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COEFFICIENT OF BUNCH AND FRUIT TRAITS

ESTIMATES OF REPEATABILITY AND PATH

IN BANG BOET Dura OIL PALM

PATCHARIN TANYA*; YAOWANAT HADKAM*; PUNTAREE TAEPRAYOON* and PEERASAK

SRINIVES*

ABSTRACT

A study was conducted to estimate repeatability, minimum number of evaluations to which a trait should
be subjected, and the inter-relationship of 19 traits related to bunch and fruit in Bang Boet dura oil palms.
Repeatability values were found varying between 0.098 - 0.691. The optimum number of bunches for
observation of bunch weight, fruit weight per bunch, stalk weight per bunch, number of fruits per bunch,
weight of large size fruits, and number of large size fruits were three to six bunches, while the number to
assess weight of small size fruits, weight of medium size fruits, number of medium size fruits and number
of small size fruits were 7-11 bunches. The number of bunches for determing percentage of crude palm
oil and palm kernel oil per bunch should be four and eight bunches, respectively, whereas the optimum
number of fruits for observation of kernel thickness, fruit width, fruit length, weight per fruit, percentages
of mesocarp, shell and kernel were four to nine fruits, and for endocarp and mesocarp thickness were 18-
22 fruits. High positive correlations were observed between bunch weight and fruit weight per bunch,
bunch weight and stalk weight per bunch, fruit weight per bunch and weight of large size fruits, bunch
weight and weight of large size fruits, and fruit weight per bunch and number of large size fruits, with the
values of 0.98, 0.92, 0.91, 0.88 and 0.88, respectively. Path coefficient analysis showed that oil palm yield
was directly influenced by bunch weight and number of bunches per plant. Oil palm bunch weight was
determined mainly by fruit weight per bunch, which was directly affected by weight of large size fruits.
High percentage of mesocarp per fruit influenced the percentage of oil per bunch. Oil palm breeders can
apply this information to select for high yield through these yield components.
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INTRODUCTION

African oil palm (Elaeis guineensis Jacq.) is a
perennial crop plant that originated from West and
Central Africa, which is located between 16°N and
15°S of the equator. The plant adapts well to a wet
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tropical climate of the coastline (Hartley, 1988).
Besides being used as cooking oil, palm oil is also
used as a main raw material for biodiesel.
Historically, four dura seedlings were
introduced from Reunion and Mauritius to Bogor,
Indonesia in 1848 (Hartley, 1988). Seeds from these
plants were widely distributed. One set was planted
at Deli in Sumatra and was thus named ‘Deli palm’
(Corley and Tinker, 2003). Although the Deli dura,
has a thick kernel shell, it has been used as a mother
palm for almostallmajor oil palm commercial hybrid
seed production (Soh et al., 2003). In 1937, seeds
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from Deli palms were introduced into Thailand and
a few were grown at Bang Boet Farm - now known
as the Sitthiporn Kriddakara Research Centre of
Kasetsart University. Their dura progenies, known
as Bang Boet dura were employed as a mother stock
to cross with pisifera palms introduced from abroad
or selected from the progenies of superior tenera
clones. A number of tenera plants were produced
and grown in the southern part of Thailand thus
establishing one of the first oil palm plantations in
the country.

