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Summary

Ten Hevea clones were evaluated for direct and indi-
rect effects of sixteen seed and juvenile characters on
latex yield. Each clone was evaluated for five juvenile
characters, eleven seed characters and latex yield.
Genotypic variance and correlation were obtained
through analysis of variance and covariance respec-
tively. Phenotypic correlation was calculated as simple
correlation of clonal means. The phenotypic correla-
tion of each seed and juvenile character with latex
yield was partitioned into direct and indirect effects
through path analysis. The most reliable character for
indirect selection for latex yield was ratio of seed
length/width, which had relatively high direct effect
and significant phenotypic and genotypic correlation
with latex yield. This relationship had the stabilizing
influence of ratios of seed/shell weight and seed
weight/volume. The pattern of use of effect coeffi-
cients for simultaneous improvement of latex yield
and associated characters is provided.

Résumé

Etude des coefficients de corrélations et de vari-
ances de graines et de caractéres juvéniles en
vue d’évaluer le rendement en latex d’ Hevea
brasiliensis Muell. Arg.

Cet essai étudie les effets directs et indirects de
16 parametres relatifs aux graines et au stade juvé-
nile, sur le rendement en latex chez 10 clones d’'He-
vea. Chaque clone a été évalué pour 5 caracteres
juvéniles et 11 caractéres de la graine. L'évaluation de
la variance et de la corrélation génotypique a été
obtenue respectivement par I'analyse de la variance
et de la covariance. La corrélation phénotypique des
caracteres juvéniles et de la graine en rapport avec le
rendement en latex a été évaluée par comparaison
des effets directs et indirects et cela par calcul de la
variance. Le critére indirect, le plus fiable, permettant
une évaluation du rendement en latex a été le rapport
longueur/largeur de la graine. Ce rapport avait une
corrélation significative entre le phénotype, le géno-
type et le rendement en latex. Il a été constaté en plus
gue ce rapport était corrélé au rapport poids
graine/coque et au rapport poids/volume de la graine.
Le mode d'utilisation de ce modeéle d’effets de coeffi-
cients, pour une amélioration simultanée du rende-
ment en latex et des caracteres associés est fourni.

Introduction

Hevea brasiliensis is tropical tree crop that is valued
for its latex. The latex is referred to as natural rubber.
Despite the competition with synthetic rubber, natural
rubber is valued for the production of heat resistant
plastic products such as tyre, tube and bearings (8,
16). Hevea has been exploited for latex since the nine-
teenth century, while the Hevea seed assumed eco-
nomic importance in the 1970s. The Hevea seed is
source of oil, which is a raw material for the production
of alkyd resin (1). The resin is used for the manufac-
ture of surface coatings such as paints, varnish, inks
etc. Plant breeders presently face the challenge of
developing and recommending clones with combined
attributes of seed and latex production. Also important
is immature vigour for early exploitation. The relation-
ship among these three desired features of Hevea
brasiliensis will influence the breeding procedure in
the development of high latex yielding, vigorous and

prolific seed producing clones. Hence the objective of
this study, which is the application of correlation and
path analyses to determine the relationship between
latex yield and each of juvenile vigour and seed char-
acter in Hevea brasiliensis.

Material and methods

Ten Hevea clones were evaluated at the out-station
experiment of the Rubber Research Institute of
Nigeria (RRIN), located at Igbotako, Ondo State,
Nigeria for latex yield, eleven seed characters and five
juvenile characters. The ten clones were five RRIN
developed clones (NIG 800 to NIG 804), and five
exotic clones (RRIM 600, RRIM 614 and PB 217 from
Malaysia, RRIC 45 and IAN 710 developed in Sri
Lanka and Brazil respectively). The experimental
design for each character was the randomized com-
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plete block with three replicates per clone and ten
trees per clone per replicate. Plant spacing was 3.4 m
X 6.7 m. The clones were planted in 1983 and evalu-
ated for four juvenile characters in 1985. Data on each
stand were taken as follows:

a) Stem height: measured with the aid of a telescoping
measuring pole and recorded in metre.

b) Stem diameter: measured by vernier callipers and
recorded in centimetre.

c¢) Bark thickness: a strip of the bark was excised and
the thickness measured with the aid of vernier cal-
lipers and recorded in centimetre.

d) Leaf whorls: a count of the number of leaf whorls
was taken.

The fifth juvenile character (vigour index) was
obtained as log;o of the product of stem height and
diameter.

