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ABSTRACT .

The development of oil palm planting material (‘Dura’ x ‘Pisifera’) with a high level of per-
formance over a wide range of environments is an important objective for most breeding programs.
In Malaysia, four companies cooperated and evaluated seven Nifor hybrids (Nigerian Institute for
Qil Palm Research) and four Malaysian hybrids for five years at four locations in Malaysia. There
were significant differences among the hybrids for all the bunch yield and its components {bunch
number and bunch weight), some vegetative growth and bunch characters analyzed. Significant Gx E
interactions were observed for the bunch yield and its components, some vegetative growth characters
(height, petiole cross section and leaf area) and some of the bunch characters (kernel to frui, wet

* mesocarp to fruit and oil 7 3h). The significance of these G x E interactions was discussed. In
the regression analysis for tlk’xe yvield and the vegetative growth characters, the growth response and
stability indices of these traits were 50 examined.

(G x E) interaction.

Several methods have been used to estimate the differential responses of genotypes to environ-
ments (Spraque & Federer 1951, Comstock & Robinson 1952, Hanson et al. 1956, Comstock &
Moll 1963). These methods provide only information on the existence and magnitude of G x E
interactions but no measurements on the response of individual genotype.

The method to quantify stability of individual genotypes using a regression analysis was first
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raised by Yates and Cochran (1938), and was later developed by Finlay and Wilkinson (1963), and
Eberhart and Russel} (1966). Subsequently there were further modifications of the regression
technique for estimating stability parameters (Perkins & Jinks 1968, Breese 1969, Freeman & Perkins
1971). ‘

This approach on stability analysis has been widely used to compare the relative performance
of genotypes in various environments of different annuaj crops but little information is available
on perennial tree crops (Nguyen er. al. 1980, Gray 1982, Obisesan and Fatunla 1983).

In the oil palm, there are limited ir formation available on genotype-environment interactions,
Rosenquist (1982) concluded that there were no evidence of G X E interaction based on ranking
of the progenies evaluated on two sites, Obii"‘j: and Fatunla (1983) reported significant genotype
X year interaction for bunch vield and its components on 49 D x P hybrids based on a single location
trial. Rajanaidu er a/. (1985) also reported no G X E interaction in a study involving oil palm D x P
hybrids derived from 7 origins and evaluated at 3 locations.

The objectives of this paper are:
@) To determine whether G x E interactions exist in oil palm for bunch yield and ijts components
(bunch number ‘and bunch weight), vegetative growth and bunch characters, and

(i)  To estimate the stability indices of these characters using Eberhart & Russel model.

In the Eberhart-Russell model, an environmenta} index is expressed by the mean performance
of all genotypes grown in an environment. The regression of individual genotype’s performance
on the environmental index provides two stability indices, viz, the regression coefficients (b-values)
and the mean square deviations from regression, S2d (a measure of departure of individual genotype
from its linear response to the environment).

MATERIALS AND METHODS

Seven Nifor and four Malaysian dura x pisifera’ hybrid families of oil palm (Elaeis
guineensis) planted at four lIocations in Malaysia were used for this study. The trial in HMPB
was planted on coastal soil with a fairly high water table for most part of the year while the trials
in Guthrie and Dunlop were planted on inland soils with a low water table and seasonal variation
in rainfall. The fourth tria] was planted by Pamol in Sabah (East Malaysia) and located near a river
bank with a fluctuating water table. The locations ind experimental details are shown in Appendix L.

The ‘dura’ and ‘pisifera’ are different fruit forms of shell thickness ‘controlled by a single
gene (Beirnaert & Vanderweyen 1941) The ‘dura’ palms produce thick-shelled fruits while the fruit
form of the ‘pisifera’ palms is shell-less. The hybrid is referred to as ‘tenera’ or D x P and the fruit
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form of this hybrid has thin shell with a fibrering. The “pisifera’ palms are female sterile and there-
fore used as male parents. :

The data for bunch yield and its components (total of 5 years), vegetative growth and bunch
characters were analyzed for genotype-environment (G x E) interaction according to Cochran
and Cox (1959).