The oil palm is a perennial tree. Each breeding
cycle takes about 19 years of evaluation in a large
area, in order to select superior clones (Wong
and Bernardo, 2008). Since each trait can be
evaluated with different precision and accuracy,
an optimum number of measurements should
be determined in order to save time and money
required for the evaluation process. One way to
identify the suitable number of measurements
is through the calculation of repeatability (R).
Repeatability reflects similarity among the
phenotypic values observed in different periods
of the same individual (Falconer and Mackay,
1996). Repeatability estimates help to ascertain
an optimum number of repeated measurements
of traits to obtain sufficient information for data
evaluation to make a decision on such cultivars or
crosses. The coefficient of repeatability also largely
defines the upper limit of heritability (Dohm, 2002).
It can be estimated without much experimental
sophistication (Albuquerque et al., 2004). From a
statistical point of view, repeatability can be defined
as correlation between measurements on the same
individual whose evaluations were repeated
over time or space (Hansche, 1983). Breeders are
interested in repeatability coefficient because it
can help increasing accuracy in measurement of
traits with reasonable time and effort. De Souza
et al. (2003) determined repeatability and the
minimum number of evaluations in five traits
related to bunch, and berry yield of grapevine. The
estimated repeatability values ranged from 0.4750 —
0.8372, giving the coefficient of determination from
81.9% to 96.26%. Total soluble solid, total tritrable
acidity and bunch length showed the R values of
0.52, 0.50 and 0.47, giving the optimum number
of observations at 8, 9 and 10 cycles, respectively.
Da Costa (2004) determined coefficients of R and
the minimum number of evaluations for mango
and found that fruit longitudinal diameter (FLD),
fruit transversal diameter (FTD), the ratio of FLD/
FTD and stone longitudinal diameter all gave the
R values of 0.91 and required two evaluations to
attain a decisive evaluation. Pulp weight and skin
weight were lower in R values, which required
a minimum of four evaluations, while the total
number of fruits per tree and fruit production per
tree gave the R of 0.51 and 0.53 with six and five
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recommended evaluations, respectively. Recently,
Cedillo et al. (2008) worked on repeatability and
the correlation of African oil palm using six trees
of five dura and one tenera. The data were collected
on number of bunches and five-year yield during
1992 to 1996. They found that at least four years
of evaluation (1992-1995 or 1993-1996) gave
sufficient repeatability of 0.64 and 0.68, with the
necessary coefficients of reliability of 87.6% and
89.6%, respectively. Evaluation of dura oil palm is
a breeder’s common practice, since the plants are
compared in each cycle of selection as well as in
seed production.

In plant breeding, it is also interesting to
measure relationship between traits. This is
often done through the calculation of correlation
coefficient, which is a measurement of linear
relationship between two dependent variables,
giving a joint response of -1 to +1 (Steel et al.,
1997). It is positive when the two variables vary
in the same direction and negative when in the
opposite direction. The genetic correlation involves
associations of heritable nature, and is consequently
of importance to plant and animal improvement
programs.

Trait relationship can also be done through
path analysis, in order to explain the effect of
independent variables (X)) on dependent variables
(Y). In oil palm, the independent variables are
yield components, i.e. number of bunches per year,
number of fruits per bunch, average fruit weight
and axial bunch weight. They can show both direct
and indirect effects on annual bunch yield, the
dependent variable.

In this study, we determined the optimum
number of bunches and fruits required for data
collection of traits related to yield through the
estimate of repeatability in Bang Boet dura oil
palm. Correlation coefficients and path coefficients
among traits related to bunch and fruit were also
calculated.

MATERIALS AND METHODS

Thirty-three dura oil palm plants were grown from
seeds of the original Bang Boet dura trees and planted
in a private farm in Pathio district, Chumphon
province, southern Thailand in the year 2000. The
plants set fruits three to four years after planting,
but bunch and fruit sizes became stable from seven
to eight years after planting. Data on bunch and
fruit components were collected throughout the
year 2009. Briefly, each mature bunch was weighed
before separating all fruits from the bunch, then
fruit and stalk weight per bunch as well as number
of fruits per bunch were counted. The fruits were
divided into three sizes (large, medium and
small), with the weight > 7, 5-7, and < 5 g/fruit,
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respectively. They were weighed, counted and
randomed for four fruits per size, weighed and
cut vertically to measure mesocarp thickness, fruit
length and width (in cm).

Twenty traits related to yield of oil palm
were observed. They were weight (kg) per bunch
(W/B), number of bunches per year (NB), number
of fruits per bunch (NF/B), fruit weight (kg) per
bunch (FW/B), stalk weight (kg) per bunch (SW/B),
weight (kg) and number of large size fruits (WLF
and NLF) per bunch, weight (kg) and number of
medium size fruits (WMF and NMF) per bunch,
weight (kg) and number of small size fruits (WSF
and NSF) per bunch, mesocarp, shell and kernel
thickness in cm (MT, ST and KT), fruit width and
length in cm (FWD and FL), weight (g) per fruit
(W/F), % mesocarp, % shell and % kernel per fruit
(% M/F, % S/F and % K/F). The data were analysed
for phenotypic variation among the dura oil palm
plants and declared their difference by least
significant difference (LSD) test using R program
(Development Core Team, 2006). Each observation
has the following statistical model:

Y = HHog T,
where Y, is the m™ measurement observed from
the k™ plant, u is the population mean, o, is effect
of the k™ plant and e__ is effect of environment on
the m™ measurement.