Latex exploitation in the plantation commenced in
1993 at half spiral, alternate daily (/»S, 9/,) tapping
frequency as recommended by Opeke (12). Yield
stimulants were not used. Tapping was carried out
with the conventional tapping knife between
6.00 hours and 8.00 hours of each tapping day. Latex
yield data collection was carried out for five years
(1993 to 1997). Clonal mean latex yield was recorded
as gramme per tree per tapping (g/t/t) was described
by Aniamaka and Olapade (2), and RRIN (14).

In 1993 and 1994, the ten clones were evaluated for
eleven seed characters. Data were taken on six seed
characters with a sample of thirty seeds per replicate.
Measurements were taken as follows:

a) Seed length and width: taken separately with
vernier callipers and recorded in centimetre.

b) Seed weight: measured as bulk weight of the thirty
seeds per replicate and recorded in gramme.

c) Seed volume: measured on each seed as the vol-
ume of water (ml) displaced in measuring cylinder.

d) Kernel and shell weight (g): measured by shelling
the thirty seeds in each replicate. The kernels were
separated from the shells and each group was
weighed separately.

Five additional seed characters were obtained as
ratios of seed length/width, seed/kernel weight,
seed/shell weight, kernel/shell weight and seed
weight/volume.

The clonal means of each of latex yield, the eleven
seed characters and the five juvenile characters were
calculated and utilized for inter-character phenotypic
correlation coefficients. The Lotus 1.2.3. Release 5
computer programme was applied to determine the
inter-character phenotypic correlations. The coeffi-
cients of phenotypic correlation provided the data
matrix for determination of direct and indirect effects of
each of the sixteen seed and juvenile character on
latex yield. The same Lotus 1.2.3. Release 5 com-
puter programme was applied to determine the path
coefficients.

Estimates of genotypic variance (Vg or Vgy) and co-
variance (Vgyy) Were obtained through expected mean
squares of analyses of variance and covariance
respectively (6, 15). Genotypic correlation (I'gy,) Was
obtained as:

A/ (Vgx).(V gy)

There was F-test of clonal variation for each of latex
yield, seed and juvenile character.

FQXV

Results

Clonal variation was significant for nine seed charac-
ters, three juvenile characters and latex vyield
(Table 1).

Table

1

Clonal means (+) of significant Hevea seed ( A — K) and juvenile (L — N) characters for path analysis of latex yield (Q)

Seed Seed Seed Seed Kernel Shell Ratio of Ratio of Ratio of Stem Stem Vigour Latex
Clone length width weight  volume  weight weight A/B C/IE C/D height diameter  index yield

(A% (B () (®) (B9 (F) (G*) (H) (K*) (9] (M%) (N*) Q™
NIG 802 257(1) 223(2) 1.93(6) 3.98(1) 0.34(8) 1.29(3) 1.16(3) 10.77 (1) 0.49(9) 1.62(9) 1.91(8) 0.45(9) 27.49 (6)
NIG 800 252(2) 226(1) 209(1) 388(2) 041(6) 1.46(1) 1.12(6) 8.44(3) 0.54(7) 227(4) 223(7) 0.70(7) 29.41 (4)
NIG 801 247 (3) 211(9) 195(5) 3.27(7) 048(5) 125() 1.18(1) 9.61(2) 059(1) 1.83(8) 1.79(9) 0.51(8) 21.26 (9)
RRIC 45 245(4) 214(6) 1.89(7) 346(5) 057(3) 115(6) 1.15(4) 551(6) 055(4) 257(2) 2.49(3) 0.80(3) 29.56 (5)
NIG 803 245() 221(3) 209(2) 3.86(3) 0.56(4) 1.34(2) 1.11(7) 3.94(10) 0.55(5) 2.36(6) 2.40(4) 0.74(5) 40.59 (2)
RRIM 614 244 (6) 214(7) 1.38(9) 297(9) 0.22(10) 0.91(9) 1.15(5) 6.82(4) 0.50(8) 255(3) 2.71(2) 0.83(2) 25.27 (7)
IAN 710 2.42 (7) 2.06 (10) 1.26 (10) 2.84 (10) 0.37(7) 0.82(10) 1.18(2) 4.42(9) 0.44(10) 2.37(5) 2.45(6) 0.76 (4) 20.87(10)
PB 217 236(8) 216(5) 1.99(4) 340(6) 059(2) 111(8) 1.10(9 5.10(8) 058(2) 2.79(1) 3.10(1) 0.94(1) 30.88(3)
RRIM 600 235(9) 214(8) 201(3) 354(4) 0.75(1) 1.15(7) 1.11(8) 5.39(7) 0.55(6) 1.56 (10) 1.78 (10) 0.44 (10) 24.29 (8)
NIG 804 23(10) 221(4) 1.81(8) 320(8) 0.31(9) 1.26(4) 1.04(10) 658(5) 0.56(3) 2.26(7) 2.40(5) 0.71(6) 48.42 (1)
Overall mean 2.43 2.17 1.84 3.44 0.46 4.23 1.13 6.66 0.53 2.22 2.32 0.69 29.80
Isd. 0.03 0.03 0.13 0.13 0.23 0.10 0.01 1.90 0.03 0.34 0.34 0.14 3.79