Stability indices proposed by Eberhart and Russell (1966) were calculated for bunch yield
and its components and vegetative growth characters. Growth response index of each hybrid was
expressed by the linear regression (b-value) of its average yield on the average yield of all hybrids
in each environment (environmental index). The deviation from regression mean square (Szd)
can be used as a stability index. Pinthus (1973) proposed the use of the coefficient of determination,
Pasa stability index and this was calculated between average yield of individual hybrids and the
environmental index of each trait. The 2 measures the proportion of a hybrid’s production varia-
tion that is attributable to linear regression, as an index of production stability over environments.
Another stability index, the Ecovalence, w, developed by Wricke (1962) was also calculated. This
Ecovalence, w assigns an index to a hybrid on the basis of its deviation from a regression line of
unity. '

RESULTS AND DISCUSSION

Differences ar;ong Dx P hybrids for the bunch yield and its components (bunch number and bunch
weight) and some vegetative growth characters (height, petiole cross-section and leaf area) were
highly significant (P < 0.01) as shown in Table 1 and 2.

Table 1. Analysis of variance for bunch yield, bunch number and bunch weight of DxP oil palm
hybrids (Total of 5 years).

-y

——— e oW

vz

Mean Squares

Bunch yield Bunch No. Bunch \«T

Source d.f. (kg/palm) (No./palm) (kg)
Locations (E) 3 660168.0 3729.50 53.8438
Families (G) : 10 275918.0 IIX 1800.88 111 48.4290 I1X
GxE D 21 10419.1 11X 221.27 111 1.6830 IXX
-Pooled Error 101 3316.2 31.33 0.2463
—_— . —

for Homogeneity 3 X

of variance 9.111X 1.89 NS 8.2 I
NS : Not Significant. k4
Ir . Significantly different at 1% level.

111 . Significantly different at 0.1 % level.
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Table 2. Analysis of variance for some vegetative growth characters (Height, petiole cross-section -
and leaf area) of DxP oil palm hybrids

Mean Squares

_ Petiole

Height Cross-section Leaf Area
Source d.f. (cm) (sq cm) (sq_m)
Locations (E) 3 90443 .4 651.884 25.2681
Families (G) 10 - 17711.1 XX 469.858 III 14.5998 IIX
GxE 21 1753.1 11X 25.149 11} 0.7255 11X
Pooled Error 101 541.4 6.722 0.3198
for
homogeneity 3 3.8,NS 14,31 II 4.45 NS
of variance 7

e -

NS : Not Significant.
IX . Significantly different at 1% level.

gI1 . Significantly different at 0.1% level,

Significant G x E interactions were observed for the bunch yield and its components and
vegetative growth characters. Although the individual error variances for bunch yield (P < 0.001),
bunch weight (P < 0.01) and petiole cross-section (P < 0.01) were not homogenous (Bartlett’s test),
the G X E interactions for these three characters as measured from their respective pooled variances
were found ta be significant. However, previous studies indicated no significant G x E interactions
in oil palm (Rosenquist 1982, Rajanaidu et al. 1985).

The mean values of the characters ( x ) and the stability indices, b, S2d, r? and w values are
presented in Appendix Ha and IIb. For average bunch yield, bunch number and bunch weight,
the b-values ranged from 0.7533 to 1.4375, 0.5194 to 1.6903 and 0.5896 to 1.7485 respectively.
In the vegetative growth characters of leaf area, petiole cross-section and height, the b-values ranged
from 0.4206 to 1.5134, 0.3872 to 1.4714 and 0.5584 to 1.3624 respectively. A b-value of unity
indicates the genotype’s ability to respond to increment in an improved environment. T-tests
showed that bunch weight in M 17 and leaf area in M 25 differed significantly from unity (b=1).
However, the wide range of b-values obtained showed that there were considerable variations for
the growth response index in all characters tested.

The deviation mean square (S? d) for each hybrid was not significantly different for all the
characters tested except S2d for bunch number in NF 10 (P <0.001). According to Langer et al.
(1979), S%dis a measure of response to varying environments and concluded that S?d is'a true
measure of production stability, i.e. a stable genotype has S2d not significantly different from zero.
As the number of locations and hybrids tested is small in this analysis, statistical interpretation

- on S2d will not be drawn but rather used as a guide on the relative stability of the hybrid families,
i.e. the smaller the Szd, the more stable will be the hybrid as compared to others.
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The coefficients of determination (rz) were highly variable in bunch number, petiole cross-
section and height. The w index of stability varied greatly among the hybrids for each trait. Nguyen
et al. (1980) and Gray (1982) reported that the stability of a genotype is inversely proportional to
the w index and therefore showing stability differences among the genotypes over the environments.
Similarly, the w index obtained were found to be highly variable in most of the characters studied.

