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Abstract

This study assessed environmental and biological factors influencing oil palm fruit set and yield decline. This study was conducted in Malaysia,
Teluk Intan, Perak State, at the Malaysian Palm Oil Board (MPOB) Research Station during February 2019 to January 2020. The optimal oil
palm fruit set is continuously declining, attributed to genetic origins, inflorescence sex ratio, pollinator insect (Elaeidobius kamerunicus Faust)
and environmental factors (rainfall, field temperature, wind velocity, evaporation rate and sunshine duration). This study was conducted to
investigate the most influential factor responsible for the decline in oil palm fruit set. The analysed results showed that oil to bunch was the
highest contributor to oil yield, followed by mesocarp to fruit and fresh fruit bunch. The novelty of this study as a unique contribution to the oil
palm industry primarily identified E. kamerunicus as the most influential biological factor in fruit set success, followed by wind velocity and
field temperature, especially in older or taller palms with reduced male inflorescence. These findings can be used to develop strategies to
combat declining oil palm fruit setting and low oil yield.
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Introduction conserving genetic resources (5). Different series of oil palm planting
materials that are currently in use were developed with a variety of

The African palm (Elaeis guineensis Jacq.) is one of Malaysia's most breeding goals in mind, all geared atincreasing oilyield.

important industrial perennial crops that has a long history and
generates significant amounts of revenue (1). Large-scale oil palm Elite planting materials are essential to any increase in crop
cultivation is thought to have been concentrated in Southeast Asia, ~ Productivity. Therefore, breeding efforts should aim to use planting
primarily in Indonesia, Malaysia and Thailand. Malaysia s theworlds’ ~ Materials that are resistant to common pests and diseases and have
second-largest producer and exporter of palm oil, after Indonesia (2). 2 high-yielding capacity. In light of this, the MPOB has used selective
China and India were the top importers (3). The need for vegetable ~ Preeding to create a variety of oil palm planting materials using
il is still increasing due to the growing world population. High- ~ germplasm around the world. The oil yield of oil palm remains
yielding tenera is the best material for commercial oil palm planting ~ Variable despite improvement efforts to increase its yield potential.
in Southeast Asia. Even with the possibility of higher production, Inadequate pollinators during male inflorescence anthesis are one of
efforts are always made to increase it; one strategy for addressing the variables contributing to low output (6). Production of palm oil

pooryield is to enhance agricultural yield features (4). depends on the pollination of oil palm pollen (7, 8). Male
inflorescence production needs to be suitable for the provision of

pollen and breeding sites for pollinating insects. This can only be
achieved by growing the appropriate genotype planting materials.
Pollination is a crucial component for the yield improvement of oil
palm inflorescences, alternating between male and female forms.
There is a considerable variation in time spent on each stage due to
genetic diversity and climatic factors.

Malaysia's’ economy benefited greatly from oil palm and the
country gained international recognition for its oil palm research and
development. Despite its progressively dropping yield, it continues
to be a major driver of Malaysia's’ economy. To meet the increasing
needs of a world population that is only becoming bigger, scientists
and governments have launched several projects and attempts to
increase oil supply, including gathering, assessing, using and
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Consequently, E. kamerunicus, has gained recognition as
one of the key pollinators in oil palm plantations (9). To prevent
inadequate pollination and low fruit set development, palm
plantations should maintain the population density and efficiency of
this pollinator. Research has demonstrated that the genetic origins
of oil palm had an impact on the diminishing fruit set (10). Similarly, it
is worth observing that the decline in E. kamerunicus population is
region-specific to all tropical regions, including Malaysia and other
nearby nations that produce oil palm in the Southeast Asia region.
Research has reported that to enhance pollination and fruit set of
E. guineensis, E. kamerunicus was key in all tropical regions where oil
palm has been grown since the late 20" century (11). Elaeidobius
kamerunicus resides, feeds and reproduces mainly on the male
inflorescences of oil palms (12, 13). An abundance of oil palm male
inflorescences increases the population abundance of this
pollinator. However, changes in the climate may have an impact on
the number of pollinating weevils and the development of fruit. High
rainfall and wind speeds and extended sunny periods may cause the
oil palm pollinator weevil population to decline (1, 13). Similarly, a
high sex ratio will reduce the number of weevil breeding grounds,
which will result in a low weevil population. A higher sex ratio
indicates a higher occurrence of female inflorescences in oil
palm. Nonetheless, a high sex ratio also indicates a relatively low
density of oil palm male inflorescences (14).