* **: Significant at P= 0.01 and P= 0.05 respectively (F-test)
Isd: Least significant difference
(+): Figures in parenthesis represent rank
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The best latex yielding clones were NIG 803 and NIG
804 at latex yield of 40.59 g/t/t and 48.42 g/t/t respec-
tively (Table 1). These realized latex yields were sig-
nificantly higher than latex yield of any of the exotic
clones (Table 1). The clone RRIM 600 had clonal
mean seed and kernel weight of 2.01 g/seed and 0.75
g/seed respectively. These values were significantly
higher than overall means in each case. Clonal mean
seed weight for PB 217 (1.99 g/seed), NIG 800
(2.09 g/seed) and NIG 803 (2.09 g/seed) were signifi-
cantly higher than the overall mean (Table 1). For the
juvenile characters, clonal means of stem height, stem
diameter and vigour index for PB 217 at 2.79 m,
3.10 cm and log;g 0.94 were significantly higher than
their respective overall means. The clonal mean stem
height of RRIC 45 (2.57 m) was significantly higher
than the overall mean while stem diameter and vigour
index for RRIM 614 at 2.71 cm and log,o 0.83 (respec-
tively) were significantly higher than their respective
overall means. For combination of characters, NIG
803 and PB 217 ranked between first and fourth for
four important characters viz seed and kernel weights,
juvenile stem diameter and latex yield (Table 1). The
genotypic correlation of bark thickness, and each of
ratios of seed/shell weight and kernel/shell weight with
most of the other characters were very low and hence
negligible (Table 2).

In some instances, the direct effect was though in the
same direction with correlation, there was a drastic
reduction in magnitude from direct effect to correlation
with latex yield. This was the case of seed weight with
direct effect of 1.56 and correlation at I'y = T'; = 0.33
(Tables 2 and 3). This reduction was mainly due to
negative indirect effects of seed volume and ratios of
kernel/shell weight, seed weight/volume at -1.09,
-0.72 and -1.34 respectively (Table 3). The positive
indirect effect of shell weight at 0.91 is also important
(Table 3). Fortunately, the direct effect of shell weight
on latex yield was 1.03 with correlation of I'y = 0.49
and I'y = 0.45 (Tables 2 and 3). There were negative
indirect effects of seed volume, ratios of kernel/shell
weight, seed weight/volume and stem height at -1.12,
-0.74, -1.04 and -0.52 respectively and positive indi-
rect effects via seed weight, ratio of seed/shell weight
and vigour index at respective indirect effects of 1.39,
1.21 and 0.62 in the relationship between shell weight
and latex yield. The direct effect of stem height and
correlation with latex yield were 1.65 and 0.26 respec-
tively (Table 3).

The reduction from 1.65 to 0.26 was due to the influ-
ence of vigour index at indirect effect of -1.75
(Table 3). Vigour index had insignificant phenotypic
and genotypic correlation with latex yield (Table 2).

Table 2
Phenotypic (upper diagonal) and genotypic (lower diagonal) correlation coefficients of Hevea latex yield (Q), seed (A — K)
and juvenile (L — P) characters

Seed Seed Seed Seed Kernel Shell Ratio Ratio Ratio Ratio Ratio Stem Stem Vigour Bark Leaf Latex
lenght width  weight volume weight weight of A/B of C/E of C/F of E/F of C/D height diameter index Thickn. whorls vyield
(A (B) ©) (D) (B) (F) (©) (H) 0} () (K) (8] (M) (N) ©) (P) Q