An attempt was also made to study the G x E interaction of some bunch characters at 2
locations viz, Guthrie and HMPB. No significant family differences were observed for wet mesocarp
to fruit ratio (WP/F %) and oil to bunch ratio (O/B %) as presented in Table 3. Significant G x E
interactions were found in kernel to fruit ratio (K/F %), wet mesocarp to fruit ratio (WP/F %)
and oil to bunch ratio (O/B %). Rajanaidu et al. (1985) again reported no significant G x E interac-
tion on bunch characters for oil to bunch ratio (O/B %) and oil to wet mesocarp (O/WP %) at three
locations. As data for bunch characters were available only at two locations, regression analysis
could not be carried out.

Table 3. Analysis of Variance for some bunch characters of DxP oil palm hybrids.

Mean Squares

Source d.f. F/B(%) K/F (%) S/F (%)  WP/F (%) O/B (%)
Locations (E) | 1.165 8.820 1.576 32.397 7.415
Families (G) 6 20287 I 7.296 X 11.956 IX 14.589 NS  8.835NS
GXE 6  2.608NS 1.564 II  0.813NS  5.420 I 4.882 111
Pooled error 42 1.897 0.341 0.715 1.716 0.491
N
for
homogeneity 3 1.95S NS  0.77 NS 1.52 NS 2.84 NS 0.25 NS

of variance

F/B : “Fruit to bunch ratio (%).
K/F : Kernél to fruit ratio (%).
S/F : Shell to fruit ratio (%).
WP/F : Wet mesocarp to fruit ratio (%). .
O/B  : Oil to bunch ratio (%). ‘
NS :  Not significant.
1 : Significantly different at 5% level.
IT . Significanty different at 1% level.

ITX : Significantly different at 0.1% level.
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The stability indices and mean bunch yield over all the environments are important para-
meters in the identification for a stable genotype. An ideal genotype is one with high bunch yield,
a regression coefficient of one (b= 1) and a low deviation mean square (S?d = 0). Of the various
hybrids studied, M 22 appears to be desirable with the highest bunch yield of 194.2 kg/palm/yr,
a regression coefficient not significantly different from one, a low $2d (4.07) and a high r? (0.97).
Conversely, NF 5 and NF 7 though having b values closed to one and low Sd, they are not so
desirable because of their poor yields.

CONCLUSION

In the development and evaluation of new planting materials, the breeders are often confronted
by the large space requirement and long generation time that preclude standard exploratory ex-
perimentation. Progeny testing of new ple ting materials at different locations is therefore seldom
carried out. From the commercial viewpoint, itrmgy be desirable to produce oil palm planting
material adaptable to different environments.« e.¢rnatively, it can be developed to suit a specific
environment. ) '

In the present study, though significant genotype-environment interactions were observed
in all the yield components, some of the vegetative growth and the bunch characters, the inclusion
of the regression analysis had provided further explanation on the variable growth response and
stability of each genotype. The results from the regression analysis further indicate that oil palm
hybrids of Nigerian and Malaysia sources exhibit some differential response to the locations tested.
To ensure success in the production of better planting materials, it is, therefore, possible to select
high yielding genotypes with wide adaptability. Thus, evaluation trials for new planting materials
should be tested at different locations.

With the advent of tissue culture techniques for clonal propagation of oil palm, utilization
of the response and stability indices could further enhance the effectiveness of clonal comparisons
and selection for clones with high adaptability.
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Appendix 1. Experimental details on DxP hybrids planted at locations jn Malaysia.

Locations
Dunlop Guthrie’ HMPB Pamol
Experiment No. 0/5-1/G GB 31 PT 29 PT 2/69
(Phase II)
Estate Gomalj Bukit Badak Sungei Sedu Tungud
Location Batu Anam, RSP Layang Banting Sandakan
Gemas, Joho;e Johor Selangor Sabah
Date of fVIay 1967 Jan 1968 Nov 1967 Dec 1968
Planting
Soil type Batu Anam Rengam Selangor - Inanam
Durian series’ series series
(Inland soil) (Inland soil) (Coastal clay) (Riverine
alluvium)
Plot size 20 16 12 16
Density 148 148 148 148
(palms/ha)
Replicates 4 4 5 4
Design RCBD RCBD RCBD RCBD
Yield records Jan 1971- Jan 1972- Jan 197]1- Jan 1973-
Dec 1975 Dec 1976 Dec 1975 Dec 1977
Vegetative June 1978 June 1978 " June 1978 June 1978
measurements
Bunch analysis - Jan 1973- Jan 1971- -
Feb 1977

Dec 1973
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