R and its standard error (SE) of each trait were
estimated from a one-way analysis of variance
following Becker (1984).

Repeatability (R)= o, /(c?, +G%))
where 6 is the variance component determining
difference among oil palm plants, and c*, is the
variance between measurements within the same
oil palm plants.

A standard error of repeatability [S.E. (R)] was
calculated from the formula:

SE(®)- / [2(m.-1)(1R) |[1:(k,- )R]
K? (m.-N)(N-1)

where k; is the number of bunches or fruits
collected from each oil palm plant and can be

k= 1% [m.— (Zgi)] . N is total number
of plants, m,_is number of bunches or fruits of the
k" plant, and m. is total number of bunches or fruits
observed.

The relative efficiency (r) showing an increase
in accuracy from each additional measurement
was used as the criteria to determine the optimum
number of measurements in each character as

follows:

calculated as

Relative efficiency (r) =n/[1+(n-1) R],
where 7 is the number of bunches or fruits being
measured and R is the repeatability coefficient.
The optimum number of bunches or fruits were
judged based on an increase in relative efficiency
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value. If the additional measurement gives an
increase in relative efficiency of less than 10% of the
previous number, the current number is considered
optimum.

Correlation coefficient and path analysis
were performed according to Jerrold (1984), to
demonstrate direct and indirect effect of yield
components on oil palm bunch yield.

RESULTS AND DISCUSSION

Analysis of variance showed that yield components
were significantly different among 33 Bang Boet
dura oil palm plants in this study (Table 1). These
plants were different in all traits measured, except
for number of bunches per year (NB/Y), mesocarp
thickness (MT) and shell thickness (ST).

Means of yield-related traits in each dura oil
palm plant are presented in Table 2. Plant number
25 (19) gave the highest W/B of 43.25 kg, which was
not significantly different from that of #27 (I13)
(40.60 kg), while #4 (B17) gave the lowest average
bunch weight of 15.50 kg. Plant #25 and #27 also
gave the highest FW/B and SW/B (27.55 kg and
15.70 kg) and (25.00 kg and 15.60 kg), respectively,
while the lowest one was #4 (B17) (8.60 kg and 6.90
kg). Plant #22 (G14) and #27 gave the highest NF/B
(3020 and 2926 fruits) which were not different
from #25 and #7 (C15) (2876 and 2847 fruits), while
#20 (G5) gave the lowest number of fruits at 1128.
For weight and number of large, medium and small
size fruits, plant #25, #22 and #27 were the highest,
while #6 (C14), #20 and #17 (F13) were the lowest.
Kernel thickness ranged from 0.67-1.25 cm, with
the highest found in #7 (1.25 cm) and the lowest in
#28 (J3) (0.67 cm). Plant #13 (D17) gave the longest
fruit of 2.60 cm, while #28 (J3) was the shortest at
1.96 cm. For FWD and W/F, #18 (F17) produced the
highest with 2.04 cm and 10.13 g, while #1 (B4) gave
the lowest at 1.53 cm and 4.76 g. The % M/F for #1
was the highest (58.01%), while #10 (D1) (36.13%)
gave the lowest. Conversely, % S/F of #10 and #1
were the highest (46.41%) and lowest (26.45%),
respectively. The highest percentage of kernel per
fruit (% K/F) was observed in #3 (B16) and #5 (C13)
(25.29 and 25.26 %), while the lowest percentage
was in #14 (E1) (9.59%). These results showed that,
on the average, the proportion of mesocarp per
fruit, shell per fruit and kernel per fruit among this
dura germplasm were 48.24: 34.29: 17.47 or 2.77:
1.97:1.00. This proportion can be used as a reference
characteristic of this dura germplasm in the future.