Changes in atmospheric conditions may also result in
diverse reactions in oil palm, especially at the onset of fruit setting. In
Southeast Asia, a 10-30 % decline in oil palm yield was reported due
to the increasing incidence of drought (15). Therefore, to get an
average yield, the palm tree needs an annual rainfall of 1500-2000
mm spread evenly, with minimum and maximum temperatures of
22-24 °C and 29-33 °C, respectively (16, 17). Oil palm yield may
further decline due to predictable water stress and temperature
increases (18, 19). It may even put the oil palm-producing nations of
Southeast Asia in unfavourable conditions for the growth and
development of palm oil (20). This study aims to identify the main
causes of the reduction in oil palm fruit set and oil yield, with an
emphasis on the roles played by E. kamerunicus pollinator
populations and environmental factors.

Materials and Methods

The 24 D x P progenies developed by the MPOB through a biparental
breeding design served as planting materials for this study. The
progenies used comprised four male pisiferas and six female duras.
However, the 24 D x P progenies were used to evaluate yield
variability and pollination traits across genotypes.

Study location and experimental design

The MPOB Research Station in Teluk Intan, Perak State, was the site
for this study. In September 2008, MPOB planted palms on 12.06
hectares on deep peat soil using an Independent Complete
Randomised Design (ICRD) in a triangular planting distance of 8.5 m,
but this research was carried out in February 2019 to January 2020.
The biparental progenies' performance was assessed using the
standard technique for bunch yield and yield characters. A total of
1520 palms were used and a structured random selection of palms
per progeny for the bunch analysis and fruit composition (21).

Astructured random selection of 20 palms for each progeny,
making a total of 480 palms were nominated for sex ratio and fruit
set data collection and a total of 288 palms from the experimental
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palm densities randomly selected following the methods to determine
the population density and pollination efficacy of E. kamerunicus in oil
palms were assessed using the same experimental design (22, 23). To
categorise the opening and functionality of the male inflorescence, a
standard technique was used (22).

Procedures and data collection

The following information was gathered about yield, fruit bunch
quality features, Inflorescence Sex Ratio (ISR), Fruit Set Ratio (FSR),
population size of E. kamerunicus (EK) and climate data: data on
yield and yield traits, such as Fresh Fruit Bunch (FFB), Bunch Number
(BNO) and Average Bunch Weight (ABW), were gathered (21, 24). On
the other hand, the Fruit to Bunch ratio (FTB), Fertile Fruit to Bunch
(FFTB), Mesocarp to Fruit (MTF), Qil to Bunch (OTB) and Palm Qil
Yield (POY) procedures on fruit quality attributes were done (25, 26).
To determine the traits that mostly influence high oil output and the
variables that have the most impact on oil palm fruit setting, used
POY as the dependent variable and other traits as the independent
variables. Data on bunch yield and vyield traits were collected at
regular harvesting intervals of two weeks. The Fruit Set (FS) and Sex
Ratio (SR) data were collected quarterly for four consecutive rounds.
Data on the population density of E. kamerunicus among the 24 D x P
progenies were collected for 12 months at monthly intervals (23).

Climatic data on Average Rainfall (ARF mm), Average Field
Temperature (AFT °C), average solar radiation (ASH W/m?), Average
Evaporation (AER mm) and Average Wind Velocity (AWV km/hr) were
collected from the Meteorological Department at a local
Experimental Research Station, commencing from February 2019 to
January 2020. Variables identified for assessing the primary factors
influencing high oil yield and FS decline were chosen based on their
individualimpacts on high FS and oil yield.

Stepwise Regression-Forward (SWR-F) procedure and link on
major factor determining traits

The following linear equation was employed at two distinct stages to
identify the primary contributor to oil yield and the principal factor in
the decline of the oil palm fruit set, using version 9.4 of the Statistical
Analysis System (SAS) of the Generalized Linear Model (GLM) on
provincial climate data, selected traits from the 24 biparental
progenies of oil palm including ISR, FSR and E. kamerunicus.

