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ABSTRACT
Encroachment of oil palm (Elaies guineensis) into coastal sandy soil previously deemed as unsuitable has been an increasing trend
due to prime land scarcity. Major limiting factors are poor water retention and high leaching of nutrients from granulated chemical
fertilizers. The effect of slow-release fertilizer (SRF) on nitrogen (N) and phosphorus (P) contents in two years old oil palm in
coastal sandy soil was studied at a smallholder estate using a Randomized Complete Block Design with five treatments of
equivalent 1000g N replicated four times. The treatments were 100% NPK (T1), 50% NPK + 50% SRF (T2), 100% SRF (T3), 50%
NPK + EFB Compost (T4), and 50% SRF + EFB compost (T5). There were no significant differences in the mean leaf area and
mean bole diameter. There were significant differences in soil Total N ranging from 1333.10 to 1523.15 ppm as ANOVA indicated
p = 0.026. T5 was significantly different from T1 and T4 but not from T2 and T3. In addition, there were no significant differences
among T1, T2, T3 and T4. However, no significant differences were obtained in plant N ranging 1738.50 to 1893.07 ppm with
ANOVA indicating a p= 0.336. Mean soil available P (0.89 - 1.00 ppm) and plant P (1056.04 - 1165.97 ppm) showed no significant
differences with the ANOVA indicating p values of 0.370 and 0.161, respectively. The study concluded the combination of SRF and
EFB compost is recommended as an alternative fertilizer for oil palm in the coastal sandy soil area.
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INTRODUCTION
Oil palm industry is one of the most important contributors toward the Growth Domestic Product (GDP) in Malaysia’s economy
and an important agricultural sector in creating job opportunities. Nambiapan (2018) stated the area of oil palms planted has grown
over 100 times more for the past 56 years. The export had tremendous increased by more than 50% from 2016 to 2018 despite
experiencing reduction in the production of yield (Kushairi et al., 2019). More lands are being cleared to be used for planting this
valuable crop. Facing scarcity of fertile soil, marginal soils, coastal sandy and peat areas are being exploited with enormous
challenges.
Coastal sandy soil has been categorized as problematic soil, not only has poor nutrient status, but also prone to leaching (Pirker
and Mosnier, 2015). Several studies reported that coastal sandy soil has known to have low cation exchange capacity, high porosity
and low water holding capacity (Bell and Seng, 2007; Tao et al., 2018). This indicates that a potential loss of over 50% of nutrients
applied (El Sharkawi et al., 2018). Nevertheless, coastal sandy soil could give good return if properly managed at a higher cost.
Cultivation of oil palm requires a proper balance between fertilizer and water ratio to ensure not only the quality of the harvest but
also production of yield (Ros, 2019). Goh & Po (2005) reported that almost 85% of the production cost is the cost of fertilizers in
oil palm cultivation. Without proper sustainable agronomic practices applied, detrimental impact will not only be causing loss in
farm profitability but also reduction in soil productivity and environmental quality (Ramesh et al., 2014). The usage of slow-release
fertilizer (SRF) can be implemented to improve in minimizing the impact of nutrient loss in sandy soil through leaching as well as
improve the productivity of oil palm (Bah et al., 2014). This is attributed to the characteristics of SRF properties of nutrients slowly
being released based on the nutrient requirement of the crop (Singh et al, 2010). As oil palm demands large amount of nutrients to
sustain growth, usage of appropriate fertilizer application is essential to improve palm oil production (Tiemann et al., 2018).
Empty fruit bunches (EFB) have been considered as a waste by-product in oil palm plantations. EFBs are the residue resulted after
processing fresh fruit bunches (FFB) in the mill and contributing to the sustainable management of oil palm cultivation (Tang and
Al Qahtani, 2020). The beneficial effects of applying EFB compost on the improvement of soil retaining water as well as reducing
soil compaction have been reported by Wu et al. (2017). In addition, EFB compost is also reported to be able to improve soil
chemical properties and store nutrients as organic fertilizer, and improve soil biological properties including microbial abundance,
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structure, and activity (Tahir et al., 2019). According to Indah et al. (2017), the usage of EFB as compost has the potential to
substitute most of the nutrients needed by the plants.
The main objective of this research was to determine the viability of using SRF fertilizer with EFB compost as an alternative
method of fertilizer application in two years’ old oil palm in sandy coastal area. The research focuses on the growth rate of oil
palm, as well as the nitrogen, and phosphorus content in both soil and plant.
MATERIALS AND METHODS
Site Description
The study was conducted on coastal sandy soil in a smallholder estate in Sampadi, Lundu, Sarawak. The soil composition of the
area is loamy sand with 83% sand, 10% silt, and 7% clay. Throughout the 18 months’ study, field maintenance was done in
accordance with the standard field maintenance.
Experimental Design
A Randomized Complete Block Design with five treatments replicated four times was used with two oil palms per plot for each
treatment. Three types of fertilizers were used: MPOB F1, a compound fertilizer (N: P: K: TE-10:5:4:16.2) manufactured by
Malaysian Palm Oil Board (MPOB); ULTRA SRF, a slow-release compound fertilizer (N: P: K-15:15:6) manufactured in Korea
and distributed by Kiel Energy Sdn Bhd, and EFB compost (N: P: K-2:1:3) manufactured and distributed by Daitoku Sdn Bhd.
The N was calculated at the equivalent rate of 1000g for the five treatments based on the formula as follows:
Amount of fertilizer (kg)=

