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SUMMARY

This research aimed to study the interaction between seven crosses and three locations
of 4-year old oil palm crosses (cross number 501, 506, 512, 514, 521, 523 and 530)
were provided by Pao-Rong Oil Palm Company. These crosses were grown in three
locations in southern of Thailand, including Nuea-Khlong District, Krabi Province;
Ron-Phiboon District, and Cha-uat District; Nakhon Sri Thamarart Province. The
experiment was arranged in a completely randomized design for each location during
July 2009 — June 2010. Each pair of cross was set as treatment, and fresh fruit bunch of
each treatment was harvested from five oil palm trees. The additive main effects and
multiplicative interaction model (AMMI) were applied for the analysis of stability of
fresh fruit bunch characteristics, given cross was fix factor and location was random
factor. The result indicated that the influence of interaction between cross and location
to differentiate the fresh fruit bunch was statistically significant. Specifically, each pair
of cross grown in different locations exhibited different yields. The result showed that
cross number 530 was the most stable due to similar fresh fruit bunches in the three
locations. However, cross number 512, 514 and 501 were less stable, whereby fresh
fruit bunch differed among locations. Cross number 512 yielded the most fresh fruit
bunch at Ron-Phibun District (99.1 kg/palm/year). Cross number 501 yielded the most
fresh fruit bunch at Cha-uat District (38.1 kg/palm/year) and cross number 514 yielded
the most fresh fruit bunch at Nuea-Khlong District (57.9 kg/palm/year).

Keywords: Genotype x environment interaction, Stability, AMMI, Oil palm, Fresh
fruit bunch

Manuscript received: January 10, 2011; Decision on manuscript: July 27, 2011; Manuscript
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INTRODUCTION

The yield experiments conducted
in several environments  is
important for agricultural research
(Gauch, 2006) because it helps to
understand the response of
genotypes to environment. Yield
performance of genotypes is not
always the same 1in different
environments (Dabholkar, 1992).
Thus, variance has affected yield.
Variance 1s mostly caused by three
major factors; environment,
genotype and  genotype by
environment (G x E) interaction,
which 1nfluences different yield.
Each factor influences yield as
follows.

Variance caused by
different environments is hardly
important for breeding. This
variation is divided into two terms
1.e. predictable and unpredictable
environmental variation.
Predictable variation includes the
permanent characters (climate, soil
type) and the fluctuation characters
which is determined by system and
man (day length, sowing density),
as for unpredictable variation
includes fluctuation in weather
such as amount and distribution of
rainfall, temperature. Both variance
effect to genetic constitution of
population two ways as; long
period it may lead to evolutionary
changes and short period it help to
segregate genetic material
(Dobholhar, 1992).

Genotypic variance is the
difference in mean yield between
varieties. These varieties have been
classified as two  groups;
homogeneous population (i.e. pure
line, single Crosses) and
heterogeneous  population (i.e.
composite  variety, synthetic

variety) (Allard and Bradshaw,
1964). When these populations are
planted on several environments,
the G x E interaction has occurred.
This case shows the homogeneous
population tends to interact with
the environment more than
heterogeneous population because
their  genetic  structure  has
susceptibility to environmental
variation. But if it has not G x E
interaction then only genotypic
variance 1s useful (Annicchiario,
2002).

The G x E interaction is
differential genotypic expression
across environments which reduce
relation between phenotypic and
genotypic value (Falconer, 1981).
When genotypes are grown at
several environments, each
genotype ranking is not the same in
each environment. This is an
important factor because it is
important for breeders in the
process of developing improved
varieties: (1) to help in determining
a plan to cope with the effects of
the interaction  (Annicchiario,
2002); (2) to assist in parent
selection from base population; and
(3) to help in the evaluation of
adaptation (Aina et al., 2007).

