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GENOTYPE x ENVIRONMENT
INTERACTION AND STABILITY
ANALYSES IN OIL PALM
(Elaeis guineensis Jacq.) PROGENIES
OVER SIX LOCATIONS

RAFII, M Y* ; RAJANAIDU, N*; JALANI, B S* and ZAKRI, A H**

pisifera progenies, evaluated at six locations for yield and its components. The

presence of G x E interaction was detected for yield and its components. The Gx E
variance component was relatively small and ranged from 3.53% to 4.12%. The result
showed that fresh fruit bunch (FFB) yield had a larger G x E variance component (0°%;)
than genetic variance component (), indicating that this character was very sensitive to
the environment. The joint regression analysis showed that the linear regressions accounted
for a small proportion of the total G x E interaction. This suggests that a non-linear com-
ponent part of G x E interaction for the characters played an important role.

G enotype and environment (G x E) interaction was estimated in 40 oil palm dura x

The combined use of all the stability determination methods could provide a better inter-
pretation of individual stability of genotypes. Combined use of 10 stability statistics for
FFB vield indicated that progenies DP8 and DP21 were highly stable genotypes, which
also produced above average FFB yield. On the other hand, progenies DP7 and DP30 were

the most unstable genotypes as indicated by all the stability parameters.

Keywords:

Genotype x environment interaction, stability statistics, G x E variance and genetic variance.

INTRODUCTION
Multilocation trials play an important role in
breeding programmes in evaluating the adapt-
ability of new varieties in various environments.
Often, the genotypic performance depends on the
environment, leading to changes in relative
phenotypic values for a number of genotypes in
diverse environments. This difference is con-
sidered as an interaction between G x E. Sev-
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eral methods of estimating the relative stabil-
ity of performance of genotypes across environ-
ments, such as joint regression analysis (Eber-
hart and Russell, 1966), genotype grouping tech-
niques (Francis and Kannenberg, 1978;
Rajanaidu et al., 1993; Yong et al., 1993) and
rank sum method (Kang, 1988a; Kang et al.,
1990) are available.

G x E interaction has in recent years gained
importance in oil palm breeding programmes.
Several researchers studied G x E interaction
in oil palm and found that genotypes respond to
the environment in different ways. Rosenquist
(1985) and Rajanaidu et al. (1986) reported the
absence of G x E interaction for yield in their
progenies studied. However, significant G x E
interaction was reported by Obisesan and
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Fatunla (1983), Ong e al. (1986), Lee et al.
(1988), Rajanaidu et al. (1992) and, Yong and
Chan (1990) in other progenies.

In the present study, 40 oil palm progenies
derived from crosses between D x P were tested
at six different locations. The objectives of this
study were to understand the G x E interaction
in an oil palm population and to identify and
select for high yielding and stable oil palm
genotypes using several methods of stability
analysis.

MATERIALS AND METHODS
Genotypes

Forty D x P progenies were tested in each of
six locations. The North Carolina Mating
Design I (NCMI) described by Comstock and
Robinson (1948; 1952) was used to develop the
progenies for G x E interaction studies.

Fifteen pisifera palms of AVROS, Serdang
S27B, Serdang 29/36, Lever Nigeria and Lever
Cameroon were chosen to be the male and each
of them was mated initially to four Deli dura
palms designated as females. Forty full-sib
families were developed from crosses between
each pisifera parent to two to four duras for this

study (Table 1 ).
Locations and Experimental Design

Six locations were used for testing the prog-
enies, namely Kluang (Johor), Kudat (Sabah),
Beaufort (Sabah), Teluk Intan (Perak), Carey
Island (Selangor) and Kepong (Selangor). All
the locations differed in terms of soil physical
and chemical properties and climate (spegifically
rainfall). The soil types ranged from coastal clay
to riverine alluvium and the rainfall in these
sites ranged from 1800 to 3500 mm yr?. The
Kudat area has a distinct dry period with only
102 rainy days.

The progenies were arranged in a completely
randomized design (CRD) with two replications
at each location and five palms were planted for
each progeny and replication. The planting den-
sity varied from 136 to 148 palms ha.

Data Collection

Yield data were collected in all six locations.
The FFB yield was harvested from 37 months

12

after planting. Four years of yield data were
collected from 1985 to 1988 for Kudat, Beaufort,
Teluk Intan, Carey Island and Kepong, and from
1986 to 1989 for Kluang. Each palm was in-
spected every 10 days and any ripe fruit bunch
present was harvested and weighed using a sim-
ple spring balance. The weight of bunch(es) and
the number of bunches (BNO) were recorded for
each palm, and the average bunch weight
(ABWT) was derived by dividing FFB by BNO.

General Statistics

Genotype means for each location and across
locations, and location means were computed.
From the computation, the simple statistics for
each character, i.e., mean, minimum and maxi-
mum values, and the least significant difference
(LSD) was obtained. For location means, the
Duncan new multiple range test (DNMRT) was
carried out.

The analysis of variance for each of the char-
acters under study in the 40 D x P progenies for
each location and pooled data over locations was
computed using individual palms data. A ran-
dom model was used.

Stability of Genotypes

The analyses of variance is useful for estimat-
ing genetic and environment variances as well
as for detecting the G x E effect. They could not
be used to determine the stability of individual
genotypes. Several techniques were used to
measure the stability of the individual geno-

types.
Genotype-grouping Techniques

Two types of genotype-grouping techniques
have been reported. They are:

i) Mean against coefficient of variation (CV)
as proposed by Francis and Kannenberg
(1978); and

ii) Mean against standard deviation (SD) as
used by Yong et al. (1993).

These techniques are essentially descriptive
or illustrative where the genotypes are grouped
by plotting their respective CV or SD against
their means for each of the characters. Four
quadrants are formed by the intersecting lines
drawn to represent the overall CV and SD and
grand mean (over all locations) for a particular
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character. Stability is then defined according
to the relationship of the genotypes to these four
general combinations of CV or SD and grand
mean:

i) Low CV or SD and high mean (highly sta-
ble);

i) Low CV or SD and low mean (stable);

iii) High CV or SD and high mean (unsta-
ble); and

iv) High CV or SD and low mean (highly un-
stable).

G x E Variance Component Analyses

According to Shukla (1972), the values of sta-
bility variance (¢%) and stability variance fol-
lowing removal of heterogeneity due to the lin-
ear effect of a covariate (s?) are computed from
the following equations:

o2 = 1 X
(-1 (g-1) (g-2)

The ecovalence sum of square, for each geno-
type was divided by (g - 1) ({ - 1)/g to estimate
W, mean square (Kang and Miller, 1984). The
values of o? s? and W, were computed by Inter-
active BASIC' programme for calculating the
stability parameters developed by Kang (1988b).

The palms within genotype mean squares
were used for testing the stability variance
(c%), stability variance after removal of covariate
effect (s, ) and ecovalence mean square (W MS).
Highly significant or significant values of those
parameters imply that the genotype was highly
unstable or unstable, respectively.

Joint Regression Analysis
The method of joint regression analysis after

Eberhart and Russell (1966) was chosen to in-
terpret the G x E interaction to have an insight

40 DIN(TIEITIVEED W) W(THERTINA)

where p, = Y,-Y,

Be = Xp/l

[ = number of locations.

g = number of genotypes.

; = trait value of i* genotype in j** location, and

Y, = mean of all genotypes in j " location.

s? = _ g [S-%8/g(gD]
(g-2U-2)

where S, = 3¢ (w;-u.-b,Z)?

b= Xy- w2527

Z. = acovariate for the j* location.

Ecovalence was calculated for each genotype according to Wricke (1962):

W, = XU {.-Y./g?
where Y. = sum of the i genotype over all locations.
Y.. = grand sum.
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into the stability of the 40 genotypes for the se-
lected characters under study.

