol 16(3):
142-147.

Ryman, N and 0. Leimar (2009): G/ is still a useful mea-
sure of genetic differentiation - a comment on Josts D.
Mol Ecol 18:2084-2087.

Sambrook, j ., E. F. Fritsch and T. Maniatis (1989): Mole-
cular Cloning: A Laboratory Manual. Cold Spring Har-
bor Laboratory Press.

Schuster, 1. and C. D. Cruz (2004): Estatlstica gendmica
aplicada a popula3ies derivadas de cruzamentos contro-
lados. Vidsa MG: Editora UFV 568p.

Steiner, J. J., C. J. Pocklemba, R. G. Fjellstrom and L
F. Elliot (1995): A rapid one tube genomic DNA extrac-
tion process for PCR and RAPD analyses. Nucleic Acid
Res 23(13): 2569-2570.

Weising, K and R C. Gardner (1999): A set of conserved
PCR primers for the analysis of simple sequence repeat
polymorphisms in chloroplast genomes of dicotyledo-
nous angiosperms. (Genome 42(1): 9-19.

Yeh, F. C. and T. J. B. Boyle (1997); Population genetic
analysis of co-dominant and dominant markers and
quantitative traits. Belg J Bot 129:157.

Zane, L., L. Bargelloni and T. Patarnello (2002): Strate-
gies for microsatellite isolation: a review. Mol Ecol 11:
1-16.

Heritability of1*eld and Secondary Traits in two populations
ofPara Rubber Tree (Hevea brasiliemis)

By C. Narayanan'' and Kavttha K. Mydin

(Received 4*May 2010)

Abstract

Heritability and interactions of yield and growth
traits were assessed in Hevea brasiliensis uising full-sib
progenies and clonal populations. Using parent-o£T-
spring regression, annual mean rubber yield (ARY) and
summer yield (SY) showed moderate to high heritability
(ARY, 834-56%; SY, 36-52%). Among the yield
components, girth exhibited low to moderate heritability
(A*=17-36%0) while branching height showed low heri-
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Group, Botany Division, Rubber Igaesearm Institute of India,
India. Ph: #%91-481-2353311, Fax: <=91-481-235337. E-Mail:
cnaravananenibberboard.org.in

tability (s 18%. Using forty clonal genotypes, annnfil
mean rubber yield (H"=48%), rubber yield during peak
period (JP=47%) and rubber yield during stress (or
summer yield) (H"s44%) showed high estimates of heri-
tability. Among tiie other yield components, except vol-
ume of latex during stress period (/*s40%), remaining
yield components showed moderate estimates for heri-
tability (/7 s$29-37%). Dry rubber content (DRC) based
on anniifll mean showed very high heritability
(IP=i68%), followed by DRC during stress (H”"s51%0)
and peak (ff*s50%0) periods. Latex flow rate based on
annual mean and peak period data showed high heri-
tability (JPs51%) followed by latex flow rate durin

stress period (JP =42%). Plugging indices of annual an



stress period showed high heritability (/P =43%) than
that of peak period (H**ZS%R. Regarding growth traits,
girth showed high heritability ~"=50%) than girth
increment (H*=32%0). While bark thickness showed
high heritability (H"=40%) length of tapping panel
showed moderate heritability (H*=27%). Tbtal chloro-
phyll content exhibited moderate heritability
(i~ =2299; chlorophyll pigment ratio showed low heri-
tabilitY (/P =5%). Based on parent-offspring analysis,
annual mean rubber yield exhibited high genetic corre-
lation with summer yield and girth. Annual mean rub-
ber Jeld and summer yield were negatively correlated
with branchin% height. Regarding phenot>i}ic correla-
tions among the forty clonal genotypes, annual mean
rubber 3eld exhibited high correlation with latex vol-
ume, latex flow rate, DRC, girth and bark thickness.
However, annual mean rubber yield was negatively cor-
related with yield depression under stress and plugging
index. Rubber yield, volume and rate of flow of latex
over the three periods, yield depression under stress,
girth increment, annual mean pluming index and plug-
ging index under stress showed high estimates of genet-
ic advance. The high estimates of heritability for yield
and its components coupled with their high genetic gain
indicated that considerable improvement can be
achieved for these traits through selection. Estimates
for indirect selection efficiency were not optimal for indi-
rect selection for yield using girth and summer yield.