Y=Bo+BuXo+BoXo +BaXs +BaXa +PsXs +PeXe +PX%r  (Eqn. 1)

To determine the most beneficial and contributing
component potentials for high POY and to identify the main causes
of the fall in oil palm fruit set, this study used Pearsons’ correlation
and stepwise-forward regression techniques. The forward selection
method was used because the number of variables used was
smaller in number. Research indicates that with a small subset size
of all possible regressions, the forward selection procedure tended
to agree with the results from the backward selection procedure.
The independent variables and dependent variables were
distinguished with clarity and the use of stepwise regression was
essential. The forward selection method was used because the
variables used were smaller in number and the goal of stepwise-
forward regression is to include only those traits in the regression
equation that significantly contribute to fluctuations in the
dependent variable. Traits were added methodically one at a time
from an initially empty equation. Whereas the backward selection
method can only be used with a large number of variables.
Nonetheless, the Mallows Cy (critical/complexity parameter),
statistical method described was used to choose the bestitting
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model for factors that most significantly contributed to the high yield
of palm oil and to choose the most contributing factor to low FS (27,
28). The most helpful explanatory variable that met the required
condition (p <0.05) was chosen from the explanatory variables (X) in
the selection process, which was included in the final regression
model. The model procedures proposed were followed (28).

Y=Bo+B:Xu +.. PrXe (Eqn.2)

Where,
Y = dependent variable; 0= Intercept; 1= Slope; k = Explanatory
variables; X;=Independent variable

The regressors include one response variable (POY) as against seven
explanatory variables (FFB, BNO, ABW, FTB, FFTB, MTF and OTB),
which were used in the model:

Y=o+ BuXe+BXe +BaXs +BaXs +BsXs +BeXs +B%  (Egn.3)

Where, Y = POY; 3, = Intercept; 3= Slope; X,= FFB; 3, = Slope; X; =
BNO; 3= Slope; X:= ABW; 3= Slope; Xs= FTB; (3= Slope; X= FFTB; %
=Slope; Xs= MTF; 3;=Slope and X,=OTB

Results and Discussion
Correlation and stepwise regression

Numerous studies have examined the relationship between the
diversity and abundance of weevils and their pollination
effectiveness on African oil palm in connection to low FFB and palm
oil production in various regions (23). Therefore, the expected model
step one Y = o + X1 + Br¥ indicated that the first stage (Table 1)
showed a significant association between POY and OTB (pr > F =
< 0.01) with an R-Squared of 0.6476; the regressions’ intercept and
coefficient were 2.124 and -8.220, respectively. Thus, Y = -8.220 +
2.124X%; could be the relationship model for POY and OTB in this
investigation. The regression effect indicated that the regression line
could account for 64.76 % of the correlation between POY and OTB.
The association between POY and OTB was not equal to zero, as
shown by the regressions’ intercept and coefficient. It is believed that
the stepwise regression summary is an essential part of the analysis.
Several studies concentrated on specific guiding concepts for
selecting halting rules for stepwise regression (29).

However, a = 0.25 and a = 0.10 were suggested as cut-off
points for forward and backward selection procedures, respectively
(30). The suggestion for a forward selection procedure cut-off point
(0 =0.25) was further recommended (31). The present study used a
default cut-off point for model admission and none of the
independent variables under consideration met the 0.05 significance
threshold needed for model admission by default. At this point,
stepwise regression forward was terminated (Table 1). Moreover,
steps that exhibit significant correlations with the independent
variable orvariables' contribution to the affiliation are validated (29).

It is believed that genetic variations are important in plant
breeding programs, such as the oil palm, they allow additional genes
to be incorporated into the oil palms’ limited genetic base through
introgression. Therefore, the expected model step two of Y=, +
B:Xr + Bk , implied that with an R? of 0.6904, the ANOVA of the
second step, which examined MTF and OTB, shows a highly
significant association with POY. The regression line at 69.04 % may
help to understand the correlation between these variables.
Consequently, there was a highly significant correlation between the
intercept of -35.898 and the MTF and OTB regression coefficients of
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0.496 and 1.658, respectively. Thus, Y =-35.898 + 0.496Xs + 1.658X7
could be the relationship model between POY with MTF and OTB.
These two variables (MTF and OTB) are key traits for high palm oil
productivity; thus, oil palms with such qualities should be selected
for future breeding programs.

Similarly, OTBs’ influence on POY was 64.8 %, as indicated by
the partial R-Square of 0.648, considering that just OTB was included
in the studys’ initial phase. In the second step of the investigation,
MTF and OTB were also considered, indicating a 4.3 % contribution
of MTF to POY, conditional on other variables. However, the degree
of ripeness of the fruit used to make palm oil has a significant impact
on the quality of the finished product (32).