The model according to Eberhart and Russell
(1966) is defined by the following form:

Y, = w+BL+8,
where Y. = genotype mean of the it
genotype at the j* location.
u, = the mean ofthei*™genotype
over all locations.
B, = theregression coefficient.
I. = the environment index ob-

tained as the mean of all
genotypes at the j*location
minus the grand mean.

= the deviation from regres-
sion of the it genotype at the
j™location.

The regression coefficient was esti-
mated as follows:

The deviation from regression (s*d)
was computed using the following

equation:
s’d, = [28%/(-2)]-8S%/r
where S?, = the estimate of the pooled
error.
r = number of replications.
[ = number of locations.

Table 2 shows the analysis of variance for the
model. In this model, the sum of squares due to
environment and G x E are partitioned into
environment (linear), G x E (linear) and devia-
tion from regression.

Following this model, a stable genotype has a
regression coefficient of b, =1.0 and deviation
from the regression as small as possible
(s*d. =0).

Huhn’s Non-parametric Stability
Statistic

The stability statistic, S? as proposed by Huhn

b = YSY.L/S 12 (1979), is based on the yield rank and stability
i J ] N
TABLE 2. ANALYSIS OF VARIANCE WHEN STABILITY
PARAMETERS ARE ESTIMATED

Source df SS MS
Total gl-1 2 XY ~CF
Genotype (G) g-1 113 Y%, -CF
Environment (Env) + G g (-1 2 Zj Y72 XY MS1
x Env ‘

Env (linear) 1 Vg (XY, DX I

G x Env (linear) g-1 2 1( Zj Y, 1)?/ %, I2] — Env (linear) SS MS2

Pooled deviation g(l-2) 2, ZJ. 0%, MS3
Pooled error [ (r-1)g-1)

Notes: C.F. - correction factor.

g - number of genotypes.

! - number of locations.

r - number of replications.
I
J

- environmental index in j* location.
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of the genotype in each environment as
expressed below:

S = Y (rr)?

1 AR
T

where r_is the rank of the i genotype in

the j* environment and r,is the mean of

ranks over all environments for it genotype.

The genotype with the smallest value is

given the rank of 1 and the highest is given
~ arank of 40.

Lin and Binns’ Superiority Measure

Lin and Binns (1988) developed a superiority
measure (P) for genotypes from genotype x lo-
cation data. The P, is defined as the distance
mean square between the genotype response and
the maximum response averaged over all the
locations, and is computed as follows:

n
3 (X, - M) %2
j=1

where X_is the mean of the i** genotype
grown in the j* location, M, is the maxi-
mum response among all genotypes in the
j®location, and / is the number of locations.
In the same manner as S%, the smallest
value of P, indicated the most stable
genotype.

Kang’s Rank Sum Method

Two stability statistics, rank sum (RS) and
modified rank sum (MRS), were developed by
Kang (1988a) and Kang et al. (1990), respec-

i

tively. The RS is derived from the sum of char-
acter mean rank and Shukla’s stability variance
() rank. In this method, ranks are assigned
for the mean character with the genotype hav-
ing the highest mean receiving the rank of 1.
Similarly, ranks are assigned for stability vari-
ance, with the lowest estimated value receiving
the rank of 1. The lowest RS value is regarded
as the most desirable and represented the most
stable genotype.

The MRS does take into account the signifi-
cance levels of stability variance, which are not
considered in RS method. The MRS method as-
signs a stability rating of zero for a non-signifi-
cant 6%, 10 for significant at the 5% probability
level, and 20 for ¢? significant at the 1% prob-
ability level in the present study. This rating is
added to the yield rank of a genotype and the
lowest MRS value is regarded as the most
desirable genotype.

RESULTS AND DISCUSSION

Performance of the D x P Progenies and
Genetic Variation

The performance and genetic variation of the
D x P progenies at each location for FFB yield,
BNO and ABWT are shown in Tables 3 to 7.
Results of the evaluation at each location showed
that Carey Island (184.63 kg palm™ yr!) was the
most favourable environment for FFB yield,
whereas Kudat (86.06 kg palm™ yr?!) was the
least. The DNMRT determined that the FFB
yield means at Teluk Intan and Carey Island
were not significantly different, but were sig-
nificantly different compared to the other envi-

TABLE 3. LOCATION MEANS FOR YIELD AND ITS COMPONENTS

Character

Location (FFB, kg palm™ yr') BNO (ABWT, kg)
Kudat 86.06d 8.82f 9.97b
Beaufort 142.65b 11.67d 12.17a
Teluk Intan 177.86a 14.51¢ 12.53a
Carey Island 184.63a 20.23a 9.31¢
Kepong 135.58b 17.49b 7.82d
Kluang 96.22¢ 9.75e 9.89b
Mean 137.17 13.74 10.28

Note: means with the same letter in the same column are not significantly different at P < 0.05

with DNMRT.
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TABLE 4. PROGENY MEANS FOR FFB ( kg palm™ yr') YIELD IN INDIVIDUAL LOCATIONS

No. Progeny Pisifera Kudat Beaufort Teluk Carey Kepong Kluang Progeny

code Intan Island mean
1 DP 1 1 75.94 172.88 163.27 144.64 132.88 90.91 130.09
2 DP 2 1 86.59 137.65 189.90 171.55 141.81 97.15 137.44
3 DP3 1 88.67 123.35 175.71  180.28 133.25 108.42 134.95
4 DP 4 1 91.40 146.33 163.91 171.33 131.80 78.32 130.51
5 DP5 2 77.30 130.98 169.82  160.01 149.04 94.23 130.23
6 DP6 2 102.80 145.34 159.88 174.21 116.57 109.74 134.76
7 DP7 3 85.53 88.53 182.69 221.10 135.09 114.93 138.02
8 DP8 3 87.60 173.94 188.46  190.92 141.45 106.63 148.16
9 DP9 4 83.72 159.69 174.40 173.28 129.61 100.14 136.81
10 DP10 4 86.42 166.33 195.83 176.95 157.07 103.70 147.72
11 DP11 4 84.82 143.70 197.60 184.20 128.62 104.65 140.60
12 DP12 5 86.77 144.07 181.47 209.51 127.13 90.81 139.96
13 DP13 5 84.66 116.67 162.85 188.38 119.01 94.85 127.74
14 DP14 6 66.41 114.75 153.88  164.92 146.76 78.85 120.93
15 DP15 6 99.97 132.66 170.05 178.87 139.61 80.01 133.53
16 DP16 7 90.80 187.59 171.74  196.07 161.49 93.13 150.14
17 DP17 7 81.79 154.95 176.08 169.46 119.93 103.84 134.34
18 DP18 8 82.73 154.15 180.23 170.85 140.37 84.54 - 135.48
19 DP19 8 100.13 196.88 . 17185 222.19 130.87 127.19 158.18
20 DP20 8 88.68 126.89 160.42  193.17 144.93 105.96 136.68
21 DP21 9 100.01 186.15 185.63  181.29 130.49 101.96 147.59
22 DP22 9 86.13 138.21 154.43 187.32 142.43 135.11 140.60
23 DP23 9 113.79 138.80 209.73  235.02 141.59 123.77 160.45
24 DP24 10 72.98 143.32 214.16  187.46 125.55 114.67 143.02
25 DP25 10 82.12 160.71 205.70 184.32 127.75 125.68 147.71
26 DP26 10 97.88 132.88 208.21  225.40 130.09 87.47 146.99
27 DP27 11 90.65 150.30 178.12  174.58 126.14 95.80 135.93
28 DP28 11 94.13 126.51 187.68 199.46 121.28 78.13 134.56
29 DP29 12 67.25 145.83 178.95 182.12 132.80 106.21 135.53
30 DP30 12 75.33 67.77 146.44 181.54 128.95 78.77 113.13
31 DP31 13 96.42 137.70 194.19  199.03 125.28 92.46 140.85
32 DP32 13 72.15 124.99 189.54 177.74 133.95 54.50 125.48
33 DP33 13 84.82 138.46 203.29 224.28 136.27 87.93 145.84
34 DP34 14 81.89 144.78 156.12 188.24 151.32 107.37 138.29
35 DP35 14 74.72 125.35 193.61 165.81 146.86 90.59 132.82
36 DP36 14 82.66 154.82 166.13  168.73 142.37 66.86 130.26
37 DP37 14 68.46 150.39 173.28 169.84 126.21 64.76 125.49
38 DP38 15 101.97 150.58 154.36  166.07 147.39 93.67 135.67
39 DP39 15 75.36 137.78 169.80  179.07 140.47 95.90 133.06
40 DP40 15 90.87 133.32 155.14  166.13 138.57 79.05 127.18
Location mean 86.06 142.65 177.86 184.63 135.58 96.22 137.17
Min. 66.41 67.77 146.44 144.64 116.57 54.50 113.13
Max. 113.79 196.88 214.16  235.02 161.49 135.11 160.45
LSD(P<0.05) 27.89 61.31 34.73 38.69 25.14 42.83 35.79
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TABLE 5. MEAN SQUARES OF FULL-SIB ANOVA AND VARIANCE
COMPONENTS FOR FFB YIELD IN INDIVIDUAL LOCATIONS