Key words: Hevea brasiliensis, fulJ-sibs, clonal population, latex
yield, dry rubber content, girth, branching height, genotypic
coefBcient of variation, phenotypic coefBcient of variation, par-
ent-ofTspring regression, heritability, genetic correlation, phe-
notypic correlation, genetic gain.

Introduction

Hevea brasiliensis (Willd. ex A. Juss.) Miill. Arg. (fami-
ly, Euphorbiaceae; diploid, 2na36), the Para rubber
tree, is monoecious and entomophilic with a strong ten-
dency to out-breed. Laticifer cells located in the bark tis-
sue of the tree yield latex (essentially cytoplasmic fluid),
which is the major source of natural rubber in the entire
plant kingdom. Through controlled manual incision and
subsequent removal of bark tissues, latex is systemati-
cally collected and used, predominantly by various rub-
ber-based industries. The process of removal of bark tis-
sue and collection of latex is referred to as tapping’.
Although the Para rubber tree is a forest tree species, it
has been effectively domesticated within a short period
of less than five decades since it was introduced into
Southeast Asia in 1876.

Latex yield in H. brasiliensis and other traits includ-
ing vigour, resistance to abiotic and biotic factors, like
many economic traits in forest trees, are quantitative or
polygenically controlled. Even though latex yield is
governed by the genetic potential of planting material,
the expression of the genetic potential could be influ-
enced by (i) other inherent factors of the genotype like
vigour, bark thickness, resistance to wind damage and
major diseases, (ii) environmental factors like soil, rain-
fall etc. and (iii) agromanagment practices e.g. tapping
systems, chemical stimulation, planting density, fertiUz-
er inputs etc (Tan, 1987). Nevertheless, in most of the
H. brasiliensis breeding programmes, latex yield has
been the primary target trait for genetic improvement.

Selection and breeding for yield and other economic
traits for realizing genetic gains require acciirate infor-
mation on heritability or inheritance pattern of these
traits. Heritability, which is an estimate of the fraction
of phenotypic variance that can be realized by selection,
is estimated using variance ratio or parent-offspring
regression. Existing reports on heritability estimates in
H. brasiliensis rubber are based on variance analysis.
Parent-of Tspring regression has been suggested as an
alternative and robust statistical procedure for estimat-
ing heritability and assessing genetic correlation
(Gilbert, 1973; Simmonds, 1979; Falconer and Mackay,
1996). In the present study, an attempt was made to
estimate heritability and correlations of various econom-
ic traits in H. brasiliensis using two different popula-
tions adopting the above biometrical methods.

Materials and Methods

Experimental material

Two different populations were utilized for assessing
genetic parameters. The first population consisted of 11
separate families of full-sib progenies (derived from a
hybridization programme involving 14 parental clones
in various combinations) and their parent clones, plant*
ed in 1993 in a small scale trial at Central Experimental
Station, Chethackal (Pathanamthitta Dt., Kerala),
adopting a replicated simple lattice design (5x5 design,
four replicates, seven trees per replication). The trees
were opened for tapping in 2001. Annual mean rubber
yield (ARY, coagulated latex weighed in grams per tree
per tap; gt"t"'0 based on annual mean of twelve month
recordings (Jan-Dee) was recorded separately in all the
trees following cup coagulation method. In addition to
the above, yield during stress period (Feb-May), namely
the Slimmer vyield (SY), was also computed based on
mean of the yield recordings during the above period.
Growth traits viz. girth (at 150 cm) and branching
height (clear bole height) were also assessed. All the
above parameters were measured in 2008 when trees
were 17-year-old.