In the context of plant
breeding, adaptation indicates the
ability of the varieties to be high
yielding with respect to a given
environment which has two
contexts. Wide adaptation is the
good performance in nearly all
environments  while  specific
adaptation is the good performance
iIn a particular environment
(Annicchiario,  2002). These
adaptation evaluation methods are
presented 1n several ways: (1)
partitioning of variance; (2)
regression analysis i.e. Finlay and

2



Wilkinson (1963), Eberhart and
Russell (1966); (3) non-parametric
statistics; (4) multivariate
techniques 1.e. pattern analysis, the
additive = main  effect and
multiplicative interaction analysis

(AMMI) introduced by Gauch
(1988).

The AMMI model is
applied to describe relationships
among sites and among genotype,
using yield data from genotype x
site matrices generated by breeding
programs in each crop cycle. This
model 1s more efficient than other
methods due to four reasons.
Firstly, AMMI can estimate yield
more accurately than traditional
methods. Secondly, AMMI
provides the adjusted yield
estimate which leads to corrected
ranking of the genotype within
each environment, so genotypes
can be selected correctly. Thirdly,
AMMI 1s can be represented as a
biplot graph. This graph can clearly
show a numerous complex yield
pattern. Moreover, a biplot often
captures 90 % of treatment
variation and least 5 % to 10 % of
treatment  variation 1S  noise.
Fourthly, yield experiments have
GER plot (include G genotype, E
environment and R replication) for
increasing the accuracy and scope
of the trial but these experiments
are expensive. This model help to
economize the research cost
because the AMMI model can use
a few replications (Gauch, 1992a).

This analysis 1S
combination between analysis of
variance (ANOVA) with principal
components analysis (PCA). The
ANOVA 1s used for considering
main effect i.e. environment and
genotype. This model helps to sort
the variance due to different
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sources and provides basis for test
of  significance (Singh and
Chadhary, 1979). The PCA
considers multiplicative effect 1.e.
G x E interaction as the ANOVA’s
residual. The main idea of PCA is
reduction of the dimensionality of a
data set that may contain many
highly correlated variables while
retain possible of the variation in
the data set (Gauch, 1992b). The
result presentation is shown by
biplot graph  which allows
information on both samples and
variables of a data matrix to be
displayed graphically. Samples are
displayed as points while variables
are displayed as vectors. Generally
AMMI models are presented in two
types. Firstly, a graph presents the
relationship  between  principle
component axis 1 and average
yield that shows the interaction
between genotype and
environment. The points on the
ordinate near zero have little
interaction (stable) but the points
plotted far zero are affected by
interaction. Another graph presents
the relationship between PCA axis
1 and PCA aixs 2, which implies
the classification of suitable variety
for any environment. If point of
variety close to any environment, it
will be considered as suitable for
that environment.

Fresh fruit bunch is one of
the agronomic characters of oil
palm which positively correlates
with the o1l yield, if oil palms
produce fresh fruit bunch so much
then we can extract many palm oil.
But the fresh fruit bunch character
has highly variance (Corley and
Tinker,  2003). Consistently,
Kushair1 et al. (1993) studied the
variation of 99 pairs of Tenera’
fresh fruit bunch and the result
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showed that each cross yielded
significantly different. The
variation 1s influenced by many
factors Obisesan and Fatunla
(1983) indicated cross, age and
interaction between cross and age
influence to fresh fruit bunch of
tenera. Additionally, Rafii et al
(2001) suggested cross, location
and the interaction between cross
and location influence to fresh fruit
bunch of tenera.

According  to above
reports, the interaction between
cross and location influenced
significantly to fresh fruit bunch of
oil palm so it was important to oil
palm breeding program. This
research aims to study the
influence of interaction between
genotype and environment on fresh
fruit bunch of tenera oil palm and
identify cross that can yield stable
or specific.