Source daf Kudat Beaufort Teluk Carey Kepong Kluang
Intan Island
Progeny (Q) 39 1108.95 5 758.80%* 2 983.10** 3 682.96** 1 025.33 2 865.12%*
Replication (R) 1 2 095.33 107 572.02** 14 673.73** 3 131.83 5598.06 22395.61
GxR 39 944.65 4 565.86 1446.49 1720.10 742.08 2 160.52
@ within palms 882.07 3410.87 1495.39 1 228.76 1952.97 1575.38
(318) (318) (314) (301) (307) (308)
o, 16.53 120.01 156.48 208.81 29.51 73.09
(1.80)* (2.80) (9.10) (13.47) (1.47) (3.90)
o% 5.79 518.14 67.35 7.51 25.29 104.95
(0.63) (12.10) (3.92) (0.48) (1.26) (5.60)
0% 12.59 232.39 0.00 104.54 0.00 121.40
(1.37) (5.43) (0.00) (6.75) (0.00) (6.47)
o2, 882.07 3410.87 1495.39 1 228.76 1952.97 1575.38
(96.19) (86.98) (79.29) (97.27) (84.03)

(79.67)

Notes: ** Significant at P < 0.01; @ ( ) df for within palms; ( )* variance component as percentage of total variance.
Harmonic means for palms in progeny/rep (n’) = 4.97, 4.97, 4.91, 4.70, 4.78 and 4.82 for Kudat, Beaufort, Teluk
Intan, Carey Island, Kepong and Kluang , respectively. Negative estimate for which the most reasonable value is

Zero.

ronments (Table 3). The results of progeny mean
over locations showed that DP23 had the high-
est FFB yield (160.45 kg palm™? yr'), whereas
progeny DP30 had the lowest (113.13 kg palm™
yr') (Table 4). The ANOVA for individual loca-
tions showed differences between progenies at
Beaufort, Teluk Intan, Carey Island and Kluang
but not at Kudat and Kepong (Table 5). The
genetic variance (6,%) as a proportion of all com-
ponents, was much smaller than 6,2 and ranged
from 1.47% (Kepong) to 13.47% (Carey Island).

BNO was highest at Carey Island, followed
by Kepong, Teluk Intan, Beaufort, Kluang and
Kudat (Table 3). The mean BNO at each envi-
ronment was different. Statistical analysis us-
ing DNMRT supported these results by detect-
ing significant differences among locations. The
progeny means over all locations ranged from
12.16 (DP30) to 18.24 bunches (DP19) (Table 6).
The progenies were significantly different in all
locations except at Kepong. The genetic vari-
ance was the second largest as compared to other
components at all locations except at Kudat. The
o ranged from 3.19% to 25.74%, indicating that
the environment had a major role in determin-

19

ing BNO of oil palm for these progenies
(Table 7).

In the present study, a large variation among
the genotypes was detected in the D x P prog-
enies. Differences in the performance of geno-
types might have been due to differences in the
environmental factors, especially rainfall inten-
sity, soil fertility, genetical differences and
G x E interaction. Higher FFB yield and BNO
were obtained at Carey Island and Teluk Intan
than at the other locations mainly due to the
very fertile and well drained soils and good rain-
fall amounting to 150 mm mth'. The lowest
FFB yield and BNO at Kudat could be due to
the dry season (about 2 mth yr?) and relatively
lower yield at Kluang was due to poor soil
texture (laterite soils). The results reported here
are comparable to the studies by Lee and
Donough (1993) and Tarmizi et al. (1992), where
coastal soils (such as Carey Island and Teluk
Intan) could support a better yield production
than inland soil (such as Kluang).

The weight of bunches was higher at Teluk
Intan compared to other locations. Mean ABWT
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TABLE 6. PROGENY MEANS FOR BNO IN INDIVIDUAL LOCATIONS

No. Progeny Pisifera Kudat Beaufort Teluk Carey Kepong Kluang Progeny
code Intan Island mean
1 DP 1 1 7.33 12.66 12.47 15.83 17.42 8.12 12.31
2 DP 2 1 8.87 11.37 15.45 18.25 18.88 9.87 13.78
3 DP 3 1 9.65 10.30 15.00 20.25 16.51 11.08 13.80
4 DP 4 1 8.93 11.95 13.82 17.88 17.83 7.14 12.93
5 DP 5 2 8.01 10.16 12.82 17.44 19.05 8.55 12.67
6 DP 6 2 9.50 10.87 12.82 17.78 15.55 8.83 12.56
7 DP 7 3 9.15 8.57 15.15 26.59 18.06 11.68 14.87
8 DP 8 3 10.31 14.96 15.64 23.54 18.67 10.75 15.65
9 DP 9 4 7.99 11.60 12.48 15.82 17.37 8.38 12.27
10 DP10 4 9.00 13.68 16.21 22.12 19.33 11.82 15.36
11 DP11 4 8.61 11.47 16.21 19.92 17.65 9.37 13.87
12 DP12 5 9.41 11.48 14.31 21.99 15.97 10.34 13.92
13 DP13 5 8.35 10.14 13.38 21.28 14.63 9.16 12.82
14 DP14 6 6.60 9.70 13.96 18.89 18.19 8.54 12.65
15 DP15 6 9.83 12.30 12.30 18.33 17.82 8.25 12.86
16 DP16 7 9.41 14.51 14.73 21.28 19.71 9.92 14.93
17 DP17 7 7.74 11.32 15.47 17.85 15.24 10.18 12.97
18 DP18 8 8.24 12.40 15.63 19.78 18.05 9.68 13.96
19 DP19 8 12.25 18.97 © 17.56 27.30 16.07 17.32 18.24
20 DP20 8 8.26 9.98 12.51 20.74 18.85 10.50 13.47
21 DP21 9 9.62 13.77 14.75 19.90 16.12 8.26 13.74
22 DP22 9 8.64 11.20 12.01 20.20 18.01 11.82 13.65
23 DP23 9 12.01 13.13 18.58 25.23 18.21 14.59 16.96
24 DP24 10 8.03 12.23 16.93 22.96 14.03 12.55 14.45
25 DP25 10 8.90 12.96 18.33 24.32 17.03 12.92 15.74
26 DP26 10 10.28 9.97 15.59 19.56 16.10 7.34 13.14
27 DP27 11 8.28 12.26 15.83 21.84 16.77 10.20 14.20
28 DP28 11 8.64 9.92 14.83 19.27 16.83 7.15 12.77
29 DP29 12 7.68 11.18 13.18 18.47 17.30 7.79 12.60
30 DP30 12 7.33 6.47 13.87 18.62 17.88 8.81 12.16
31 DP31 13 9.33 11.09 14.70 22.56 16.48 9.35 13.92
32 DP32 13 7.95 10.98 14.82 17.76 17.31 6.66 12.58
33 DP33 13 8.45 12.12 14.55 22.08 18.23 10.04 14.25
34 DP34 14 8.95 12.23 12.13 19.25 17.33 10.48 13.40
35 DP35 14 7.39 11.62 15.22 19.25 18.89 8.63 13.50
36 DP36 14 8.23 12.00 13.13 17.35 19.63 8.23 13.10
37 DP37 14 6.90 10.92 15.10 19.09 18.41 6.88 12.88
38 DP38 15 11.08 11.82 12.24 18.38 17.85 11.50 13.81
39 DP39 15 8.33 12.55 13.72 21.60 18.61 9.51 14.05
40 DP40 15 9.31 10.14 12.90 18.56 17.81 7.64 12.73
Location mean 8.82 11.67 14.51 20.23 17.49 9.75 13.74
Min. 6.60 6.47 12.01 15.82 14.03 6.66 12.16
Max. 12.25 18.97 18.58 27.30 19.71 17.32 18.24
LSD(P<0.05) 3.04 4.27 3.17 3.57 3.38 2.98 3.79
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STABILITY ANALYSES IN OIL PALM (Elaeis guineensis Jacg.) PROGENIES OVER SIX LOCATIONS