Equally so, the expected model step three of Y=-Bo+ BeXs +
BX: + X, similarly, showed that the third phase of the study
looked at FFB, MTF and OTB. A partial R-Square of 0.018 in the results
indicated a 1.8 % influence of FFB on POY. The combined study of
FFB, MTF and OTB showed a highly significant correlation between
POY and variables, with an R-Square of 0.7082 (Table 1). However,
the correlation at 70.82 % may be explained by the regression line.
The correlation coefficients for FFB (0.049), MTF (0.406) and OTB
(1.615), as well as the relationships’ intercept (-35.116), were all
statistically significant, with OTB being the most significant trait. The
relationship between POY and FFB, MTF and OTB is represented by
the relationship model Y =-35.116 + 0.049X1 + 0.406X6 + 1.615X7.

Also, the expected model step fourY=-Bo+ B:X1 + BeXs + 7%
+ BiX«, with an R-Square of 0.7144 for the variables BNO, FFB, MTF
and OTB combined, indicated a strong association between POY
and these variables. According to the analysis, 71.44 % of the
relationship could be explained by the regression line. The
connection between POY and BON was not significant, but the
intercept of -32.193 and the regression coefficients of FFB and MTB
were significant and OTB was considered to be extremely significant
(Table 1). The relationship between PQY, FFB, BNO, MTF and OTB
was modelled using the regression equation:

Y=-32.193+0.075X; - 0.303X3 +0.382Xs + 1.630X7

Additionally, the partial R? were 0.006 and 0.002 for the fourth
and fifth steps of the variables (FFB, BNO, MTF and OTB) and (FFB,
BNO, FFTB, MTF and OTB) that were evaluated jointly. However, the
analysis revealed that BNO had a 0.6 % influence on POY, while FFTB
had a 0.2 % effect. Since BNO and FFTB with POY did not show any
meaningful link, it is advised that they be left out of the final model.
As a result, the elimination of these factors in steps four and five
reduced the connection for POY by 0.6 % and 0.2 %, respectively.
According to a previous study, the Mallows Cg(critical/complexity
parameter) statistic with the lowest Cgshould be used to select the
best-fitting model (28). Consequently, step three was considered the
most appropriate model for POY since it had the lowest C(p) of 2.510
and theY=-35.116+0.049X; +0.406Xs + 1.615X;.

Likewise, the expected model in step five of Y = -Bo + BiX: -
BXs + BeXs BeXr + Pk had an R-Square of 0.7162. Model 5
demonstrates that POY recorded a highly significant link with FFB,
BNO, FFTB, MTF and OTB. This suggests that 71.62 % of the affiliation
may be explained by the regression line. Indicating that the
combination of such traits increases POY productivity and any oil
palm diversity with such traits should be selected for future breeding
programs. Therefore, the intercept and regression coefficient for
every variable in Table 1 showed a substantial association between
POY and these factors. In general, though, POYS’ relationship to BON
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Table 1. Analysis of variance and parameter estimation for identifying main causative traits in palm oil yield