A = 0.29 0.14 0.52 -0.27 0.33 0.65* 063* -0.11 -0.13 -0.27 -0.25 -0.35 -0.29 0.05 0.15 -0.38
B 0.33 = 0.63* 0.79* -0.13 0.82** -0.53 0.34 -0.65* -0.65* 0.26 -0.11 -0.07 -0.11 0.29 0.70* 0.60
C 022 0.67* = 0.83** 058 0.88* -0.37 0.20 -0.65* -0.63* 0.75* -0.27 -0.29 -0.30 0.24 0.63* 0.33
D 0.01 0.83* 0.87* = 0.31 0.84* -0.15 0.32 -0.51 -0.51 0.29 -0.36 -0.35 -0.37 0.20 0.59 0.23
E -031 -0.15 0.61 0.18 = 0.18 -0.11 -0.41 -0.03 -0.01 0.51 -0.17 -0.17 -0.18 -0.05 0.04 -0.10
F 036 0.91** 1.00* 0.90* 0.28 = -0.36 0.42 -0.68* -0.65* 0.58 -0.31  -0.38 -0.35 0.19 0.83** 0.45
G 067+ -053 -038 -015 -0.14 -0.38 = 0.29 0.41 0.40 -0.45 -0.18 -0.28 -0.21 -0.23 -0.43 -0.85*
H 0.79** 0.45 0.28 0.40 -0.37 0.46 0.38 = -0.42  -0.44 0.04 -054 -054 -057 -0.22 0.12 -0.23
| N N -0.87** N N N N N = 1.00** -0.70* 0.14 0.14 0.17 -0.34 -0.47 -0.43
J N N N N -0.11 N N N 0.42 = -0.67* 0.13 0.11 0.15 -0.35 -0.43 -0.40
K -0.58 0.30 0.75* 0.37 0.52 0.76*  -0.50 0.11 N N = 0.01 -0.05 -0.03 0.32 0.44 0.34
L -033 -017 -0.33 -044 -004 -0.38 -0.23 -0.66* N N 0.01 = 0.94** 1.00* 0.65* -0.16 0.26
M -048 -0.13 -0.34 -043 -0.24 -051 -0.36 -0.65* N N -0.04  0.96** = 0.97** 0.65* -0.28 0.27
N -039 -016 -037 -046 -026 -0.44 0.01  -0.64* N N -0.05 1.00** 0.97* = 0.63* -0.19 0.26
(e] N N N N N N N N -0.13 -0.33 N N N N = 0.20 0.49
P 020 0.82* 092 0.86* 004 0.79** -0.61 0.32 N N 0.66* -0.80** -0.97** -0.85** N = 0.58
Q -0.41 0.65* 0.33 0.21 -0.16 049 -097* -0.34 N3 -0.16 0.41 0.36 0.36 0.39 N 0.85** =

* . **: Significant at P= 0.05 and P= 0.01 respectively (t — test)
N: Negligible

The ratio of seed length/width was negatively corre-
lated with latex yield at I'y = -0.97, T'); = -0.85 and
direct effect of -0.98 (Tables 2 and 3). The correspon-
dence between the significant correlation and direct
effect had stabilizing indirect effects of - 0.74 and 0.80
via ratios of seed/shell weight and seed weight/vol-
ume respectively (Table 3). There was a significant
positive genotypic correlation of 0.65 between seed
width and latex yield (Table 2). This was accompanied
by phenotypic correlation of 0.60 (Table 2).

The direct effect of bark thickness on latex yield was
0.62 with correlation of 0.49. Despite the support of
ratio of seed/shell weight and stem height at respec-
tive indirect effects of 0.60 and 1.09, the relatively high
indirect effects of ratio seed weight/volume at -0.57
and vigour index at -1.11 (Table 3), caused a decline
from direct effect to correlation. The fifth instance of a
reduction in magnitude from direct effect to correlation
was in the relationship between ratio of seed/kernel
weight at direct effect of -0.54 and correlation of
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Hevea latex yield (Q) and the sixteen seed (A — K) and juvenile (L — P) characters

Table 3
Direct (diagonal) and indirect (off — diagonal) effects of components of each phenotypic correlation coefficient between

Seed
lenght
(A)

Seed
width

(B)

Seed
weight
©

Seed
volume

(©)

Kernel
weight
(E)

Shell
weight
7

Ratio
of A/B
(©)

Ratio
of C/E

(H)

Ratio
of C/IF

0]

Ratio
of E/F

O

Ratio
of C/D
(K)

Stem
height
L)

Stem

Vigour

diameter index

(M)

(N)

Bark
Thickn.
©)

Leaf
whorls

(P)

Latex
yield
Q)

0.0875
0.0222
0.0107
0.0398
-0.0207
0.0252
0.0497
0.0474
-0.0084
-0.0099
-0.0207
-0.0192
-0.0268
-0.0222
0.0038
0.0115