The second population consisted of forty clones origi-
nating from India, Indonesia, Malaysia and Sri Lanka,
planted in a randomized block design (three replica-
tions, five trees per plot) at the same Central Experi-
mental Station at Chethackal. Data was collected on
rubber }ield and related physiological, morphological
and structural attributes, during the fourth year of tap-
ping. Yield and related physiological parameters includ-
ed dry rubber yield, dry rubber content (D.R.C.), rate of
latex flow and plugging index (Milford et al., 1969)
which were recorded at monthly intervals for one year.
Data were also collected on the above traits during
stress period (Feb-May) and peak period (Sept-Dee).
The summer depression (SD%; decline of yield during
summer) in rubber )deld during stress period (Feb-May)
was computed as follows equation [1]:

Annua] Mean Rubber Yield-Summer Yield <D [1]
Annusl Mean Rubber Yield

In addition to the above, leaf chlorophyll content and
chlorophyll a;b ratio (Arnon, 1949) were also recorded

Summer Depression (SD%) =



Thble 1 - Narrow sense heritability of yield and growth traits in Hevea
brasiliensis based on parent™ffspring regression (g).

Parent progeny  Hentability ~ ARY SY G BH
relationship equations  (gr'ty)  (ot'r) (©m) (M)
Narrow sense heritability estimates (Y
Offspring - -0.18 -02 014 028
fermale parent
Offspring - 0.56 052 036 018
mele parent
OfTspring 034 036 017 -Oli
midpareni mean
AV - Annual mean vyield; SY - Sumrrer vield; G - Girth; BH
Branching height.

along with girth, length of tapping panel and bark thick-
ness. The above data were collected during fourth year

of tapping.

Narrow sense heritability and genetic correlation in
full-sib population

Based on data &om the fuU'Sibs and their parent
clones, narrow sense heritability of yield and growth
traits was estimated ijhble 1) based on parent-offspring
regression (ZoBEL and Talbert, 1984; Falconer and
Mackay, 1996). The regression (bop) is expressed as
equation 12):

bop(D/go

(where 6" is the regression of offspring on parent, CoOvA
is the covariance of ofifspring on parents and is the
variance of parents).

For regression analysis, the mean values of parents
and that of progenies were subjected to regression in
which the sloping line indicates the linear regression of
offspring on mid-parent. The slope of the line (6) pro-
vides a direct estimation of narrow sense heritability
(&N for the particular trait, Ilie regression equation is
as equation [3]:

y =hx +e

23]

(where y = average of progeny values, 6 = regression
coefficient (slope of line), x - mid-parent value, e = error
(lack of fit of values to the line)

Heritability estimates were derived with the data
grouped in the following ways (steinhoff and H off,
1971): (1) Progeny on female parents, (2) Progeny on
male parents and (3) Progeny on midparent. When
analysis is performed using values of progenies and one
of the parents (either female or male parent) the regres-
sion coefficient 6 equals halfthe narrow sense heritabili-
ty. However, when progeny values were regressed on the
midparent values, the regression coefficient (6) equals
narrow-sense heritability (zoseL and T aibert, 1984).

Oenetic correlation of yield and growth traits was
computed based on the offspring-parent relationship
(Falconer and Mackay, 1996). For estimation of genetic
correlation between two traits, ‘Cross-variances' were
obtained from the product of the value of *Xin parents
and the value of V in offspring. The covariance of off-

spring and parents for each trait, which provide estima-
tion on genetic correlation (Y, wsis computed using
Cov~Y (‘cross-variance’) and covj® and COWy, the off*
spring-parent covariances of each trait separately, as
equation [4]:

r.- COvy

.41
yINVxXCOVyy

In general, cross-variance may be calcxilated from *x*
in parents and “in offspring or firom T’ in parents and
"X in offspring. In the present study since fa«th the val>
ues were available, the arithmetic mean was used.

Broad sense heritability, phenotypic correlation and
geneticgain in clonalpopulation

For estimation of broad sense heritability (1P), data
from the forty clones in the second trial was subjected to
separate analysis of variance (ANOVA) for each trait
using SPSS (version 10.0.1) statistical analysis software
by adopting the model as equation [5]:

(where is the measurement of a trait on the i~
genotype (clone) in the  replication, )x is the overall
mean of the population, g* is the effect of the  geno-
typea =1, 2,... g = 40), r. is the effect of they*** replica-
tion =1, 2 ... = 3) ana e" Is the experimental error
associated with the t* genotype in replication).