TABLE 7. MEAN SQUARES OF FULL-SIB ANOVA AND VARIANCE
COMPONENTS FOR BNO IN INDIVIDUAL LOCATIONS

Source df Kudat Beaufort Teluk Carey Kepong Kluang
Intan Island
Progeny () 39 14.74%* 38.24%* 27.81%* 66.85%* 16.76 44 98**
Replication (R) 1 63.76%* 292.30** 29.30 19.28 0.98 91.35%*
GxR 39 11.23 22.19 12.07 14.65 13.39 10.44
@ within palms 8.88 19.99 11.76 14.84 27.26 9.49
(318) (318) (314) (301) (307) (308)
o% 0.35 1.61 1.60 0.49 1.64 3.58
(3.51) (6.88) (11.84) (3.19) (5.67) (25.74)
0%, 0.26 1.36 0.09 0.03 0.00 0.42
(2.61) (5.81) (0.67) (0.20) (0.00) (3.02)
02 0.47 0.44 0.06 0.00 0.00 0.42
(4.72) (1.88) (0.04) (0.00) (0.00) (3.02)
02y 8.88 19.99 11.76 14.84 27.26 9.49
(89.16) (85.43) (87.05) (96.61) (94.33) (68.22)

Notes: **significant at P < 0.01; @ () df for within palms; ( )* variance component as percentage of total variance.
Harmonic means for palms in progeny/rep (n’) = 4.97, 4.97, 4.91, 4.70, 4.78 and 4.82 for Kudat, Beaufort, Teluk
Intan, Carey Island, Kepong and Kluang , respectively. Negative estimate for which the most reasonable value is

Zero.

for the D x P progenies at each location ranged
from 7.82 (Kepong) to 12.53 kg (Teluk Intan)
(Table 3). The ABWT mean over all locations for
the individual progenies ranged from 8.80 to
11.50 kg (Table 8). The ANOVA results showed
that the progeny item was highly significant at
Beaufort, Teluk Intan, Carey Island and Kluang
but not at Kudat and Kepong (Table 9). The
genotype variance (c,?) was higher than 6, and
0> at Teluk Intan, Carey Island and Kluang.
However, the lack of ¢,>at Kudat and Kepong
could be due to the higher level of 6,.2. The vari-
ation in yield and its components appeared to
be influenced, at least partly, by the genotype.
However, the magnitude of genetic variance was
not consistent from one environment to another,
implying that the performance of genotypes was
influenced by environmental effects. At indi-
vidual locations, the results indicated that the
genotype item was significant for yield and its
components at all environments except at Kudat
and Kepong for FFB yield and ABWT, and at
Kepong for BNO only. These findings also
showed that performance of genotypes was
greatly influenced by environmental factors.
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The results obtained by several workers (Ataga,
1993; Corley et al., 1993; Lee et al., 1988) also
indicated similar trends.

Table 10 presents ANOVA of FFB yield, BNO
and ABWT for full-sib analyses over the envi-
ronments. Differences between locations and
progenies were highly significant and these
results were expected because of the choice of
diverse environments and genotypes. The prog-
eny x location interaction was highly significant
for yield and its components. This indicated the
presence of G x E interaction and showed that
the oil palm progenies were sensitive to the
environments since they responded differently
to changes in the set of environments. The sec-
ond order interactions between replications in
location and progeny were highly significantly
different for FFB yield and ABWT but not for
BNO. The components of G x E interaction
(042 + 0,%:n) was relatively small, 4.65%, 5.20%
and 3.53% of the phenotypic variance (6,2 + 6,
+ 02w + 0,°) for FFB yield, BNO and ABWT,
respectively. Only FFB yield had a larger prog-
eny x location variance (c,%) as compared to the
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TABLE 8. PROGENY MEANS FOR ABWT (kg) IN INDIVIDUAL LOCATIONS

No. Progeny Pisifera Kudat Beaufort Teluk Carey Kepong Kluang Progeny
code Intan Island mean
1 DP 1 1 10.74 13.28 13.32 9.15 7.80 11.48 10.96
2 DP 2 1 9.87 11.83 12.36 9.51 7.50 9.81 10.15
3 DP 3 1 9.94 11.68 12.14 9.11 7.54 9.69 10.02
4 DP 4 1 10.62 12.68 12.23 9.88 7.54 10.76 10.62
5 DP 5 2 10.08 12.72 13.43 9.31 7.79 10.85 10.70
6 DP 6 2 10.93 13.52 12.66 10.34 7.63 12.11 11.20
7 DP 7 3 10.21 10.56 12.07 8.39 7.56 9.66 9.74
8 DP 8 3 8.45 11.55 12.75 8.13 7.56 9.86 9.72
9 DP 9 4 10.66 13.73 14.50 11.19 7.26 11.65 11.50
10 DP10 4 9.73 11.89 12.09 7.95 8.25 8.75 9.78
11 DP11 4 9.84 12.80 12.44 9.70 7.04 11.22 10.51
12 DP12 5 9.28 12.20 13.14 9.68 7.97 8.66 10.16
13 DP13 5 10.16 11.60 12.15 8.93 8.28 9.91 10.17
14 DPi4 6 9.25 11.61 11.69 9.26 8.29 9.06 9.86
15 DP15 6 10.84 12.32 13.99 9.85 7.99 9.16 10.69
16 DP16 7 9.84 12.49 11.96 9.26 8.48 9.05 10.18
17 DP17 7 10.67 13.31 11.45 9.56 7.69 10.01 10.45
18 DP18 8 10.37 12.32 12.19 8.67 7.72 8.39 9.94
19 DP19 8 8.75 10.52 9.75 8.31 8.20 7.24 8.80
20 DP20 8 10.22 12.71 13.16 9.42 7.64 9.75 10.48
21 DP21 9 10.34 13.80 12.67 9.53 7.86 11.82 11.00
22 DP22 9 10.00 12.10 12.83 9.50 8.03 11.56 10.67
23 DP23 9 10.04 10.47 11.39 9.44 7.83 8.28 9.57
24 DP24 10 8.94 11.83 12.60 8.19 8.7T7 9.14 9.91
25 DP25 10 9.64 12.16 11.35 7.64 7.30 9.93 9.67
26 DP26 10 9.69 12.92 13.28 11.59 8.13 11.58 11.20
27 DP27 11 11.19 12.22 11.59 8.10 7.53 9.13 9.96
28 DP28 11 11.36 12.26 12.76 10.30 7.07 10.81 10.76
29 DP29 12 8.79 12.52 13.69 9.65 8.18 13.31 11.07
30 DP30 12 10.21 9.63 10.75 10.00 7.41 9.11 9.52
31 DP31 13 11.14 12.54 13.35 8.91 7.29 9.91 10.52
32 DP32 13 9.10 10.87 12.84 9.95 8.10 8.35 9.87
33 DP33 13 10.36 11.29 14.30 10.22 8.37 8.84 10.56
34 DP34 14 9.16 11.82 13.07 9.81 8.72 10.32 10.48
35 DP35 14 10.06 10.98 12.90 8.60 7.86 10.57 10.16
36 DP36 14 10.14 13.20 12.91 9.78 7.23 8.17 10.24
37 DP37 14 9.25 13.72 11.46 9.14 6.99 9.59 10.02
38 DP38 15 9.63 12.86 12.70 9.11 8.57 8.14 10.17
39 DP39 15 9.52 11.07 12.75 8.29 7.57 10.05 9.87
40 DP40 15 9.73 13.05 12.49 8.85 8.08 9.96 10.36
Location mean 9.97 12.17 12.53 9.31 7.82 9.89 10.28
Min. 8.45 9.63 9.75 7.64 6.99 7.24 8.80
Max. 11.36 13.80 14.50 11.59 8.77 13.31 11.50
LSD(P<0.05) 2.32 2.11 2.03 1.78 1.52 2.54 1.62
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TABLE 9. MEAN SQUARES OF FULL-SIB ANOVA AND VARIANCE
COMPONENTS FOR ABWT IN INDIVIDUAL LOCATIONS