Step 1 Variable OTB entered: R-square = 0.6476 and C, = 15.4185
Source DF SS MS F value Pr>F
Model 1 4566.483 4566.483 156.23 <.0001
Error 85 2484.531 29.210
C/total 86 7051.014 4566.483
Variable Parameter estimate Std error SS Fvalue Pr>F
Intercept -8.220 3.824 135.045 4.62 0.0344
0oTB 2.124 0.170 4566.483 156.23 <.0001
Step 2 Variable MTF entered: R-square = 0.6904 and C, = 5.4602
Source DF SS MS F value Pr>F
Model 2 4868.365 2434.182 93.68 <.0001
Error 84 2182.650 25.984
C/total 86 7051.014
Variable Parameter estimate Std error SS F value Pr>F
Intercept -35.898 8.885 424.183 16.32 0.0001
MTF 0.496 0.145 301.881 11.62 0.0010
OTB 1.658 0.211 1610.069 61.96 <.0001
Step 3 Variable FFB entered: R-square = 0.7082 and C(;) =2.5098
Source DF SS MS F value Pr>F
Model 3 4993.336 1664.445 67.14 <.0001
Error 83 2057.678 24.791
C/total 86 7051.014
Variable Parameter estimate Std error SS Fvalue Pr>F
Intercept -35.116 8.686 405.254 16.35 0.0001
FFB 0.049 0.022 124.972 5.04 0.0274
MTF 0.406 0.148 187.370 7.56 0.0073
OTB 1.615 0.207 1514.194 61.08 <.0001
Step 4 Variable BNO entered: R-square = 0.7144 and C;,) = 2.7707
Source DF SS MS F value Pr>F
Model 4 5037.237 1259.309 51.28 <.0001
Error 82 2013.777 24.558
C/total 86 7051.014
Variable Parameter estimate Std error SS Fvalue Pr>F
Intercept -32.193 8.917 320.123 13.04 0.0005
FFB 0.075 0.029 161.872 6.59 0.0121
BNO -0.303 0.227 43.901 1.79 0.1849
MTF 0.382 0.148 164.221 6.69 0.0115
0oTB 1.630 0.206 1537.705 62.61 <.0001
Step 5 Variable FFTB entered: R-square = 0.7162 and C(;) =4.2733
Source DF SS MS F value Pr>F
Model 5 5049.795 1009.959 40.88 <.0001
Error 81 2001.219 24.706
C/total 86 7051.014
Variable Parameter estimate Std error SS Fvalue Pr>F
Intercept -37.159 11.336 265.491 10.75 0.0015
FFB 0.076 0.029 165.652 6.70 0.0114
BNO -0.308 0.228 45.227 1.83 0.1798
FFTB 0.09 0.126 12.558 0.51 0.4779
MTF 0.426 0.161 174.049 7.04 0.0096
OoTB 1.483 0.292 635.931 25.74 <.0001
Summary of forward selection
Step entersd Narsn Requare sauare’ Co Fvalue Pr>F
1 X7 1 0.648 0.648 15.419 156.23 <.0001
2 XeX7 2 0.043 0.690 5.460 11.62 0.0010
3 X1X6X7 3 0.018 0.708 2.510 5.04 0.0274
4 X3X1X 6X7 4 0.006 0.714 2.771 1.79 0.1849
5 X5X3X1X6X7 5 0.002 0.716 4.273 0.51 0.4779

Note: DF = degree of freedom, C/total = corrected total, SS = sum of squares, MS = mean square, FFB = fresh fruit bunch, BNO = bunch number,

FFTB = fertile fruit to bunch, MTF = mesocarp to fruit, OTB = oil to bunch, C, = critical/complexity parameter, vars = variables.
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and FFTB was not noteworthy. The POY relationship, then, may be
expressed as follows, given the variables examined: Y = -37.159 +
0.076X, - 0.308Xs+0.09Xs +0.0426Xs + 1.483%;

On the contrary, the expected model in step six of Y = -0 +
BiXi- BXs +BsXs +PeXs + PBrXs + B« the added variable was not
included in the model because the cut-off point requirement was
not met.

The correlation coefficient was used to further validate the
results obtained from the stepwise regression forward analysis. It
revealed that POY had a positive and highly significant relationship
with OTB, MTF, FTB, FFTB and FFB, while POY recorded a positive
and significant relationship with ABW and BNO, respectively. This
means that POY had a positive moderate relationship with MTF (r =
0.67978; df = 3, 23; p<0.0001), a positive relationship with FFTB (r =
0.48287; df = 3, 23; p<0.0001) and a positive weak relationship with
FFB (r = 0.43964; df = 3, 23; p< 0.0001) and a strong positive and
significant relationship with OTB (r=0.80476; df =3, 23; p <0.0001).

Key oil-contributing traits in oil palm are FFB, MTF and OTB.
Research has demonstrated that declines in oil (21.2-18.8 %) and
kernel (4.7-3.5 %) extraction rates occurred between 1993 and 1996
(33). Malaysia's average oil extraction rate was less than 20 %.
Climate variations could affect oil palm FS, which could be caused by
a decrease in pollen availability and some environmental problems
(34). Due to the rising temperatures, degraded land and heightened
susceptibility to pests and diseases, climate change may have a
substantial impact on productivity (35). Crops’ tolerance to climate
change may degrade between 2070 and 2100, endangering long-
term viability and production of palm oil could fall precipitously after
2050 due to more inappropriate climatic circumstances (36).

Numerous investigations have been conducted to identify and
categorise the oil palm fruits’ maturation stage to enhance quality (32).
Oil palm FFB and oil production per hectare can be directly improved
by the higher density, as long as the compact palms retain similar
levels of production. However, the trait introgression process in oil
palm breeding is delayed because it is a perennial crop with a
phenotyping time of at least ten years (37). However, the climate has
an impact on the growth and development of oil palm fruit and
reduces the significance of other production parameters (38). With
diminishing yields and more obvious difficulties, the effect of climate
change on palm oil production has grown to be a significant worry (37).
Natural rainfall combined with irrigation had a significant impact on oil
palm FFB productivity (39). Based on the computed estimated results
published, the FFB yield gap occurred among the oil palm genotypes
investigated for FFB yield performance (40). The current studys’ results
clearly demonstrated a positive association between POY and OTB,
with moderate relationships found with MTF and FFB. Consequently, it
might be advised that future breeding initiatives choose genetic origins
and their offspring with high OTB values for better oil yield
achievement.