T O zZzZIr X« —IOGTMmUOO®>

0.1541
-0.5424
-0.3348
-0.4198
0.0691
-0.4357
0.2816
-0.1807
0.3454
0.3454
-0.1382
0.0585
0.0372
0.0585
-0.1541
-0.3720

0.2204
0.9919
1.5645
1.2921
0.9290
1.3856

-0.5826

0.3149

-1.0334
-0.9919

1.1919

-0.4251
-0.4566
-0.4724

0.3779
0.9762

-0.6942
-1.0447
-1.0947
-1.3460
-0.4139
-1.1214
0.2003
-0.4272
0.6809
0.6809
-0.3738
0.4806
0.4673
0.4940
-0.2670
-0.7877

0.0866
0.0465
-0.2111
-0.1109
-0.3478
-0.0644
0.0394
0.1467
0.0107
0.0036
-0.1825
0.0608
0.0608
0.0644
0.0179
-0.0143

0.3415
0.8512
0.9134
0.8719
0.1868
1.0280

-0.3737 -0.9831

0.4360
-0.7058
-0.6747

0.6020
-0.3218
-0.3944
-0.3633

0.1972

0.8729

-0.6455
0.5263
0.3674
0.1490
0.1092
0.3575

-0.2880
-0.4072
-0.4072
0.4469
0.1788
0.2781
0.2086
0.2284
0.4270

-0.3381
-0.1844
-0.1091
-0.1745
0.2236
-0.2290
-0.1581
-0.5353
0.2290
0.2289
-0.0218
0.2945
0.2945
0.3108
0.1200
-0.0654

0.1948
1.1512
1.1612
0.9133
0.0531
1.2143
-0.7362
0.7339
-1.7611
-1.7611
1.2398
-0.2480
-0.2480
-0.3011
0.6022
0.8424

-0.1487
-0.7437
-0.7208
-0.5835
-0.0114
-0.7437

0.4577

-0.5034

1.1552
1.1552

-0.7666

0.1487
0.1257
0.1716

-0.4005
-0.4920

0.4818
-0.4640
-1.3384
-0.4997
-0.9201
-1.0350
0.8030
-0.0714
1.2382
1.1956
-1.7955
-0.0178
0.0892
0.0535
-0.5710
-0.7673

-0.4156
-0.1829
-0.4488
-0.5984
-0.2826
-0.5153
-0.2992
-0.8976
0.2327
0.2161
0.0166
1.6523
1.5726
1.6723
1.0905
-0.2660

0.1102
0.0220
0.0913
0.1102
0.0535
0.1196
0.0881
0.1700
-0.0441
-0.0346
0.0157
-0.2959
-0.3258
-0.3054
-0.2046
0.0881

0.5101
0.1935
0.5277
0.6509
0.3166
0.6157
0.3694
1.0027
-0.2990
-0.2639
0.528
-1.7491
-1.7063
-1.7691
-1.1082
0.3342

0.0316
0.1833
0.1517
0.1264
-0.0316
0.1201
-0.1454
-0.1391
-0.2149
-0.2212
0.2023
0.4109
0.4109
0.3982
0.6221
0.1264

-0.0485
-0.2262
-0.2003
-0.1906
-0.0129
-0.2714
0.1389
-0.0388
0.1519
0.1389
-0.1389
0.0517
0.0905
0.0614
-0.0646
-0.3341

-0.38
0.60
0.33
0.23
-0.10
0.45
-0.85
-0.23
-0.43
-0.40
0.33
0.26
0.27
0.26
0.49
0.58

Residual effect

0.02

-0.23 (Table 3). This was mainly due to the positive
indirect effects of ratio of seed/shell weight at 0.73 and
vigour index at 1.00 but negative indirect effect of
-0.90 via stem height. Lastly, the direct effect of ratio
of seed/shell weight on latex yield was -1.76 with cor-
relation of -0.43 (Table 3). The direct effect of -1.76
was influenced by positive indirect effects of 0.68,
1.16 and 1.23 via seed volume and ratios of seed/shell
weight, seed weight/volume respectively. On the other
hand, seed weight and shell weight were in favour of
the negative relationship between ratio of seed/shell
weight and latex yield through indirect effects of -1.03
and -0.71 respectively.