The genotypic, phenotypic and environmental compo-
nents of variance were estimated by equating the
expected mean squares to the corresponding mean
sguares of the ANOVA {Table 2) as equations [6] and [7]
(Kempthorne, 1957);

2 A0 a

- ..[6]
2
g <e
(where is the genetic variance among genotypes

(clones), is the environmental variance, is the
phenotypic variance and r is the number of replications).

The genotypic co-efficient of variation (G.C.M!), pheno-
typic co-efficient of variation (F.C.v.) and broad sense
heritability (ff~) were calculated as equations [8], [9]
and riO] (Burton and de Vane, 1953):



Thble 2. - rees of freedom (d.f.) and expected mean squares
(Bv) for e%? mating corrpone(nts ()vaanance >

Source of variation d.f EMS
Replications (r) r-1

Genotypes (9) g-1 91+ 1
Error (r-1Xg-1)

r - number of replications; g - number of clones (genotypes);
—environmental variance; <g—genotypic variance.

2
GCvvo= "V S X100

PCV.%= X100

..[10]

(where X is the general mean for each trait)

In order to understand the association between yield
and its related components, phenotypic (r ) correlations
were worked out (Kempthorne, 1957; Falconer and
Mackay, 1996) as equation [11]:

cov

N Px N Py

(where covp~ is the estimate of phenotypic covariance
between two variables x andy, and ap, and  are the
estimates of genotypic standard deviations of x and v,
respectively).

The genetic gain (genetic advance) or direct response
to selection {R) was calculated as equation [12] (Falcon-
er and Mackay, 1996) and expressed as percentage of
mean (R%9 as equation [13] (Burton and de Vane,
1953):

- [12]

1?7%%6= =|; x 100 .[13]
(where i is the intensity of selection, /P is the broad
sense heritability and is the phenotypic standard
deviation)

Table 3. - Range (R
cients of variation, broad sense hef
of mean) foryield in forty clones.

Traits R
RY (annual) g t'r’ 22.4-77.0
RY (stress) g t-t* 12.3-60.8
RY (peak) g ft* 341-95.6
SD (stress) % 13.8-49.4
LV (annual) mit"r* 77.3-212.4
LV (stress) mit'r' 31.9-166.6
LV (peak) mit 'r* 121.0-279.8

Iftwo traits, x andy, are genetically correlated, and if
trait Xis time consuming and diffiailt to measure with
precision, it may be possible to make selection on traity,
and achieve correlated response in trait x. The efficiency
of such indirect selection may be expressed as the ratio
of the expected responses (Falconer and Mackay, 1996).
Based on heritability and genetic correlation estimated
using full-sib population, indirect selection efficiency for
the yield and yield components was examined using
equation [14]:

LH

CR. .
gz, [14]

R.

(where CR~ is the correlated response of trait x due to
selection applied to the secondary traity, R is the direct
response of selection for the primary trait x, r is the
genotypic correlation coefficient between traits x andy,

and  are the square roots of heritability estimates
for the traits x andy, respectively).

Selection efficiency ratio is effective if r2Jin (genetic
correlation x heritability of the secondary trait) is
greater than the heritability of the primary trait {H.
Thus, indirect selection would be advantageous over
direct selection when the secondary trait possesses high-
er estimates for heritability and genetic correlation.

Results and Discussion

Heritability ofyield, yield components and growth traits

The estimates of narrow sense heritability for annual
mean rubber }deld, summer yield, girth and branching
height based on parent-offspring regression is given in
Table 1. Results of variance analysis of the clonal popu-
lation and estimates of broad sense heritability for yield,
yield components, growth and anatomical traits are pre-
sented in Tables 3,4 and 5.