Oil palm breeding programs heavily rely on an
understanding of the genetic structure of various vegetative
attributes, yield traits and yield component characters (26). The
primary objective of oil palm production is to increase oil yield and
quality, which can be achieved through genetic improvement of
specific traits through breeding programs (40). In order to improve oil
productivity through breeding, factors that significantly and directly
affect oil yield must be assessed (41). The main cause of the drop in
oil palm FS was identified based on the process outlined through the
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best-fitting model (28). The associations intercept and regression
coefficient indicated that it was significant for reaching a high oil yield
because the relationship did not equal zero. FS was influenced by
the combined performance of PD/EK, AWV, AFT and ISR. The ISR was
eliminated from the final model by using the standard protocol (29).
However, a 0.38 % decrease in the FS was explained by the final
models’ elimination of the ISR. Nonetheless, the Mallows Cg
Statistical method described was used to choose the best-itting
model. Therefore, when determining the key basis causing the drop
in the oil palm FS,; step three, which had the lowest G, was deemed
to be the best-fitting model (28).

Major factor that determines the decline in oil palm fruit set

The ISR, population density of E. kamerunicus (PD/EK), annual AWV,
annual Average Sunshine Hour (ASH), annual AER, annual ARF and
annual average temperature (AFT) were among the seven
independent variables measured in model Il of the regression
models. Therefore, the one dependent variable used was FSR with
Eqn.2and3,

Y=o+ B:Xa+ 62X +.. Lk
Y:BO+BIX1+BZX2 +B3X3 +B4X4 +BE\X5 +86X6 +B7X7

Therefore, the expected model in step one equation of Y=3
+ BiXn, in Table 2 presented an analysis of variance together with
additional step parameters. The PD/EK was the first variable to enter
the model, suggesting a substantial link between PD/EK and FSR.
Thus, the regression line with an intercept of 42.814 and a regression
coefficient of 0.007 may explain 8.54 % of the relationship between
these two variables and the model for the association between FSR
and PD/EK was Y =42.814 + 0.07X. Since E. kamerunicus was the first
variable to be included in the regression model, it was assumed that
this was the primary cause of the decline in the oil palm FS (33). The
population density of E. kamerunicus is declining due to low
production of male inflorescences, environmental factors, primarily
rainfall, parasitic nematodes and a range of 10-20 % of seasonal
poor fruit sets (33). Poor fruit sets and insufficient pollination have
been documented in several states, particularly in the Northeastern
regions of India and Malaysia, which is not an exception (42). With all
these indicators, given that the ratio of female to total inflorescences
within a cluster of palms determines an oil palm plants’ sex, it follows
that those climatic factors, such as water scarcity, which raises the ratio
of male inflorescences, have the greatest influence on this
determination. Practically, the oil palm SR varies throughout nations
with varying climates because the wet or dry season restricts or
increases the activity of pollinators, which in turn impacts pollen
dispersal and fruit output (33). However, the social implications are just
as important as the economic and environmental ones and the
reduction in yields and erratic weather make it harder for smallholder
farmers to sustain their livelihoods (43). Income instability, diminished
palm oil food security and heightened competition for resources and
land can all result from unstable productivity (36).