Source df Kudat Beaufort Teluk Carey Kepong Kluang
Intan Island
Progeny (G) 39 4.84 9.64%* 8.47%* 6.69%* 2.01 15.96%*
Replication (R) 1 12.33 96.08%* 10.76 0.46 21.34** 37.98%*
GxR 39 4.84 5.42 4.92 3.64 2.73 7.63
@ within palms 6.40 5.81 4.30 2.85 3.32 5.57
(318) (318) (314) (301) (307) (308)
o% 0.00 0.42 0.36 0.32 0.00 0.86
(0.00)* (6.28) (7.47) (9.58) (0.00) (12.25)
% 0.04 0.46 0.03 0.00 0.10 0.16
(0.62) (6.88) (0.62) (0.00) (2.93) (2.28)
0y 0.03 0.00 0.13 0.17 0.00 0.43
(0.46) (0.00) (2.70) (5.09) (0.00) (6.13)
0%, 6.40 5.81 4.30 2.85 3.32 5.57
(98.92) (86.84) (89.21) (85.33) (97.07) (79.34)

Notes: **significant at P < 0.01; @ ( ) df for within palms. ( )* variance component as percentage of total variance.
Harmonic means for palms in progeny/rep (n’) = 4.97, 4.97, 4.91, 4.70, 4.78 and 4.82 for Kudat, Beaufort, Teluk
Intan, Carey Island, Kepong and Kluang , respectively. Negative estimate for which the most reasonable value is
zZero. )

TABLE 10. MEAN SQUARES AND VARIANCE COMPONENTS OVER
LOCATIONS FOR F¥FB YIELD, BNO AND ABWT

Source df FFB BNO ABWT
Progeny (G) 39 5 136.06** 96.41%* 17.24%*%*
Location (L) 5 639 948.25%* 7 882.22%* 1 234.28%*
Rep in location (R/L) 6 25 545.66** 81.75%* 29.49%*
GxL 195 2 453.68** 22.87%* 6.07%*
G x R/L 234 1 929.93** 14.00 5.15%%*
@ within palms 1 866 1762.78 15.34 4.73
o?% 45.99 1.26 0.19
, (1.28)* (3.32) (2.28)
o 1579.77 20.06 3.10
(43.90) (562.90) (37.21)
0% 121.48 0.35 0.13
(3.38) (0.92) (1.56)
6%y 53.88 0.91 0.09
(1.50) (2.40) (1.08)
%y 34.39 0.00 0.09
'(0.96) (0.00) (1.08)
%, 1762.78 15.34 4.73
(48.99) (40.45) (56.78)
GxE (%) 4.65 5.20 3.53
6%/ 6% (%) 117.16 72.22 47.37

Notes: **significant at P < 0.01; ( )* variance component as percentage of total variance. Harmonic means
for palms in progeny/rep (n’) = 4.86. Negative estimate for which the most reasonable value is zero.
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genotype variance (6,2, indicating that it was
more sensitive to environmental changes than
BNO and ABWT.

The data pooled over locations showed a
highly significant environmental item, suggest-
ing that the soil type, rainfall distribution and
other common factors accounted for a large pro-
portion of the variation. The location variance
component (62) was the highest for BNO, and
the second highest for FFB yield and ABWT.
However, 0% is not under genetic control, un-
like 6%, 6%, 62, 0% and o%, . Therefore, it was
not of interest. The G x E interaction was de-
tected by ANOVA for yield and its components.
Previous studies have also reported the pres-
ence of G x E interaction in oil palm populations
for these characters (Ataga, 1993; Hutomo and
Pamin, 1992; Lee et al., 1988; Ong et al., 1986;
Rajanaidu et al., 1993).

Stability Analyses

In the present study, several methods were
used to estimate the stability of each full-sib
progeny, namely genotype-grouping techniques
(mean against CV; and mean against SDy),
G x E variance components analysis (6%, 6% and
W.MS statistics), joint regression analysis (JR),
non-parametric statistic (S%), superiority meas-
ure statistic (P,) and rank sum methods (RS; and
MRS,). The stability statistics were computed
only if the progeny x location interaction item
was significant.

FFB

According to the genotype-grouping tech-
niques using mean against CV; (Francis and
Kannenberg, 1978), DP8, DP11, DP16, DP21,
DP22, DP23, DP31 and DP34 were found to be
highly stable for FFB yield, whereas five of the
above genotypes (DP8, DP11, DP21, DP22 and
DP34) remained highly stable using mean
against SD; (Figure 1). On the other hand, out
of 40 genotypes, 12 genotypes were identified to
be highly unstable by following mean against
CV.. However, some genotypes (eight) were
highly unstable using mean versus SD;
(Figure 1).

Highly significant ¢? value (implying highly
unstable) was obtained for DP7, DP19 and
DP30, and significant o2value (implying unsta-
ble) was obtained for DP1, DP22 and DP26
(Table 11). Other 34 genotypes were considered
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to be stable across locations. After removal of
the influence of environmental index (covariate),
s% was computed. The genotypes classified as
highly unstable over locations were DP1, DP7,
DP19 and DP30, while the genotypes DP16 and
DP23 were unstable. Except for DP1, the highly |
unstable genotypes were the same as those
identified by the o2 statistic (Table 11). Accord- f
ing to ecovalence mean square (W;MS), three
genotypes (DP7, DP19 and DP30) were also
found inconsistent across locations (Table 11).

The ANOVA for regression of FFB yield is in
Table 12. Genotypes, environments (Env. + G x
Env.), environment (linear) and pooled deviation
were highly significantly different for the
character while G x E (linear) was not signifi-
cant. This result showed that in FFB yield, a
significant part of the G x E interaction was
largely accounted for by a non-linear relation-
ship between the genotypic and environment
values.

In the stability analyses, the regression of
genotype means on the environmental index re-
sulted in regression coefficients ranging from
0.69 to 1.40 (Table 13). According to Eberhart
and Russell (1966), a large variation in b; val-
ues indicates large differences in the genotypic
response to different environments. Only six
genotypes had deviation mean square from
regression (s2d;) that differed significantly from
zero for FFB yield. The coefficient of determi-
nation (r%) which is the proportion of total
variation explained by the regression ranged
from 0.67 to 0.98.

Using Eberhart and Russell’s graphical pres-
entation, it could be classified that genotypes
DPS8, DP10, DP21 and DP25 were highly stable
over a range of environments for FFB yield
(Figure 2). Three genotypes in the group (DP16,
DP19 and DP23) had deviation mean square
from regression values significantly different
from zero, indicating that the genotypes were
inconsistent in their linear response to environ-
ments.