The estimated repeatability (R) for traits
observed on bunch basis is shown in Table 3.
The values varied from 0.201+0.105 for NSF to
0.691+0.072 for W/B. W/B, FW/B, SW/B and WLF
showing relatively strong genetic effect and could
be measured with high reliability from a sample
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TABLE 1. MEAN SQUARES FROM ANALYSIS OF VARIANCE FOR BUNCH AND FRUIT TRAITS IN 33 BANG
BOET Dura OIL PALMS

Sources df

Mean squares

NB/Y W/B NE/B FW/B  SW/B  WLF NLF WMF NMF
B;Z;i‘;“ 320 127 13483 912831%* 6146 18.62%  19.82%  139023*  543% 112 844*
Within

77 176 15.98 250865  8.07 3.68 347 42529 253 57387

plants
Sources df Mean squares

WSF NSF MT ST KT FL FWI WIF %M/F %S/F %K/F
B;z;i‘;“ 32 576% 185113  001™  0008™  0.06*  0.13* 0.06% 733  6435%  5540°  41.63*
Within
plants 77 218 100987 0.008 0.005 0.01 0.05 0.01 153 30.87 23.97 8.93

Note: *** Significantly different at P<0.05 and P<0.01, respectively, ns: non-significant. NB/Y = number of bunches per year, W/B
= weight (kg) per bunch, NF/B = number of fruits per bunch, FW/B = fruit weight (kg) per bunch, SW/B = stalk weight (kg) per bunch,
WLF = weight (kg) of large size fruits, NLF = number of large size fruits, WMF = weight (kg) of medium size fruits, NMF = number of
medium size fruits, WSF = weight (kg) of small size fruits, NSF = number of small size fruits, MT = mesocarp thickness (cm), ST = shell
thickness (cm), KT = kernel thickness (cm), FL = fruit length (cm), FWI = fruit width (cm), W/F = weight (g) per fruit, % M/F = mesocarp
per fruit (%), % S/F = shell per fruit (%) and % K/F = kernel per fruit (%).

of three to four bunches. The NF/B, NLF, WSF and
WMF were of medium repeatability and required
collecting data from five to eight bunches. The
traits that needed observations from up to 10-11
bunches were NMF and NSF. In high repeatability
traits such as W/B, its accuracy increased 18% from
the first to the second measurement, and thus
observations from only three bunches are sufficient
in attaining the required accuracy. Since bunch
weight is highly repeatable, it is theoretically highly
heritable. The traits observed on fruits, i.e. FW, %
K/F, FWI and KT required observations on only
four to five fruits, while FL, % S/F and % M/F could
be measured with sufficient reliability from seven
to nine fruits. ST and MT were affected largely by
environment and varied so much that at least 18-
22 fruits should be observed to obtain reliable data.
Rafii et al. (2002) noted that low genetic variability
for yield and its components theoretically implied
measurement from more bunches. Most of fruit
components shown in Table 3 revealed medium
to low repeatabilities as compared to bunch
components. The environmental condition during
fruit development affected competition between
fruits in the same bunch and caused high variation
on traits related to mesocarp and endocarp,
especially their thickness. Ahmad (2007) studied
tenera hybrids from diverse dura crossed with
AVROS pisifera and found that number of bunches
was not different among plants, while % M/F, % S/F
and % K/F were high in genetic variation.

In this study, repeatability values of 19 yield-
related traits in Bang Boet dura oil palm can be
classified into three groups. The first group with
a strong genetic control and less environmental
effect were W/B, FW/B, SW/B, WLF, FW and % K/F.
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The second group with moderate environmental
effect comprised NF/B, NLF, WMF, NMF, WSE,
NSF, KT, FWI, % M/F and % S/F, while the third
group, ST and MT were highly influenced by
environmental factors. Our results are comparable
to those reported in cacao by Dias and Kageyama
(1998) who estimated using analysis of variance of
five years’s data during 1986-1990. Their R values
varied from 0.41-0.95 in number of healthy fruits per
plant (NHFP), number of collected fruits per plant
(NCFP), weight of wet seeds per plant and per fruit
(WHSP and WHSF), and percentage of diseased
fruits per plant (PDFP). They concluded that two
harvested years were sufficient to evaluate NHFP,
NCFP, WHSP and WHSF with determination
coefficient of greater than 90%, except for PDFP
that gave the lowest coefficient of 78%. Optimum
number of bunches and fruits found in our study
are similar to those reported earlier by Cedillo et al.
(2008) who worked on correlation and repeatability
in progenies of African oil palm. They indicated
that at least four years of successive harvests are
required to exploit the genotypic potential of the
evaluated progenies. Leon et al. (2004) reported
that correlation between years can be used as an
indicator for predicting oil content in olive in the
following years. Our information is based on one
year data and thus cannot be used to predict oil
palm performance over years.