There was a reversal of the direction of correlation
compared to direct effect on latex yield in some char-
acters. Prominent among these is the relationship
between leaf whorls and latex yield. There was signif-
icant genotypic correlation between leaf whorls and
latex yield at I'y = 0.85, relatively high phenotypic cor-
relation at I'y = 0.58 and negative direct effect at
-0.33 (Tables 2 and 3). The positive indirect effect of
seed weight, shell weight and ratio of seed/shell
weight at 0.97, 0.87 and 0.84 (respectively) influenced
the direct effect of -0.33 to produce correlation coeffi-
cient of 0.58. Seed volume and ratio of seed
weight/volume were in favour of the negative direct
effect with respective indirect effects of -0.79 and
-0.77 (Table 3). In addition, genotypic and phenotypic
correlations, and direct effect of seed width on latex
yield were 0.65, 0.60 and -0.54 respectively (Tables 2
and 3). The negative direct effect was influenced by
seed weight, shell weight and ratio of seed/shell
weight at indirect effects of 0.99, 0.85 and 1.15
respectively (Table 3). Negative indirect effects of
seed volume at -1.04 and ratio of kernel/shell weight
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at -0.74 are also important in the relationship between
seed width and latex yield. The direct effect of seed
volume on latex yield was -1.35 with correlation of
0.23. The change in the direction was due to the influ-
ence of seed weight, shell weight, ratio of seed/shell
weight and vigour index at indirect effects of 1.29,
0.87, 0.91 and 0.65 respectively (Table 3). The direct
effect of ratio of kernel/shell weight at 1.16 was influ-
enced by indirect effects of seed weight at -0.99, shell
weight at -0.67, ratio of seed/shell weight at -1.76 to
produce a correlation of -0.40 with latex yield
(Table 3). The relatively high indirect effects seed vol-
ume at 0.68 and of ratio of seed weight/volume at 1.20
on the relationship between ratio of kernel/shell weight
and latex yield are also important (Table 3).

The change in the direction of the relatively high direct
effects to correlation was also recorded in the rela-
tionship between latex yield and each of ratio of seed
weight/volume and vigour index. The direct effect of
ratio of seed weight/volume on latex yield was -1.80
with correlation of 0.33 (Table 3). The major charac-
ters that influenced this relationship were seed weight,
shell weight and ratio of seed/shell weight at indirect
effects of 1.19, 0.60 and 1.24 respectively (Table 3).
The ratio of kernel/shell weight provided some support
at indirect effect of -0.77 to the negative direct effect.
The direct effect of vigour index on latex yield was
-1.77 with correlation of 0.26. Notwithstanding the
support of seed weight at indirect effect of -0.47, the
negative direct effect was reduced by positive direct
effects of seed volume and stem height at 0.49 and
1.67 respectively (Table 3).

Three characters viz seed length, kernel weight and
stem diameter had relatively low and insignificant phe-
notypic and genotypic correlation and direct effects on
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latex yield. These were less than + 0.45 in each case
(Tables 2 and 3). The residual effect of the path analy-
sis of latex yield using the sixteen characters was 2%
(Table 3).

Discussion

The significant clonal variation for nine seed charac-
ters and latex yield will permit selection among the
clones for latex yield and any of the nine seed char-
acters. This is important for the three economic char-
acters which are latex yield, seed weight and kernel
weight. Seeds are purchased from farmers on weight
basis while the kernel is a rich source of the rubber
seed oil (7, 9). The superior performance of two
clones developed in Nigeria (NIG 803 and NIG 804)
for the three economic characters is noteworthy.
Applying a correction term of 69.3 to the gram per tree
per tapping (10), latex yield of 2800 - 3300 kg/halyr is
obtainable for NIG 803 and NIG 804. This is higher
than latex yields of the exotic Hevea clones in this
study. The significant clonal variation for the seed and
juvenile characters will lead to clonal selection for
these characters. In addition, PB 217 and NIG 803
which stand out for high values of latex yield, seed
and juvenile characters are recommended for use as
a parents-in-crosses to develop progenies with com-
bined attributes of high latex yield, seed and juvenile
characters.

The practical utility of phenotypic correlation, as a
result of measurements often taken on the phenotype,
was emphasized by Ariyo et al. (3). Since inter-char-
acter genetic correlations determine the success of
selection due to correlated response, genetic correla-
tions serve to estimate the reliability of phenotypic cor-
relations (5). The significant genotypic correlation
between latex yield and each of seed width, ratio of
seed length/width and leaf whorls is very important.
This is more so as the direction of the phenotypic and
genotypic correlation with latex yield was the same for
each of the three characters. Path analysis of pheno-
typic correlation further enhances the application of
correlations for genetic improvement of Hevea
brasiliensis (11, 13).