According Huhn’s non-parametric stability
statistic (S;?), DP2, DP8, DP10, DP21, DP23 and
DP39 were classified as highly stable genotypes
for FFB yield, while the stable ones were DP3,
DP4, DP9, DP11, DP12, DP15, DP16, DP18,
DP19, DP20, DP25, DP27, DP29, DP33 and
DP34 (Table 14). When using Lin and Binns’
superiority measure statistic (P;), seven geno-
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Figure 1. Plot of mean against CV (top) and mean against SD (bottom)
of individual genotypes for FFB yield.
1.4 7 P33
A DP26
13 | DP32,
| DPI2 DP24
12 DP37, DPAZS ’ ‘ DP23
BFT LB ’
1.1 7 Dp3s  PP29 ADPII DP8 DP16
ppi6 4 ADPZSA
A ppyy ADPIB D}glo DPI9
1.0 1 DP14 DPI3 i ADP2 A
A A DPIS DP27
4 DP30 Df“ A 4aaD App2i
0.9 - DPI7A 4 DP34
pps4 DP3__DP20
08 i DP40A ADPI
07 T T |DP6‘ EPSS T ADPZ2| T T T
113.1  118.1 123.1 128.1 133.1 138.1 143.1 148.1 153.1 158.1

Mean (kg palm ' yr)

Figure 2. Plots of genotype mean against their respective regression coefficients (b, y)
for FFB yield [vertical dotted line.grand mean +SD, horizontal dotted lines: (b=1) +SD]
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types (DP8, DP10, DP16, DP19, DP21, DP23 and
DP25) were considered to be highly stable and
another 14 genotypes were found to be stable
over a range of environments (Table 14).

Seven genotypes were classified to be highly
stable for FFB yield, namely DP2, DP8, DP9,
DP10, DP11, DP27 and DP31 according to the
rank sum stability statistic (RS;), and genotypes,
DP8, DP10, DP16, DP21, DP23, DP25 and DP33
by following the modified rank sum stability
statistic (MRS). Only two genotypes (DP8 and
DP10) were judged as highly stable using both
the stability statistics (Table 15). With the
exception of DP19 and DP26, all the top nine
genotypes, based on mean FFB yield which was
associated with non-significant stability
variances, qualified for high stability according
to the MRS; method. Another 17 genotypes were
found to be stable according to the RS;statistic.

However, only 14 genotypes were stable using
the MRS, statistic (Table 15).

BNO

According to genotype-grouping techniques,
out of 40 genotypes, 12 genotypes using the mean
against CV,; method and five genotypes using the
mean against SD; method were judged to be
highly stable. The genotypes, DP2, DP12, DP18,
DP21 and DP38 were shown to be stable by both
the techniques (Figure 3).

Following the o statistic, three genotypes
(DP7, DP19 and DP24) were found to be highly
unstable and another four genotypes (DP1,
DP25, DP30 and DP38) were unstable across the
six locations (Table 11). However, after the
covariate, s;?was computed, two genotypes (DP7
and DP24) remained highly unstable over the
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Figure 3. Plots of mean against CV (top) and mean against SD (bottom)
of individual genotypes for BNO.
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environments. On the other hand, DP1, DP19,
DP23, DP25, DP30 and DP36 were found to be
unstable. The number of genotypes classified
as very sensitive or sensitive to the environm
ental changes increased from seven to eight by
applying the o2 and s statistics, respectively.
When using the ecovalence mean square
(WMS), only two genotypes, (DP19 and DP24)
were found to be highly unstable, whereas DP7,
DP25 and DP30 were unstable (Table 11).

The ANOVA for regression of BNO showed
that a significant part of the GxE interaction
was largely accounted for by the non-linear re-
lationship between genotypic and environmen-
tal values (Table 12.) The regression coefficients
(b;) and coefficient of determination (r;?) ranged
from 0.70 to 1.19 and 0.53 to 0.99, respectively
(Table 13). Only six genotypes had a deviation
mean square from regression (s2d;) that differed
significantly from zero.

The ideal genotype as proposed by Eberhart
and Russell (1966) would have a high mean per-
formance over a range of environments, regres-
sion coefficient of one and deviation mean square
(s*d;) of zero. According to joint regression analy-
sis, DP8 and DP10 were classified as to be highly
stable genotypes over the environments because
their regression coefficients were close to unity
(b=1), s?d;=0 and high bunch number (Table 13
and Figure 4). The genotypes, DP23 and DP25
had high BNO and their regression coefficients
were nearly equal to one. They were consid-
ered to be unstable because the second stability
parameter (s2d;) was significantly different
from zero.

Following Huhn’s non-parametric stability
statistic (S;®), eight genotypes (DP8, DP10, DP11,
DP16, DP18, DP23, DP29 and DP33) were re-
garded as highly stable, while another 12 geno-
types were considred to be stable (Table 14).
According to Lin and Binns’ superiority meas-
ure statistic (P;), genotypes with high stability
were DP8, DP10, DP16, DP19, DP23 and DP25.
Of these six, four genotypes were highly stable
by both the techniques.

After Kang’s RS stability methods were com-
puted, eight genotypes (DP8, DP10, DP11, DP16,
DP18, DP27, DP33 and DP39) were found to
be highly stable by following the RS; statistic,
while seven genotypes (DP8, DP10, DP16,
DP23, DP27, DP33 and DP39) were classified
to be highly stable according to the MRS;
statistic (Table 15). Of the above genotypes,
six genotypes were common using both the
statistics.

ABWT

By using genotype-grouping techniques, DP5,
DP22, DP26, DP28, DP33 and DP34 were judged
to be highly stable by following the mean against
CV; method and out of the above six genotypes,
three genotypes (DP22, DP33 and DP34) also
were found to be highly stable by following the
mean against SD, method (Figure 5). Highly
unstable progenies were DP3, DP7, DPS, DP12,
DP14, DP18, DP25, DP30, DP32, DP35, DP36,
DP37 and DP39 using the mean againt CV;
method, while using the mean against SD;
method, the number of genotypes was reduced

1.4 A &
DP7
1.3 A '
DP37
1.2 4 A
DP14 DRSS ape3
4 b P35, BRIk " i
DP3
& 1 Dp2s  DP20 ADP27 N DPI) bP25
]
DPy7y  ADPI3 7Y oeig DP16 Dpg
i DP40 DP23
. DF29 DPI2 A
1.0 2 A Dpou ADP24
A 6
Dp4  DP224 ADP2
09 - ppish DP21 “ADP3
aobt 'DP34
A
0.8 7[A)P N DP17 DPI19 4
% Dp6
DP38
0,7 T T T A T T T T T T T T T
122 127 132 137 142 147 152 157 162 16.7 172 177 182

Mean (No.)

Figure 4. Plots of genotype mean against their respective regression coefficients (b, ) for
BNO [vertical dotted line:grand mean +SD, horizontal dotted lines: (b=1) +SD].
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Figure 5. Plots of mean against CV (top) and mean against SD (bottom)
of individual genotypes for ABWT.

from 13 to eight genotypes (DP12, DP14, DP18,
DP32, DP35, DP36, DP37 and DP39).

Highly significant 62 and W;MS values (im-
plying highly unstable) were obtained in ABWT
for DP29 and DP30, while unstable genotypes
were DP19 and DP33 (Table 11). Two genotypes
(DP29 and DP33) were found to be highly un-
stable and another two, DP26 and DP38, found
to be sensitive to the environment according to
the s??statistic. Only genotype DP29 was judged
to be highly unstable according to the three
statistics 6.2, ;2 and W;MS (Table 11).

The ANOVA for regression of ABWT showed
that genotypes, environments (Env + G x Env.),
environment (linear) and pooled deviation were

30

highly significantly different (Table 12). This
finding showed that the character G x E inter-
action component was largely accounted for by
a non-linear relationship between genotypic and
environment values.