Table 4 shows correlations between yield and
its components with strong associations between
W/B and FW/B (0.98), W/B and SW/B (0.92), FW/B
and WLF (0.91), FWI and FL (0.90), W/F and FL
(0.93), and W/F and FWI (0.97). FW/B, SW/B, NEF/B,
WLF, NLF, WMF, NMF, WSF and NSF exhibited
positive correlations with W/B, while % M/F
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ESTIMATES OF REPEATABILITY AND PATH COEFFICIENT OF BUNCH AND FRUIT TRAITS IN BANG BOET Dura OIL PALM

TABLE 3. VARIANCE COMPONENTS OF BUNCH AND FRUIT TRAITS, REPEATABILITY (R),AND OPTIMUM
NUMBER OF BUNCHES AND FRUITS REQUIRED TO MEASURE YIELD-RELATED TRAITS FROM 33 BANG
BOET Dura OIL PALMS

Optimum number of

Bunch trait cy’ o’ Repeatability (R) bunches
Weight per bunch (W/B) 35.790 16.000 0.691+0.072 3
Fruit weight per bunch (FW/B) 16.085 8.070 0.666+0.067 3
Stalk weight per bunch (SW/B) 4.501 3.680 0.550+0.092 4
Number of fruits per bunch (NF/B) 199 428 250 865 0.443+0.101 5
Weight of large size fruits (WLF) 4.926 3.470 0.587+0.087 4
Number of large size fruits (NLF) 29,070 42 530 0.406+0.103 6
Weight of medium size fruits (WMF) 0.873 2.529 0.257+0.106 8
Number of medium size fruits (NMF) 16 707 57 387 0.225+0.106 10
Weight of small size fruits (WSF) 1.808 2.179 0.331+0.106 7
Number of small size fruits (NSF) 25344 100 987 0.201+0.105 11
Fruit trait o’ o’ Repeatability (R) Optimugluril:; mber of
Mesocarp thickness (MT) 0.001 0.008 0.098+0.099 22
Shell thickness (ST) 0.001 0.005 0.121+0.101 18
Kernel thickness (KT) 0.013 0.014 0.485+0.098 5
Fruit width (FWI) 0.014 0.014 0.489+0.098 5
Fruit length (FL) 0.025 0.048 0.340+0.106 7
Weight per fruit (W/F) 1.748 1.530 0.533+0.094 4
% mesocarp per fruit (% M/F) 10.086 30.870 0.246+0.106 9
% shell per fruit (% S/F) 9.469 23.970 0.283+0.106 8
% kernel per fruit (% K/F) 9.851 8.930 0.525+0.094 4

Note: 6, = variance component of variation among oil palm plants.
c,> = variance component of variation between measurements within the same oil palm plants.

Number of bunches per year (NB/Y)

Stalk weight per Weight of large size fruits
bunch (SW/B) (WLF)

Bunch weight per plant per year
(BW/plant/year)

£, =0.61%

1 =0.82% | r =050%

b.' =065+ Fruit weight per
Weight per bunch (BW) }CW bunch (FW/B)
rZ):' =u

Weight of medium size
fruits (WMF)

1,,=0.60%*

Weight of large size fruits
(WSF)

Number of fruit

per bunch (NF/B) Number of large size fruits

(NLF)

1y, = 0.43%*

Number of medium size
fruits (NMF)
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Number of small size
fruits (NSF)