MATERIALS AND METHODS

Data used in this experiment
consisted of seven 4-years old oil
palm crosses ( cross number 501,
506, 512, 514, 521, 523 and 530 )
aged 4 years from Pao-Rong oil
palm company. These crosses were
grown 1n 3 locations of southern
Thailand; Nuea-Khlong District,
Krabi  Province; Ron-Phiboon
District, and Cha-uat District;
Nakhon Sr1 Thamarart Province. A
completely randomize design was
applied in each location. Initially,
o1l palm crosses were set as a
treatment, and fresh fruit bunch
harvested from each oil palm tree.
There were 5 replications per
treatment (1 tree / 1 replicate).

Each oil palm tree was weighed
during July 2009 — June 2010. To

achieve the above objectives, the
experimental data was analyzed
using the additive main effects and
multiplicative interaction model
which determining crosses are
fixed factors and locations are
random factors. This model can be
written as;

Yij = H T o T |3_l + an ginnjn T 91]
Where:

Yi=  Yield of genotype i in
environment j
i = Grand mean

o; = Genotype i mean deviation

Bi = Environment mean j
deviation

A, = Singular value for PCA axis
n

E&n = Genotype i eigenvector

values for PCA axis n

Nijn = Environment ;j eigenvector
value for PCA axis n
N = Number of PCA axis

Bij = Error

RESULTS

The results of variance analysis
showed that cross (genotype) did
not affect fresh fruit bunch. There
were no differences 1n average
yields from each cross for the
different environments. While the
influence of location (environment)
affected to fresh fruit bunch
significantly, average of all crosses
were different in each location. The
interaction between cross and
location affected fresh fruit bunch
significantly; fresh fruit bunch of
each cross from each location was
different, as presented in Table 1.



Table 2 shows that cross
514 had the highest average fresh
fruit bunch at Nuea-Khlong
District. Cross 512 had the highest
average fresh fruit bunch at Ron-
Phibun District, and cross 501 had
the highest average fresh fruit
bunch at  Cha-uat  District.
According to an averaged fresh

SABRAQ J. Breed. Genet. 44(1): 1-8

55.23 kg/palm/year and -5.13,
respectively. Additionally, cross
530 had the least average fresh fruit
bunch and PCA score was close to
zero, 27.87 kg/palm/year and 0.03,
respectively. The result of a cross’s
stability analysis was represented
as biplot graphs (Figure 1 and
Figure 2).

fruit bunch from 3 locations, it was
found that cross 512 had the
highest average fresh fruit bunch
and PCA score was far from zero,

Table 1. Analysis of additive main effects and multiplicative interaction of
tenera’s fresh fruit bunch in 3 locations in Southern Thailand

Source of Degree of Sum of Square Mean Square F-test
variance freedom
Cross (C) 6 1,279.61 213.27 1.10™
Location (L) 2 2,692.53 1,346.27 60.43"
CxL 12 2,333.22 194.44 8.73"
PCA 1 7 1,833.81 261.97 11.76"
PCA 2 5 499.41 99.88 448"
Error 84 1,871.25 22.28
Total 104 8,176.62

ns = Non significant difference ** Highly significant difference P <0.01

Table 2. Average fresh fruit bunch for each cross in each location, average

fresh fruit bunch, variety PCA 1 score and variety PCA 2 score

Nuea- Ron-

Cross Khlong Phiboon Cha-uat Mean PCA 1 Score PCA 2 Score

501 30.02 47.68 38.14 38.61 0.75 2.33
506 31.74 54.70 21.86 36.10 -0.29 -1.03
512 32.92 99.12 33.66 55.23 -5.13 -1.73
514 57.90 39.94 22.74 40.19 3.95 -2.97
521 25.74 45.42 29.38 33.51 0.41 1.45
523 32.02 52.02 31.84 38.63 0.28 0.78
530 19.28 42.04 22.28 27.87 0.03 1.16

Mean 32.80 54.42 28.56

PCA 1

Score 4.06 -5.04 0.97

PCA 2

Score -2.51 -1.29 3.80
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Figure 1 Biplot graph between average fresh fruit bunch and PCA 1 score
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Figure 2 Biplot graph between PCA 1 score and PCA 2 score