The heritability for annual mean rubber yield based
on parent-offspring regression was moderate (A™»34%
in of Tspring-midparent grouping) to high (A*=56% in off-
spring-male parent grouping) (Thble 1). Regarding sum-
mer Yyield also, the offspring-male parent grouping
showed comparatively high heritability ("*»52%0) than
the of Tspring-midparent grouping (A"=36%y), based on
regression analysis. Heritability for girth was low
(/i*=17% in offspring-mid parent analysis) to moderate
(A"=36% in offspring-male parent grouping) using

(GCV) and RCV)) coeffi-
e Mt%ﬁ?t@y%) and gg)emtlcml[%&)\ per?:entage

\Y GCV PCV W% R%
371 262 381 475 ‘'ill
3.32%* 05 461 436 415
3.70%* 244 B4 413 A5
2.21% 21.2 395 288 235
273 208 344 3B6 259
2.96™* 318 505 305 411
243 78 313 323 208

RY - Rubber yield; SD - Summer depression; LV - Latex volurme; **significant at

P=001



Table 4. ©Range (R), variance (V)

ic (GGV/) and phenotypic (PC\V/) coefficients

of variation, broad sense heritability (H"), and genetic advance (R%) for yield compo-

nents in forty clones.

Traits R V. GCV. PCV. fP% R%

DRC (annuel) 28.0-40.9 732 85 103 678 144
DRC (stress) 29.9-43.4 4.15** 82 15 512 12.1
DRC (peak) 284- 404 404 84 118 1503 123
LFR (annual) ml min+' 2.6-6.4 4.06* 23 314 505 327
LR (stress) ml min* 2.2-6.4 314 25 348 416 298
LFR (peak) ml min™* 2.9-8.3 409 26 317 506 332
Pl (Minual) 2.9-7.3 322+ 77 2712 426 238
Pl (stress) 4.1-11.7 325** 240 366 429 323
Pl(peak) 21-42 198> 1.8 238 247 121

DRC- Dry rubber content; LFR- Latex flowrate; PI - Plugging Index.

**significant at P « 0.0L

Tiible 5. - Range (R), variance (V), ic(GCV) and ic (P.CV.) coefficients

of variation, bro& )sense herit(;/)bilgteync()}?'?\ a(ruj ger%etic a%lvgnoe 9; for ;)/ield cono-
nents in forty clones.

Traits R \Y GCV. PCV. fP% RVo
Grth (cm) 60.1-96.3  3.94* 90 128 495 130
Gl cmyr-1) 23-60 241* 180 318 319 209
TPL (cm) 36.8-59 2,II** 70 15 2711 75
BT (mm) 5.8-9.3 29%6** 100 158 395 129
TCC(mg g ‘of freshwt.) 2.1-4.6 1.84* 109 233 219 105
Chloroohyll azb ratio 0.9-2.1 115 92 423 49 42

A - Girth increment; TPL -
chlo | content; CR- chlo

regression. Regarding branching height, offspring-male
parent grouping showed a low heritability 18%) in
regression analysis. In general, the heritability esti-
mates substantially increased on male parent-offspring
grouping (Thble 1). Similar variable estimates were
obtained using different parent-offspring groupings in
western white pine (Steinhoff and Hoff, 1971} and
such inconsistency was attributed to inadequate cross-
ings.

The study showed considerable variation for the rub-
ber yield and its component traits in the clonal popula-
tion (Thbles 3 to 5). Rubber yield in the clonal popula-
tion exhibited significant variation (range, 22.4 to 77.0

Table 3) suggesting good scope for improverment.
AWK thu yiulU component trait«, lat«x volume (LV)
Hhowed highly significant variation {Tables 3 to 5). How-
ever, total chlorophyll content (TCC) and chlorophyll a:b
ratio showed comparatively less variation {Table 5).
With reference to growth traits, girth showed significant
variation (Table 5).

The genotypic coefficient of variation (G.C.V.) ranged
from 7.0 for the length of tapping panel to 31.8 for latex
volume under stress {Tables 3 t0 5). The phenotypic coef-
ficient of variation (P.C.V.) ranged from 10.3 for annual
mean dry rubber content (DRC) to 50.5 for latex volume
under stress (Tables 3 to 5). In general, GC.V. estimates
were lesser than the corresponding P.CV. estimates
indicating influence of environmental factors on the
sizpression of crejse zrsra. The low estimares of G.C.V.
and P.CV. for DRC, girth and bark thickness and high

Tapping panel length; BT - Bark thickness; TOC- Thtal
orophyl _rophylrl]gratio. ki
*significantat P s 0.02; ** significant atP - 0.0L

estimates for rubber yield and latex volimie observed in
the present study corroborates earlier finding (Alika
and Onokpise, 1982).