Figure 1. Path coefficient relationship between yield and yield components in 33 Bang Boet dura oil palms.
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%S/F
-0.26

%M/F
-0.71%*
-0.50**

W/F
0.06
0.16
-0.27
number of fruits per bunch, WLF

FWD

0.97**
-0.07
0.24
-0.21

FL
0.04
0.02

-0.08

0.90**
0.93**

KT
0.63**
0.62**
0.57**

-0.48**

0.19

0.42*

MT ST
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0.01 0.17
0.49** 0.35%
0.43* 0.42*
0.48** 0.43*
0.40% 0.12
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-0.36*
-0.34
-0.31
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-0.14
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0.60** 0.40*
0.41* 9*
-0.15 48*
0.40* 10
0.41* 00
0.24 41*
0.27 37%
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-0.21 24
0.16 0.05
0.10 0.25

TABLE 4. CORRELATIONS BETWEEN YIELD-RELATED TRAITS IN 33 BANG BOET Dura OIL PALMS
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Traits
FW/B
SW/B
NF/B
WLF
NLF
WMF
NMF
WSF
NSF
MT
ST
KT
FL
FWD
W/F
%M/F
%S/F
%K/F
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fruit weight (kg) per bunch, SW/B = stalk weight (kg) per bunch, NF/B =

weight (kg) per bunch, FW/B =

Note: *** Significant at P<0.05 and P<0.01, respectively. W/B

weight (kg) of large size fruits, NLF

of small size fruits, MT

=number
mesocarp per

= weight (kg) of small size fruits, NSF

number of medium size fruits, WSF

number of large size fruits, WMF = weight (kg) of medium size fruits, NMF

weight (g) per fruit, % M/F =

= fruit width (cm), W/F

= fruit length (cm), FWD

kernel thickness (cm), FL

shell thickness (cm), KT

kernel per fruit (%).

mesocarp thickness (cm), ST =

fruit (%), % S/F = shell per fruit (%) and % K/F
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showed negative correlations with % S/F (-0.71) and
% K/F (-0.50), similar to those reported by Obisesan
and Fatunla (1982) that oil palm fruits with thick
mesocarp had thin shell and small kernel. Cedillo
et al. (2008) determined direct and indirect effects
of yield-related traits on yield or bunch weight per
plant per year and residual effects. Our result of
path analysis as shown in Figure 1 shows no residual
because causal characters exclusively determine the
effect characters. For example, FW/B is exclusively
determined by weight of large, medium and
small size fruits. Likewise, NF/B is exclusively
determined by number of large, medium and small
size fruits. Then W/B is dictated by NF/B and stalk
weight and fruit weight per bunch. Thus, it can be
concluded that bunch weight per plant per year
depends solely on W/B and NB which has negative
relationship, ie. plants with larger bunches
produced less number of bunches (r = -0.49). The
W/B then comprises SW/B, FW/B and NF/B with
high correlation coefficient of 0.92, 0.98 and 0.66,
respectively. Among the three causes of W/B, FW/B
showed the strongest positive correlation. This
relationship came from the direct effect of FW/B (r
= 0.66) as well as the indirect effect through SW/B
and NF/B which had high correlations with FW/B
at 0.82 and 0.70, respectively. Finally, FW/B was
influenced largely by WLF (r=0.91), while NF/B was
determined mainly by NSF (r = 0.85), as depicted in
Figure 1. NB/Y and W/B contribute almost equally
to oil palm yield. W/B itself is a function of SW/B,
FW/B and NF/B, with more contribution coming
from FW/B. FW/B, in turn, depends largely on WLF
more than weight of fruits of the other sizes, while
NF/B is controlled equally by number of fruits from
all three sizes.

Although these findings are rather specific to
Bang Boet dura, they can be applied to other dura oil
palm populations with similar genetic background.
The results can also be used as a reference to other
studies/breeding programmes involving with dura
improvement.

CONCLUSION

The repeatability of yield related traits, especially
W/B, FW/B, SW/B, WLF, W/F and %K/F were high
and thus the optimum number of bunches and
fruits required to observe them are three or four.
Weight and number of different size fruits are
major components contributing to bunch yield in
oil palm.
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