DISCUSSION

The results showed that location
and interaction between cross and
location influence fresh fruit bunch
yield  differently, which s
consistent with the study by Rafii
et al. (2001). However, the
influence of cross did not affect
fresh fruit bunch, which was
different from the report of
Kushairi et al. (1993); Obisesan
and Fatunla (1983) and Rafii et al.
(2001). This might be due to the
fact that the the parents of these
crosses were selected from the
same population, so genotype of
these crosses were similar and
hence no statistically significant
differences were detected for fresh
fruit  bunch. Regarding the
Interaction between cross and
location or a multiple analysis, the
results showed that PCA 1 and
PCA 2 could separate sum of
squares of the interaction between
cross and location at 78.60 and
21.40  percentage, respectively.
Furthermore, it could detect the
difference of fresh fruit bunch
significantly, implying different
location yielded different fresh
fruit bunch. According to the
analysis, PCA 1 was considered as
the stability of cross. The result
showed that cross 530 was close to
zero, 1mplying this cross yield
similar was in all three locations
(1.e. highly stable), but fresh fruit
bunch for this cross was low (27.87
kg/palm/ year ). The conclusion for
this cross was that it was not
suitable to be introduced for
production. It is stable across
environments hence it can yield
something in areas where others
fail, hence it is a good cross but
need to be improved further

SABRAQO J. Breed. Genet. 44(1): 1-8

through breeding. Cross 523, PCA
1 close to zero (0.28), but fresh
fruit bunch yielded moderately and
consistently in all three locations
(38.63 kg/ palm / year). This cross
was more beneficial to
agriculturists than cross 530. PCA
1 of cross 501, 512 and 514 was far
from zero, indicating these crosses
had high interaction between cross
and location, but fresh fruit bunch
yield was not consistent in all three
locations. The cross 512 yielded
the most fresh fruit bunch at Ron-
Phibun District. Cross 501 yielded
the most at Cha-uat District and
cross 514 yielded the most at
Nuea-Khlong District. Therefore, it
1s suggested that each cross is
specifically suitable for each
specific environment.
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Abstract

This study aimed to estimate the variation of oil palm progenies, heritabilities, correlation and path
analysis of yield and yield component characters. Eighteen tenera progenies (DxP) with 7 years-old grown at
the Klong Hoi Khong Research Station, Faculty of natural Resources, Prince of Songkla University, Thailand
were used for this experiment. Each progeny was arranged as completely randomized design with 18
replications (palms). Three replications per progeny were selected by randomization and tagged for
investigation. The oil palm bunch yield and yield component characters were observed from randomized palms
for 3 years. The results showed that the progenies mean had significant difference in average bunch weight
(ABW) and number of bunches (BN) but not significant difference in average fresh fruit bunch yield (FFB). All
bunch yield and yield component characters were highly significant difference due to year effects. Only BN
character had significant difference for progeny x year interaction. The heritabilities estimates for FFB, ABW
and BN characters were low, ranged between 2.57-12.30%. The correlation of ABW and BN showed negative
correlation (r = -0.372) but these characters had positive correlation with FFB (r = 0.430 and 0.642,
respectively). Path analysis showed that both ABW and BN character had high direct effects on bunch yield
improvement.

Keywords : oil palm, correlation, heritability, path analysis
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Table 1 Combined analyses of variance for fresh fruit bunch yield (FFB) , average bunch weight (ABW) and number of bunches (BN)

Sources of variation d.f. Mean squares

FFB ABW BN
Progenies (or crosses) 17 3541.6" 20375 24.783"
Year 2 10997.4" 442.862" 102.537
Prog. x Year 34 2870.4™ 10.541™ 21.509"
Error 108 2333.30 8.17 13.55
C.V. (%) 32.36 22.71 29.82

* *¥* significant at P<0.05 and P<0.01 respectively, ns = not significant, d.f. = degrees of freedom, C.V. = coefficient of variation,

FFB = fresh fruit bunch yield, ABW = average bunch weight and BN = number of bunches.