Regarding broad sense heritability of forty clonal
genotypes, annual mean rubber j”eld (H*48%), rubber
yield during peak period (JPs41%) and rubber yield
during stress (or summer yield) (/f=44%) showed high
estimates of broad sense heritability {Table 3). Among
the other yield components, except voliune of latex dur-
ing stress period (iif*s40%), remaining Yyield compo-
nents showed moderate estimates for heritability
(H*s29-37%). Dry rubber content (DRC) based on
annual mean showed very high heritability (/f~s68%9,
followed by DRC during stress (H"s51%) and peak
7<«50%) periods {ThbU 4). Latex flow rate based on
annual mean and peak period data showed hi”™ heri<
tability (Ef"s51%0) followed by latex flow rate during
stress period (H"s42%0). Plugging indices of annual and
stress period showed high heritability QP=43%) than
that of peak period (25%0). Regarding growth traits,
girth showed high heritability (H*=50%) than girth
increment (H*=32%) {Table 5). While bark thickness
showed high heritability {JP=40%) length of tapping
panel showed moderate heritability (if"=27%). Total
chlorophyll content exhibited moderate heritability
{1Pst22%) compared to low estimate for chlorophyll pig-
ment ratio {H"s5%).

The estimates of heritability £or yield derived from
data on two different types of populations were com-
pared with the earlier estimates reported for



H. brasiliensis. Although parent-ofKspring regression

method has not so far been used for estimation of heri*
tabihty in H. brasiliensis, the above estimates corrobo-
rate those obtained earlier for yield at different tapping
years ¥ yr=56%; AR IS*yr=48%) as reported by
Nga and subramaniam (1974). In contrast, Tan et al.

(1975) reported low heritability estimates for average

yield over five years (A=11-14%). Following variance

analysis of forty clonal genotypes, high broad sense heri-
tability i1IP>4Q%) was estimated for yield, D.R.C. and

latex flow rate. Earlier heritability estimates for annual

mean rubber yield in clonal populations ranged from 2%
(Alka and onokpise, 1982) to 87% (GroncaLvEs et al.,

2004). Regarding summer vyield, LICY et al. (1992)

reported a high estimate iH=59%) in 4.5 yr old hybrid
clones. As also opined by simmonds (1989) rubber yield

in general is a highly heritable trait.

Regarding girth, the parent-offspring analysis showed
moderate to high narrow sense heritability which is
comparable with earlier estimates (tan et al., 1975; Tan,
1979). However, ¢oncaLves et al. (2004) estimated very
high heritability for girth (&=71-93%). In the present
study using clonal population, girth, annual mean plug-
ging index and plugging index under stress recorded
high heritability ilP). Hitherto, various studies have
reported wide range (9-56%6) of heritability (JP) esti-
mates for girth. However, few studies have also reported
non-significant heritability (HY estimates for girth
(A lka andOnokpise, 1982,A Ik a, 1985)

Among other economic traits in the clonal population,
bark thickness showed high heritability (IP) which is
comparable to the estimate obtained for 4.5 yr old trees
(LiCY et al., 1992). With reference to chlorophyll pigment
traits, total chlorophyll content showed moderate heri-
tability (1P) compared to chlorophyll pigmentation ratio.

Table 6. - Genetic correlation (") of yield and gronth traits in
H. brasiliensis based on offBpring-parent ‘cross-variance’ esti-
mates and indirect selection efficiency (parenthesis).

SY Girth Branching height
ARY* 0.8557 (0.88) 0.8432 (0.59) -0.1709
SY** 1.3448 -1.3714
Girth 0.1464

*ARY - Annual Mean Rubber Yield; *» SY - Summer Yield.