The relationship between the number of leaf whorls
(two years after planting) and latex yield can be
applied to reduce the number of genotypes to be
tested in field trials through selection for high number
of leaf whorls. Selection in the upward direction for
leaf whorls is expected to produce clones with high
mean latex yield. This will be enhanced by simultane-
ous selection for high values of seed weight, shell
weight and ratio of seed/shell weight. The significant
genotypic correlation, which was higher than the phe-
notypic correlation suggests the relative importance of
effect of genes. As none of the other juvenile charac-
ters had appreciable indirect effect on this relation-
ship, indirect selection for latex yield based on leaf
whorls may not require simultaneous selection for any
of the other juvenile characters.

Selection for high mean seed width is also expected to
lead to high mean latex yield due to the significant and
positive genotypic correlation between the two char-
acters. As in the relationship between leaf whorls and
latex yield, the relative importance of gene effects
compared to the bulk phenotypic effect was mani-
fested. Simultaneous selection for high values of seed
weight, shell weight and ratio of seed/shell weight will
enhance the positive relationship between seed width
and latex yield.

Among the seed characters, the ratio of seed
length/width provided the most reliable relationship
with latex yield with the significant genotypic and phe-
notypic correlation and relatively high direct effect on
latex yield. This relationship, which was entirely nega-
tive, means that selection for lower values of ratio of
seed length/width will lead to increase in mean latex
yield. In order to utilize this relationship, simultaneous
selection for the stabilizing factors, i.e. ratios of
seed/shell weight and seed weight/volume, is recom-
mended. In this regard, latex yield will be the depend-
ent trait while the primary independent character will
be ratio seed length/width with ratios of seed/shell
weight and seed weight/volume as secondary inde-
pendent characters. The direct effect of the primary
independent character and indirect effects of the sec-
ondary independent characters will serve as weighting
factors. An equation for the use of the direct and indi-
rect effects is provided as follows:

-0.85 Q= - 0.98 (G*) - 0.74 (I) + 0.80 K
. -Q=-1.15 (G*) — 0.87 (I) + 0.94 K

The negative sign on Q (latex yield) is retained to
show the negative correlation. G* (ratio of seed
length/width) is the primary character. This implies that
on a standard normal scale, a selection of 1.15 units
in the lower trend for ratio of seed length/width should
be accompanied by 0.87 units on the downward trend
for ratio of seed/shell weight (I) and 0.94 units on the
higher trend for ratio of seed weight/volume (K). This
will result in an increase in mean latex yield. Since
effect coefficients are not reversible, the model of the
use of direct and indirect effects of any primary char-
acter of interest will be developed separately.

The relatively high indirect effects despite low correla-
tion with latex yield, which were obtained for some
seed and juvenile characters, can be utilized in breed-
ing programmes. This will involve the simultaneous
selection for the secondary characters in such rela-
tionship. This is more relevant when the direct effect
and correlation of the primary character with latex
yield are in the same direction. In this case, such sec-
ondary characters that have the same sign as the cor-
relation and direct effect are more useful. For
instance, the positive correlation between seed weight
and latex yield can be utilized by selecting for high
values of seed weight and shell weight while applying
independent culling method, at a fixed value, on the
characters having negative indirect effects (seed vol-
ume, ratios of kernel/shell weight and seed weight/
volume). Fortunately, the characters with negative
indirect effects appear to be independent of latex yield
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due to their insignificant correlation with latex yield.
This procedure can also be applied to use the rela-
tively high and positive direct effects of stem height
and shell weight on latex yield in spite of their low cor-
relation with latex yield.

The utilisation of the negative direct effect of ratio of
seed/shell weight on latex yield will involve simultane-
ous selection for low levels of ratio of seed/shell
weight, seed weight and shell weight while maintain-
ing a constant level of characters with positive indirect
effects. This will tend to maximize latex yield. In prac-
tical terms, the relationship between ratio of seed/shell
weight and latex yield may not be applied since the
reverse of high values of seed/shell weight and seed
weight are desired. The same principle for the use of
the relationship between seed/shell weight can be
applied in the relationship between ratio of seed/ker-
nel weight and latex yield.

The change in the direction/sign from direct effect to
correlation presents a difficult relationship. This is
more so when the correlation is not significant. Such
correlations when applied without path analysis will
produce results that are different from expected. In
this regard, the relationship between latex yield and
each of seed volume, ratios of kernel/shell weight and

seed weight/volume, and vigour index appear to be
inconsistent in this study.