Table 2 Genetic variability parameters for bunch yield components

Traits Mean+SE Range GV PV GCV (%) PCV (%) h,

Fresh fruit bunch yield (kg/palm/year) 149.29+16.101 116.11-193.74 83.900 2551.475 6.14 33.83 3.29
Average bunch weight (kg/bunch/year) 12.586+0.9529 9.047-15.499 1.229 9.994 8.81 2512 12.30
Number of bunches (no./year) 12.345+1.2270 10.44-16.00 0.409 15.949 5.18 3235 2.57

GV = Genotypic variance, PV = Phenotypic Variance, GCV = genotypic coefficients of variation, PCV = phenotypic coefficients of variation,

hzb = broad sense heritability
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Table 3 Correlations among bunch yield traits

Traits FFB ABW
ABW 0.4302%*
BN 0.6422%* -0.3723%**

** Correlation is significant at P<0.01

FFB = fresh fruit bunch yield, ABW = average bunch weight and BN = number of bunches.

Table 4 Path analysis of among bunch yield traits

Correlation Indirect effect
Characters Direct effect

coefficient BN ABW
BN 0.642 0.931 - -0.289
ABW 0.43 0.777 -0.347 -

FFB = fresh fruit bunch yield, ABW = average bunch weight and BN = number of bunches
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Abstract
The objective of this study was to estimate the genetic and phenotypic correlations of agronomic
characters (bunch yield and its components and vegetative characters)with oil yield. Eighteen varieties of
tenera hybrid with eight years-old were studied at the Klong Hoi Khong Research Station, Faculty of Natural
Resources, Prince of Songkla University, Thailand. Eight sampling palms per variety according to a
Completely Randomized Design were used to record the characters. The phenotypic and genotypic correlations
of bunch yield ,its components and vegetative characters with oil yield such as fresh fruit bunch (FFB), number
of bunch (NB), average bunch weight (ABW), fruit/bunch (F/B), wet mesocarp/fruit (WM/F), oil/bunch (O/B) ,
height (H), rachis length (RL), leaf dry weight (LDW) and leaf area (LA) were high and positive(r, = 0.854,
0.654, 0.373, 0.260, 0.200, 0.505, 0.381, 0.300, 0.291 taz 0.292; r =0.979, 0.822, 1.025, 0.401, 0.710, 0.365, 0.691,
0.686, 0.605 and 0.818 respectively). These results suggest that selection in oil palm breeding based on these

characters will give a good response to oil yield improvement.

Keywords: Oil Palm, Agronomic Characters, Phenotypic and genotypic correlations
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MS . 5
Source df MCP EMS EMCP
X y
Treatment t-1 M; M, M;M2 (0 Ez-s—erT (O @ J
Error t(r-1) M, M, M, M, c,’ (o
Total tr-1
'MCP = Mean Cross Product, *EMCP = Expected Mean Cross Product
Taii G =M, G = (M, - M )r
G°. =M, G, =(M,-M,)r
G..=M M, G =(M,M,-M, M)

Phenotypic variance (G2p) m'ldan Gzp: G2T+ GZE
2 2 2
6 ,.=0.+0.

Phenotypic covariance (Gzp*p) wldan 0,,=0p;t O

v o o °
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Table 2 Estimates phenotypic (r, : above diagonal) and genotypic (r,, : below diagonal) correlation coefficients among oil yield, bunch yield and its components of oil palm