Correlations, geneticgain and efficiency ofindirect
selection

The estimates of genetic and phenotypic correlations
are given in Tables 6 and 7 respectively. Based on par-
ent-offspring cross-variances, annual mean rubber yield
showed high genetic correlation with summer yield and
girth. Summer yield showed very high correlation with
girth and branching height (r">x 1). Inadequate sample
sizes may possibly cause such exaggerated estimates
which have been reported earlier (tan et al., 1975).
Annual mean rubber yield and summer jdeld were
negatively correlated with branching height. Using full-
sibs, Tan et al. (1975) observed moderate positive corre-
lation between annual mean rubber yield and girth
(rg=0.41-0.62). Lruet al. (1980) estimated high genetic
correlation (rg™O.70) among girth and relative yield.

Regarding correlations among the forty clonal geno-
types, annual mean rubber jaeld exhibited significant
positive phenotypic correlation with latex volume, latex
flow rate, DRC and bark thickness. Annual mean rubber
yield also showed highly significant negative phenotypic
correlation with yield depression under stress and plug-
ging index. Since bark thickness shows strong and posi-
tive phenotypic correlation, this trait has potential use
in future selection as also been suggested by earlier
studies (Tan et al., 1975). The correlations obtained in
this study are comparable to the earlier reports (Mil-
ford et d., 1969; Paardekooper and Samosorn, 1969,
Sethuraj, 1981).

The latex yield of a tree from a single tapping is deter-
mined by the initial flow rate and the duration of the
flow of the latex. Latex flow rate depends upon the bark
anatomy characteristics viz. number of latex vessel
rings, diameter of latex vessels and other structural
characteristics of the laticiferous system of a clone and
are genetically determined. Also, yield is correlated with
most of the anatomical characteristics of bark
(Narayanan et al., 1973). Arecent study in a 19-year-old
clonal population (nine clones of Malaysian origin and
three clones of Thailand origin) located at Kottayam
(Kerala, India) showed strong correlation coefficients for
girth, latex vessel frequency and yield (c nitra, 2008).

Combining high heritability along with high genetic
advance would be more useful in prediction of selection
(Johnson et al.,, 1955). In the present study, rubber

ThbU 7. - Phenotypic correlations among rubber yield and its conmponents.

RY SD% Lv

Sb%  -0.38**

LV 096> -0.41¢*

DRC 0.46** 0.11  032%¢
LFR 087* 035** 084
Pl 049 0457 -0.57**
Grth 059** 030>  0.62**
BT 0.53** -022 053
TCC -0.02 0.01 -1.04

RY - Rubber yield; SD - Summer

DRC LM Pl Grth BT
0.48**

014 -017

022* 057 -032**

0.36** 049> -0.23** 0.50
013 -003 004 005 0.19*

ion; LV - Latex volume; DRC - Dry rubber

content; LFR-Latex flow rate; Gl - Girth increment; BT - Bark thickness; TCC - Thtal

chloi | cortent.

* sigpifficant at P = 0.05; «* significant at P a 0.0L



yield, volume and rate of flow of latex over the three
periods, yield depression under stress, girth increment,
annual mean plugging index and plugging index under
stress showed high estimates of genetic advance {Thbles
3 to 5). Moderate to high heritability coupled with high
genetic advance for the above traits imply scope for
improvement of these traits through selection. In con-
trast, low estimates of heritability and genetic advance
for traits like chlorophyll content indicated influence of
environmental factors in their expression and hence,
these traits may not respond well to selection. Similarly,
girth, bark thickness and dry rubber content during the
three periods showed moderate to high estimates of her-
itability. However, these traits ejchibited low estimates
for genetic advance. Hence, these traits may not be suit-
able for improvement through selection.