Moreover, the anticipated model step two of Y = 3o + BuX: +
[32X2 + BiXs, implying that PD/EK and AWV were included in the model
during the second stage, suggests a substantial link between these
two variables and FSR. Consequently, the regression line could
accurately identify 9.73 % of the relationship. Regression coefficients
of 0.008 (PD/EK) and 0.028 (AWV) for this association proved to be
significant, indicating that the relationship was not equal to zero,
whereas the intercept value of 14.988 was not significant. The
relationship model can be expressed as, for FSR, PD/EK and AWV, as
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Table 2. Estimates of parameters for determining important factors in oil palm fruit set decline
Step 1 Variable PD/EK entered: R-square = 0.0854 and C,) = 7.8031
Source DF SS MS F value Pr>F
Model 1 1938.87224 1938.87224 32.32 <.0001
Error 346 20757 59.99204
C/total 347 22696
Variable Parameter estimate Std error Type Il SS F value Pr>F
Intercept 42.81396 1.21132 74946 1249.26 <.0001
PD/EK 0.00664 0.00117 1938.87224 32.32 <.0001
Step 2 Variable AWV entered: R-square =0.0973 and C;) = 5.2312
Source DF SS MS F value Pr>F
Model 2 2208.62419 1104.31210 18.60 <.0001
Error 345 20487 59.38404
C/total 347 22696
Variable Parameter estimate Std error SS F value Pr>F
Intercept 14.98846 13.11107 77.60826 131 0.2538
PD/EK 0.00830 0.00140 2091.19815 35.21 <.0001
AWV 0.02756 0.01293 269.75195 4.54 0.0338
Step 3 Variable aft entered: R-square = 0.1067 and C(;) = 3.6123
Source DF SS MS F value Pr>F
Model 3 2422.14983 807.38328 13.70 <.0001
Error 344 20274 58.93595
C/total 347 22696
Variable Parameter estimate Std error SS F value Pr>F
Intercept 46.29342 21.00229 286.34227 4.86 0.0282
PD/EK 0.01020 0.00171 2088.30714 35.43 <.0001
AWV 0.06715 0.02446 444.00913 7.53 0.0064
AFT -2.46799 1.29661 213.52564 3.62 0.0578
Step 4 Variable ISR entered: R-square =0.1106 and C(p) =4.1364
Source DF SS MS F value Pr>F
Model 4 2509.23173 627.30793 10.66 <.0001
Error 343 20187 58.85389
C/total 347 22696
Variable Parameter estimate Std error SS Fvalue Pr>F
Intercept 54.17985 21.96627 358.04559 6.08 0.0141
ISR -0.03318 0.02727 87.08190 1.48 0.2247
PD/EK 0.00975 0.00175 1825.10617 31.01 <.0001
AWV 0.06647 0.02445 434.85241 7.39 0.0069
AFT -2.60990 1.30095 236.86628 4.02 0.0456
Summary of forward selection
e e Vemm eure R
1 X2 1 0.0854 0.0854 7.8031 32.32 <.0001
2 XaX2 2 0.0119 0.0973 5.2312 4.54 0.0338
3 X7XaX2 3 0.0094 0.1067 3.6123 3.62 0.0578
4 XiX7X3X2 4 0.0038 0.1106 4.1364 1.48 0.2247

DF = degree of freedom, C/total = corrected total, SS = sum of squares, MS = mean square, C, = critical/complexity parameter, vars = variables,
ISR = inflorescence sex ratio, PD/EK = population force of Elaeidobius kamerunicus, AWV = annual wind velocity, AFT = annual temperature.
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Y = 14.988 + 0.008X, + 0.028X,. Yet the association between PD/EK
and AWV suggested that, during anthesis, the population density of
E. kamerunicus would increase with decreasing wind velocity and
field temperature. Conversely, the lower the PD/EK, the higher the
wind velocity or field temperature during the anthesis period.
Therefore, a high PD/EK in palm farms indicated a higher oil palm
output (33). Consequently, it is impossible to overstate the
significance of this noteworthy pollinator weevil.

Also, the expected model step three of Y=o+ X +RaXs +
X« in the third phase, a significant correlation was found between
FSR and PF/EK, AMV and A-T. The regression line could account for
1067 % of this link. These variables' intercepts and regression
coefficients were significant and the model for the association
between FSR, PD/EK, AWV and AFT was Y =46.293 + 0.01%, + 0.672X; -
2.468%;. The PD/EK, AWV, AFT and ISR collectively demonstrated a
significant relationship with FSR in the fourth step of the study.
Consequently, the regression line could define 11.06 % of their
relationship. Therefore, all of the regression coefficients except for
ISR—0.033(ISR), 0.01(PD/EK), 0.066(AWV) and -2.61(AFT) and the
intercept of 54.18 were significant for this relationship. So, the following
factors should be used to represent the relationship between FSR and
SR, PD/EK, AWV and AFT, with an equation of Y=54.18-0.033X; +0.01%,
+0.066X; -2.61%;. This indicated that the contributions of SR, PD/EK,
AWV and AFT in oil palm plantations are key contributors in the
increase of oil palm FS, especially SRand PD/EK.