s Bunch yield Bunch compositions
Characters Oil Yield

FFB NB ABW AFW AKW F/B K/B WM/F S/F K/F O/WM O/DM OfF 0/B
oY - 0.854" 0.635" 0373 0.051 -0.152 0.260" -0.120 0.200" -0.193" -0.228" 0.341" 0306 0373 0.505"
FFB 0.979 - 0.761 0.429" -0.102 -0.109 0.009 0.014 0.002 0.034 0.011 -0.016 0.075 -0.009 0.003
NB 0.822 0.936 - -0.224" -0.103 -0.074 -0.048 0.013 -0.060 0.053 0.041 0.020 0.043 -0.012 -0.030
ABW 1.025 0.911 0.684 - 0.010 -0.032 0.023 -0.032 0.112 -0.054 -0.061 -0.040 0.029 0.025 0.025
AFW -0.097 -0.227 -0.485 0.241 - 0.375" -0.114 -0.394" 0.545" -0.505" -0.401" 0.129 0.099 0.342" 0.236"
AKW -0.422 -0.590 -0.495 -0.631 0.785 - -0.016 0.371" -0.282" 0.048 0.442" -0.003 0.038 -0.123 -0.120
F/B 0.401 0323 0.061 0.683 -0.458 0.037 - 0513" 0.227" 0314~ 0.225" -0.121 0.105 <0188 0491
K/B -0.109 -0.206 -0.052 -0.491 -0.532 0.273 0.924 - -0.759" 0.696 " 0.947" -0.449" -0.066 0680  -0279"
WM/F 0.710 0.609 -0.438 2.069 0.480 -0.541 0.030 -0.772 - -0.866 -0.785" 0.194" 0.068 0576 0.373"
S/F -0.062 0.038 0.919 -1.217 -1.603 -0.209 1.271 1.447 -0.591 - 0.676 " -0.416" -0.085 069" -0423"
K/F -0.434 -0.510 -0.106 -1.165 -0.508 0.405 0.673 0.922 -1.293 1.498 - -0.462" -0.093 0.704" 0485~
O/WM -0.240 -0.447 -0.409 -0.433 1.244 0.886 -0.338 -0.289 0.680 -1.816 -0.200 - 0.494" 0.912" 0.720"
O/DM' N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A - 0.455" 0467
OfF 0.007 -0.193 -0.489 0275 1.153 0575 -0.202 -0.435 0.882 -1.632 -0.542 0.956 N/A - 0.759"

0/B 0.365 0.150 -0.275 0.768 0472 0.455 0.648 0.416 0.643 -0.138 0.135 0.493 N/A 0.615 -

Notes : *, ** significant difference at P < 0.05 and P < 0.01, respectively "N/A = Non/Applicable

*0Y =oil yield, FFB = fresh fruit bunch yield, NB = number of bunch, ABW = average bunch weight, AFW = average fruit weight, AKW = average kernel weight, F/B =

fruit/bunch, K/B = kernel/bunch, WM/F = wet mesocarp/fruit, S/F = shell/fruit, K/F = kernel/fruit, O/WM = oil/wet mesocarp,

O/DM = oil/dry mesocarp, O/F = oil/fruit and O/B = oil/bunch
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Table 3 Estimates phenotypic (r, : above diagonal) and genotypic (r,, : below diagonal) correlation

coefficients among oil yield, bunch yield and vegetative characters of oil palm

, 0Oil Bunch yield vegetative characters
Characters
Yield FFB NB ABW H TS LL LDW LA
oy 0381 0.053 0300 0291 0292
FFB 0.409" 0.047 0326 03407 0334
NB 0.170" -0.022 0.134 0.117 0.184"
ABW 0.338" 0.100 0306 0356 0234
H 0.691 0.616 0.305 1.068 - -0.127 0467 0480 0405
TS 0411 0.484 0.954 -0.409 -0.298 - 0.119 0.110 0.116
LL 0.686 0.620 0.424 0.899 0.628 0.403 - 05947 0.584"
LDW 0.605 0.563 0.364 0.801 0.790 -0.007 0.821 - 0.539"
LA 0.818 0.752 0.579 0913 0.747 0.161 0.978 0.980 -

Notes : *, ** significant difference at P < 0.05 and P < 0.01, respectively

'0Y = oil yield, FFB = fresh fruit bunch yield, NB = number of bunch, ABW = average bunch

weight, H = height, TS = trunk size, RL = rachis length, LDW = leaf dry weight and LA leaf area