Nitrogen(kg)
% Nitrogen content x 100

Treatment (T1 – 100%NPK) of MPOB F1, a granulated compound chemical fertilser was the control being the conventional
fertilizer application currently practised by the estate. The application of treatments of MPOB F1 with or without EFB compost
were carried out every four months, while the applications of ULTRA SRF with or without EFB compost every six months over a
duration of 18 months. The first data collection was carried out prior to the application of treatments. Table 1 indicates the rate of
each fertilizer type with 1000g N equivalent.
Table 1: Rate of fertilizers with 1000g N equivalent
Treatment

Rate and Type of Fertiliser

T1

1000g of N fertiliser (MPOB F1 Fertilizer 10:5.4:16.2)

T2

500g of N fertiliser (MPOB F1 Fertilizer 10:5.4:16.2) and 16 pellets of ULTRA
Slow-Release Fertiliser (15:15:6)

T3

33 pellets of ULTRA Slow-Release Fertilizer (15:15:6)

T4

500g of N (MPOB F1 Fertilizer 10:5.4:16.2) and 2500g of EFB compost (2:1:3)

T5

16 pellets of ULTRA Slow-Release Fertilizer (15:15:6) and 2500g of EFB
compost (2:1:3)

Growth Parameters
Two growth parameters determined were leaf area and bole diameter. Leaf area was taken from leaflets of Frond 9 identified as
the frond counting from the terminal shoot following either towards the left or the right of the spiral motion, based on the protocol
for immature oil palm (Rankine and Fairhurst, 1999). The frond was then segmented equally into three parts: six leaflets were
taken from mid segment, while three from each top and bottom segments of the frond. The leaf area was then determined using
Autodesk AutoCAD 2017 as described by Affif (2015). The leaflets arranged on a piece of A4 paper were digitally scanned and
saved as JPEG images. The images were uploaded into the software and digitally traced as shown in Figure 1.
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Figure 1 Leaf area determination of Frond 9 of oil palm using Autodesk AutoCAD 2017

The bole diameter was determined by measuring the circumference (C) of the bole of the oil palm by using metre tape. The
diameter (d) was calculated by using the formula:

Diameter (d)=

Circumference (C)
π

Soil Nutrient Analysis
Soil samples were collected from two sampling points below the canopy edge of the oil palm on opposite side using a soil auger
of 5.4 cm core diameter. Samples were taken at depth of 10, 20, and 30 cm referred as Soil Depth A, B, and C, respectively. The
samples were then sealed in a zip lock bag and brought to the laboratory. Soil samples were left to be air-dried for two weeks,
ground and sieved through two mm sized mesh. These samples were further analysed for total N and soil available P.
The content of total N was determined by Vario EL III CHNS Elemental Analyser. Two mg of the soil samples were packed into
tin boats and folded as pellets which were loaded onto the sample carousel. Each separate sample dropped into the analyser,
undergone catalytic tube combustion in an oxygenated, high temperature CO2 atmosphere. Helium gas was used to carry N through
the adsorption columns. Concentrations of N component were determined by a thermal conductivity detector.
Soil available P were extracted using Bray (II) extraction method described by Seraphina and Chan (2018) and determined using
UV-Vis Spectrophotometer Lambda 35 at 660 nm wavelength.
Plant Nutrient Analysis
Air-dried grounded and sieved leaf samples from Frond 9 were used for plant nutrients analysis. Plant N content was determined
using Vario EL III CHNS Elemental Analyser. Two mg of the plant samples were packed in the tin boats and pelleted. The process
was similar to soil N analysis. Plant P was analysed and determined using the UV-Vis Spectrophotometer Lambda 35 described
by Seraphina and Chan (2018). Sample of 0.5 grams was placed into a digesting tube. Five ml of concentrated nitric acid (HNO 3)
were then added into the tube. The tube was then covered using a watch glass. The samples were left overnight, before heated up
on a hot plate at 125°C for an hour to allow digestion. Thirty percent of hydrogen peroxide (H2O2) was added several times until
the digestion sample turned clear. After the digestion was done, the watch glass was then removed, and the clear digestion
transferred into a beaker and dilution of 1:10 of HNO3 was added until it reached the final volume of 10ml.
RESULTS AND DISCUSSION
Growth Parameters
Table 2 shows the mean leaf area and mean bole diameter of oil palm from the five treatments over 18 months’ period. Treatment
T3 recorded the highest leaf area of 1159.72 cm2 while T4 recorded the lowest leaf area of 1072.52cm2. There were no significant
differences as ANOVA indicated p value of 0.969 at α = 0.05. For bole diameter, Treatment T2 recorded the highest total mean
of 42.60 cm and T3 recorded the smallest diameter of 37.78 cm with 11.31% difference. However, there were also no significant
differences as ANOVA indicated p value of 0.577 at α = 0.05.
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Table 2: Mean leaf area and bole diameter of two years’ old oil palm for five treatments over 18 months: T1 – 100%
NPK; T2 – 50% NPK + 50% SRF; T3 – 100% SRF; T4 - 50% NPK + 50% EFB Compost; T5 – 50% SRF + 50% EFB
Compost
Treatment

Leaf area

Bole diameter

(cm2)

(cm)

Mean

SD

Mean

SD

T1

1121.53

420.02

40.28

12.76

T2

1103.07

486.17

42.60

13.41

T3

1159.72

452.53

37.78

11.17

T4

1075.52

452.83

41.27

10.05

T5

1104.18

386.95

42.13

12.19

ANOVA
(p value)