Selection for any of the characters having insignificant
direct effect and correlation with latex yield can be car-
ried out without any appreciable effect on latex yield.
This will be applicable to seed length, kernel weight
and stem diameter. The residual effect of 2% suggests
a high level of reliability of the results in path analysis.
The low residual effect can be attributed to the large
number of causal (independent) factors and the sig-
nificant clonal variation for the dependent character
(latex yield) and most of the causal factors. Bakshi
and Hemaprabla (4) suggested the likelihood of low
un-accountable effect under these two conditions.

Acknowledgement

The authors are grateful to the Director, Rubber
Research Institute of Nigeria (RRIN) for providing the
facilities for this study. The assistance of Mr. B.I.
Onyeanakwe (Chief Agricultural Superintendent), Mr.
A. Aizoba of RRIN Computer Unit and field staff of
Plant Breeding Division, RRIN is also acknowledged.
The kind provision of references by CAB International,
UK is appreciated.

Literature

1. Aigbodion A.l., 1991, Preliminary studies on the preparation of rubber
seed oil alkyds. Indian J. Nat. Rubber Res. 4, 114-117.

2. Aniamaka E.E. & Olapade E.O., 1990, Comparison of different methods
of yield estimation in Hevea brasiliensis. Indian J. Nat. Rubber Res. 3,
98-101.

3. Ariyo O.J., Akenova M.E. & Fatokun C.A., 1987, Plant character correla-
tions and path analysis of pod yield in Okra (Abelmoschus esculentus).
Euphytica, 36, 677-686.

4. Bakshi R. & Hemaprabla G., 1991, Character interrelationships in cultivar
X species progenies in sugarcane. Indian J. Genet. 51, 89-95.

5. Falconer D.S., 1981, An introduction to quantitative genetics. 2" edition,
Longman, London.

6. Gomez K.A. & Gomez A.A., 1984, Statistical procedures for agricultural
Research. 2" edition, John Wiley & Sons, New York.

7. Haridasan V., 1997, Utilisation of rubber seeds in India. Rubber Board
Bulletin, 4, 1-2.

8. Joseph T. & Tharian G.K., 1994, Commercial exploitation of ancillary rub-
ber products. Econ. & Pol. (Weekly), Feb. 19, 413-415.

9. Nadarajah M., Abeysinghe A., Daratne, W.C. & Tharmalingan R., 1973,
The potentials of rubber seed collection and its utilisation in Sri Lanka.
Rubber Res. Inst. Sri. Lanka Bull. 8, 9-21.

10. Omokhafe K.O. & Ugwa I.K., 1997, Breeding and selection for high latex
yield in Hevea brasiliensis. Conf. Sci. Assoc. Nigeria, Abraka, Nigeria.

11. Omokhafe K.O., 2001, Preliminary investigation into tree dryness in
Hevea brasiliensis by path analysis of tree dryness and latex parameters.
Tropicultura, 19,1, 1-4.

12. Opeke L.K., 1987, Tropical tree crops. Spectrum Books Ltd., Ibadan,
Nigeria.

13. Premakumari D., Pannikar A.O.N., Marattukalam J.G. & Sethuraj M.R.,
1996, Yield and anatomical characters in Hevea: A path coefficient analy-
sis and characterisation of clones. Indian J. Nat. Rubber Res. 9, 12-16.

14. RRIN, 1991, Mid-year report, Plant Breeding Division, Rubber Research
Institute of Nigeria, Benin City, Nigeria.

15. Singh R.K. & Chaudhaury B.D., 1977, Biometrical methods in quantita-
tive genetic analysis. Kalyani Publishers, New Delhi, India.

16. Zenghua C., 1984, Rubber (Hevea), Pp. 547-571. In: Sharp W.R., Evans
D.A., Ammirato, V. & Yamada, Y. (eds.). Handbook of plant cell culture
(Part 11). Macmillan, London, (1984).

K.O. Omokhafe, Nigerian, B. Agric., M. Phil., Ph.D. (Plant Breeding and Genetics). Plant Breeding Division, Rubber Research Institute of Nigeria. Research on

the genetic improvement and biotechnology of Hevea brasiliensis.

J.E. Alika, Nigerian, B.Sc., M.Sc., Ph.D., Professor (Plant Breeding and Genetics). Department of Crop Science, University of Benin, Benin City, Nigeria. Research

on genetic improvement of Hevea brasiliensis and Zea mays.

178