The stability analysis results showed, the re-
gression coefficients (b;) and coefficient of deter-
mination (r;?) ranging from 0.48 to 1.38 and 0.54
to 1.00, respectively. Two genotypes (DP29 and
DP33) had s%d; values significantly deviated
from zero (Table 13). Using Eberhart and Rus-
sell’s graphical presentations, it could be classi-
fied that genotypes DP4, DP5, DP6, DP15, DP21,
DP22, DP26 and DP28 were the ideal genotypes
which performed consistently over different en-
vironments (Figure 6). The genotypes had high
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Figure 6. Plots of genotype mean against their respective regression coefficients (i b,) for
ABWT [vertical dotted line:grand mean + SD, horizontal dotted lines: (b=1) + SD].

bunch weight, b, was close to one and s?d, was
not significantly different from zero.

According to Huhn’s non-parametric stabil-
ity statistic (S;?), the genotypes which displayed
high stability were DP1, DP2, DP3, DP5, DP20,
DP21 and DP22, whereas 14 others were con-
sidered to be stable (Table 14). For selection
based on Lin and Binns’ superiority measure
statistic (P;), six genotypes (DP1, DP6, DP9,
DP21, DP26 and DP29) were found to be highly
stable, whereas the stable ones were DP2, DP4,
DP5, DP11, DP13, DP15, DP17, DP20, DP22,
DP28, DP31, DP33, DP34, DP35 and DP40
(Table 14). The genotypes, DP1 and DP21, were
judged to be highly stable to environmental
changes by both S;® and P;.

The genotypes identified for high stability in
ABWT by following the RS; statistic were DP1,
DP4, DP5, DP20, DP22 and DP40, while 15
genotypes were found to be stable. By using the
MRS;, eight genotypes (DP1, DP5, DP6, DP9,
DP15, DP21, DP26 and DP28) were classified
as highly stable, and 13 others were judged as
stable (Table 15).

Combined Use of the Stability Statistics

In a plant breeding programme, it is desir-
able to identify promising genotypes which may
provide maximum yield over a range of envi-
ronments and show consistent performance. Se-
lection based on mean yield alone may not al-

-ways be adequate when G x E interaction is sig-

TABLE 12. ANALYSIS OF VARIANCE FOR REGRESSION

OF FFB YIELD, BNO AND ABWT

Source df FFB BNO ABWT
Genotype (G) 39 5 136.06%* 96.41** 17.24%*
Environment (Env.) + (G x Env) 200 18 391.04** 219.36** 36.77**
Env. (Linear) 1 3199 741.50%* 39 411.08** 6 191.48%*
G x Env. (Linear) 39 2074.00 17.65 4.75
Pooled deviation 160 2 484.88%* 23.58%* 6.11%*
Rep in Env. (R/E) 6 25 545.66%* 81.75%* 29.49**
Gx R/E 234 1 929.93** 14.00 5.15%*
Pooled error 1 866 1762.78 15.34 4.73

Note: ** significant at P < 0.01.
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TABLE 14. SUPERIORITY MEASURE (P,) AND NON-PARAMETRIC STABILITY (S;?)

STATISTICS FOR INDIVIDUAL GENOTYPES

P S;3

No. Progeny Pisifera FFB BNO ABWT FFB BNO ABWT .

code
1. DP 1 1 1294.93 26.90 1.02%%* 47.60 61.57 11.23%*
2. DP 2 1 891.11% 18.09 2.41% 14.02%* 17.71% 7.70%%
3. DP 3 1 1001.87 16.14* 2.74 20.68* 24.15% 3.72%%*
4. DP 4 1 1145.39 23.24 1.49% 29.28* 24.88* 16.61%*
5. DP 5 2 1257.75 25.28 1.35% 46.91 50.90 8.38**
6. DP 6 2 1 006.90 23.86 0.66%* 57.42 40.60 17.03*
7. DP 7 3 1 235.56 13.71* 3.56 33.61 31.23 23.80%*
8. DP 8 3 419.18*%* 7.24%* 3.49 2.67%* 1.29%* 34.13
9. DP 9 4 826.60* 27.24 0.47%* 15.22%* 24.18* 28.50%
10. DP10 4 533.05%* 8.45%* 3.87 13.51** 2.63%* 39.35
11. DP11 4 711.04* 16.42%* 1.54* 14.76* 9.40%* 31.84
12. DP12 5 698.46* 14.44* 2.89 19.23* 22.56% 24.68*
13. DP13 5 1292.97 20.74 2.56%* 39.81 27.84*% 21.66*
14. DP14 6 1743.34 24.11 3.41 97.36 38.09 36.22
15. DP15 6 1077.37 21.34 1.96%* 25.11% 41.75 13.40*
16. DP16 7 474.48%%* 11.15%* 2.84 18.83* 9.52%* 27.98%
17. DP17 7 936.28% 20.73 2.18% 38.47 41.47 26.85%
18. DP18 8 921.92* 15.47* 3.53 19.45% 10.38%* 23.95%
19. DP19 8 261.80%* 1.19%* 7.34 20.58* 27.76* 95.91
20. DP20 8 941.04* 18.66 1.91%* 27.89* 37.51 7.40%*
21. DP21 9 505.48** 16.53 0.97** 14.30** 29.90 10.58%**
22. DP22 9 867.79* 16.68* 1.29% 33.40 32.35 8.00%*
23. DP23 9 326.46%* 4.01** 444 10.47%%* 2.33%* 40.60
24, DP24 10 708.80* 11.65% 3.52 48.13 47.11 53.24
25. DP25 10 515.05%** 6.90** 3.73 28.85% 17.78%* 36.82
26. DP26 10 644.38% 22.20 0.70%%* 37.76 55.00 14.20*
27. DP27 11 870.99% 13.12%* 3.52 15.60* 17.23* 54.61
28. DP28 11 1013.98 23.77 1.35% 56.91 26.67* 34.27
29. DP29 12 872.38% 23.78 0.99%* 23.35% 6.18%* 31.78
30. DP30 12 2 485.64 29.48 4.57 38.55 29.98 67.47
31. DP31 13 719.02%* 15.17* 1.99% 32.69 20.68* 33.89
32. DP32 13 1 503.80 25.57 3.68 48.82 28.51 54.39
33. DP33 13 612.31* ' 13.34% 2.45% 22.72% 6.40%* 37.87
34. DP34 14 846.83 17.93 1.91% 31.98% 26.00* 31.12
35. DP35 14 1170.95 19.16 2.46* 58.81 28.09 24.37*
36. DP36 14 1 205.25 23.01 3.04 44.04 52.58 44.76
37. DP37 14 1360.79 23.64 3.06 43.71 48.87 61.01
38. DP38 15 1044.14 17.47* 3.34 54.21 39.43 44.75
39. DP39 15 1 003.93 14.57* 3.07 12.89%* 13.58 26.16%*
40. DP40 15 1371.87 24.38 2.21% 37.49 39.43 16.60*

Mean 958.02 17.92 2.59 32.43 27.84 30.67

SD 413.28 6.65 1.33 19.09 15.54 18.91

Notes: *mean - SD < P, or S,® < mean (stable).
**P. or 8,*<mean - SD (highly stable).
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TABLE 16. STABILITY OF INDIVIDUAL GENOTYPES AS DEFINED
BY VARIOUS METHODS FOR FFB YIELD