Moreover, the anticipated model step four Y = o + + B.X; +
B:Xs - BXe + BiXs, in the fourth step of the stepwise regression forward
process, was automatically ended. Each explanatory variables’
contribution to the FS was noted. The analysis summary of this study
is presented in Table 2. Therefore, only PD/EK was included in the
first step of the forward stepwise regression equation and its partial R
-Square of 0.0854 meant that the PD/EK had an 8.54 % effect on the
FS. The PD/EK and AWV measurements taken jointly in the second
stage produced a partial R-Square of 0.0119. This implied that there
was a 1.19 % impact on the FS. When AWV, AFT and PD/EK entered
the third phase, the partial R-Square gain was 0.0094, meaning that
the combined effect on the FS was 0.94 %. Furthermore, it was noted
that the combination of PD/EK, AWV, AFT and ISR in the fourth step
of the analysis did not significantly affect the FS, with a partial R-
Square of 0.0038, indicating a 0.38 % influence. Step three, which
used a model of Y = 46.293 + 0.01X2 + 0.672X3 - 2.468X7, produced
the lowest C,)0f 3.6123.

Similarly, a correlation analysis was carried out to estimate
the relationship between variables for further validation of the result
obtained. Therefore, a correlation can either be positive or negative
in terms of the phenotypic relationship that develops between two
characters. Pearsons’ correlation was used to estimate the
phenotypic correlations of the traits at p < 0.01 high significance
levels and p < 0.05 significance levels. So, to evaluate the correlation
coefficient (r), the following relationships were considered, where
(0.90 <r=1) is a perfect relationship, (0.75 < r < 0.90) is a strong
relationship, (0.5<r=0.75) isa moderate relationship and (r<0.50) as
weak relationship (44, 45). Where, p is the probability value, df is the
degree of freedom for both replications of oil palm progenies and ris
the correlation value.

The results of the investigation indicated that FSR and the
PDEK (r=0.29; df =3, 23; p = 0.0001) had a weak positive correlation in
this study. The ISR found a weak positive significant link with AER (r=-
0.21; df=3,23; p=0.0001) and ARF, (r=-0.23; df=3,23;p=0.0001) but a
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weak negative significant relationship with PD/EK (r=-0.25; df =3,23; p
=0.0001), ASH (r=-0.25; df =3, 23; p=0.0001) and AFT (r=-0.17; df =3,
23; p=0.0019). As a result, during a year with wet and humid weather,
the ratio changes are minimal for tropical nations like Indonesia and
Malaysia, which produce the most palm oil. However, in arid areas like
West Africa, the SRs differ significantly (33, 46).

However, a significant link between ISR and AWV suggests
that wind velocity had no bearing on the calculation of ISR in oil
palm. Similarly, the result showed that PD/EK had a weak,
significantly negative association with AFT (r=-0.11; df =3, 23; p =
0.0320) and a negative, moderately significant link with AWV (r =-
0.57; df = 3,23; p =0.0001). Whereas, a weak negative non-significant
relationship was found between PD/EK and ASH (r=-0.02; df =3, 23;
p=0.6790) and ARF (r=-0.03; df = 3, 23; p = 0.0001), PD/EK was found
to have a weak negative significant link with AER (r=-0.31; df=3,23;p
= 0.0001). It was noticed that AWV had a moderate positive
relationship with ASH (r = 0.66; df = 3, 23; p = 0.0001). Moreover, AWV
had a strong relationship with AFT (r = 0.77; df = 3, 23; p = 0.0001),
whereas ASH similarly recorded a perfect positive correlation with
AFT (r=0.97; df=3,23; P=0.0001) in this study.

Conclusion

The results showed that three regressors in step three produced the
best-fitting model for high POY. The first variable to enter the model
was OTB, which was followed by MTF and FFB, suggesting that OTB
was the most influential factor contributing to high oil productivity.
The correlation results confirmed that POY and OTB had a
substantial association, which was followed by MTF and FFB.
Similarly, E. kamerunicus was the first regressor to match the model
and it had a positive and statistically significant link with the oil palm
FS, whereas the wind velocity was considered as the second major
factor, followed by field temperature. Consequently, at stage three,
the best-fitting model for identifying the primary cause of the dropin
oil palm FS was attained. Based on the studys findings,
E. kamerunicus was found to be the primary factor responsible for
the drop in FS, with wind velocity and field temperature coming in
second and third, respectively. However, if used as a selection
criterion in conjunction with the current conventional study and
molecular studies, it may yield new data to support the researchs
current conclusions.
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