Though two clones may have the same yield potential,
preference is given to the clone which gives its yield in
the shortest period of tapping (Paardekooper and
Samosorn, 1969). Plugging index is a measure of the
extent of plugging of the latex vessels near their open
ends which results in decrease in latex flow rate soon
after tapping. In general, trees with long latex flow time
have a low plugging index and vice versa and clones
with low plugging index re(>ortedly gave higher yields
(Milford et al., 1969; Paardekooper and Samosorn,
1969). In the present study, rubber yield, latex flow rate
and plugging index under stress showed high estimates
of expected genetic advance. Hence, it is possible to
achieve substantial gains in these traits through selec-
tion and breeding. Nevertheless, low plugging index pos-
sibly leads to undesirable characteristics like poor
girthing rate and high susceptibility to wind damage
and drought, and hence, it is may be desirable to select
and breed for high yielding clones which also have rea-
sonably high plugging indices (Ho, 1976).

A comparison of genetic parameters for rubber yield
and its physiological components showed that rubber
yield, latex volume and plugging index during the stress
period had high heritability coupled with high genetic
advance ilhbles 3 to 5). This would indicate the need for
selection for these physiological components during
stress period than the peak period in order to realize
appreciable improvement of rubber yield in the clones.

In order to identify potential component trait for indi-
rect selection for yield, indirect efficiency (CRIR") was
estimated based on genetic correlation and heritability.
The above estimation assumed identical selection inten-
sity for yield and its components. In the present study
using fiiU-sib population, the estimated ratio for indirect
selection efficiency was less than optimal (Thble 6).
Hence, indirect selection for yield using girth and sum-
mer yield may not be as advantageous as direct selec-
tion.

Conclusion

The consistent and high estimates of heritability for
yield, related yield components and growth traits
obtained using two different populations indicated that
considerable genetic gain could be realized for these
traits. The genetic as well as phenotypic correlation esti-

mates of important yield, yield components and growth
traits observed in this study suggest that improvement
or selection of one trait can possibly result in correlated
improvement in the other. For example, selection and
breeding for improved yield would possibly lead to indi-
rect improvement in summer yield or girth. Indirect
selection using component traits \jik& girth or bark thidL-
ness may not be effective for improving rubber yield
since the above traits possessed low heritability and
genetic correlation. Since rubber yield, latex volume and
plugging index during the stress period had high heri-
tability coupled with high genetic advance, it would be
more appropriate to conduct selection for the above
physiological components of yield during stress period
rather than the peak period in order to realize substan-
tial improvement of rubber yield in the clones.
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Acombination of &uit and leaf morphology enables taxonomic
classification of the complex Q. robur L.-Q ,x rosacea Bechst. -
Q. petraea (Matt.) Liebl. in autochthonous stands in Flanders

By Kristine Vander Munsbrugge™-*, Luc De Cleene”N' and Hans Beeckmarn’™

(Received 277> July 2010)

A bstract

Hybrids between QUErcUs roourand Q. petreeahave
been a sought topic of many studies in Eiirope during
the last decades. Here, leaf and fruit morphology were
studied in five oak stands where both species occur nat-
urally intermixed. The stands are relicts ofold, possibly
medieval coppice wood. Twenty two leafcharacters and
nine firuit characters were assessed on three leaves and
three fruits per tree and for thirty trees per stand. A
principal component analysis (I"A) resulted in a
bimodal distribution with restricted overlap along the
first component when both leaf and fruit data were
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processed together. For leaf and fruit data separately,
the analysis produced only continuous clusters of trees.
Two types of putative hybrids can be defined that either
show a petiole length of the leaf (PL) according to
Q. rdJJrand a petiole length ofthe fruit (FPI) according
to Q. petraea, or vice versa. These hybrids cluster within
both groups ofthe PCA analysis, butnot all are situated
close to or in the intermediate area between the groups.
A lowered mean relative number of developed acorns in
the hybrid groups in comparison to their putative
m aternal parent, based on the assumption of matrocli-
nal inheritance of PL, is observed. This might indicate a
reduced ability for successful fertilisation in the hybrids.
These results suggest the presence of putative hybrids
and introgressed forms within the morphologic® dis-
tinct Q- robUrand Q. petraeagroups and argument for a
taxonomically defined Q. X FOBAEAbased on PL and FPI
lim its.

Key worts: Queraus rdar, Q. petrass, Q. X resaa, hybridisa-
tion, leafand fniit morphology, number ofundeveloped acorns,
taxonomy.
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