No. Progeny Pisifera Mean Mean o, s WMS JR S P; RS MRS; Total

code US. vs.
Ccv SD
1 DP1 1 + + 9
2 DP2 1 + + + + ++ + ++ + 10
3 DP 3 1 + + + + + + 6
4 DP4 1 + + + + + + + + 8
5 DP5 2 + + + + + + 6
6 DP6 2 + + + + + 5
7 DP 7 3 0
8 DP8 3 ++ ++ + + + ++  ++ ++  ++ ++ 17
9 DP9 4 + + + + + + + + ++ + 11
10 DP10 4 + + + ++  ++ ++  ++ ++ 13
1 DP11 4 ++ ++ + + + + + + ++ + 13
12 DP12 5 + + + ++ + + + 8
13 DP13 5 + + + + + 5
14 DP14 6 + + + + 4
15 DP15 6 + + + + + + + + 8
16 DP16 7 ++ + + + ++ o+ ++ 10
17 DP17 7 + +. o+ + + + + 7
18 DP18 8 + + + + + + + 7
19 DP19 8 + ++ + + 5
20 DP20 8 + + + + + + + + 8
21 DP21 9 ++ ++ + + + ++ 4+ ++ o+ ++ 16
22 DP22 9 ++ ++ + + + + 8
23 DP23 9 ++ + + ++ ++ ++ 10
24 DP24 10 + + + + + + 6
25 DP25 10 + + + ++ o+ ++ o+ ++ 11
26 DP26 10 + + + + 4
27 DP27 11 + + + + + + + + ++ + 11
28 DP28 11 + + + + 4
29 DP29 12 + + + + + + + + 8
30 DP30 12 0
31 DP31 13 ++ ‘ + + + + + ++ + 10
32 DP32 13 + + + 3
33 DP33 13 + + + + + + ++ 8
34 DP34 14 ++ ++ + + + + + + + 11
35 DP35 14 + + + + + + 6
36 DP36 14 + + + + + + 6
37 DP37 14 + + + 3
38 DP38 15 + + + + + + 6
39 DP39 15 + + + + + + ++ + 9
40 DP40 15 + + + + 4

Notes: + stable; ++ highly stable.
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TABLE 17. STABILITY OF INDIVIDUAL GENOTYPES AS DEFINED
BY VARIOUS METHODS FOR BNO

No. Progeny Pisifera Mean Mean o¢% s WMS JR S8 P, RS; MRS; Total

code vs. vs.
CvV SD
1 DP1 1 + + + 3
2 DP 2 1 ++ ++ + + + + + + + 11
3 DP 3 1 + + + + + + + + 8
4 DP4 1 + + + + + + 6
5 DP5 2 + + + + + + 6
6 DP6 2 + + + + + 5
7 DP7 3 + 1
8 DP 8 3 ++ + + + ++  ++ ++  ++ ++ 15
9 DP9 4 + + + + + + 6
10 DP10 4 ++ + + + ++ ++ 4+ ++ 15
11 DP11 4 + + + + ++ + ++ + 10
12 DP12 5 ++ ++ + + + + + + + + 12
13 DP13 5 + + + + + + 6
14 DP14 6 + + + + 4
15 DP15 6 + + + + + 5
16 DP16 7 ++ + + + + ++ ++  ++ ++ 14
17 DP17 7 + + + + + 5
18 DP18 8 ++ ++ + o+ + + ++ + ++ + 14
19 DP19 8 ++ + + ++  + + 8
20 DP20 8 + + + + + 5
21 DP21 9 ++ ++ + + + + + 9
22 DP22 9 + + + + + + + + 8
23 DP23 9 ++ + + ++ ++ 4+ ++ 11
24 DP24 10 + 1
25 DP25 10 ++ + ++  + + 7
26 DP26 10 + + + + + 5
27 DP27 11 ++ + + + + + + ++ ++ 12
28 DP28 11 + + + + + + 6
29 DP29 12 + + + + + ++ + 8
30 DP30 12 0
31 DP31 13 + + + + + + + + 8
32 DP32 13 Yo+ + + + 4
33 DP33 13 + + + ++ + ++ ++ 10
34 DP34 14 + + + + + + + + 8
35 DP35 14 + + + + + + + + 8
36 DP36 14 + + + + + 5
37 DP37 14 + + + 3
38 DP38 15 ++ ++ + + + 7
39 DP39 15 + + + + ++ ++ 8
40 DP40 15 + + + + + 5

Notes: + stable; ++ highly stable.
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TABLE 18. STABILITY OF INDIVIDUAL GENOTYPES AS DEFINED
BY VARIOUS METHODS FOR ABWT

No. Progeny Pisifera Mean Mean o2 s% WMS JR S P, RS; MRS, Total

code vs. vs.
Cv SD
1 DP1 1 + + + ++ ++  ++ ++ 11
2 DP 2 1 + + + + + + ++ + + 10
3 DP 3 1 + + + + + ++ + 8
4 DP4 1 + + + ++ o+ + ++ + 10
5 DP5 2 ++ + + + ++ 4+ + ++ ++ 14
6 DP 6 2 + + + ++ o+ ++ o+ ++ 11
7 DP 7 3 + + + + + + 6
8 DP S8 3 + + + + + 5
9 DP9 4 + + + + ++ o+ ++ 9
10 DP10 4 + + + + + + 6
1 DP11 4 + + + + + + + 7
12 DP12 5 + + + + + 5
13 DP13 5 + + + + + + 4+ + + + 10
14 DP14 6 + + + + 4
15 DP15 6 + + + ++ 4+ + + ++ 10
16 DP16 7 + + + + + + + + + 9
17 DP17 7 +- o+ + + + + + + 8
18 DP18 8 + + + + + 5
19 “DP19 8 + + + 3
20 DP20 8 + + + + ++ + ++ + 10
21 DP21 9 + + + ++  ++ ++ + ++ 12
22 DP22 9 ++ ++ + + + ++ 4+ + ++ + 15
23 DP23 9 + + + + + 5
24 DP24 10 + + + + + + 6
25 DP25 10 + + + + + 5
26 DP26 10 ++ + + ++ 4+ ++ o+ ++ 12
27 DP27 11 + + + + + + 6
28 DP28 11 ++ + + + ++ + + ++ 11
29 DP29 12 ++ 2
30 DP30 12 + + 2
31 DP31 13 . + + + + + + 6
32 DP32 13 + + + + 4
33 DP33 13 ++ ++ + + 6
34 DP34 14 ++ ++ + + + + + + + 11
35 DP35 14 + + + + + + 6
36 DP36 14 + + + + + 5
37 DP37 14 + + + 3
38 DP38 15 + + + + + 5
39 DP39 15 + + + + + 5
40 DP40 15 + + + + + + ++ + 9

Notes: + stable; ++ highly stable.
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nificant. Tables 16 to 18 give the sumﬁlary of
the stability studies for each trait.

Seventeen genotypes produced above average
FFB yield over a range of environments, but of
these only 12 (DP2, DP8, DP9, DP10, DP11,
DP16, DP21, DP23, DP25, DP27, DP31 and
DP34) were rated highly stable (scored 10 and
above) by the combined use of all the stability
statistics (Table 16). The stability parameters
differed in some cases in identifying the stable
genotypes. For instance, only three genotypes
were identified stable or highly stable by all the
stability statistics. It is worthwhile to note that
DP7 which produced high FFB yield, was rated
as unstable by all the stability methods. Hence,
this study shows that high yielding genotypes
may not necessarily be highly stable over the
environments.

With regards to bunch production, the top five
genotypes were DP8, DP10, DP19, DP23 and
DP25, but only two (DP8 and DP10) were found
to be highly stable (Table 17). For ABWT, 13
genotypes were considered to be highly stable
(DP1, DP2, DP4, DP5, DP6, DP13, DP15, DP20,
DP21, DP22, DP26, DP28 and DP34) and only
two genotypes (DP2 and DP13) produced ABWT
lower than the genotype means over locations
(Table 18).

CONCLUSION

Significant differences for the environment,
genotype and genotype x location interaction
items were observed in FFB yield, BNO and
ABWT. There was a marked influence of
environment on the magnitude of the genetic
variance. The 6%, component was larger in mag-
nitude than the 6%, component for FFB yield in
contrast to BNO and ABWT, indicating that FFB
yield was more sensitive to the environmental
fluctuations than the BNO and ABWT charac-
ters. By the combined use of 10 stability statis-
tics, the genotypes DP2, DP8, DP10 and DP11,
were found to be highly stable for FFB yield and
BNO. These superior genotypes identified in this
study are useful for future breeding programmes
to develop high yielding planting materials with
stable performance.
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