0.969

0.577

α = 0.05

The results showed that there were similar growth responses to the treatments. However, it is indicative that there is an association
between the leaf area and bole diameter. This was supported by Murugan et al. (2020) who reported that highest value for leaf area
at pre-nursery oil palm seedling were shown to have highest stem diameter due to the increase of surface leaf enabling production
of photosynthates.
Soil Total Nitrogen Analysis
Mean soil total N analysis in Table 3 shows the highest total N in soil was from T1 at 1523.15 ppm followed by T4 (1480.06 ppm),
T2 (1438.81 ppm) and T3 (1392.15 ppm), respectively. The least total N content was from T5 at 1333.10 ppm. There were
significant differences as ANOVA indicated p = 0.026 at α = 0.05. Duncan Multiple Range Test analysis indicated that T5 was
significantly different from T1 and T4 but not significantly different from T2 and T3. In addition, there were no significant
differences among T1, T2, T3 and T4.
Table 3 Mean soil total N contents in the coastal sandy soil for five treatments: T1 – 100% NPK; T2 – 50% NPK + 50%
SRF; T3 – 100% SRF; T4 - 50% NPK + 50% EFB Compost; T5 – 50% SRF + 50% EFB Compost
Treatment

Soil Total N Analysis (ppm)
Mean

SD

T1

1523.15a

353.55

T2

1438.81ab

344.51

T3

1392.15ab

303.06

T4

1480.06a

321.33

T5

1333.1b

248.28

ANOVA
(p value)
α = 0.05

0.026

Note: Common letters indicate no significant differences based on Duncan Multiple Range Test at α = 0.05
The four treatments consisting of EFB compost and SRF in combination or alone except T1 had some slow-release nutrients
properties. Jouquet et al. (2011) stated that EFB compost had plausible mechanism in retaining the nutrients in the growing media
by surface adsorption and increased nutrient recovery. The releasing of N from the organic matter of EFB depends on the microbial
activities which was reported to take longer time to breakdown the binders (Ransom et al, 2020). Bah et al. (2014) demonstrated
that the slow-release compound fertilizers reduced the runoff risks of nutrient loss possibly due to their slow-release properties.
This was also supported by the results of Hanifah et al. (2019) showing SRF nutrient release increased over time when binders
were actively broken down.
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Soil Available Phosphorus Analysis
Table 4 shows the mean available P in the soil. Highest available P content was observed in T4 at 1.00 ppm. This was followed by
T5 (0.99 ppm) and T3 (0.94 ppm). Lowest content of available P was observed in T1 with 0.89 ppm. No significant differences
were observed between the treatments as ANOVA indicated p = 0.370 where α = 0.05.
Table 4 Mean soil available P analysis in coastal sandy soil for five treatments: T1 – 100% NPK; T2 – 50% NPK + 50%
SRF; T3 – 100% SRF; T4 - 50% NPK + 50% EFB Compost; T5 – 50% SRF + 50% EFB Compost
Treatment
T1
T2
T3
T4
T5
ANOVA
(p value)
α = 0.05

Soil available P Analysis (ppm)
Mean
0.89
0.91
0.94
1.00
0.99

SD
0.58
0.59
0.60
0.62
0.69

0.370

Direct comparison of P content in the soil could not be made as the rates of P depended on the types of fertilizer which were
different in their original formulations. In general, the P content in the formulation of the ULTRA SRF was highest as compared
to MPOB F1 and EFB compost with EFB compost having the lowest P content. However, this was not reflected in the soil P
content as there were no significant differences among the treatments. This could be attributed to P still being bound in the original
form of SRF and EFB compost (Bah et al., 2014; Ransom et al. 2020) and the P release increased over time when binders were
actively broken down (Hanifah et al., 2019). The higher P content in T5 as compared to T3 indicated EFB compost had introduced
microorganisms into the soil facilitating in the breakdown of the resin in the SRF (Sempeho et al., 2014).
Plant Nitrogen and Phosphorus Content
Table 5 shows the mean plant N for all treatments. T2 gave the highest value of mean plant N content with 1893.07 ppm, followed
by T1 with 1865.79 ppm, and T5 with 1813.79 ppm. The lowest value mean plant N content was in T3 with 1738.50 ppm. There
were no significant differences as ANOVA obtained p = 0.336 at α = 0.05.
Table 5 Mean plant nitrogen for five treatments: T1 – 100% NPK; T2 – 50% NPK + 50% SRF; T3 – 100% SRF; T4 50% NPK + 50% EFB Compost; T5 – 50% SRF + 50% EFB Compost
Treatment

Plant Nitrogen Analysis (ppm)
Mean

SD

T1

1865.00

348.38

T2

1893.07

398.36

T3

1738.50

341.87

T4

1744.82

295.49

T5

1813.7

392.84

ANOVA
(p value)

0.336

α = 0.05
Table 6 showed the total mean of plant available P. T5 showed the highest concentration of available P with 1165.97 ppm while
T4 showed the lowest mean with 1056.04 ppm. The treatments however showed no significant differences between one another as
ANOVA shows p = 0.161 at α = 0.05.
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Table 6 Mean plant phosphorus for treatments: T1 – 100% NPK; T2 – 50% NPK + 50% SRF; T3 – 100% SRF; T4 50% NPK + 50% EFB Compost; T5 – 50% SRF + 50% EFB Compost
Treatment
T1
T2
T3
T4
T5
ANOVA
(p value)
α = 0.05

Plant Phosphorus Analysis (ppm)
Mean
1091.07
1119.74
1080.37
1056.04
1165.97

SD
178.90
200.94
228.81
191.42
229.75

0.969

The uptake of nutrients in the palm is dependant on the nutrient availability in the soil. Despite significant differences found in the
soil, the plant N did not show similar result. T2 indicated the efficiency of N uptake was highest even over NPK with or without
EFB compost. The efficiency in P plant uptake was also shown to be from the SRF treatments with or without EFB compost.
AlShamaileh et al. (2018) stated that the major drawback of conventional fertilizer is their fast dissolution in soil relative to their
absorptivity by plants, consequently, water runoff results in the loss of fertilizers materials and contamination of surrounding
environment. The SRF has improved the efficiency reducing the loss of the nutrients they supply and minimizing the differences
between solubility and uptake of the plants (NotariodelPino et al., 1995). Regardless of the soil nutrient status, the rate of all
formulations of the treatments in different types of fertilizer, although recorded different values in the soil, had provided adequate
N and P to support oil palm growth as no significant differences in growth parameters was obtained. Goh & Po (2005)
recommended treatments of soil nutrients under moderate status to be maintained according to the needs of the plants. AlShamaileh
et al. (2018) reviewed that SRF whether synthetic or organic demonstrated advantages that nutrients are better utilized from slowly
released throughout the seasons rather than applied in ‘burst’ or instantly soluble applications, thus increasing nutrient use
efficiency and more closely synchronizing release rates with plant demand. In addition, the quantity of fertilizers used is also
reduced. The presence of EFB compost is attributed to improving water retention in soil as well as through microbial activity
accelerating the breakdown of coatings of SRF (Bah et al., 2014).
CONCLUSION
The different formulations of the three types of fertilizers: granulated compound fertilizer, SRF and EFB compost with equivalent
N content recorded significant differences in total soil N contents, attributed to the treatments with granulated chemical fertiliser,
MPOB F1. However, there were no significant differences in available soil P content despite different rates. Nevertheless, with
recorded different values in the soil, they had provided adequate N and P to support oil palm growth as no significant differences
in growth parameters were obtained. It was also noted that highest plant N contents did not come from the treatments with MPOB
F1 but from the combination of MPOB F1 and ULTRA SRF while the highest P plant content was from the combination of ULTRA
SRF and EFB compost.
The usage of 100% NPK can be reduced to 50% by combining EFB compost. Despite the reduction in frequency of application in
treatments with SRF, the plant available N and P were observed to perform on par with the conventional fertilizers. This research
concludes, SRF either in combination with the conventional fertilizer or EFB compost can also be recommended as an alternative
application method for the cultivation of oil palm in the coastal sandy soil. This not only involves in the improvement of the
effectiveness of fertilization but the mitigation of the negative impact of fertilizers on the environment and the reduction of labour.
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